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Memorandum

Date: November 13, 2006

To:

Pediatric Subcommittee of the Oncologic Drugs Advisory Committee Members,
Consultants, and Guests

From: Karen D. Weiss, M.D.

Deputy Director, Office of Oncology Drug Products, CDER, FDA

Subject:  FDA Background Package for December 6, 2006 Meeting

Thank you for your willingness to participate in the subcommittee session scheduled
for December 6, 2006. This one day meeting is devoted to a discussion on optimal
clinical study endpoints for agents intended to treat brain tumors in pediatric
patients. Our meeting follows an FDA/ASCO/AACR workshop entitled “Public
Workshop on Brain Tumor Clinical Trial Endpoints” held in January 2006. That
workshop did not specifically address unique issues relevant to pediatric patients
with brain tumors such as tumor heterogeneity, biology and outcomes. Please see
the link to the workshop summary included as part of background materials.

At this upcoming meeting, we hope to cover the following topics:

e Value of developing risk based categories for the purposes of broadly
considering primary efficacy endpoints (given the heterogeneity of tumors)

e Patient and disease related factors to consider for such categorization

e Acceptable primary efficacy outcomes for regulatory decision, including use of
radiographic and clinical measures and the timing of the assessments

e Study designs aimed at reducing toxicity while maintaining efficacy

Aspects of neurological toxicity, including how and when to assess

Because you are all very familiar with the subject matter but possibly less familiar
with regulatory issues, the background document is limited to these latter topics. In
addition to the summary from the January 2006 workshop noted above, we also
include an FDA draft guidance for Industry: “Clinical Trial Endpoints for the Approval
of Cancer Drugs and Biologics” and selected power point slides and transcripts from
a previous Pediatric Subcommittee held June 2001. The focus of the June 2001
subcommittee meeting was to identify the situations in which pediatric CNS
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malignancies could be considered the same as adult malignancies for the purposes
of applying the Pediatric Research Equity Act (PREA, formerly known as the
Pediatric Rule). That focus is very different from our upcoming meeting.

Please contact me if you have questions. | look forward to an exciting and productive
meeting with you on December 6.

REFERENCES:

1. FDA Guidance for Industry: Clinical Trial Endpoints Guidance for the Approval
of Cancer Drugs and Biologics (Draft). April 2005.

2. Meeting Summary: FDA/AACR Public Workshop on Clinical Trial End Points
in Primary Brain Tumors. January 2006.

3. Pediatric Subcommittee of the Oncologic Drugs Advisory Committee Meeting.
June 2001.
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ii. Susan M Staugaitis, MD PhD, Cleveland Clinic Foundation.
“Perspectives on CNS Malignancies”,

b. Meeting Transcript
I. Challenges and Considerations in Linking Adult and Pediatric CNS
Malignancies - presentation and discussion; pg 28 (line 19) — pg 75
(line 14).

ii. Perspectives on CNS Malignacies — presentations and discussion;
pg 213 (line 8) — pg 288.
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This guidance document is being distributed for comment purposes only.
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Guidance for Industry1
Clinical Trial Endpoints
for the Approval of Cancer
Drugs and Biologics

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s) current
thinking on this topic. It does not create or confer any rights for or on any person and does not operate to
bind FDA or the public. You can use an alternative approach if the approach satisfies the requirements of

the applicable statutes and regulations. If you want to discuss an alternative approach, contact the FDA
staff responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call
the appropriate number listed on the title page of this guidance.

I INTRODUCTION

This guidance provides recommendations to sponsors on endpoints for cancer clinical trials
submitted to the FDA to support effectiveness claims in new drug applications (NDAs),
biologics license applications (BLAs), or supplemental applications.”

The FDA is developing guidance on oncology endpoints through a process that includes public
workshops of oncology experts and discussions before the FDA’s Oncologic Drugs Advisory
Committee (ODAC).” This guidance is the first in a planned series of cancer endpoint
guidances. It provides background information and discusses general regulatory principles.
Each subsequent guidance document will focus on endpoints for specific cancer types (e.g., lung
cancer, colon cancer) to support drug approval or labeling claims. The endpoints discussed in
this guidance document are for drugs to treat patients with an existing cancer. This guidance
does not address endpoints for drugs to prevent or decrease the incidence of cancer.

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should
be viewed only as recommendations, unless specific regulatory or statutory requirements are

' This guidance has been prepared by the Division of Oncology Drug Products and the Division of Therapeutic
Biologic Oncology Drug Products in the Center for Drug Evaluation and Research (CDER) in cooperation with the
Center for Biologics Evaluation and Research (CBER) at the Food and Drug Administration.

? For the purposes of this guidance, all references to drugs include both human drugs and biological products unless
otherwise specified.

? Transcripts are available at http://www.fda.gov/cder/drug/cancer endpoints/default.htm.
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cited. The use of the word should in Agency guidances means that something is suggested or
recommended, but not required.

II. BACKGROUND

Clinical trial endpoints serve different purposes. In conventional oncology drug development,
early phase clinical trials evaluate safety and identify evidence of biological drug activity, such
as tumor shrinkage. Endpoints for later phase efficacy studies evaluate whether a drug provides
a clinical benefit such as prolongation of survival or an improvement in symptoms. The
following sections discuss the general regulatory requirements for efficacy and how they have
influenced endpoint selection for the approval of cancer drugs. Later sections describe these
endpoints in more detail and discuss whether they might serve as measures of disease activity or
clinical benefit in various clinical settings.

A. Regulatory Requirements for Effectiveness

The requirement that new drugs show effectiveness is based on a 1962 amendment to the Federal
Food, Drug, and Cosmetic Act. This law requires substantial evidence of effectiveness and
specifies that this evidence must be derived from adequate and well-controlled clinical
investigations. Clinical benefits that have supported drug approval have included important
clinical outcomes (e.g., increased survival, symptomatic improvement) but have also included
effects on established surrogate endpoints (e.g., blood pressure or serum cholesterol).

In 1992, the accelerated approval regulations (21 CFR part 314, subpart H and 21 CFR part 601,
subpart E) allowed use of additional endpoints for approval of drugs or biological products that
are intended to treat serious or life-threatening diseases and that either demonstrate an
improvement over available therapy or provide therapy where none exists. In this setting, the
FDA may grant approval based on an effect on a surrogate endpoint that is reasonably likely to
predict clinical benefit (“based on epidemiologic, therapeutic, pathophysiologic, or other
evidence”). These surrogates are less well-established than surrogates in regular use, such as
blood pressure or cholesterol for cardiovascular disease. A drug is approved under the
accelerated approval regulations on condition that the manufacturer conduct clinical studies to
verify and describe the actual clinical benefit. If the postmarketing studies fail to demonstrate
clinical benefit or if the applicant does not demonstrate due diligence in conducting the required
studies, the drug may be removed from the market under an expedited process. From December
1992 to June 2004, 22 cancer drug applications were approved under the accelerated approval
regulations. In the following discussion, we will use the term regular approval to designate the
longstanding route of drug approval based on demonstrating clinical benefit to distinguish it
from accelerated approval associated with use of a surrogate endpoint that is reasonably likely to
predict benefit.

The nature of evidence to support drug approval, including the preferred number of clinical
trials, is discussed in general FDA guidance documents. In most cases, the FDA has
recommended at least two well-controlled clinical trials. In some cases, the FDA has found that
evidence from a single trial was sufficient, but generally only in cases in which a single
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multicenter study provided highly reliable and statistically strong evidence of an important
clinical benefit, such as an effect on survival, and in which confirmation of the result in a second
trial would be practically or ethically impossible.* For drugs approved for treatment of patients
with a specific stage of a particular malignancy, evidence from one trial may be sufficient to
support an efficacy supplement for treatment of a different stage of the same cancer.’

B. Endpoints Supporting Past Approvals in Oncology

For regular approval, it is critical that the sponsor show direct evidence of clinical benefit or
improvement in an established surrogate for clinical benefit. In oncology, survival is the gold
standard for clinical benefit, but the FDA has accepted other endpoints for cancer drug approval.
Indeed, in the 1970s the FDA usually approved cancer drugs based on objective response rate
(ORR), determined by tumor assessments from radiologic tests or physical exam. In the early
1980s, after discussion with the ODAC, the FDA determined that it would be more appropriate
for cancer drug approval to be based on more direct evidence of clinical benefit, such as
improvement in survival or in a patient’s quality of life (QOL), improved physical functioning,
or improved tumor-related symptoms — benefits not always predicted by ORR.

Over the next decade, several endpoints were used as surrogates for benefit. Improvement in
disease-free survival supported drug approval in selected surgical adjuvant settings (when a large
proportion of patients had cancer symptoms at the time of recurrence). Durable complete
response was considered an acceptable endpoint in testicular cancer and acute leukemia (a de
facto improvement in survival because the untreated conditions were quickly lethal) and in some
chronic leukemias and lymphomas (where it was clear that remission would lead to less
infection, bleeding, and blood product support). The FDA has also considered that a very high
ORR alone might sometimes support regular approval, but that response duration, relief of
tumor-related symptoms, and drug toxicity should also be considered (O’Shaughnessy and
Wittes et al., 1991, Commentary Concerning Demonstration of Safety and Efficacy of
Investigational Anticancer Agents in Clinical Trials, J Clin Oncol 9:2225-2232). ORR has been
an especially important endpoint for the less toxic drugs, such as the hormonal drugs for breast
cancer, where improvement in this endpoint has been the basis for regular approval.
Improvement in tumor-related symptoms in conjunction with an improved ORR and an adequate
response duration supported approval in several clinical settings.

In the last decade, in addition to its limited role in regular approval, ORR has been the primary
surrogate endpoint used to support cancer drug accelerated approval for several reasons. First,
ORR is directly attributable to drug effect (tumors rarely shrink spontaneously and, therefore,
ORR can be accurately assessed in single-arm studies). Second, tumor response is widely
accepted as relevant by oncologists and has a long-accepted role in guiding cancer treatment.
Finally, if the ORR is high enough and the responses are of sufficient duration, ORR does indeed
seem reasonably likely to predict clinical benefit.

* See guidance for industry Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products
(http://www.fda.gov/cder/guidance/index.htm)

> See guidance for industry FDA Approval of New Cancer Treatment Uses for Marketed Drug and Biological
Products (http://www.fda.gov/cder/guidance/index.htm)
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Drugs approved under accelerated approval regulations must provide a benefit over available
therapy. To satisfy this requirement, many sponsors have designed single-arm studies in patients
with refractory tumors where, by definition, no available therapy exists.

III. GENERAL ENDPOINT CONSIDERATIONS

The following is an overview of general issues in cancer drug development. A discussion of
commonly used cancer endpoints is followed by a discussion of pertinent issues in cancer
clinical trial design using these endpoints. Future guidance documents will discuss these issues
in more detail with regard to specific treatment indications. Endpoints that will be discussed
include overall survival, endpoints based on tumor assessments (e.g., disease-free survival, ORR,
time to progression, progression-free survival, time to treatment failure), and endpoints based on
symptom assessment. A comparison of important endpoints in cancer drug approval is provided
in Table 1. Many of the issues relating to the proper analysis of efficacy endpoints are addressed
in general FDA guidance documents.® Issues that commonly arise in oncology applications are
discussed in this guidance.

Table 1. A Comparison of Important Cancer Approval Endpoints

Endpoint | Regulatory Nature | Assessment Some Advantages Some Disadvantages
of Evidence
Overall Clinical benefit e Randomized e Universally e Requires larger studies
Survival studies needed accepted direct e Requires longer studies
e Blinding not measure of benefit | o Potentially affected by
essential e Easily measured crossover therapy

e Precisely ¢ Does not capture symptom
measured benefit

o Includes noncancer deaths
Disease- Surrogate for e Randomized o Considered to be e Not a validated survival
Free accelerated approval studies needed clinical benefit by surrogate in most settings
Survival or regular approval® | e Blinding preferred some o Not precisely measured;

e Needs fewer subject to assessment bias
patients and e Various definitions exist
shorter studies
than survival

* Adequacy as a surrogate endpoint for accelerated approval or regular approval is highly dependent upon other factors such as
effect size, effect duration, and benefits of other available therapy. See text for details.

continued

% See ICH guidance for industry E9 Statistical Principles for Clinical Trials
(http://www.fda.gov/cder/guidance/index.htm)
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Endpoint Regulatory Nature | Assessment Some Advantages Some Disadvantages
of Evidence
Objective Surrogate for e Single-arm or e Can be assessed in | ® Not a direct measure of
Response accelerated approval randomized single-arm studies benefit
Rate (ORR) | or regular approval* studies can be e Usually reflects drug
used activity in a minority of
e Blinding patients
preferred in e Data are moderately
comparative complex compared to
studies survival
Complete Surrogate for e Single-arm or e Durable CRs e Few drugs produce high
Response accelerated approval randomized represent obvious rates of CR
(CR) or regular approval* studies can be benefit in some e Data are moderately
used settings (see text) complex compared to
e Blinding e Can be assessed in survival
preferred in single-arm studies
comparative
studies
Progression | Surrogate for e Randomized e Activity measured | e Various definitions exist
Free accelerated approval studies needed in responding and | e Not a direct measure of
Survival or regular approval® | e Blinding stable tumors benefit
(PFS) preferred e Usually assessed e Not a validated survival
e Blinded review prior to change in surrogate
recommended therapy o Not precisely measured
e Less missing data compared with survival
than for symptom | e [s subject to assessment
endpoints bias
¢ Assessed carlier e Frequent radiologic studies
and in smaller are needed
studies compared e Data are voluminous and
with survival complex compared to
survival
Symptom Clinical benefit e Usually needs e Direct measure of | e Blinding is often difficult in
Endpoints randomized benefit oncology trials
blinded studies e Missing data are common

(unless endpoints
have an objective
component and
effects are large
— see text)

e Few instruments are
validated for measuring
cancer-specific symptoms

e Data are voluminous and
complex compared to
survival

* Adequacy as a surrogate endpoint for accelerated approval or regular approval is highly dependent upon other factors such as
effect size, effect duration, and benefits of other available therapy. See text for details.
Abbreviations: complete response (CR); objective response rate (ORR); progression-free survival (PFS).

A.

Overall Survival

Overall survival is defined as the time from randomization until death from any cause, and is
measured in the intent to treat (ITT) population. Survival is the most reliable cancer endpoint,
and when studies can be conducted to adequately assess it, it is usually the preferred endpoint.
An improvement in survival is of unquestioned clinical benefit. The endpoint is precise and easy
to measure, documented by the date of death. Bias is not a factor in endpoint measurement.
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Overall survival almost always needs to be evaluated in randomized controlled studies.
Historically controlled data are seldom reliable for time-dependent endpoints such as overall
survival unless treatment effects are extreme (e.g., acute leukemia, testicular cancer). Apparent
differences in outcome between historical controls and current treatment groups can arise from
differences other than drug treatment, including patient selection, improved imaging techniques
(which can alter tumor staging and prognosis), or improved supportive care. Randomized
studies minimize the effect of such differences by allowing a comparison of outcomes in patient
groups where such factors should be similar. Demonstration of a statistically significant
improvement in overall survival is usually considered to be clinically significant, and has often
supported new drug approval.

Criticisms of survival as an endpoint stem not from doubts about the worth of a proven survival
benefit, but from difficulties in performing studies large enough or long enough to detect a
survival improvement, difficulties in determining a drug’s effect on survival because of the
confounding effects of subsequent cancer therapy, or a concern that the drug may be effective in
only a small fraction of those treated, making it difficult to see an effect on survival in the whole
population.

B. Endpoints Based on Tumor Assessments

In this section we discuss several endpoints that are based on tumor assessments and are
therefore unique to oncology. These endpoints include disease-free survival, objective response
rate, time to progression, progression-free survival, and time to treatment failure. The data
collection and analysis of all time-dependent endpoints is complex, particularly when the
assessments are indirect and based on calculations and estimates as is the case for tumor
measurements. The discussion of progression-free survival data collection and analysis is
particularly complex and is supplemented by tables in Appendix 3 of this guidance.

Selection of tumor-assessment endpoints for efficacy trials should include two judgments. First,
will the endpoint support accelerated approval (is the endpoint a surrogate reasonably likely to
predict clinical benefit and does the drug provide an advantage over available therapy) or regular
approval (is it an established and/or validated surrogate for, or a direct measure of, clinical
benefit)? Second, will the results be reliable, given the potential for uncertainty or bias in tumor
endpoint assessments? Drug applications using studies that rely on tumor measurement based
endpoints as sole evidence of efficacy should generally provide confirmatory evidence from a
second trial. Both the precision and the clinical meaning of endpoints based on tumor
assessments can vary in different cancer settings. For instance, response rate determinations in
malignant mesothelioma and pancreatic cancer are often unreliable because of the difficulty in
measuring these tumors with currently available imaging modalities.

When the primary study endpoint for drug approval is based on tumor measurements (e.g.,

progression-free survival or ORR), it is recommended that tumor endpoint assessments generally
be verified by central reviewers blinded to study treatment (see Appendix 4), especially when the
study itself cannot be blinded. Although the FDA will generally not ask that all tumor images be
submitted with the marketing application, it may need to audit a sample of the scans to verify the
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central review process. In all cases, we recommend submitting primary electronic data
documenting tumor measurements and assessments.” Additional details regarding data
collection are listed in Appendix 1.

1. Disease-Free Survival

Disease-free survival (DFS) is usually defined as the time from randomization until recurrence of
tumor or death from any cause. Although DFS can also be an important endpoint when a large
percentage of patients achieve complete responses with chemotherapy, the most frequent use of
this endpoint is in the adjuvant setting after definitive surgery or radiotherapy. In either of these
settings, DFS has special meaning to patients because until a recurrence occurs, a patient can
hope for cure. Whereas overall survival is the standard endpoint for most adjuvant settings, DFS
has been the primary basis of approval for hormonal therapy after initial surgery for breast
cancer. An important consideration is whether prolongation of DFS represents intrinsic benefit
or only a potential surrogate for survival prolongation. In December 2003, the consensus of the
ODAC was that prolongation of DFS represented clinical benefit, but that the magnitude of this
benefit should be carefully weighed against the toxicity of adjuvant treatment, particularly as
measured by effects on patient function. In May 2004, the ODAC recommended that DFS be
considered an acceptable endpoint for colon cancer drugs in the surgical adjuvant setting,
provided certain conditions were met.® Additional cancer-specific guidances will address the
acceptability of DFS in other cancer settings.

Important considerations in evaluating DFS as a potential endpoint include the estimated size of
the treatment effect, proven benefits of standard therapies, and details of trial design. For
instance, when a new drug is compared to a control drug that is known to improve overall
survival, an important consideration is whether the DFS of the new drug is superior to, or only
noninferior to, the control. Clearly, proof of superiority with regard to a surrogate endpoint is
more persuasive than a demonstration of noninferiority. Furthermore, relying on a conclusion of
noninferiority based on a surrogate endpoint to support a conclusion of noninferiority with
respect to the definitive endpoint is problematic. Another critical issue is whether the duration of
study follow-up is adequate to evaluate the durability of the DFS benefit.

We suggest that the protocol carefully detail both the definition of DFS and the schedule for
follow-up studies and visits. Unscheduled assessments can occur for many reasons (including
tumor-related symptoms, drug toxicity, anxiety), and differences between study arms in the
frequency or reason for unscheduled assessments is likely to introduce bias. This potential bias
can be minimized by blinding patients and investigators to the treatment assignments if feasible.
The potential effects of bias due to unscheduled assessments can be evaluated by comparing their
frequency between treatment arms and by performing statistical analyses that assign events from
unscheduled visits to the time of the next scheduled visit.

7 See guidance for industry Cancer Drug and Biological Products — Clinical Data in Marketing Applications
(http://www.fda.gov/cder/guidance/index.htm)

¥ Transcripts are available at http://www.fda.gov/cder/drug/cancer endpoints/default.htm.
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Another issue in defining DFS is whether deaths occurring without prior documentation of tumor
progression should be scored as DFS events (disease recurrences) or should be censored in the
statistical analysis. All methods for statistical analysis of deaths have limitations. The approach
that seems less prone to introducing bias is to consider all deaths as recurrences. Limitations of
this approach are a potential decrease in statistical power of the study (by diluting the cancer-
related events with deaths not related to cancer) and a potential to falsely prolong the DFS
estimates in patients who die after a long unobserved period. The latter could introduce bias if
the frequency of long-term follow-up visits is dissimilar on the study arms or if there is
nonrandom dropout due to toxicity. Some analyses count cancer-related deaths as DFS events
and censor noncancer deaths. This method has the potential for bias in the post hoc
determination of the cause of death. Furthermore, any method that censors patients, whether at
death or at the last visit, assumes that the censored patients have the same risk of recurrence as
noncensored patients. This critical assumption needs close examination in any setting where
deaths are to be censored. In settings where deaths due to causes other than cancer are common
(e.g., studies of patients with early metastatic prostate cancer), censoring deaths can be
appropriate.

2. Objective Response Rate

ORR is the proportion of patients with tumor shrinkage of a predefined amount lasting for a
predefined minimum period of time. Response duration is usually measured from the time of
initial response until documented tumor progression. The FDA has generally defined ORR as
the sum of partial responses plus complete responses. When defined in this manner, ORR is a
measure of drug antitumor activity even in a single-arm study. Some sponsors have proposed
including stable disease as a component of ORR; however, evaluating drug effects based on the
stable disease rate generally involves comparison to a randomized concurrent control. Also,
stable disease incorporates components of time to progression or progression-free survival,
which can be captured in a separate measurement. A variety of response criteria have been
considered appropriate, including the RECIST criteria (Therasse and Arbuck et al., 2000, New
Guidelines to Evaluate Response to Treatment in Solid Tumors, J Natl Cancer Inst, 92:205-16).
Important issues for determining the clinical and regulatory significance of ORR include
response duration, the percentage of complete responses, the toxicity of treatment, and associated
improvement in tumor-related symptoms. These issues, in addition to an assessment of benefits
of existing therapies, determine whether ORR will support marketing authorization, either for
regular approval (as a full surrogate for clinical benefit) or for accelerated approval (as a
reasonably likely surrogate).

It is important that criteria for response and progression be detailed in the protocol, and data
should be carefully and completely collected at intervals specified in the protocol.

3. Time to Progression and Progression-Free Survival

In the past, time to progression (TTP) (the time from randomization until objective tumor
progression) and progression-free survival (PFS) (the time from randomization until objective
tumor progression or death) have seldom served as primary endpoints for drug approval. Time
to symptomatic progression, which would represent a clear clinical benefit, is infrequently
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assessed but would be a credible endpoint of a well-conducted (generally blinded) trial. In
December 2003, the ODAC discussed both potential roles of TTP and PFS in cancer drug
approval and the committee’s preference for PFS versus TTP.” The ODAC suggested relying on
these endpoints in selected clinical situations, such as diseases with low complete response rates
or when documentation of a survival benefit in clinical trials can be difficult. In settings where
most patients are symptomatic, the ODAC preferred measuring tumor response and symptom
benefit. The definition of tumor progression varies widely; therefore, it is important that it be
carefully detailed in the protocol.

a. TTP vs. PFS

The ODAC consensus was that PFS is a better predictor of clinical benefit than TTP and thus
preferable as a drug approval endpoint when used as a surrogate for clinical benefit (rather than
just as an indicator of antitumor activity) because PFS includes deaths. Unanticipated effects of
drugs on survival would thus be included in the endpoint. In the analysis of TTP, deaths are
censored, either at the time of death or at an earlier visit. This approach is questionable because
it can represent informative censoring (i.e., there may be a nonrandom pattern of loss from the
study). It seems unlikely in most cancer settings that patient deaths are randomly related to
tumor progression (e.g., it is likely that some deaths result from complications of undocumented
cancer progression). Therefore, in most settings PFS is the preferred regulatory endpoint. In
settings where most deaths are due to causes other than cancer, however, TTP can be an
appropriate endpoint.

b. PFS as an endpoint to support drug approval

Some advantages and disadvantages of using PFS as an endpoint to support cancer drug approval
are listed in Table 1. Conceptually, PFS has desirable qualities of a surrogate endpoint because it
reflects tumor growth (a phenomenon likely to be on the causal pathway for cancer-associated
morbidity and death), can be assessed prior to demonstration of a survival benefit, and is not
subject to the potential confounding impact of subsequent therapy (unless worsening of a blood
marker leads to a change in treatment prior to progression). Moreover, an effect on PFS occurs
earlier than an effect on survival, so that a given advantage, say a median improvement of 3
months, represents a larger (and thus more detectable) hazard ratio improvement than would a 3-
month median survival benefit occurring later. The formal validation of PFS as a surrogate for
survival for the many different malignancies that exist, however, would be difficult. Data are
usually insufficient to allow a robust evaluation of the correlation between effects on survival
and PFS. Oncology trials are often small, and proven survival benefits of existing drugs are
generally modest. The role of PFS as an endpoint to support licensing approval varies in
different cancer settings. In some settings PFS prolongation might be an accepted surrogate
endpoint for clinical benefit to support regular approval, and in others it may be a surrogate
reasonably likely to predict benefit for accelerated approval. Important considerations will be
the magnitude of the effect, the toxicity profile of the treatment, and the clinical benefits and
toxicities of available therapies. These issues will be discussed in future guidance documents for
specific cancer settings.

? Transcripts are available at http://www.fda.gov/cder/drug/cancer _endpoints/default.htm.
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c. PFS trial design issues

It is important that methodology for assessing, measuring, and analyzing PFS be detailed in the
protocol and statistical analysis plan. It is also important to carefully define tumor progression
criteria in the protocol. There are no standard regulatory criteria for defining progression.
Sponsors have used a variety of different criteria, including the RECIST criteria. The broad
outline presented in most published PFS criteria should be supplemented with additional details
in the protocol and statistical analysis plan. It is important that visits and radiological
assessments be symmetric on the two study arms to prevent systematic bias. When possible,
studies should be blinded. Blinding is particularly important when patient or investigator
assessments are included as components of the progression endpoint. It is important that the
FDA and the sponsor agree prospectively on the protocol, data to be recorded on the case report
form, statistical analysis plan (including analysis of missing data and censoring methods), and, if
applicable, the operating procedures of an independent endpoint review committee (discussed in
Appendix 4). The effect of follow-up visit frequency has been debated. Frequent regular
assessments, depending on the type and stage of cancer, ensure that most progression events will
be detected on radiologic scans rather than as symptomatic events. This approach increases the
expense and difficulty of the study, including an increased data collection burden on the
investigator and an increased number of scans for patients, and may not mirror clinical practice
standards.

d. Analysis of PFS

The analysis of PFS is complicated by missing data. It is important that the protocol specify
what constitutes an adequate assessment visit for each patient (i.e., a visit when all scheduled
tumor assessments have been done). The analysis plan should outline a comparison of the
adequacy of follow-up in each treatment arm and specify how incomplete or missing follow-up
visits will be handled with regard to censoring. For instance, if one or more assessment visits are
missed just prior to the progression event, to what date should the progression event be assigned?
It is important that the analysis plan specify the primary analysis and one or more sensitivity
analyses. For instance, in the previous example, the primary analysis might assign the actual
date of observed progression as the progression date. The sensitivity analysis might censor the
data at the last adequate assessment visit. Although both analyses are problematic (the best
solution to missing data is to have none), the conclusion is probably valid if it is supported by the
results of both the primary and the sensitivity analyses. Other methods could be considered if
adequately supported by the sponsor. The analysis plan should evaluate the number of deaths in
patients who have been lost to follow-up for more than a substantial (prespecified) time. An
imbalance in such deaths could bias the measurement of PFS, artificially prolonging PFS on the
arm with less adequate follow-up.

Because progression data can be collected from a variety of sources (including physical exams at
unscheduled visits and radiologic scans of various types) and at a variety of times, it is important
that data collection efforts for each assessment visit be limited to a specified short time interval
prior to the visit. When data are collected over a longer time, the question then arises: What
date should serve as the progression date or the censoring date? A common method is to assign
progression to the earliest observed time when an observation shows progression and to censor at

10



384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429

Contains Nonbinding Recommendations
Draft — Not for Implementation

the date when the last radiologic assessment determined a lack of progression. Because this
method could introduce an assessment bias, especially in unblinded trials, we recommend
assigning the progression and censoring times to the time of the scheduled assessment visits. A
study of time to symptomatic progression, if conducted blindly and with few scheduled
assessments, in contrast, could use the actual time of observed symptom progression. The PFS
date based on a death, however, would be the date of death rather than the assigned visit date
since death ascertainment is not related to visit time and not subject to interpretation.

Appendix 3 provides a set of tables for potential analyses of PFS that could be used for primary
or sensitivity analyses. We recommend that plans for PFS data collection and analysis be
discussed with the FDA at end-of-phase 2 meetings and verified in special protocol assessments.

e. Future methods for assessing progression

In the future, it is important that other methods of progression assessment be evaluated as
potential surrogate endpoints for regular approval or accelerated approval. One proposed
method (not used to date) is the single time point assessment which could decrease the
complexity of progression assessment and eliminate time-dependent assessment bias. In the
single time point analysis, progression would be assessed at baseline and at one prespecified time
after randomization. If patients progress prior to the specified time, radiologic scans could
document progression and the patient could go off-study. All other patients would have a
detailed radiologic evaluation at the prespecified follow-up time. The statistical analysis could
compare the proportions of patients on each study arm with progression on or before the
prespecified time after randomization. Potential problems with this approach are decreased
statistical power, potential for missing a small benefit at a time different from the prespecified
time, and lack of information regarding the relationship between the single time point analysis
and the familiar endpoints of progression-free survival and overall survival. Although this
approach could provide some advantages and decrease assessment bias, study dropouts prior to
progression could present the same difficulty as they do for all progression endpoints. Settings
in which further evaluation of this approach seems warranted are those where a significant and
durable effect on progression-free survival is expected and where complete progression-free
survival data collection seems impossible or impractical.

4. Time to Treatment Failure

Time to treatment failure (TTF) is a composite endpoint measuring time from randomization to
discontinuation of treatment for any reason (including progression of disease, treatment toxicity,
and death). Defined that way, TTF is not recommended as an endpoint for drug approval
because it combines efficacy and toxicity measures. For example, suppose the standard
comparator (Drug A) provides a known survival benefit, but only at the cost of considerable
toxicity with many patients leaving therapy because of that toxicity. A nontoxic investigational
drug (Drug B) could have a significantly longer TTF than Drug A solely because it caused fewer
toxic dropouts. These data alone could not support drug approval because they would not
demonstrate that Drug B is effective. Drug approval would require a demonstration of Drug B
efficacy, such as a survival improvement or other clinical benefit.

11
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C. Endpoints Involving Symptom Assessment

Symptomatic improvement has always been considered a clinical benefit, and many FDA cancer
drug approvals have used patient symptom assessments and/or physical signs thought to
represent symptomatic improvement (e.g., weight gain, decreased effusion) as the primary
evidence of effectiveness. To date, broader measures of health-related quality of life (HRQL
instruments) have not served this role. HRQL is discussed in a separate FDA draft guidance on
patient-reported outcomes (PRO).'” The FDA has relied on symptom scores, signs, and
symptoms representing obvious benefit (e.g., decreased esophageal obstruction, fewer bone
fractures, reduced size and number of skin lesions, physician actions [need for radiation therapy
in response to painful bone metastases], physician assessments of performance status, and
patient-reported assessments of symptom scales). Relying on such evidence of clinical benefit as
the basis for approval has allowed the FDA to approve cancer drugs earlier than if demonstration
of a survival benefit had been required. It seems self-evident that cancer patients will be in most
cases the best source for determining effects on patient symptoms, so that PRO instruments seem
most appropriate. Formal PRO instruments can be designed that focus on specific symptoms
(e.g., a pain scale) or on a broader array of physical, emotional, and activity measures.

The use of improvement of signs and symptoms or QOL assessments as primary endpoints to
support cancer drug approval requires discrimination between tumor symptoms and drug
toxicity, especially when evidence is based on comparison to a toxic active control. This poses
particular problems for general HRQL scales, which, by definition, are multidimensional scales
including elements other than physical problems. An apparent effectiveness advantage of one
drug over another measured on a global HRQL instrument might simply indicate less toxicity of
one product or regimen versus the other, a matter of interest but not an effectiveness measure.
Morbidity endpoints used to date for cancer drug approvals have possessed face validity (value
obvious to patients and physicians, for example, an endpoint based on functional measures such
as the ability to swallow solids, liquids, or nothing) and have not measured benefit and toxicity
on the same scale.

1. Specific Symptom Endpoints

One endpoint the FDA has suggested to sponsors is time to progression of cancer symptoms, an
endpoint similar to time to progression. This endpoint would be a direct measure of clinical
benefit rather than a potential surrogate. Sponsors have cited several problems with this
approach. First, because few cancer trials are blinded, assessments can be biased and therefore
unreliable. Another problem is the usual delay between tumor progression and the onset of
cancer symptoms. Often alternative treatments are begun before reaching the symptom endpoint,
which can confound the results. Many cancer trials are performed in patients with little prior
exposure to chemotherapy and who usually have minimal cancer symptoms. Finally, it can
sometimes be difficult to differentiate tumor symptoms from drug toxicity, a problem noted in

' The draft guidance for industry Patient-Reported Outcome Measures: Use in Medical Product Development to
Support Claims is currently being developed and is expected to publish in the summer of 2005. When final, this
guidance will represent the FDA’s current thinking on this topic. For the most recent version of a CDER or CBER
guidance, check the CDER guidance Web page at http://www.fda.gov/cder/guidance/index.htm and the CBER Web
page at http://www.fda.gov/cber/guidance/index.htm.

12
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discussions of time to treatment failure and HRQL. Time to progression of symptoms and time to
onset of symptoms can be reasonable endpoints in cancer settings where treatment can be
blinded, most progressing patients are symptomatic, no effective therapy exists, and less frequent
radiologic follow-up is appropriate. Symptom data should be carefully collected using a
validated instrument according to a schedule detailed in the protocol.

A composite symptom endpoint can be appropriate when the benefit of a drug is multifaceted. It
is important that the components of the endpoint be related and generally of similar clinical
importance. Drugs have been approved for treatment of patients with cancer metastases to the
skeleton based on a composite benefit endpoint consisting of one or more skeletal-related event
(SRE) that would be anticipated to be associated with pain and other distress. SREs are defined
as pathologic fractures, radiation therapy to bone, surgery to bone, and spinal cord compression.
Clinical Benefit Response, a composite endpoint of pain and analgesic consumption reported by
the patient, and performance status assessed by a physician, in part supported approval of a drug
to treat pancreatic cancer.

Selection of the appropriate population for study can be critical for documenting symptom
benefit. Patients symptomatic at study baseline can be evaluated with a categorical symptom
response analysis. This approach can be appropriate for diseases such as lung cancer, when most
patients have symptoms at diagnosis. Studies of asymptomatic patients could use a time-to-first-
symptom analysis. Even if the patient discontinues the study drug or begins a new drug,
symptomatic progression could still be assessed if follow-up is continued until documentation of
the first symptom. This approach is worth considering but has been infrequently attempted.

2. Problems Encountered with Symptom Data

Many problems have been encountered in the analysis of symptom data submitted to the FDA.
The most important problem in oncology is that few trials are blinded so that the possibility of
observer bias is difficult to exclude. Missing data are common and often cast doubt on study
conclusions. It is critically important to have frequent assessments to minimize long unobserved
gaps. In addition, symptom severity should be addressed, rather than providing only a binary
present or absent. Withdrawing treatment because of drug toxicity or tumor progression is one
cause of missing symptom data. Ideally, when patients stop treatment, data collection forms
should continue to gather information to inform the analysis. Symptom data could lead to a large
number of different endpoints, and prospectively defined statistical plans need to correct for
multiplicity if each symptom is treated as a separate endpoint.

D. Biomarkers

To date, evidence from biomarkers assayed from blood or body fluids has not served as primary
endpoints for cancer drug approval, although paraprotein levels measured in blood and urine
have contributed to response endpoints for myeloma. Further research is needed to establish the
validity of the available tests and determine whether improvements in such biomarkers are
reasonably likely to predict clinical benefit (accelerated approval) or are established surrogates
for clinical benefit (regular approval).

13
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Although tumor markers are not yet used alone as a basis for marketing approval, the FDA has
sometimes accepted their inclusion as elements in composite endpoints. For instance, women
with ovarian cancer often show clinical deterioration from progression of unmeasured tumor. In
blinded randomized controlled trials in advanced refractory ovarian cancer, the FDA has
accepted use of a composite endpoint that included CA-125. The occurrence of certain clinical
events (a significant decrease in performance status, or bowel obstruction) coupled with marked
increases in CA-125 was considered progression in these patients. The use of prostate specific
antigen (PSA) was discussed at a recent workshop on prostate cancer endpoints. Different
methods of evaluating PSA as an endpoint were discussed, including PSA response, PSA slope,
and PSA velocity. Although the FDA has not yet accepted a PSA endpoint to support drug
approval, evaluation of additional data and further discussions of PSA endpoints are planned in
future workshops and ODAC meetings.''

IV. ENDPOINTS AND CLINICAL TRIAL DESIGN; SELECTED ISSUES

By law, the FDA must base new drug approval decisions on substantial evidence of efficacy
from “adequate and well-controlled investigations.” Regulations describe the meaning of
“adequate and well-controlled investigations.” Studies must allow a valid comparison to a
control and must provide a quantitative assessment of the drug’s effect. (See 21 CFR 314.126.)
Below we discuss several issues related to the design of cancer trials intended to support drug
approval.

A. Single-Arm Studies

The most reliable method for demonstrating efficacy is to show a statistically significant
improvement in a clinically meaningful endpoint in blinded randomized controlled trials. Other
approaches have also been successful in certain settings. In settings where there is no effective
therapy and where major tumor regressions can be presumed to occur infrequently in the absence
of treatment (a historical control), the FDA has sometimes accepted ORR and response duration
observed in single-arm studies as substantial evidence supporting accelerated approval or even
regular approval (e.g., when many complete responses were observed or when toxicity was
minimal or modest). In contrast to the success of this approach, evidence from historically
controlled trials attempting to show improvement in time-to-event endpoints such as survival,
time to progression, or progression-free survival have seldom been persuasive support for drug
approval, except when treatment provides survival outcomes that contrast markedly with
historical experience (e.g., testicular cancer, acute leukemias). In most cases, however, these
outcomes vary among study populations in ways that cannot always be predicted; for example,
changes in concomitant supportive care or frequency and method of tumor assessment can differ
by location or change over time. Consequently, comparisons involving these time-to-event
endpoints generally need a concurrent control (preferably in a randomized trial), unless, as noted,
the effect is very large.

" Transcripts are available at http://www.fda.gov/cder/drug/cancer_endpoints/default.htm.
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B. Studies Designed to Demonstrate Noninferiority

The goal of noninferiority (NI) trials is to demonstrate the effectiveness of a new drug showing
that it is not less effective, by a predefined amount, than a standard regimen known to have the
effect being investigated (Temple and Ellenberg, 2000, Placebo-Controlled Trials and Active-
Control Trials in the Evaluation of New Treatments, Part 1: Ethical and Scientific Issues, Ann
Intern Med, 2000 Sep 19; 133(6):455-63)."* The difference to be ruled out, the noninferiority
margin, cannot be larger than the effect of the control drug in the new study. As that effect is not
measured (the new study does not have a no-treatment arm), the effect must be assumed based
on the previous studies of the control drug that documented its effect. If the new drug is inferior
by more than the noninferiority margin, it would have no effect at all. In most cases the NI
margin is not set at the control drug’s full effect, but at some fraction of it (e.g., 50 percent), so
that the study seeks to show that at least 50 percent of the control drug effect is preserved.

There are multiple difficulties with NI trials. NI trials rely on historical data to establish the
expected size of treatment effect of the active control. In many situations adequate historical
data for the control do not exist. Moreover, a critical assumption is that the treatment effect of
the active control that was observed historically will also be observed in the current population in
the new study. This assumption is difficult to support, as results of trials are almost never
identical (although one can evaluate control regimen response rates in the historical and NI trial
populations as some measure of comparability). Optimally, the estimated size of the treatment
effect of the active control would be based on a comprehensive meta-analysis of historical
studies that reproducibly demonstrate the effectiveness, compared to no treatment, of the control
agent. In the oncology setting, however, information is often lacking on effects compared to a
no-treatment control. The variability in the meta-analysis will be reflected in the choice of the
noninferiority margin. But there may be little data from randomized controlled trials available to
estimate the treatment effect and thus no basis for estimating the control treatment effect.
Furthermore, subsequent events in the trial, especially crossover from the control, can invalidate
NI survival analyses (producing a bias toward a showing of no difference). NI designs generally
require many patients in order to provide meaningful results. Given the complex issues
involved, we strongly recommend that sponsors designing noninferiority trials consult early with
the FDA. Because of the difficulties with the design, conduct, and analysis of NI trials, a single
NI trial seldom provides sufficient evidence of efficacy to support drug approval.

When the new treatment has a different toxicity profile from available treatments, it may be
possible to design around the NI study problem by conducting an add-on study, adding new drug
or placebo/no treatment to the standard therapy. This will not be possible if the goal is to show a
new treatment to be less toxic than existing therapy (but still effective). In this case the NI
design is unavoidable in order to demonstrate that the survival benefit of the standard drug is
retained by the experimental drug. If the standard drug is associated with only a small proven
survival benefit, however, interpretation of an NI study is difficult or impossible. Moreover, the
size of such NI trials can be prohibitively large.

12 See ICH guidance for industry E10 Choice of Control Group and Related Issues in Clinical Trials
(http://www.fda.gov/cder/guidance/index.htm)

15



604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649

Contains Nonbinding Recommendations
Draft — Not for Implementation

C. No Treatment or Placebo Control

Giving no anticancer drug treatment to patients in the control arm of a cancer study is often
considered unethical, but, in some settings, it can be acceptable. For instance, in early stage
cancer when standard practice is to give no treatment, comparison of a new agent to a no-
treatment control would be acceptable. This approach would not be an ethical problem in the so-
called add-on design, when all patients receive standard treatment plus either no additional
treatment or the experimental drug. Using a control group that receives only best supportive care
is acceptable in an advanced refractory setting where there is no effective therapy. Placebos
(identical appearing inactive controls) are generally preferred to no-treatment controls because
they permit blinding. With many cytotoxic cancer drugs, blinding may not be feasible because
of a relatively high rate of recognizable toxicities, but newer interventions, many of them much
less toxic, are increasingly being studied in blinded trials.

D. Isolating Drug Effect in Combinations

Because marketing approval is usually for a single drug product rather than for a drug
combination, clinical trials supporting regulatory approval need to isolate the effectiveness of the
proposed agent. Evidence is needed showing not only the effectiveness of the regimen but also
establishing the contribution of the new drug to that regimen. One way to demonstrate the
individual contribution of a new drug in a regimen is using the add-on design previously
discussed. Sometimes the clinical effects seen in early phases of development can be used to
establish the contribution of a drug to a drug regimen, particularly if the combination is more
effective than any of the individual components. We recommend discussing these issues with
the FDA at end-of-phase 1 or end-of-phase 2 meetings.

E. Trial Designs for Radiotherapy Protectants and Chemotherapy Protectants

Radiotherapy protectants and chemotherapy protectants are drugs designed to ameliorate the
toxicities of radiotherapy or chemotherapy. Trials to evaluate these agents usually have two
objectives. The first is to assess whether the protecting drug achieves its intended purpose of
ameliorating the cancer treatment toxicity. Unless the mechanism of protection is clearly
unrelated to the mechanism of antitumor activity (e.g., antiemetic agents which ameliorate
nausea via central nervous system receptors), a second trial objective is to determine whether
anticancer efficacy is compromised by the protectant. Because the comparison of antitumor
activity between the two arms of the trial is a noninferiority comparison, a large number of
patients may be required to achieve this objective. Generally, a second study is needed to
confirm the findings. A critical question for the future is whether, in such cases where the same
drug is studied in both arms, ORR should be considered a sufficient endpoint for comparing drug
activity and benefit.

V. SUMMARY AND CONCLUSION

Although general principles outlined in this guidance should help sponsors select endpoints for
marketing applications, we recommend that sponsors meet with the FDA before submitting
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protocols intended to support NDA or BLA marketing applications. The FDA will ensure that
these meetings include a multidisciplinary FDA team of oncologists, statisticians, clinical
pharmacologists, and often external expert consultants. Sponsors may submit protocols after
these meetings and request a special protocol assessment that provides the acceptability of
endpoints and protocol design to support drug marketing applications."”> Ultimately, of course,
marketing approval will depend not only on the design of a single trial, but on FDA review of the
results and data from all studies in the drug marketing application.

1 See guidance for industry Special Protocol Assessment (http://www.fda.gov/cder/guidance/index.htm)
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APPENDIX 1:
THE COLLECTION OF TUMOR MEASUREMENT DATA"

The following are important considerations for tumor measurement data. The Agency
recommends that:

The case report form (CRF) and electronic data document the target lesions identified during
the baseline visit prior to treatment. Retrospective identification of such lesions would rarely
be considered reliable.

Tumor lesions are assigned a unique identifying letter or number. This allows differentiating
among multiple tumors occurring at one anatomic site and matching of tumors measured at
baseline and tumors measured during follow-up.

A mechanism ensures complete collection of data at critical times during follow-up. It is
important that the CRF ensures that all target lesions are assessed at each follow-up visit and
that all required follow-up tests are done with the same imaging/measuring method.

The CRF contains data fields that indicate whether scans were performed at each visit.

A zero is recorded when a lesion has completely resolved. Otherwise, disappearance of a
lesion cannot be differentiated from a missing value.

Follow-up tests allow timely detection of new lesions both at initial and new sites of disease.
It is important that the occurrence of and location of new lesions be recorded in the CRF and
the submitted electronic data.

" Tumor data in this section refers to data in SAS transport files, not images. Images are not generally submitted to
the NDA/BLA, but may be audited by the FDA during the review process.
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APPENDIX 2:
ISSUES TO CONSIDER IN PFS ANALYSIS

The protocol and statistical analysis plan (SAP) of a study should detail the primary analysis of
progression-free survival (PFS). This includes a detailed description of the endpoint, acceptable
modalities for evaluating tumors, and procedures for minimizing bias when determining
progression status, such as procedures for an independent endpoints review committee. It is
important that one or two secondary analyses be specified to evaluate anticipated problems in
trial conduct and to assess whether results are robust. The following are several important
factors to consider.

Definition of progression date. Survival analyses use the exact date of death. In analyses
of PFS, however, the exact progression date is unknown. The following are two methods for
defining the recorded progression date (PDate) used for PFS analysis.

1. One approach assigns PDate to the first time at which progression can be declared:

For progression based on a new lesion, the PDate is the date of the first observation
that detects the new lesion.
For progression based on the sum of target lesion measurements, PDate is the date of
the last observation or radiologic assessment of target lesions (if multiple assessments
are done at different times).

This approach can introduce between-arm bias if radiologic assessments are done earlier

or more frequently in one treatment arm.

2. A second approach assigns the PDate to the date of the scheduled clinic visit immediately
after all radiologic assessments (which collectively document progression) have been
done. Although this approach provides a less accurate estimate of the true date of
progression, the error should be symmetrically distributed between arms, and between-
arm bias is minimized.

Definition of censoring date. Censoring dates are defined in patients with no documented
progression prior to data cutoff or dropout. In these patients, the censoring date is often
defined as the last date on which progression status was adequately assessed. One acceptable
approach uses the date of the last assessment performed. However, multiple radiologic tests
can be evaluated in the determination of progression. A second acceptable approach uses the
date of the clinic visit corresponding to these radiologic assessments.

Definition of an adequate PFS evaluation. In patients with no evidence of progression,
censoring for PFS often relies on the date of the last adequate tumor assessment. A careful
definition of what constitutes an adequate tumor assessment includes adequacy of target
lesion assessments and adequacy of radiologic tests both to evaluate nontarget lesions and to
search for new lesions.

Analysis of partially missing tumor data. Analysis plans should describe the method for
calculating progression status when data are partially missing from adequate tumor
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assessment visits. For instance, are the values for missing target lesions to be carried
forward?

Completely missing tumor data. Assessment visits where no data are collected are
sometimes followed by death or by assessment visits showing progression; in other cases the
subsequent assessment shows no progression. In the latter case, at first glance, it might seem
acceptable to continue the patient on study and continue monitoring for evidence of
progression. This approach, however, treats missing data differently depending upon
subsequent events and could represent informative censoring. Therefore, another possibility
is for the primary analysis to include data from subsequent PFS assessments when only a
single follow-up visit is missed but censor data when there are two or more missed visits. It
is important that the SAP detail primary and secondary PFS analyses to evaluate the potential
effect of missing data. Reasons for dropouts should be incorporated into procedures for
determining censoring and progression status. For instance, for the primary analysis, patients
going off-study for undocumented clinical progression, change of cancer treatment, or
decreasing performance status could be censored at the last adequate tumor assessment. The
secondary sensitivity analysis would include these dropouts as progression events.

Progression of nonmeasurable disease. When appropriate, progression criteria should be
described for each assessment modality (e.g., CT scan, bone scan). It is important that scans
documenting progression based on nonmeasurable disease be verified by a blinded review
committee and be available for verification by the FDA if needed.

Suspicious lesions. Sometimes new lesions are identified as suspicious. An algorithm
should be provided for following up these lesions and for assignment of progression status at
the time of analysis. For example, a radiological finding identified as suspicious at visit one
might be verified as being a new tumor at visit three. It is important that the protocol or
analytical plan clarify whether the progression time would be visit one or visit three.
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APPENDIX 3:

EXAMPLE TABLES FOR PFS ANALYSIS

As discussed in Section III.B., sensitivity analyses may be helpful in determining whether the

PFS analysis is robust. Different sensitivity analyses can be described in tables that specify how
to assign dates of progression events and dates for censoring of progression data. The following
three tables describe examples of three different sensitivity analyses:

a. Table A represents a sensitivity analysis that only includes well-documented and
verifiable progression events. Other data are censored. In Table A the progression dates

arc:

e Based only on radiologic assessments verified by an independent review committee
(IRC). Clinical progression is not considered a progression endpoint.

e Assigned to the first time when tumor progression was noted.

e The date of death when the patient is closely followed. Deaths occurring after two or
more missed visits, however, are censored at last visit.

Table A. PFS 1 (includes documented progression only)

Situation Date of Progression or Censoring Outcome
No baseline tumor assessments Randomization Censored
Progression documented between Earliest of: Progressed
scheduled visits ¢ Date of radiologic assessment showing
new lesion (if progression is based on
new lesion); or
e Date of last radiologic assessment of
measured lesions (if progression is
based on increase in sum of measured
lesions)
No progression Date of last radiologic assessment of Censored
measured lesions
Treatment discontinuation for Date of last scan of measured lesions Censored
undocumented progression
Treatment discontinuation for Date of last radiologic assessment of Censored
toxicity or other reason measured lesions
New anticancer treatment started Date of last radiologic assessment of Censored
measured lesions
Death before first PD assessment Date of death Progressed
Death between adequate assessment | Date of death Progressed
visits
Death or progression after more than | Date of last radiologic assessment of Censored

one missed visit

measured lesions
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The sensitivity analysis in Table B corrects for potential bias in follow-up schedules for
tumor assessment by assigning the dates for censoring and events only at scheduled visit

dates.

Table B. PFS 2 (uniform progression and assessment dates)

Situation Date of Progression or Censoring QOutcome
No baseline tumor assessments Randomization Censored
Progression documented Date of next scheduled visit Progressed
between scheduled visits

No progression Date of last visit with adequate assessment | Censored
Treatment discontinuation for Date of last visit with adequate assessment | Censored
undocumented progression

Treatment discontinuation for Date of last visit with adequate assessment | Censored
toxicity or other reason

New anticancer treatment started | Date of last visit with adequate assessment | Censored
Death before first PD assessment | Date of death Progressed
Death between adequate Date of death Progressed
assessment visits

Death or progression after more | Date of last visit with adequate assessment | Censored

than one missed visit

b. The sensitivity analysis in Table C evaluates PFS according to the investigator’s

assessment.

Table C. PFS 3 (includes investigator claims)

Situation Date of Progression or Censoring Outcome
No baseline assessment Randomization Censored
Progression documented between | Next scheduled visit Progressed
scheduled visits

No progression Date of last visit with adequate assessment Censored
Investigator claim of clinical Scheduled visit (or next scheduled visit if Progressed
progression between visits)

Treatment discontinuation for Date of last visit with adequate assessment Censored
toxicity or other reason

New anticancer treatment started | Date of last visit with adequate assessment Censored
with no claim of progression

Death before first PD assessment | Date of death Progressed
Death between adequate Date of death Progressed
assessment visits or after patient

misses one assessment visit

Death after an extended lost-to- Last visit with adequate assessment Censored
follow-up time (two or more

missed assessments)
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APPENDIX 4:
INDEPENDENT REVIEW OF TUMOR ENDPOINTS

Sponsors and the FDA need to be able to verify clinical trial results that support drug approval,
including ORR and progression-free survival. ORR determined in single-arm studies can be
verified by scrutiny of a limited number of images. However, when drug approval is based on
measurement of progression-free survival in a randomized study, careful planning is needed to
minimize bias and to allow the sponsor and the FDA to verify results. This is especially true
when investigators and patients cannot be blinded to treatment assignment because of drug
toxicities or manner of administration. An independent endpoints review committee (IRC)
provides a mechanism to minimize bias in interpretation of the radiologic findings and
independent adjudication of endpoints. We recommend that a clearly described written plan
outlining the IRC function and process, sometimes called an independent review charter, be
agreed upon with the FDA prior to study conduct. It is important that the plan describe how the
independence of the committee will be assured; how images will be collected, stored,
transported, and reviewed; how differences in image interpretation will be resolved; how clinical
data will be used in final endpoint interpretation; and how, if needed, images and IRC results will
be made available to the FDA for audit. The use of an IRC is discussed further in a draft
guidance for the development of medical imaging products."

1 See draft guidance for industry Developing Medical Imaging Drug and Biological Products, Part 3: Design,
Analysis, and Interpretation of Clinical Studies. When final, this guidance will represent the FDA’s current thinking
on this topic. For the most recent version of a CBER guidance, check the CBER guidance Web page at
http://www.fda.gov/cber/guidelines.htm.
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FDA/AACR/ASCO
Public Workshop on Brain Tumor Clinical Trial Endpoints
January 20, 2006
Bethesda North Marriott Hotel and Conference Center
North Bethesda, Maryland

Meeting Summary

INTRODUCTION (Dr. Richard Pazdur, FDA)

Dr. Pazdur welcomed everyone in attendance and noted that the purpose of the meeting was to
have a wide-ranging discussion about the positive and negative aspects of various endpoints for
trials intended to support the approval of new drugs to treat primary brain tumors. This workshop
is the fifth in a series evaluating potential endpoints for drug approvals in the most common
cancers. Previous workshops have considered endpoints in lung, colon, and prostate cancer and
acute leukemia. Issues highlighted at these workshops are subsequently discussed at meetings of
the Oncology Drugs Advisory Committee (ODAC), the FDA’s statutory advisory body on issues
related to oncology drugs.

The primary focus of the discussion should be on endpoints that are ready for incorporation into
clinical trials now or in the near future. Workshop participants may identify key issues and areas
in which knowledge is limited and may recommend issues or questions for further study.
However, it is not the workshop panel’s task to make recommendations or arrive at definitive
conclusions and no votes will be taken. By law, FDA may take advice only from its statutory
advisory committees.

Dr. Pazdur acknowledged that a tremendous need exists to develop new agents for the treatment
of brain tumors, that many methodological hurdles need to be overcome in the validation of
radiographic endpoints and patient-reported outcomes (PROs) for this type of tumor, and that
clinical trial design issues also need to be addressed.

FDA has issued an overarching guidance document on endpoints for registration trials (Guidance
for Industry: Providing Clinical Evidence of Effectiveness for Human Drugs and Biological
Products; May 1998; available at http://www.fda.gov/cder/guidance/1397fnl.pdf) and intends to
supplement this document with guidances focused on specific tumor types.

The final hour of the workshop will be chaired by representatives of the National Cancer
Institute (NCI), who will lead a discussion aimed at identifying areas where further research is
needed.

REGULATORY BACKGROUND (Dr. Edwin Rock, FDA)
Dr. Rock briefly reviewed the key pieces of legislation that established the framework for drug

regulation in the United States: the Pure Food & Drug Act (1906); the Food, Drug, and Cosmetic
Act (FDC, 1938); and the FDC Amendments (1962). The 1962 FDC Amendments for the first



time required sponsors, prior to marketing a new drug, to submit data documenting *“substantial
evidence of efficacy in adequate and well-controlled studies.”

In most cases, efficacy is considered equivalent to clinical benefit. FDA’s view of what
constitutes clinical benefit has evolved over time. Currently, clinical benefit can be summarized
as either longer life or better life; the latter is usually indicated by a direct measure of how the
patient feels or functions. Clinical benefit can also be reflected by a surrogate that is not a direct
measure of benefit.

In 1992 FDA introduced an alternative pathway to drug approval that is based on surrogates for
clinical benefit. The accelerated approval (AA) mechanism was intended to speed medicines to
market for serious or life-threatening diseases when an improvement can be shown over
available therapy. A drug sponsor may apply for AA based on the demonstration of a favorable
effect on a surrogate endpoint that is considered reasonably likely to predict clinical benefit. As a
condition of approval, the sponsor must agree to provide additional data confirming clinical
benefit, which may be generated either by another trial or by a distinct endpoint later in the same
trial. Most AAs of cancer drugs have been granted on the basis of a demonstrated tumor response
in a refractory setting, often supported by additional information.

For regular drug approval in oncology, survival is the undisputed “gold standard” for evidence of
clinical benefit. During the 1990s, survival accounted for about one third of all cancer drug
approvals. Demonstration of a favorable effect on how a patient feels or functions, measured by
a valid, clinically relevant instrument, can also support regular approval. For example,
mitoxantrone was approved for the treatment of hormone-refractory prostate cancer solely on the
basis of pain relief, which was defined as a 2-point increase on a 6-point pain scale lasting at
least 6 weeks.

Some surrogate endpoints have been accepted for regulatory purposes and may be used as the
basis for regular drug approvals in oncology. For example, durable complete response is an
accepted surrogate in acute leukemia; partial response is an accepted surrogate for approval of
hormonal agents to treat metastatic breast cancer; and disease-free survival is an accepted
surrogate for drug approvals in adjuvant breast cancer therapy.

Strengths and Weaknesses of Accepted Oncology Endpoints

Survival. The strength of survival as an endpoint is that is it unequivocal and easily measured.
However, trials in which survival is the primary endpoint must be randomized, require a large
sample size and lengthy follow-up, and are expensive. Another potential problem is that any
beneficial effect of the experimental therapy may be “washed out” by crossover from the control
arm to the experimental arm of the trial. This is usually more of a problem when the treatment
effect is modest.

Response rate. Radiographic response rate is a surrogate endpoint that is unique to oncology. In
the 1990s response rate was the basis for about half of regular approvals and almost all AAs. The
strength of response rate as an endpoint is that tumor size reduction can be attributed in its
entirety to therapy, whereas both survival and progression-free survival (PFS) are influenced to



some extent by the natural history of the disease. However, the response must be durable and the
necessary duration of response is context-specific. It can be difficult to weigh the importance of a
partial response vs. a complete response. In addition, response rate does not take into account
stable disease, low-level responses that do not meet the criteria for partial response, or baseline
disease burden.

Response rate can be effectively assessed for regulatory purposes in a single-arm trial.
Acceptable criteria for response, stable disease, and progression must be defined prospectively.
Response rate is more credible when supplemented by additional evidence of clinical benefit
such as symptom improvement.

Progression-free survival. A strength of PFS as an endpoint is that the sample size and follow-
up period are generally shorter than is necessary to show a survival benefit. Additionally,
differences in PFS are not obscured by secondary therapy even if a crossover effect exists.
Finally, PFS takes into account the potential toxic effects of therapy. However, because of the
potential for bias in the interpretation of disease progression, trials in which PFS is a primary
endpoint must be meticulously designed and executed and interpretation of progression must be
blinded.

Symptom palliation. It is generally accepted that palliation of disease symptoms represents
clinical benefit. About one fourth of drug approvals during the 1990s were based in part on
symptom palliation. Symptom palliation is not synonymous with global measures of quality of
life (QoL) ; the latter has not yet been accepted as the basis of any drug approval in the United
States.

Symptom-palliation endpoints can be challenging to use. The development of symptom-
palliation measurement instruments must be hypothesis-driven and validated. A measurement
instrument’s validity is easily compromised by trial design issues or by problems in execution.
The credibility of symptom-palliation endpoints can be enhanced by blinding and by association
with a biological effect of the drug such as response rate.

Trial Design Considerations

Randomized trials are invaluable for establishing the magnitude of a treatment effect and
providing a thorough safety assessment. Blinding is essential whenever bias in measurement or
interpretation could be an issue. Measurements must be clinically relevant with explicitly defined
prospective analysis. For psychometric instruments and PROSs, the concept underlying the
instrument must be identified and mapped onto discrete elements of the measurements.

Approvals of Drugs to Treat Primary Brain Tumors

Several challenges have limited the development of effective new therapies to treat primary brain
tumors, including the chemoresistance of brain tumors and problems with drug delivery to the
central nervous system. Nonetheless, several drugs have been approved to treat this group of
diseases:



e Nitrosoureas of DNA alkylating agents capable of crossing the blood-brain barrier after
systemic administration
0 Orally administered lomustine (CeeNu), approved in 1976.
0 Intravenous carmustine (BiCNU), approved in 1977.
0 Both approvals based on tumor response rate (as were all drugs approved for cancer
treatment prior to the 1980s).

e Carmustine wafer (Gliadel)

0 Synthetic biodegradable polymer impregnated with carmustine.

o Approved in 1996 for treatment of recurrent glioblastoma multiforme (GBM) as an
adjunct to surgery on the basis of a randomized, placebo-controlled trial in 222
glioma patients who progressed following surgery and radiation. Median survival for
patients who received carmustine wafers was 7.4 months, vs. 5.5 months for those
who received a placebo.

0 Approved in 2003 for initial treatment of high-grade malignant glioma as an adjunct
to surgery and radiation. The basis of approval was a randomized, placebo-controlled
trial in 240 patients with newly-diagnosed, high-grade glioma undergoing resection
craniotomy. Median survival for patients who received carmustine wafers was 13.9
months vs. 11.6 months for those who received a placebo.

e Temozolomide (Temodar)

o Orally available alkylating agent chemically related to dacarbazine.

0 Granted AA in 1999 on the basis of five durable complete responses among 54
patients with aplastic astrocytomas refractory to both nitrosoureas and
procarbazine.

o Granted regular approval in 2005 after confirmation of clinical benefit was
obtained in a trial of 574 patients with newly diagnosed GBM. Patients were
randomized following surgery to adjuvant radiation alone or radiation plus
temozolomide followed by maintenance temozolomide for 6 months. Median
survival was prolonged by 2.5 months in the temozolomide group.

Charge to the Panel

The panel was asked to discuss potential nonsurvival endpoints that may either directly represent
clinical benefit or, as potential surrogates, be reasonably likely to predict clinical benefit in
primary brain tumors. Questions that should be addressed included the following:

e Are the endpoints analytically valid and/or clinically relevant?
e Are the endpoints now or could they soon be useful, either individually or as composites, for
establishing safety and efficacy, therefore supporting the drug approval process?



OVERVIEW: CLASSIFICATION AND TREATMENT OF PRIMARY BRAIN
TUMORS; ISSUES AND EFFICACY ENDPOINTS IN GLIOMA CLINICAL TRIALS
(Dr. Howard Fine, NCI)

Primary brain tumors are the leading cause of cancer-related deaths in children and the fourth
leading cause of cancer-related deaths in people under the age of 54, Dr. Fine said. A significant
increase in the incidence of brain tumors has been observed in people over the age of 60,
although the extent to which this observation is an artifact of increased screening remains a
matter of debate.

Brain tumors are of several different types, each with a distinct biology. Most of today’s
discussion will center on gliomas, the most common type of primary brain tumor. Other types of
primary brain tumors include embryonal tumors (e.g., medulloblastomas), tumors of the lining of
the brain (meningiomas) and tumors of the peripheral nerve cell sheath (e.g., schwannomas,
neurofibromas). Brain metastases of systemic tumors present a different set of issues with regard
to clinical trial design and will not be discussed today.

Current Treatment Options for Gliomas

Gliomas may be subdivided into benign (World Health Organization [WHQO] grade | or “low
grade”) and malignant (WHO grades Il to IV or “high grade”) tumors. Radiographically
complete surgical resection is generally considered optimal treatment for low-grade gliomas.
Radiation therapy can halt disease progression for a time and probably increases survival; issues
such as timing, dose, and volume of radiation therapy remain unresolved. The risk of long-term
radiation-induced neurocognitive deficits is a significant concern as patients with low-grade
gliomas generally live longer than those with malignant tumors. Interest is growing in the use of
chemotherapy with agents such as temozolomide to delay radiation therapy. Radiographic
responses are possible in patients with low-grade gliomas who receive chemotherapy, but no
long-term outcome data are available.

For high-grade gliomas, complete surgical resection is generally considered optimal treatment,
although only retrospective data support this. Radiation therapy remains the foundation of
treatment. Long-term neurocognitive deficits are less of a concern than in low-grade tumors
because patients usually do not live long enough to experience this toxicity.

Three meta-analyses have shown that post-radiation chemotherapy results in a small but
statistically significant survival benefit. The definitive European Organization for Cancer
Research and Treatment (EORTC) trial showed a benefit for temozolomide given either
concurrently with radiation therapy or after radiation therapy to patients with GBM; median
survival was increased by about 2.5 months and 2-year survival by about 18%. Two trials of
carmustine wafers have shown small but statistically significant increases in survival in both
recurrent and newly diagnosed GBM.



With no treatment, median survival from the time of diagnosis for patients with malignant
gliomas is 3 months. Surgery may extend median survival to 4 or 5 months; adding radiation to
surgery extends it to 10 months. Adding temozolomide chemotherapy to radiation and surgery
has now extended median survival to 14 months. Existing therapies are clearly of limited
effectiveness and new, more effective therapies are sorely needed.

Obstacles to the Development of More Effective Glioma Therapies

The central nervous system is a unique micro-environment. Because the brain is essential to
survival, surgery cannot be performed with wide margins as is done in the resection of systemic
tumors. The brain is physiologically different from other tissues and these physiologic
differences have profound effects on both tumor biology and on drug delivery. The brain
endothelium differs significantly from other endothelial tissue, resulting in the blood-brain
barrier. The brain lacks a lymphatic system and is an immunological sanctuary, thus presenting a
different set of challenges with regard to the use of immunologic therapies.

Central nervous system tumors differ biologically from systemic tumors. They generally have
high drug resistance, both intrinsic and acquired. They are nonmetastatic in that they rarely
spread to other organs, but they are highly infiltrative.

Brain tumors present specific pharmacologic challenges. In addition to the problem of the blood-
brain barrier, it has become clear within the past decade that hepatic cytochrome P450
isoenzymes are intrinsic to the metabolism of most chemotherapy drugs. Many patients with
brain tumors are taking anti-epileptic drugs that induce or inhibit the P450 system. Patients who
are on enzyme-inducing anti-epileptic drugs (EIAEDs) have significantly altered drug
metabolism. For example, for patients taking phenytoin (Dilantin) or carbamazepine (Tegretol),
the maximal tolerated dose (MTD) of paclitaxel or CPT-11 may be 3- to 5-fold higher than for
patients with systemic tumors. This has profound implications for clinical trials. It is necessary,
for example, to conduct two Phase 1 studies to establish two different MTDs: one for patients
who are taking EIAEDs and one for those who are not.

Patients with gliomas are very heterogeneous. Factors such as age, performance status, extent of
resection, neurologic deficits, and use of glucocorticoids have significant effects on prognosis.
Tumors are also heterogeneous; distinctions between tumor histologies are often unclear,
resulting in inter-observer variability rates as high as 30% to 40%. Even tumors with similar
histology can have very different genetic characteristics; for example, expression of the HMGT
enzyme contributes to resistance to temozolomide. Additionally, the anatomic location of a
tumor (e.g., brain stem, thalamus, right frontal lobe) can significantly affect the outcome.

Clinical Trial Design lIssues

All of the above issues present challenges to the design of clinical trials of therapies for primary
brain tumors. Because gliomas are rare and it is difficult to accumulate sufficient numbers of
patients for a clinical trial, clinical researchers have attempted to use historical data to make
comparisons. Unfortunately, the literature is severely flawed. Investigator-selected criteria for
response are variable and almost always include stable disease. Past trials have often not required



response duration and have not controlled for the effects of glucocorticoids, the type of magnetic
resonance imaging (MRI) technology used to measure response, or for important prognostic
factors such as tumor type, grade, age, and performance status.

NCI-sponsored brain tumor research consortia are now generating databases that will improve
the objective nature of neuro-oncology trials, but these databases are not yet freely available.
Moreover, they may be of limited utility because patients enrolled in trials conducted by NCI-
sponsored consortia may represent average patients in the community. An additional challenge
for the design of clinical trials is that, with the possible recent exception of radiation +/-
temozolomide, no agreed-upon standard of care exists upon which to base comparisons.

Clinically Meaningful Endpoints For Patients With Brain Tumors

Survival is both an objective and clinically meaningful endpoint, but it requires large randomized
studies in a relatively rare disease. Few adequate historical controls exist to allow non-
randomized comparisons. Small patient numbers make it very difficult to study any glioma
subtype except GBM. It is difficult to balance hugely important prognostic factors, particularly
in the setting of recurrent brain tumors. Finally, survival is not an appropriate endpoint for
studies of palliative drugs.

Disease-stabilization endpoints (e.g., PFS, time to progression) offer the advantage of requiring a
shorter time to data maturation. Because tumor progression is usually associated with worsening
neurological function, tumor stabilization might translate to improved QoL, but few data are
available to support this. In a rapidly progressive disease such as GBM, however, progression
tends to precede death by a few months at most, so it is unclear how much time is really saved by
the use of progression rather than survival as an endpoint. Disease-stabilization endpoints have
many of the same disadvantages as survival: the need for large randomized studies in a rare
disease, inadequate historical controls for non-randomized comparisons, small patient numbers,
and inappropriateness for studies of palliative drugs.

Clinical response is associated with patient symptoms, performance, and QoL. However, patient
symptoms are highly subjective. Neurological signs are objective but are affected by significant
inter-examiner variability. Symptoms are also affected by concomitant medications (e.g.,
glucocorticoids, antiepileptics, anticoagulants).

Radiographic response is somewhat objective and is the historical standard, but has many
disadvantages. Because gliomas usually do not form “lumps” in the brain, MRI scans are often
not looking at the tumor directly but rather at the tumor’s effects on normal brain architecture.
Tumors cause several different signal abnormalities on MRI scans.

Gadolinium enhancement is measured as a response criterion in most clinical trials. However,
gadolinium enhancement does not measure nonenhancing tumors. This approach tends to
measure vascular permeability rather than tumor; factors such as radiation damage and use of
glucocorticoids or vascular-stabilizing drugs can affect vascular permeability. No standard way
of measuring gadolinium enhancement exists; the Response Evaluation Criteria in Solid Tumors
(RECIST) have not been validated in brain tumors.



With regard to PRO and QoL endpoints, although treatments that improve patients’ neurological
functioning, increase their ability to live independently, and decrease seizures would be valuable,
no clear methods currently exist for measuring these parameters.

Conclusions

In summary, few effective treatments exist for primary brain tumors. No systemic therapy is
approved for recurrent GBM. The literature from which to derive historical control data is
largely undependable. Evaluation of clinical trials is affected by patient and tumor heterogeneity,
factors shown to have a greater impact than any given therapy on patient outcome. Survival is
currently the only clearly accepted trial endpoint. Treatment that resulted in tumor and symptom
stabilization would be considered clinically meaningful and useful, but how best to objectively
measure such outcomes remains unclear.

Dr. Fine ended his presentation by posing two questions that he said he hoped the workshop
would address:

e What therapeutic outcomes are truly clinically meaningful to patients with gliomas?
e What clinical trial endpoints are representative of those outcomes and how can they be
objectively and reproducibly measured?

CLINICAL TRIAL ENDPOINTS FOR APPROVAL: IMAGING-BASED OUTCOMES

Magnetic Resonance Imaging Surrogate Markers of Brain Tumor Therapeutic Response
(Dr. James Provenzale)

Dr. Provenzale began by saying that if he could sum up Dr. Fine’s talk in three words, those
words would be “validation,” “quantification,” and “reproducibility.” Those words also describe
the three issues that imaging scientists face in dealing with brain tumors, he said.

MRI is the imaging technique most commonly used to diagnose and assess therapeutic response
in brain tumors. However, conventional MR imaging of brain tumors provides anatomic, but not
physiologic, information. In most trials of brain tumor therapies, tumor assessment is based on
both tumor size and enhancement characteristics.

The principal advantages of MRI compared with computed tomography (CT) imaging are that
MRI makes it possible to image the tumor in multiple planes, offers better image resolution, and
offers more advanced imaging techniques. However, MR imaging takes more time than CT
scanning and cannot be performed on patients who have incompatible implanted devices such as
aneurysm clips and cardiac pacemakers. Thirdly, it can be difficult to perform an adequate MRI
scan on a very ill patient who has difficulty lying very still. It can also be difficult to monitor
patients who are on respirators or are receiving continuously infused drugs.

CT scanning takes less time to perform than MRI and is useful for answering basic questions.
Perfusion imaging can be performed with CT, but the role of this type of imaging in brain tumor



assessment is underexplored. However, the depiction of tumor extent is inferior with CT
scanning compared with MRI. Like MRI, CT scanning provides very limited physiologic
information.

Currently, brain tumors are assessed in clinical trials primarily by measuring them at the widest
point of their diameter in accordance with the RECIST criteria. This provides no information
about tumor physiology. At a time when many drugs can alter tumor physiology, new imaging
techniques are needed that keep pace with these pharmacologic advances. Additionally, current
imaging methods provide only a gross estimation of tumor aggressiveness. Three advanced MR
techniques may be able to address these challenges.

e MR spectroscopy can be used to obtain metabolic profiles throughout the brain, which can
be helpful in trying to determine what is happening in unenhancing areas of a tumor or in
tissue adjacent to a tumor.

e MR diffusion imaging measures the rate of diffusion of water molecules throughout the
brain in both tumor and normal tissue. The presence of tumor cells restricts the diffusion of
water molecules in the brain; when the tumor responds to treatment, water molecules can
diffuse more readily. Diffusion imaging can be used to measure therapy-induced changes in
water mobility within the brain. Preliminary data suggest that this technique may be able to
indicate within a few weeks whether or not the tumor is responding to therapy.

e MR perfusion imaging is a technique for monitoring the effectiveness of antiangiogenic
therapy. Angiogenesis is the development of new blood vessels within tumors, which is
essential for tumor growth beyond a few millimeters. Studies in animal models have shown
that restricting angiogenesis severely impairs tumor growth. Angiogenic factors in tumors
increase both the number and the permeability of blood vessels. High cerebral blood volume
(CBV) can be an indicator of tumor aggressiveness. Perfusion imaging techniques can
measure CBV and vessel permeability, both of which should decline in the presence of an
antiangiogenic agent.

In summary, several advanced MR imaging techniques can provide both physiologic and
anatomic information about brain tumors. These techniques, which are currently experimental,
need to be used to measure tumor responses to therapy and to determine whether a tumor
response correlates with outcome. Secondly, some of these techniques show promise as surrogate
biomarkers. The jury is currently out on whether one technique is superior to any other.

Positron Emission Tomography Scanning with FDG in Brain Tumors; Brain Tumor
Measurements in Assessing Response to Treatment (Dr. Nicholas Patronas)

Experience over the past 25 years has shown that positron emission tomography (PET) scanning
is valuable in assessing tumor growth, providing guidance for surgical biopsy, assessing
malignant transformation, addressing the issue of recurrence vs. necrosis after radiation therapy,
and evaluating the extent of tumor growth within the cranial cavity, Dr. Patronas said.



As yet, data are sparse on the value of using PET scanning to assess response to treatment.
Response assessment may be measured qualitatively (i.e., visually or by means of a ratio of
pathologic to normal tissue) or quantitatively (i.e., standardized uptake value [SUV]). Another
approach to quantitative measurement, calculation of the rate of glucose utilization, is no longer
used.

SUVs are used in a variety of tumor types to measure prognosis and disease progression or
regression. However, there are greater challenges in the application of this measurement
approach to brain tumors because, unlike many other organs, the brain is highly metabolically
active. Factors influencing SUV measurements include the plasma glucose level, the injected
dose of the isotope, the time after injection that the scan is performed, use of medications that
affect glucose metabolism (e.g., steroids, insulin), partial volume effects, and body weight vs.
lean body mass.

Factors influencing image quality and lesion conspicuity on MRI include the signal-to-noise
ratio, contrast issues, and image resolution and homogeneity. Factors influencing tumor
enhancement include the dose of the administered contrast agent, the compound used, the time
delay prior to scanning, medication use, renal function, hemodynamic alterations, and partial
volume artifacts (i.e., obliquity of brain sections). It is important to ensure that every time the
tumor is measured by linear measurement technique, images are coregistered by date to ensure
that the same “slice” is evaluated.

Measuring tumor diameter is probably an outdated methodology, as small percentage changes in
diameter can reflect much larger changes in tumor volume. Both manual and automated
segmentation techniques provide more accurate measurements of tumor volume than diameter
measurement; these techniques have the further advantage of not being operator-dependent.
Automated segmentation is more accessible now, is easy to perform, and does not require
manual manipulation of the image. In the post-contrast MRI, each tissue type has a unique
distribution of pixel intensities. In automated segmentation the intensity of distribution is
estimated for cerebrospinal fluid, normal brain tissue, and enhancing tumor. Each pixel’s
intensity is compared with these distributions and segmented according to its most probable
tissue class.

Response and Progression-Free Survival Endpoints for Gliomas (Dr. Karla Ballman)

Dr. Ballman presented analyses of data from the North Central Cancer Treatment Group
(NCCTG) database. The first study compared the performance of, and the extent of agreement
between, the unidimensional (1D) RECIST criteria, the WHO bidimensional (2D) criteria, and
computer-calculated measurements of tumor area and volume. Tumors were classified at various
time points as progressive disease, stable disease, or disease regression. All measurements were
conducted in newly diagnosed gliomas of different tumor types and different grades. Patients
with enhancing tumors generally were older and had higher-grade tumors; patients with non-
enhancing tumors generally were younger and had lower-grade tumors.

Agreement among methods was moderate at best. Determination of response by the 1D and 2D
criteria did not differ significantly. No evidence of an association between response and survival
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was seen for enhancing/nonenhancing tumor measurements. Some evidence of an association
between progression and survival was observed for enhancing tumor measurements. Small
sample size may explain some of the lack of agreement. Other limitations are that the data are
from a single group and the analysis was not done by tumor type and grade.

The second study examined the relationship between PFS at 6 months and overall survival (OS)
at 12 months in Phase 2 GBM trials. The study purposes were to determine the relationship
between the endpoints, determine whether the relationship was similar in trials of newly
diagnosed GBM patients and trials of patients with recurrent GBM, and assess whether it is
reasonable to use 6-month PFS in place of 12-month OS as an endpoint for Phase 2 GBM trials.
Data were pooled for 1,359 patients in 12 trials, all of which were negative.

Patient-level agreement was moderate for trials of both newly diagnosed and recurrent disease.
Trial-level agreement was mixed for both types of trials; correlation was moderate (less than
0.90) and agreement of study results was good (88-90%). PFS at 6 months was strongly
associated with OS at 12 months. Once again, all data are from a single cooperative group and all
are from negative trials. Importantly, this was not a formal surrogate endpoint analysis.

Is Progression-Free Survival a Clinically Relevant Endpoint for Clinical Trials Testing
Treatments For Malignant Glioma at Time of Progression? Report of Data From the North
American Brain Tumor Consortium (Dr. Kathleen Lamborn)

Dr. Lamborn presented data from an analysis of 13 single-arm Phase 2 trials involving 611
patients with high-grade gliomas. The trials were performed at multiple institutions participating
in the North American Brain Tumor Consortium (NABTC). Entry criteria were similar for all
trials: patients were adults with Karnofsky Performance Status (KPS) scores of at least 60, proof
of disease progression by imaging, adequate organ function, prior radiation therapy, and a
limited number of prior chemotherapies. Evaluable or measurable disease was not required. The
primary endpoint for all trials was 6-month PFS. The purpose of the analysis was to determine
whether progression status at various time points predicted OS from those time points.

For patients with both Grade 3 and Grade 4 tumors, progression status strongly predicted
survival from the time of assessment for each of the planned assessment times (9 weeks, 18
weeks, and 26 weeks) during the first 6 months from the start of the study, indicating that delay
in time to progression predicts for improved patient survival. This finding is limited by the fact
that the data were not derived from randomized trials and none of the therapies tested was
particularly successful. These data nevertheless raise the hope that extending PFS would in turn
extend OS, Dr. Lamborn concluded.

This analysis is ongoing. The same results were seen when the data were adjusted for age and
performance status and when patients with prior surgery were excluded. Further analysis showed
that response was predictive of survival with a hazard ratio of about 0.5. However, this did not
alter the strength of progression vs. no progression as a predictor of survival. Analysis of a
separate data set, involving patients with both Grade 3 and Grade 4 gliomas at first progression
who were treated at the University of California, San Francisco, also concluded that progression
status strongly predicted survival.
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Dr. Lamborn then discussed the implications for sample size and study duration of using PFS vs.
survival as an endpoint for studies aimed at regulatory approval. She estimated that a Phase 3
trial involving patients with Grade 4 tumors could be completed in 1.5 years if 6-month PFS was
the primary endpoint vs. 3.5 years if OS was the primary endpoint. For a Phase 3 trial involving
patients with Grade 3 tumors, the estimated study duration would be 2.5 years if 6-month PFS
was the endpoint vs. 4.2 years if OS was the endpoint.

Dr. Buckner asked whether age, performance status, and extent of resection were associated with
differences in PFS outcome. Dr. Lamborn replied that age was associated with PFS outcome
much more strongly than was performance status. She did not look at extent of resection because
few patients fell into this category. Instead, a second analysis was performed in which patients
who had surgery within 30 days of the start of the study were excluded. This made no difference
to the results of the analysis. Dr. Lamborn also responded to two other questions concerning the
analysis methodology.

Panelist Discussion—Imaging-Based Outcomes

Dr. Barker commented that the discussion about defining response and progression was in the
context of no locally delivered therapy. It had not been explicitly stated that none of the reported
findings apply to the measurement of response, progression, or PFS following carmustine wafer
implantation. He added that trials in recurrent disease must have carefully defined starting points
and entry criteria. Particularly for trials involving antiangiogenic agents in recurrent disease,
goals for trial endpoints must take into account whether or not patients have measurable disease.
All of the endpoints that have been discussed may also be starting points for certain other trials.

Dr. Loeffler noted that when patients are treated with escalating doses of radiation, post-
treatment imaging of their tumors almost always appears worse than before, but in most cases
these changes are transient. Dr. Fine said that the trials analyzed by Dr. Lamborn all involved
chemotherapeutic or targeted agents that would not be expected to cause significant radiographic
changes; thus, the findings of her analysis may be relevant only for certain classes of therapies.

Dr. Yung said this highlighted the problem of interpreting MRI data that are acquired close in
time to the use of high-dose radiation therapy; in this situation, it is difficult to be sure of the
meaning of radiographic changes. Dr. Provenzale commented that studies must take into account
the expected effect of a drug or device on the underlying principles of the imaging technique
being used; otherwise, conclusions may be misleading. For example, a therapeutic device
implanted in the brain might cause changes in water diffusibility or in the permeability of the
blood-brain barrier.

Dr. Yung noted that when the first scan is done 2 to 4 weeks after radiation therapy, a high
percentage of observed changes are likely to be radiation-induced. One way to resolve this
problem might be to discount the findings on this scan. The next scan 2 months later is likely to
provide a more accurate picture of disease progression; determinations about discontinuing
patients from the study on the basis of progression should be postponed until this point.
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Dr. Fine asked whether any imaging modalities can definitively differentiate, for example,
treatment-related from tumor-related changes in gadolinium enhancement. Dr. Patronas replied
that from a morphological point of view it is not possible to distinguish treatment-related
phenomena from tumor progression. Dr. Provenzale agreed that no single imaging tool could
meet this need in all circumstances, but expressed hope that in any individual circumstance it
might be possible to identify an imaging tool that would answer the question.

Dr. Fine pointed out that the focus of this discussion was whether any imaging modalities were
currently validated to the extent that they could be reliably used to assess the efficacy of a drug.
He said the data that had been presented suggested that PFS might be a valid predictor of
survival (in the context of standard systemically administered agents), but the question was how
progression is defined.

Dr. Paoletti said regional distribution of the lesion was an important issue; a 1 mm reduction in
tumor volume in a certain part of the brain might have a dramatic clinical effect whereas a larger
volume reduction elsewhere in the brain might be clinically meaningless. Companies engaged in
drug development would like simple, clear guidance on how to measure disease progression
because the RECIST criteria are not appropriate.

Dr. Buckner said the NCCTG data were reasonably convincing that either 1D or 2D
measurement of contrast-enhancing tumor was a reasonable endpoint because both were
associated with survival. He added that two independent data sets seemed to support the
conclusion that, for patients with recurrent glioma who are treated with standard systemic agents,
6-month PFS is predictive of 12-month OS. He pointed out that the analysis of NCCTG data had
excluded patients who were treated with stereotactic radiosurgery and implanted carmustine
wafers. Additionally, the conclusions of the NCCTG analysis were not affected by inclusion in
the database of patients treated with an agent with antiangiogenic properties. Although this agent
was inactive according to the study definition, it may still have had biological activity. Dr.
Buckner added that patients who have focal therapies are highly selected; for this reason, what
could be a confounding variable was likely to be limited to a subset of patients.

Dr. Fine noted that the caveat regarding standard systemic agents was important. Two ongoing,
industry-sponsored Phase 3 studies were using convection-enhanced delivery of the
investigational agent and that necrosis and breakdown of the blood-brain barrier were anticipated
toxicities. Thus, standard measures of radiographic progression (i.e., increased gadolinium
enhancement) may not be predictive surrogates for overall antitumor activity or overall clinical
benefit. He asked, however, whether it could be known with certainty prospectively that a new
targeted agent would not cause MRI changes that would confound the measurement of
progression. He added that it is not known whether or not antiangiogenic agents cause necrosis.

Dr. Yung said the data were convincing that 6-month PFS was a useful endpoint not only for
recurrent disease but also for newly diagnosed disease. He asked if it was possible in multi-site
trials to standardize the parameters for the use of contrast agents (e.g., how much contrast agent
to use, the infusion rate, etc.). Dr. Fine asked whether inter-institutional variability in imaging
was large enough to affect the results of a trial. Dr. Provenzale responded that in well-designed
multi-site trials standardized criteria are used for imaging and compliance at individual sites is
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monitored. Dr. Patronas said that the issue of different imaging equipment at different study sites
could be addressed by prospectively designing imaging parameters and by requiring all scans of
an individual patient to be done on the same instrument.

Dr. Fine asked the panelists whether, in large multi-institutional studies at their institutions, it
was routine for a detailed MRI protocol to be followed. The consensus was that it was not. One
panelist commented that at his institution a study evaluating contrast agents had failed because of
cross-platform discrepancies. He felt that studies would fail unless imaging techniques were
standardized across institutions.

Dr. Friedman asked whether studies could be designed in a way that allowed AA to be granted
on the basis of interim results, with confirmation of clinical benefit provided (or not) by the final
results of the same study. Dr. Pazdur said that FDA advocates this approach to trial design. One
drawback, however, is that if the interim results show that the experimental agent appears to
offer a benefit, crossover from the control arm may confound the final survival analysis. Dr.
Pazdur added that the magnitude of a therapy’s effect on an endpoint is an important
consideration in regulatory decision-making. For example, a doubling of PFS would be a more
compelling result than a 15% improvement.

Dr. Fine reiterated that the question before the panel was whether another endpoint was
sufficiently accurate to replace or serve as a surrogate for survival, the current gold standard. Dr.
Yung suggested that another way to phrase the question was whether the correlation between 6-
month PFS and 12-month OS was significant enough to support the conclusion that the patient is
likely to benefit from treatment. Dr. Buckner commented that the evaluation of survival is
increasingly being confounded by the use of sequential therapies.

Dr. Provenzale said that the most appropriate technique for imaging and tumor measurement are
likely to be different depending on whether scans are being performed at academic medical
centers or at community-based centers. No single method will be optimal for all tumors. He
recommended the use of two MRI techniques, one based on contrast administration and the
second (performed at the same examination) not dependent on contrast administration. To enable
the highest degree of confidence that imaging protocols will be followed, trials should be
performed at tertiary care centers.

Dr. Fine noted that such a policy would have great implications for the way clinical trials are
carried out in the United States. For example, the Radiation Therapy Oncology Group, which
conducts most of the large Phase 3 trials in glioblastoma, has a large network of community-
based investigators. Dr. Buckner suggested that the problem could be handled by requiring
central image review, as occurs in pathology. Dr. Pazdur commented that it was problematic for
FDA reviewers when there was a significant difference of opinion between image readers.

Dr. Pazdur asked whether panelists thought that freedom from disease progression constituted a
clinical benefit to the patient in and of itself, regardless of whether it was a surrogate for overall
survival. Dr. Buckner responded that freedom from progression would be valuable if it were
known to result from the treatment, since other variables (e.g., age, performance status) are
known to affect PFS.
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Dr. Yung said that symptomatic deterioration often precedes radiographic evidence of disease
progression. Dr. Fine added that disease progression cannot be defined only radiographically. A
patient who is deteriorating clinically, even if shown to be progression-free by MRI scan at 6
months, would likely not feel that he or she was obtaining benefit from the current therapy. Dr.
Yung pointed out that the NABTC criteria for lack of disease progression included stable
neurologic condition. Dr. Buckner added that in the NCCTG clinical deterioration is considered
disease progression even if the results of two consecutive MRI scans showed tumor stability.

It was noted that freedom from progression may result in freedom from therapy, which in brain
tumors is often highly toxic, but that it may also be a result of concurrent chemotherapy; in the
latter situation, freedom from progression may not be associated with improved QoL.

Several panel members said that no standardized scales are currently used to measure neurologic
status. An assessment that a patient has deteriorated neurologically is based on clinical judgment.
Dr. Yung noted that instruments used in other neurologic diseases (e.g., multiple sclerosis,
dementia, stroke) measure highly specific aspects of neurologic function rather than global
neurologic status.

Dr. Pazdur asked the panel if there are circumstances in which response rate would be a useful
endpoint for brain tumor studies. He noted that in other tumor types FDA has accepted single-
arm studies in which response rate was the primary endpoint. The advantages of single-arm trials
are that they are generally less complex to design and require fewer patients. On the other hand,
they cannot be used to characterize toxicity or evaluate time-to-event endpoints. Dr. Pazdur
added that FDA had felt confident granting AA to temozolomide on the basis of response rate
because several patients showed a sustained complete response. However, such sustained
complete response rates are rare.

Dr. Buckner replied that if the response rate were of sufficient magnitude (e.g., greater than
30%), it was likely to be associated with clinical benefit; the magnitude of the response rate
would outweigh the uncertainties associated with interpreting MRI scans. Dr. Yung said that
several meta-analyses of data from negative Phase 2 trials in recurrent GBM had consistently
found response rates of around 5% to 7% despite changes in MRI technology over time. Dr. Fine
said that if response rate were the primary endpoint it would be important to select patients
whose disease was clearly progressing. Dr. Crocker commented that it would also be important
to ensure that post-surgical changes were not misinterpreted as a therapeutic response. Dr.
Patchell said that the only two issues of ultimate importance for patients were survival and QoL.

Audience Questions and Comments

Dr. Henry Brem, Johns Hopkins University, commented that all local therapies increase tumor
enhancement and may very well increase diffusion; for this reason, MRI scans would be a poor
way to assess the effectiveness of these therapies. He agreed with Dr. Patchell that improved
survival and QoL were the key criteria to be met when assessing therapeutic effectiveness. Dr.
Fine noted that the NABTC analysis did not exclude patients who received carmustine wafers as
a first-line therapy.
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Susan Arbuck of Schering-Plough, Inc., pointed out that the response rate that was the basis for
AA of temozolomide was substantive but substantially below the rates that panelists had
suggested might be required. The drug subsequently showed a survival benefit and received
regular approval on that basis.

In response to a question from a member of the audience, Dr. Rock said that the EORTC study
illustrated the value of survival as an endpoint. Six-month PFS was addressed in that study. The
panel had heard some provocative, hypothesis-generating discussion about PFS this morning, he
added. FDA would be interested to know how PFS maps with other prognostic indicators such as
performance status and cognitive function. Dr. Buckner added that overall distribution of PFS
was a secondary endpoint in the EORTC study.

Dr. Paoletti noted that many drugs now in development are not cytotoxic. For patients treated
with these new-generation agents, stable disease or a minor response rate associated with
symptomatic improvement may be very important. A new paradigm is needed for assessing the
clinical benefit of these new agents.

Susan Wiener, a patient advocate with the NABTC, said that neurologic exams are indeed a solid
measure, although there is no substitute for the physician’s clinical judgment. Correlation
between the neurologists’ assessment and the patient’s disease status would generally be high.
She said she did not understand why a neurologic exam could not be included as a measure of
the patient’s response.

Dr. Buckner responded that it would be difficult to mandate a specific tool for use in the
assessment of all patients; a global assessment of neurologic status might be more informative.
Dr. Yung agreed. Dr. Fine said the development of a standardized neurologic assessment tool
would be a worthwhile research effort but no tool currently exists that could be recommended for
standard use.

Dr. Patchell said that in a recently completed trial in metastatic disease, clinical criteria and a
custom-devised neurologic exam had been used to measure patients’ neurologic status. An
independent blinded committee reviewed the data and determined that the neurologic exam was
as accurate as, and correlated closely with, investigators’ clinical judgments of patients’ status.
Dr. Fine commented that other studies have shown that mental status or neurocognitive
deterioration is a better predictor of long-term outcome than radiographic findings. Dr. Patchell
said it would be helpful to have an objective scale that could be used across trials. He noted that
neurologic function is closely associated with QoL.
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CLINICAL TRIAL ENDPOINTS FOR APPROVAL: PATIENT-REPORTED
OUTCOMES

Cognitive Testing and Patient-Reported Outcomes in Brain Tumor Clinical Trials (Dr.
Christina Meyers)

Most patients with brain tumors suffer from cognitive dysfunction, Dr. Meyers said. The net
clinical benefit of cancer therapy includes “beneficial effects on disease-related symptoms and/or
quality of life,” according to an FDA-NCI working group. Maintaining function is particularly
important for patients with brain tumors because long-term remission or cure is unlikely or is
often accompanied by significant disability.

Clinical benefit to the patient with a brain tumor includes relief of tumor-specific symptoms,
including disruption of brain function. However, anatomic evidence does not correlate well with
cognitive function. A patient with a large, slow-growing tumor may have minimal cognitive
impairment whereas a patient with a much smaller but rapidly growing tumor may have
profound cognitive effects. Treatment-related changes on an MRI scan also do not correlate
closely with patient function. For example, focal high-dose radiation therapy causes oxidative
stress and inflammatory changes in the brain that may persist long after transient changes on an
MRI scan have resolved.

Tumor-specific symptoms are measured by the patient’s subjective report of symptoms
(headache, nausea, etc.), objective assessment of cognitive function or mood, and objective
assessment of function (e.g., independence in activities of daily living). Clinical researchers
evaluating cognitive function in patients with brain tumors want to know what if any cognitive
problems the patient had prior to treatment and whether treatment regimens improve
neurocognitive function as a result of better tumor control, slow expected tumor-related
neurocognitive deterioration, and have more or less short- and long-term toxicity.

In a trial of a radiation sensitizer for the treatment of brain metastases, FDA stated that
“radiological response alone is not acceptable for approval. However, improvement in
neurocognitive function or delay in neurocognitive progression are acceptable endpoints.” These
alternative endpoints are being used in ongoing and planned trials for both brain metastases and
primary brain tumors.

Assessment of cognitive function. Evaluation of cognitive function presents a number of
assessment issues. Performance status has little relation to cognitive function and QoL. Brief
mental status exams are only sufficiently sensitive to detect serious cognitive impairments such
as delirium and significant dementia. Self-reports of cognitive problems correlate poorly with
objective test results; patients with brain tumors may have a diminished appreciation of their
impairments and may report that their memory is fine when in fact they have significant memory
deficits.

Any tool for assessing cognitive function must be brief (i.e., take no more than 30 minutes to

administer) and repeatable in alternate forms with minimal practice effect. It must have good
psychometric properties—that is, it must measure the intended function reliably over time. It
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must be highly sensitive to changes in function, must measure relevant cognitive functions, and
must be highly standardized and simple to administer. Most patients must be able to complete the
instrument.

To be analytically valid, assessment instruments must reflect population norms—that is, must
take into account the expected level of cognitive function in a patient of a specific age and
educational level. The degree of change that is considered to reflect either an improvement or a
decline in the patient’s performance must be prospectively established. Variation in results at
different sites or by different examiners must be minimized; formal training, certification, and
quality assurance requirements must be built into the trial. In trials of pediatric brain tumors,
assessment instruments must be developmentally appropriate and must take into consideration
the likelihood of altered long-term cognitive development.

Issues that may confound the assessment of cognitive function (e.g., adjuvant medications such
as steroids, medical complications such as seizures) must be identified. Cognitive assessments
should be performed at the same time intervals as other staging evaluations such as MRI scans.
The frequency of assessment should be relevant to the disease course; for example, assessments
may be less frequent in a trial of low-grade glioma than in a GBM trial. The results of cognitive
assessments must be correlated with anatomic response and neurologic outcome, although
cognitive deterioration may occur before other evidence of progression is apparent.

Patient-reported outcomes. Ideally, a patient-reported outcome (PRO) should be based on
disease- or treatment-related symptoms rather than on social function or satisfaction with life. It
must have sound psychometric properties, be simple enough to be completed by patients with
cognitive deficits, and be sensitive to changes over time.

Several caveats apply to the use of PROs in patients with brain tumors. Patients need to have
sufficient cognitive function to complete the instrument. Many symptom assessment instruments
have suboptimal psychometric properties (e.g., poor test-retest reliability). Instruments must be
able to account for reporting bias so that over- and under-reporters do not simply cancel each
other out. Proxy assessments are problematic for subjective symptoms; for example, a caregiver
cannot reliably evaluate the severity of a patient’s headaches. To reduce missing data,
investigators must “buy in” to both cognitive and symptom assessment and encourage patients to
complete the instruments. Finally, change in QoL does not parallel cognitive change and cannot
be used as a proxy for it.

Standardized approach to assessment. In brain tumor clinical trials it is desirable to be able to
compare cognitive and symptom assessment findings in trials of different agents conducted by
different investigators. One of the recommendations of the NCI’s Brain Tumor Progress Review
Group was to develop a “practice guideline protocol,” which would include standard content that
would enable investigators to select the tools most appropriate for the evaluation of a specific
drug or hypothesis.

Which trials? Several issues should be considered in deciding in which trials to use cognitive

and symptom assessment as endpoints. For randomized controlled trials, cost effectiveness and
whether alternative endpoints should be primary or secondary endpoints are among the issues to
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be discussed. It may also be worth considering what value alternative endpoints might add to
single-arm Phase 1 or Phase 2 trials. For example, they could be useful in monitoring
neurotoxicity. Standard content would permit comparison of findings from different single-arm
trials.

Panelist Discussion—Patient-Reported Outcomes

Dr. Pazdur noted that PRO endpoints have been incorporated into many cancer clinical trials in
other tumor types, but to date few trials have succeeded in demonstrating a beneficial impact on
patients” QoL. There are methodological challenges to the use of PRO endpoints in cancer trials.
For example, sponsors often submit to FDA only a single, unblinded, randomized trial with a lot
of missing data. Dr. Pazdur emphasized that FDA believes patient QoL is an important outcome
in cancer treatment. However, if PROs are to be used as the basis for drug approval, they must be
measured with the same rigor as any other endpoint.

Jane Scott, Ph.D., FDA endpoint reviewer, drew a distinction between general QoL (e.g.,
financial security, quality of personal relationships) and health-related QoL (HR-QoL), which is
the aspect that FDA reviewers focus on. HR-QoL is a multidimensional concept that
encompasses, but is not necessarily limited to, measurement of symptoms and physical function.
However, the ability to accurately measure the impact of a therapy on symptoms would be
valuable to FDA even if it could not be directly related to improvement in patient function.

Dr. Scott asked whether panel members have been developing tools that have proved helpful in
systematically establishing what a patient’s symptoms are and how they change over time. Dr.
Meyers replied that a symptom research group at M.D. Anderson Cancer Center, of which she is
a member, has developed several psychometrically based symptom assessment tools, which she
has used in brain tumor clinical trials. In one recently published trial, patients’ symptoms were
unchanged except for fatigue, which worsened considerably.

Dr. Scott noted that in other tumor types there is less reason to be concerned that the disease
process itself and/or its treatment will erode patients’ cognitive function. She asked for
information about efforts to develop standardized clinician assessments of patient symptoms and
function to complement patient self-reports and about study designs that would enable patients’
symptoms and function to be followed as their disease advances. Dr. Meyers acknowledged that
self-reported symptom assessments in patients with brain tumors present a high risk of selection
bias because only the more highly functioning patients can complete them. Some steps can be
taken to compensate for patients’ deficits, such as reading questions aloud to patients who have
difficulty reading. Patients with the worst cognitive function (who, for example, cannot rate their
pain on a numerical scale) most likely will have been withdrawn from the study.

Dr. Scott asked if it would be feasible to design trials so that findings on patient self-reported
symptom assessments and objective cognitive tests would trigger radiographic assessment, rather
than performing radiographic assessments at fixed time intervals. Dr. Meyers responded that this
study design had not been tried at M.D. Anderson for logistical reasons, since patients often have
to travel long distances to attend their assessments.
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Dr. Pazdur asked for comments on the feasibility of designing a composite endpoint that
combined measures of patient function with radiographic findings. Dr. Crocker noted that other
factors, such as a patient’s dose of seizure medication being too high, could confuse the
assessment of patient function. A composite endpoint that combined *“soft” endpoints would not
be helpful. Dr. Meyers said she knows of trials that have stipulated that a change in function be
confirmed at a subsequent assessment to increase confidence in the finding.

Dr. Barker commented that it would be helpful to distinguish whether data were missing because
patients were too ill to attend the assessment or because it was inconvenient for them to attend.
Dr. Friedman observed that clinical and radiographic findings can be contradictory (i.e., the MRI
scan can look good but the patient is clinically worse, or vice versa). Dr. Paoletti urged that an
effort be made to develop and validate standardized tools.

Dr. Rock asked Dr. Meyers to describe the metric she developed for trials of motexafin
gadolinium (Xcytrin) in patients with brain metastases. Dr. Meyers said that in those trials
patients had been assessed monthly with a brief battery of tests that took about 23 minutes to
administer. The memory test had six alternate forms. Other tests focused on measuring patients’
independence in activities of daily living (e.g., frontal lobe function, motor coordination).
Careful certification procedures were employed to ensure the accuracy of test administration.
The tests was translated into multiple languages and administered to patients in 7 countries.
Multiple comparisons were performed. A test focusing on a single aspect of cognitive function is
insufficient because patients will develop different symptoms (e.g., weakness, headaches)
depending on factors such as the location of the tumor. Memory function tends to be most
sensitive to both tumor and treatment effects.

Dr. Pazdur observed that symptoms can more readily be measured when a particular symptom is
a cardinal feature of the disease (e.g., dysphagia in esophageal cancer, bone pain in prostate
cancer). Symptoms that are diffuse or ill-defined, or that do not appear until very late in the
disease course, are much more difficult to measure. Dr. Yung said that the fact that a patient’s
symptoms are so dependent on the location of their tumor has so far confounded efforts to
develop a standardized approach to symptom assessment in brain tumors. Dr. Lamborn asked if
it was possible to prospectively define and follow symptoms on an individual-patient basis. Dr.
Meyers said she had no experience with this approach.

Dr. Fine observed that high doses of steroids are a major cause of morbidity in patients with
brain tumors. Steroid doses are determined empirically by attempting to find the lowest dose that
optimizes the patient’s neurologic function. A nontoxic drug that stabilized the vasculature and
enabled patients to take lower doses of steroids would provide clinical benefit even if it had no
effect on the tumor itself. He asked how a trial of such an agent could be designed to reliably
capture this benefit. Dr. Pazdur said such a trial would have to convincingly demonstrate a
beneficial effect on steroid doses and on the toxic side effects of steroids. Measuring such
changes consistently in an unblinded trial could be challenging. Dr. Scott added that the use of a
validated, standardized approach to symptom measurement would be helpful in such a trial
design.
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Dr. Pazdur noted that PROs have been the basis for approvals of drugs in other therapeutic areas
such as neurology and psychiatry. In these cases, however, the approval decision is usually based
on review of two blinded, randomized trials. Blinding of trials is problematic in oncology
because of factors such as different drug delivery schedules, different toxicities, and patient
reluctance to enter blinded trials. Additionally, in most cases, a single pivotal trial is submitted.
When the magnitude of change attributable to a new therapy is relatively small, it is difficult to
be confident that a beneficial effect on symptoms or QoL is not due to chance or to a placebo
effect. Another common problem is that in many trials assessments of PROs and QoL are added
on as an afterthought instead of being integrated into the trial.

Dr. Pazdur asked Dr. Scott to describe the factors that reviewers in other therapeutic areas take
into account when considering an application for approval based on PROs. Dr. Scott said that in
many therapeutic areas reduction or stabilization of symptoms is regarded as an important
clinical benefit. It is important at the outset to clearly define the symptom that is to be measured,
which sounds simple but in practice can be very nuanced. In particular, patients must understand
what is being measured. Symptoms that clinicians consider important may not be the ones that
are most bothersome to patients.

The next step is to test the questions to ensure that patients understand them and to try the
questionnaire out in studies. A large literature has evolved on the development, calibration, and
validation of questionnaires. The literature also addresses what kind of recall patients can
reasonably be expected to have of past events. For patients with brain tumors, a disease in which
both the condition and its treatment may significantly affect memory, the focus should to the
extent possible be on asking patients about their current status. When questionnaires are
translated into other languages, care must be taken to ensure that patients’ scores are not affected
by the language in which they respond to the questions.

Dr. Scott added that in her experience FDA has found symptom and HR-QoL assessments to be
most helpful, reliable, and useful for regulatory purposes when the findings are derived from
double-blinded randomized trials. It would be problematic, in her opinion, to accept symptomatic
improvement as the primary grounds for approval on the basis of a single unblinded study.

Dr. Weiss noted that in rheumatoid arthritis a composite instrument has been developed and
validated that combines measurement of symptoms with objective measures of the patient’s
status. Dr. Scott said that all composite measures must be based on a large amount of data so that
reliable judgments can be made as to what the parameters of each element should be. Some
questionnaires sacrifice precision to achieve brevity. Some composite instruments combine
several different measures into a single global score, making it difficult to pinpoint the precise
areas in which the patient obtained benefit. The ability to disaggregate a global score is an
important feature of any composite measurement tool.

Audience Questions and Comments
Dr. Elana Farace, Penn State University, stated that she held an NIH grant to study the

relationship between global QoL and neurocognitive symptoms over time in patients with
malignant glioma; Dr. Meyers is her senior mentor on this grant. She said the discussion at the
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morning session suggested that clinicians felt they could assess a patient’s overall status on the
basis of detailed information about neurological and neurocognitive function, whereas FDA
seemed to be talking about global QoL. The latter is more difficult to assess and there is a lack of
information about the relationship between neurological/neurocognitive function and QoL. Her
data suggest that deterioration in neurocognitive function adversely affects QoL more seriously
than does decline in physical function. She added that a large body of data supports the reliability
and validity of standardized neuropsychological tests.

In response to a question from a member of the audience, Dr. Scott said that the usefulness of a
patient’s KPS score often depends on whether the patient was initially high-functioning or low-
functioning on the KPS scale. Low-functioning patients may be unable to self-report symptoms
and cognitive tests may be a less useful measure of their status. In any case, the KPS score is
usually only modestly correlated with patient self-reported symptoms. Dr. Meyers added that the
psychometric reliability of the KPS is low; in one published study, there was only 29%
agreement between two physicians on what a patient’s KPS score was.

Dr. Fine said that both the KPS and the Eastern Cooperative Oncology Group performance status
scales were developed for systemic tumors and were essentially surrogates for tumor burden.
Because these scales tend to focus on motor function rather than cognitive function, they are
unreliable tools for the assessment of patients with primary brain tumors.

Dr. Pazdur said FDA'’s experience with global QoL measures in other disease areas has been
unsatisfactory. He said the agency has in the past suggested to sponsors that they measure time to
symptomatic progression rather than time to radiographic progression, using blinded evaluators
to minimize bias. He said that patients could continue to be followed for time to symptomatic
progression even after a change in therapy, just as patients’ survival continues to be monitored
after a change in therapy. He asked for comments on this approach. He stressed that FDA is very
interested in the use of PROs as endpoints, recognizing that symptoms are a very important issue
for patients.

Dr. Fine responded that this approach would require a large randomized trial in which tumor
location was controlled for, since tumor location has such a significant effect on the patient’s
symptoms. Dr. Patronas noted that in his experience symptomatic deterioration may occur before
disease progression is evident on the patient’s MRI scan. Dr. Crocker said it would important to
correlate symptomatic progression with survival. Dr. Buckner said such an endpoint would be
very valuable and would probably have a high rate of acceptance but he questioned whether a
validated tool currently exists to measure it.

Dr. Kun said the data do not yet exist to document that measurable changes in patient symptoms
can be correlated with progression, PFS, or survival in any population with brain tumors. Dr.
Yung said the cognitive-function battery described by Dr. Meyers has been validated, but there is
a lack of experience in large randomized trials to confirm that it is a valid surrogate. Dr. Meyers
noted that the battery has been validated in brain metastases. She added that treatment
neurotoxicity (e.g., late radiation effects) is an additional complicating factor. Ms. Wiener
(patient advocate) suggested that neurocognitive function might be an appropriate topic for an
NIH consensus conference.
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Dr. Scott emphasized that in FDA’s view the reliable demonstration of a reduction in patient
symptoms is a clinical benefit in and of itself, regardless of the long-term survival benefit
associated with the therapy. Measurement of symptoms can also be helpful in establishing the
appropriate next step (e.g., imaging studies), but the requirement that these be perfectly
correlated tends to minimize the value of the outcome itself.

A member of the audience questioned whether the benefit of extending survival may be
overestimated when the patient’s neurocognitive function is seriously compromised. Tom Nesi,
patient representative on the panel, responded by noting that he had cared for his wife, a GBM
patient, for 18 months. In his opinion, survival was not a good outcome measure. He said his
wife was unconscious for the last 4 weeks of her life. Caregivers and primary care providers
would certainly question whether extending survival is always beneficial, he said.

Mr. Nesi added that assessment of the quality of a patient’s life must take into account issues
such as the effect of polypharmacy (during her illness his wife was taking at least 7 prescription
medications); the impact of a sudden, lethal diagnosis on a previously healthy person and on his
or her family; and the enormous financial burden of treating the disease.

Dr. Grant Williams, Novartis Corporation, from the audience, suggested that since both symptom
progression and imaging progression seemed to have drawbacks as sole endpoints, the solution
might be to combine them—that is, to define disease progression at 6 months by means of both
symptom and imaging progression.

GENERAL PANEL DISCUSSION
Panel members turned their attention to the general discussion questions posed by FDA.

Individual Endpoints
1.1. What if any non-survival endpoints reflect or predict clinical benefit?

The panel agreed that 6-month progression-free survival (PFS) (with clinical stability as
currently defined and without the use of local therapies) is a meaningful endpoint.

1.2. What if any endpoints available now may be reasonably likely to predict clinical benefit?

Dr. Pazdur said the term reasonably likely refers to surrogate endpoints that are “reasonably
likely to predict clinical benefit,” the standard for granting accelerated approval (AA).
Symptomatic improvement would be considered direct clinical benefit to the patient, not a
surrogate for clinical benefit, and could therefore be used as an endpoint for regular approval.

Dr. Buckner said the neuro-oncology community has accepted radiographic response as a
surrogate endpoint in oligodendroglioma because the magnitude of the benefit was dramatic and
it was unequivocally treatment-related. Radiographic response is a reasonable endpoint if it
convincingly represents a therapeutic effect, he said. Dr. Fine added that the response should be
significant (i.e., greater than 15% or 20%) and durable, the patient must be clinically stable or
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improving, and the patient’s doses of steroids must be stable or decreasing. Dr. Yung said it was
generally established that a response must be validated on a second scan.

Dr. Barker asked whether it was necessary to stipulate how one knows that a response is
treatment- related. Dr. Provenzale said that the effects of therapy on imaging of the patient’s
tumor must be understood. Imaging studies, in his opinion, are reflectors of therapy rather than
predictors of outcome. Dr. Yung said that because agents are now in use that modify the blood-
brain barrier and change edema patterns, outcome measures must correlate with a therapeutic
agent’s biologic activity. Dr. Fine said the agent’s mechanism of action must be considered in
determining an appropriate surrogate endpoint; one surrogate is unlikely to be appropriate in all
circumstances.

Dr. Pazdur said that the magnitude of response (including the number of complete responses) is
important, particularly in a disease characterized by inter-reader variation in response
assessment. The presumed effect of a drug is often overestimated; an agent may look promising
in a small study, but in a larger trial response rates may be much lower.

Dr. Kun commented that many novel agents such as angiogenesis inhibitors may stabilize
disease but not cause tumor shrinkage, which is the conventional means by which response is
measured. Dr. Pazdur noted that some recently approved agents had low response rates but large
effects on time to progression. He noted that although response can be measured in a single-arm
study, time-to-event endpoints must be measured in randomized trials.

1.3 Is it reasonable to allow a period of time for a novel biologic agent to have a biologic effect
on a tumor? If so, how much time is reasonable?

Dr. Rock said that this question was specifically relevant to the use of novel biologic therapies
that are locally delivered at a tumor site and may initially result in images that appear to show
radiologic tumor progression. In response to an earlier comment by Dr. Provenzale regarding the
difficulty of making blanket statements about response based on novel MRI techniques, Dr.
Rock said FDA did not find this to be a limiting factor. He said the Office of Oncology Drug
Products invites drug sponsors to come in at any time to discuss endpoints that they are
considering using in registration trials.

Dr. Barker said he believed that initial imaging changes associated not with biologic therapies
but with standard external beam radiation can be significant in predicting survival. He said it is
increasingly clear that imaging changes that develop during or soon after treatment are an
unreliable guide to a patient’s prognosis following local therapy and should be interpreted with
considerable caution. To improve understanding of the effects of local therapies, including their
biological effects, careful consideration should be given during trial design to how much
apparent “progression” can be tolerated and for how long before the decision is made to proceed
with interventions such as PET scanning or biopsy.

Dr. Lamborn suggested that two separate issues must be differentiated: firstly, the need to ensure

that a temporary effect of treatment on imaging is not misinterpreted as disease progression;
secondly, the fact that certain agents may require a period of time after delivery before their
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effects become apparent. From a statistical perspective, it is acceptable to prospectively plan for
allowing some time to elapse before counting apparent radiographic progression as disease
progression. In this circumstance, however, it would be necessary to re-evaluate the historical
data on PFS that she and Dr. Ballman had presented.

Dr. Yung noted that it may take 8 to 12 weeks for an antiangiogenic agent to exert a modulating
effect on the tumor angiogenesis environment. The oncology community has debated the period
of time that such agents can be given to patients before it is concluded that they are ineffective.
In brain tumor therapy no standard approach to this problem has yet been agreed on.

Dr. Fine said that he knew of very few examples of patients who had been retained on therapy
despite apparent evidence of progression who had subsequently responded to therapy. Dr. Pazdur
noted that several drugs now used in oncology are continued after progression has been
documented; in some but not all cases, this approach was prospectively planned in the studies
that led to the drugs’ approval. Dr. Meyers pointed out that the patient obtains no benefit from a
therapy if his or her condition declines irreversibly during the time spent waiting for a drug to
exert its effect. Dr. Buckner suggested that time to treatment failure might be an appropriate
component of a composite endpoint.

Dr. Yung said it would be reasonable to allow time for certain classes of drugs to work even if
there is apparent radiographic progression, provided that the patient remains clinically stable. Dr.
Barker said it would be important to measure the symptomatic deterioration and weigh that
against the potential eventual benefit of the therapy.

Composite Endpoints
2.1. What evaluation techniques discussed are complementary?

Dr. Pazdur said that the information FDA sought with this question was whether it would be
reasonable to accept a composite endpoint that, for example, combined the findings of two
radiologic tests (e.g., MRI and PET), or that combined radiologic and clinical endpoints, or that
combined a radiologic endpoint with symptom measurement or patient-reported outcomes
(PROs). Dr. Lamborn said that PFS was already a composite endpoint, although its precise
components had not been documented.

Dr. Rock asked for comments from the panel on the cognitive function metric described by Dr.
Meyers, which she had developed for trials of motexafin gadolinium (Xcytrin) in patients with
brain metastases.

Dr. Paoletti observed that the role of PET had not been highlighted in the panel’s discussions.
Dr. Patronas responded that PET may be useful in some situations to supplement the information
obtained from MRI or clinical evaluation but that it has not been validated to assess treatment
response in brain tumors. He therefore could not recommend routine use of PET for this purpose
in prospective studies. Dr. Provenzale agreed that it would currently be premature to use PET in
Phase 3 studies in brain tumors but said it would be helpful to gather exploratory data on the use
of PET in well-controlled Phase 2 studies. Dr. Yung said that resolution is currently inadequate
in FDG-PET images of brain tumors. Dr. Fine said that PET has an important role to play in
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understanding brain tumor biology but cannot be recommended for use in registration studies at
this time.

Dr. Buckner said that given uncertainty about whether imaging changes are clinically meaningful
in all circumstances, it would be helpful if radiographic evidence of a therapeutic effect could be
complemented by evidence of functional or symptomatic improvement.

Endpoint Development
3.1. What if any potential endpoints should be explored apart from those discussed?

Dr. Fine observed that although the panel had not discussed the role of molecular and other
biologic markers for segregating patient populations, such markers will play an increasingly
important role not only in study design but also in the approval process for drugs to treat brain
tumors as well as other cancers.

3.2. What questions should be brought from this workshop to the Oncologic Drugs Advisory
Committee (ODAC) for further consideration?

Dr. Pazdur said that ODAC should be asked to consider whether 6-month PFS is an established
surrogate for clinical benefit in brain tumor studies or a surrogate that is reasonably likely to
predict clinical benefit (the standard for granting AA).

Dr. Yung said that ODAC should also be asked to consider the question of whether
unidimensional, bidimensional, or volumetric approaches to tumor measurement are optimal. Dr.
Provenzale added that some volumetric measurement techniques are highly reproducible and
have a low rate of inter-reader variability, a factor that should be considered if such variability is
a concern.

Dr. Fine said that ODAC should be asked whether a profound radiographic response rate in a
singe-arm trial should be considered a surrogate endpoint that is reasonably likely to predict
clinical benefit.

Dr. Lamborn suggested that a significant increase in 6-month PFS in a single-arm trial (e.g., 40%
vs. 15%) might also be considered a surrogate endpoint that is reasonably likely to predict
clinical benefit. Dr. Pazdur responded that, whereas response rate can be unequivocally
considered to be a direct therapeutic effect, disease stabilization is influenced by many factors in
addition to the experimental therapy. Randomization is the best way to account for such
unknown factors. Because FDA must be satisfied that a drug truly has a therapeutic effect before
approving it for marketing, the agency has been reluctant to accept time-to-event endpoints in
single-arm trials.

Dr. Weiss said consideration should be given to the importance of obtaining confirmatory data
after AA has been granted. Once a drug has been approved, however, it is often difficult to
complete the trials necessary to confirm clinical benefit. Dr. Fine noted that in a rare disease such
as a primary brain tumor, in which patients have few treatment options, it is difficult to recruit
patients to randomized trials because the standard treatments offered in the control arm are
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unattractive. Dr. Pazdur said this problem can be addressed by, for example, studying the drug in
combination with another therapy (e.g., radiation) in the adjuvant setting or by conducting the
confirmatory trial outside of the United States in a country where the drug is not yet approved.

Dr. Weiss asked Dr. Meyers for her suggestions on how to frame questions about PROs and
symptom measurement for discussion by ODAC. Dr. Meyers responded that in addition to
measuring response to therapy, neurocognitive function should also be measured in Phase 2 trials
to provide information about possible injury to normal brain tissue.

Audience Questions and Comments

A member of the audience commented that targeted therapies may be most effective in subsets of
patients. He asked what sort of metrics FDA would consider meaningful in a study testing a
targeted therapy in a patient subset. Dr. Pazdur responded that this question would require a
longer discussion than was possible at this meeting. In general, one would expect to see an
above-average therapeutic effect when a targeted therapy is used in a patient subset; for this
reason, endpoints other than survival could be considered. However, the agency has not clearly
defined what endpoints it would consider specifically for targeted therapies.

Ms. Wiener (patient advocate) said that ODAC should be asked to consider rethinking the
endpoints for brain tumor trials so that “longer life” and “better life” are not alternatives but are
integrated (“longer life if it is better life”).

WORKSHOP SUMMARY (Dr. Henry Friedman)

Dr. Friedman summarized the workshop proceedings, focusing on the following questions:

e Can a unified set of outcome assessments be applied to primary brain tumors as a group?

There was a consensus among panel members that 6-month PFS was an endpoint that should
be pursued in trials in the near future.

e How well do existing and imagined imaging techniques assess or predict clinical benefit?
Imaging techniques assess or predict progression reasonably well, although there are
concerns about reproducibility. They assess or predict response less well, except in the case

of complete responses or a dramatically high response rate.

e Might a unified PRO metric be validated to assess clinical benefit across both multiple
therapeutic approaches and types of primary brain cancers?

There was consensus among panel members that PRO metrics are not yet sufficiently
developed to be acceptable in registration trials in primary brain tumors.

In response to the comments made by Mr. Nesi (patient representative), Dr. Friedman said that
every clinician who treats patients with brain tumors does so with the hope that each patient will
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achieve longer survival accompanied by QoL that the clinician would find acceptable for a
member of his own family. Extended survival with poor QoL is not a satisfactory outcome. Dr.
Friedman suggested that FDA review studies with a view to trying to ensure that improvements
in survival are not achieved at the expense of QoL. He added that PFS may be a better endpoint
in terms of assuring acceptable QoL because, in his experience, it is uncommon for patients to
deteriorate clinically while their tumor is under control.

BIOMARKER AND ENDPOINT RESEARCH PRIORITIES
Questions for discussion:

e Which endpoints appear most promising and ready or nearly ready for clinical/regulatory
application?
e What strategies are required to validate the most promising endpoints?
0 Are there ongoing or planned clinical trials that could incorporate these endpoints to
facilitate validation?
e What are the most promising strategies to identify the next generation of promising
endpoints/biomarkers for development?
0 What are the leading candidates for near-term development?
e How should the various promising imaging modalities be developed as biomarkers?

Dr. Pazdur welcomed attendees to the final workshop session, the purpose of which was to
identify endpoint-related issues that should be taken forward into new or existing clinical trials.
The discussion was led by Dr. Jeffrey Abrams of NCI’s Cancer Therapy Evaluation Program,
Dr. Lalitha Shankar of NCI’s Cancer Imaging Program, and Dr. Tracy Lugo-Lively of NCI’s
Cancer Diagnosis Program.

Dr. Abrams said that in brain tumors, the most promising potential endpoints (and those that
were the focus of the most discussion during this workshop) seem to be imaging tests and HR-
QoL endpoints.

Dr. Abrams noted that NCI’s research program in brain tumors is fairly extensive considering the
uncommon nature of the disease. NCI supports four Specialized Programs of Research
Excellence in brain tumors, two research consortia on brain tumors in adults, and one research
consortium on pediatric brain tumors. In addition, several of the NCI-supported cooperative
groups, including the American College of Radiology Imaging Network, conduct research on
brain tumors. NCI’s Cancer Diagnosis Program supports a program for prognostic assessment of
clinical cancer tests and the Cancer Imaging Program supports an imaging implementation
group. NCI’s Division of Cancer Control and Population Sciences supports an HR-QoL
initiative.

Dr. Abrams said NCI would welcome opinions on where it should be investing in trying to bring
new therapies to patients with brain tumors. For example, should the priority be to incorporate
new imaging tests or neuropsychiatric tools early in drug development or to maximize the benefit
to patients from drugs such as temozolomide? Should imaging tests focus on measuring tumor
shrinkage or on functional imaging? Which imaging techniques should be used?
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Dr. Shankar noted that the Cancer Imaging Program is funding several large imaging studies
through its grants portfolio and is working to address significant issues such as standardization
and validation in the clinical setting that currently impede the use of radiographic studies.
Workshops have taken place in an effort to achieve consensus on the use of dynamic contrast-
enhanced magnetic resonance imaging (DCE-MRI) and FDG-PET. Consensus guidelines on the
use of FDG-PET were issued in 2005 and are now being applied prospectively in all NCI-
sponsored trials in which that technique is used. In November 2004 consensus was achieved on
the use of DCE-MRI for body imaging; however, discussions are continuing on the use of this
technique for brain imaging. NCI is working with the American College of Radiology to update
existing guidelines on a 3-yearly cycle to ensure that they reflect current technology.

To address the logistical difficulties and costs associated with archiving and central reading of
images, NCI is working to provide electronic image archiving for prospective studies and to
enable images to be accessed and read centrally via the Internet. Experience from multiple trials
has shown that central reading of images results in a more reproducible response rate. Data
security will be employed to ensure that only investigators involved in a trial can access the data.
Archived data that have been anonymized and annotated with clinical information will be
available to the research community. NCI is also supporting pilot and early-phase studies to
evaluate novel imaging agents.

Dr. Lively said that her branch’s research portfolio is focused on the development of tissue- and
serum-based prognostic and predictive markers. Most of these markers are not yet sufficiently
well developed to be germane to the questions faced by today’s panel. Nevertheless, NCI felt it
was important for panelists and workshop attendees to be aware of ongoing research in this area.
The Diagnostic Evaluation Branch supports both independent research projects and correlative
studies associated with clinical trials to discover or confirm the importance of molecular or
biochemical markers that could be useful in clinical decision-making. Experience with the
approval of targeted agents to treat solid tumors has shown that diagnostic or predictive assays to
guide the use of an agent need to be tested and validated before pivotal Phase 3 trials aimed at
registration of an agent are begun.

Dr. Abrams asked the panel to suggest what critical trials NCI should be supporting in brain
tumors. Dr. Pazdur asked for information about ongoing and proposed Phase 3 trials and the
feasibility of embedding endpoints such as 6-month progression-free survival (PFS),
neurocognitive testing, or time to symptomatic progression into these trials. Dr. Abrams
responded that the only currently ongoing trial is a Radiation Therapy Oncology Group (RTOG)
trial comparing intravenous carmustine with temozolomide as adjuvant therapy in high-grade
gliomas; this trial has run into difficulty because of a shortage of intravenous carmustine and
consideration is being given to converting to oral lomustine.

A large Phase 3 trial (RTOG-0525) comparing standard-dose with dose-dense temozolomide as
adjuvant therapy for high-grade gliomas has just been launched in collaboration with the
European Organization for Cancer Research and Treatment (EORTC). A Phase 3 trial is planned
to compare the effectiveness of temozolomide in patients with and without deletions of
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chromosome 1p and/or 19q. Other trials that are being considered would evaluate the role of
temozolomide in subsets of patients such as the elderly and those with low-grade gliomas.

Dr. Yung said that RTOG-0525 had been designed with survival as the primary endpoint. It
would be feasible to evaluate the correlation between 6-month PFS and overall survival in this
trial. RTOG is submitting a separate grant application to evaluate the correlation of biomarkers
with response and the effect of treatment on biomarkers. However, this might not be an
appropriate trial in which to evaluate DCE-MRI because temozolomide is not a drug that
modulates permeability and perfusion.

Dr. Fine said that Phase 3 trials provide a platform for the evaluation and validation of surrogate
endpoints; the endpoints need not be related to the study drug. Evaluating endpoints in small
groups of patients or in single-arm trials provides no information about the natural history of the
disease or about how the endpoints might change in the presence of an effective therapy;
evaluating endpoints in Phase 3 studies can address these limitations.

Dr. Abrams suggested that 6-month PFS could be studied as a secondary endpoint at a subset of
centers participating in the RTOG trial that have the ability to standardize MRI scans. Dr. Pazdur
said that it should be relatively simple to collect data for a “single point in time” endpoint such as
6-month PFS.

Dr. Pazdur added that because neurocognitive dysfunction is a cardinal feature of primary brain
tumors, it is important to gain experience with neurocognitive testing in Phase 3 trials. Dr. Yung
noted that the neurocognitive battery developed by Dr. Meyers had been validated in brain

metastases in large trials supported by industry and by EORTC. Neurocognitive testing could be
incorporated into any large trial provided that additional resources were made available to do it.

Dr. Paoletti said that industry would be willing to participate in the development and validation
of neurocognitive testing instruments in Phase 2 and 3 randomized trials. He added that it is also
extremely important to develop standardized ways of assessing patients’ neurologic status and to
try to correlate neurologic status with the site of the lesion. Industry would also appreciate
guidance from NCI on the optimal approach to take to tumor measurement.

Dr. Barker said he suspected that some drugs now being tested as anti-tumor agents would fail in
that capacity but would nevertheless reduce the volume of edema surrounding the enhancing
mass and perhaps the apparent size of the tumor itself through the restoration of the disrupted
blood-brain barrier, thus relieving symptoms; as such, they could be potential replacements for
steroids. This issue could be addressed in small Phase 2 trials if the appropriate methodology
existed to standardize across centers the measurement of neurologic changes and the
measurement of vascular permeability, volume of peritumoral edema, and enhancing volume.

Dr. Abrams noted that for trials in low-grade gliomas, in which survival is not a useful endpoint,
the NClI-supported cooperative groups are trying to develop an HR-QoL instrument that could be
used either as a primary endpoint on its own or could be combined with an objective measure
into a composite endpoint. At present different groups tend to favor different instruments. There
is a need to develop validated instruments that are widely accepted.
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Dr. Fine noted that most Phase 3 clinical trials in gliomas are exclusively supported by industry.
He asked if it would be feasible for CTEP to fund an investigation of a particular potential
endpoint within an industry-supported Phase 3 trial. Dr. Paoletti said he believed industry would
be willing to collaborate in this way provided that agreement could be reached on intellectual
property issues. Dr. Abrams said this would be a new mechanism for CTEP but he saw no reason
why an effort could not be made in this direction. He noted that investigators in the NCI-
supported brain tumor consortia work collaboratively with industry on many Phase 2 trials.

In response to a question from Dr. Yung, Dr. Shankar said that NCI is supporting a
demonstration project in renal cell carcinoma to test the reliability of DCE-MRI in predicting
treatment response and the feasibility of using DCE-MRI in a multi-center study. One hundred
out of 300 patients enrolled in the study will receive DCE-MRI. Centers performing DCE-MRI
must do so in accordance with trial guidelines and must meet quality assurance standards.
Consideration could certainly be given to undertaking a similar study in a subset of patients with
brain tumors.

Dr. Yung noted that the brain tumor consortia are currently running several large Phase 2 trials to
evaluate agents in the class of tyrosine kinase inhibitors. When the consortia have proposed
adding sub-studies to evaluate DCE-MRI, barriers have arisen related to funding or to concerns
about the uniformity of imaging. Dr. Abrams responded that funding constraints necessitate
limits on the use of MRI in NCI-supported trials. The challenge is to try to identify the trials in
which the use of MRI is most likely to move the field forward. Dr. Shankar commented that in a
trial in which patients are being routinely evaluated via MRI, the addition of a DCE-MRI
evaluation components would add only 15 minutes to a patient visit.

Audience Questions and Comments

A member of the audience commented that a large amount of neurocognitive data already exists
from completed trials. She asked whether NCI would be interested in funding a secondary
analysis of this data to address some of the questions that had been raised during the panel
meeting. Dr. Abrams said this sounded like a good idea and a good way to extract the maximum
information from Phase 3 trials. He added that NCI’s Division of Cancer Control and Population
Sciences might have initiatives in this area of which he was unaware. Dr. Fine cautioned that
existing data are relevant to brain metastases of systemic tumors, which have a very different
biology and growth characteristics than primary brain tumors. It is therefore unclear whether
analysis of neurocognitive and symptom-assessment data from patients with brain metastases
will advance the knowledge base concerning primary brain tumors.

Another member of the audience noted that there are reasons to think volumetric measurement of
irregularly shaped tumors may be more accurate than measurement of tumor diameter. He asked
if it would be possible to evaluate the accuracy of the measurement methods used for images
stored in the imaging archive that NCI is developing. Dr. Shankar responded that this issue is
still under discussion.

Adjournment
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Dr. Pazdur thanked the panelists, NCI representatives, and audience for their participation. The
workshop was adjourned.
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Challenges and Considerations
in Linking Adult and Pediatric
CNS Malignancies

Henry S. Friedman, MD
The Brain Tumor Center at Duke

What is the relationship between
adult and pediatric CNS tumors?

Are there compelling similarities or
differences in pediatric and adult CNS tumors
which can guide application of the Pediatric
Rule of 1998.

Histologic Classification of Tumors of the CNS

Tumors of neuroepithelial tissue
« Astrocytic tumors
— Astrocytoma
— Anaplastic astrocytoma
— Glioblastoma multiforme
— Pilocytic astrocytoma
— Pleomorphic xanthroastrocytoma
— Subependymal giant-cell-
astrocytoma
« Oligodendroglial tumors
— Oligodendroglioma
— Anaplastic oligodendroglioma
« Mixed glioma
— Oligoastrocytoma
— Anaplastic oligoastrocytoma
« Embryonal tumors
— Medulloblastoma
— Primitive neuroectodermal tumor

Ependymal tumors

— Ependymoma

— Anaplastic ependymoma

— Myxopapillary ependymoma

— Subependymoma

Choroid-plexus tumors

— Choroid-plexus papilloma

— Choroid-plexus carcinoma

Neuronal and mixed neuronal-glial

tumors

— Gangliocytoma

— Dysembryoplastic neuroepithelial
tumor

— Ganglioglioma

— Anaplastic gangliglioma

— Central neurocytoma

Pineal parenchymal tumors

— Pineocytoma

— Pineoblastoma

Histologic Classification of Tumors of the CNS

Meningeal tumors Germ-cell tumors

Meningioma + Germinoma
+ Hemangiopericytoma + Embryonal carcinoma
+ Melanocytic tumor * Yolk-sac tumor (endodermal-sinus
Hemangioblastoma tumor)
Choriocarcinoma
Teratoma

Primary Central nervous system
lymphomas

Mixed-germ cell tumors
Tumors of the sellar region
Pituitary adenoma
Pituitary carcinoma
Craniopharyngioma
Metastatic tumors

Distribution of CNS Tumors

Malighant gliomas, meningiomas, Schwann
cell and pituitary tumors are most common
primary adult brain tumors

Benign gliomas, medulloblastomas/PNETs
and craniopharyngiomas are most common
primary pediatric brain tumors

Location of CNS Tumors

e Adult
— cerebral hemispheres

» Pediatric

—50% of tumors in children > 1 year of age are
infratentorial

—although majority of tumors in children < 1 year of
age are supratentorial, these are chiasmatic-
hypothalamic gliomas, medulloblastomas and
choroid plexus tumors which are rare in adults




Are there differences between adult and
pediatric non-glial CNS tumors?

* Neuroepithelial (non-glial)
* Nerve sheath

* Meningeal

e Germ cell

¢ Primary CNS lymphoma
» Sellar tumors

« No data supports a meaningful (if any) difference
between these tumors in adults and children

Are there differences between adult and
pediatric gliomas?

Ependymomas

Pilocytic astrocytoma
Oligodendroglioma
Subependymoma

Diffuse fibrillary astrocytoma

No data supports a meaningful (if any) difference
between these tumors in adults and children

Are there differences between adult and
pediatric malignant astrocytomas?

« Anaplastic astrocytoma
* Glioblastoma multiforme

3+ 7 ]

PDGF LOH 17q (p53)
LoH 17q overexpression | LOH 22q

(NF1) MDM2

gene
|:| emptfetion

LOH 13q (Rb)
LOH 9p (p15, p16)
LOH 19q

amplification
LOH 10

CDK4
gene amplification

Are there molecular distinctions
between adult and pediatric malignant
astrocytoma?

Compared with adult tumors, + 1p, + 2Q, + 21Q, - 6Q,

- 11Q, and - 16Q were more frequent in pediatric
malignant glioma.

Rickert et al
Am J Path 158:1525, 2001

Are there differences between adult and
pediatric malignant astrocytomas?

Pediatric malignant astrocytoma show preferential
p53 pathway inactivation (95%), moderate Rb
pathway inactivation (25%), and no EGFR
amplification.

Sung et al
Brain Pathology 10:249, 2000




Are there differences between adult and
pediatric malignant astrocytomas?

Peds malignant glioma have moderate rate of p53
mutation (38%), lack of EGFR amplification, a low
rate of PTEN mutation (8%), and moderate rate of
microsatelite instability (25%).

Cheng et al
Human Path 30:1284, 1999

Are there differences between adult and
pediatric malignant astrocytomas?

Pediatric malignant astrocytomas rarely display EGFR
amplification (7%) but frequently display increased
EGFR expression (80%).

Bredel et al
Clin Cancer Res 5:1786, 1999

Are there differences between adult and
pediatric malignant astrocytomas?

Malignant astrocytomas in children > 4 years old
display TP53 mutations (50%) and p53 overexpression
(77%) similar to adult tumors.

Both TP53 mutations (0%) and p53 overexpression
(14%) were much lower in children < 4 years of age.

Pollock et al
Cancer Res 57:304, 1997

How do the similarities and differences between
adult and pediatric malignant astrocytoma guide
the use of the pediatric rule?

Malignant astrocytomas are more similar than distinct in
adults vs. children > 4 years of age

Recommendation

The Pediatric Rule applies to all adult brain
tumors, including malignant astrocytoma

Advantages to joint adult and pediatric
malignant gliomas

« New and improved therapies for our patients

* Better understanding of the underlying biology of
these diseases

« Development of common, comprehensive prospective
biological studies

« Better understanding of the effects of therapy in both
poor and good prognosis groups

¢ Evolution of new study paradigms

« More efficient study accrual and use of resources




Challenges and disadvantages to joint
adult and pediatric malighant gliomas

« Assumptions may be in error and children are
exposed to inactive therapy

« Adverse events in children may result in sponsor
concerns

« Requirement for cooperation and sharing of
resources that may delay or confound study
implementation

« Potential need for complex stratification and analysis




Perspectives on CNS Malignancies

Susan M. Staugaitis, M.D., Ph.D.
Cleveland Clinic Foundation

Introduction and Outline

Neoplasia and the Pediatric Rule of 1998
Evolution in Tumor Classification
Classification and Incidence of CNS Neoplasms
Dogma:
Indications defined by histology
Speculation:
Indications defined by physiology of neoplastic cell

Diagnosis of CNS Malignancies —
Current Practice and Possibilities

Clinical Diagnosis - Advances in in vivo imaging
Improved sensitivity clinical diagnosis and disease monitoring
Image-guided surgical techniques -

Larger resections, but smaller biopsies

Tissue Diagnosis - Role of Pathologist
Adequacy of specimen
Is lesional tissue present?
Does the tissue represent the highest grade portion of the lesion?
Is there sufficient lesional tissue for all desired analyses?

Classification
Histologic phenotype
Cytologic grade

Gene expression
Genomic alterations

Morphologic Classification
of CNS Neoplasms

Based upon the cytologic resemblance of neoplastic cells to
normal cells

Often used to infer cell of origin
Become basis of in vitro experimental models
Doesn’t predict the behavior of the neoplastic cells

Site of origin
Neoplasms Arising within CNS Parenchyma
Neoplasms Arising in Accessory CNS Structures
Neoplasms Arising in CNS Coverings

CNS Parenchymal Neoplasms -
"Glial phenotype"

Astrocytoma
Fibrillary astrocytoma,
including glioblastoma multiforme
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Oligodendroglioma
Ependymoma
Subependymoma

CNS Parenchymal Neoplasms -
"Neuronal and glial/neuronal Phenotype"

Ganglioglioma/gangliocytoma

Central neurocytoma

Dysembryoplastic neuroepithelial tumor
Desmoplastic infantile astrocytoma/ganglioglioma




CNS Parenchymal Neoplasms -
"Embryonal phenotype"

Primitive Neuroectodermal Tumors (PNET)

Medulloblastoma
Supratentorial PNET/cerebral neuroblastoma
Atypical teratoid/rhabdoid tumor

Neoplasms Arising in
Accessory CNS structures

Choroid plexus
Papilloma, carcinoma
Pineal gland
Pineal parenchymal neoplasms
Germ cell neoplasms
Pituitary gland
Adenoma
Neurohypophyseal gliomas/hamartoma
Craniopharyngioma

Neoplasms Arising in
CNS Coverings

Leptomeninges
Meningioma
Hemangiopericytoma
Other sarcomas
Melanocytic neoplasms
Intradural peripheral nerve sheath
Schwannoma
Neurofibroma

CNS Neoplasms —
Age of Patients Affected

Adult >> Pediatric
Pediatric >> Adult

Pediatric (nearly exclusively)

Incidence of CNS neoplasms —
Adult >> Pediatric

Most Gliomas
Fibrillary Astrocytoma, including GBM
Oligodendroglioma
Spinal ependymoma
Pineal Parenchymal Neoplasms
Meningioma
Nerve sheath neoplasms
Melanocytic neoplasms

Incidence of CNS neoplasms —
Pediatric >>Adult

Low Grade Astrocytomas
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Intraventricular Ependymoma
Neuronal and glial/neuronal neoplasms
Ganglioglioma, DNET
Medulloblastoma
Choroid Plexus Neoplasms
Germ Cell Neoplasms
Craniopharyngioma




Incidence of CNS neoplasms —
Pediatric (nearly exclusively)

Desmoplastic infantile astrocytoma/ganglioglioma
Atypical teratoid/rhabdoid tumor
Cerebral PNET

Pathobiology of Neoplasia

Cell acquire a genetic alteration.
This alteration results in change in gene expression that
provides
a growth or survival advantage to the cell.
Genetic alteration is passed onto progeny.
Additional alterations are acquired and passed on.

Pathobiology of Neoplasia

Genomic alterations -
mutation
rearrangement
loss or gain of genetic material
Gene expression -
intrinsic metabolic pathways
proliferation, survival, motility
response to environment
endogenous signals, drugs

Pathobiology of Neoplasia
Influence of the precursor cell on the behavior of
the neoplasm?

Do different alterations in the same precursor cell
result in different neoplasms?

Is there a different precursor for each neoplasm?

Once a precursor cell is transformed by a genetic
alteration, does its normal physiologic processes
influence the behavior of the neoplasm?

Pediatric Neoplasms

Some “pediatric” malignancies are low grade and some are high grade.

Time of rapid cell division and growth
Impact on repair mechanisms?
Intrinsic versus extrinsic factors
Cells are proliferating within an environment
bathed by growth factors
What is the role of the environment?
Does it play an active part in promoting growth
in the mature organism?
Does it play a role in restricting growth in the developing
organism?

Familial Syndromes
Associated with CNS Neoplasms

Neurofibromatosis Type 1 - neurofibromin -

neurofibroma, pilocytic astrocytoma, fibrillary astrocytoma
Neurofibromatosis Type 2 - merlin -

schwannoma, meningioma, fibrillary astrocytoma, ependymoma
Von Hippel Lindau - VHL - hemangioblastoma
Tuberous Sclerosis Complex - hamartin, tuberin - SEGA
Li-Fraumeni Syndrome - TP53 - astrocytoma, medulloblastoma
Turcot Syndrome - mismatch repair, APC - astrocytoma, medulloblastoma
Nevoid Basal Cell Carcinoma Syndrome - PTCH - medulloblastoma
Cowden Syndrome - PTEN - dysplastic gangliocytoma of cerebellum




Other ways of characterizing
CNS malignancies

Histopathology perspective
Where do tumors arise? What do they look like?
Growth properties of the transformed cells
Proliferation/survival
Migration/motility
Angiogenesis
Growth properties of cell of origin
Can precursor cell be identified?
What are the molecular pathways that regulate the normal
phenotype of this cell?

Rapidly Proliferating Neoplasms -
Kill dividing cells

Medulloblastoma

Supratentorial PNET

Atypical teratoid/rhabdoid tumor
Pineoblastoma

High Grade Glioma

Choroid Plexus Carcinoma

Infiltrating Neoplasms -
Inhibit migration

Fibrillary astrocytoma
Oligodendroglioma

Angiogenesis

Both high grade astrocytomas and low grade pilocytic astrocytomas
show histologically similar vascular proliferation.

Do the same mechanisms promote this proliferation?

If s0, can drugs designed to target vasculature in high grade
astrocytomas be effective in unresectable pilocytic astrocytomas?

TP53 mutations

Most common mutation in human cancer

Stimulate p53 function in tumor cells.
If an agents were available, might it be applied to histologically
disparate neoplasms?

Inhibit p53 function in normal cells.
Protect normal tissues against genotoxic stress during therapy.
Could this be one indication for all neoplasms with p53 mutations?

Inhibit function of oncogenic signal
transduction pathways

PDGFR-alpha - over expressed in many gliomas
fibrillary astrocytoma
oligodendroglioma
ependymoma
pilocytic astrocytoma




Inhibit function of oncogenic signal
transduction pathways

EGFR
amplified in de novo glioblastoma
typically not amplified in glioblastoma that
arise within low grade astrocytoma

How to define indication?
Will this limit testing of new drugs?

Look at entire pathway - not just single
component
In a single pathway,
some genes may acquire

activating “oncogenic” mutations or
inactivating “tumor suppressor” mutations.

Both may lead to the same tumor phenotype.

APC + beta-catenin >>
Wnt pathway

Sonic Hedgehog + Patched + Smoothened >>
transcription of growth regulating genes

Cautions

Necrosis and swelling associated with rapid efficient cell killing may
have adverse effects within the confines of the CNS.

Environmental signals, that may effect the behavior of neoplastic cells,
may change during development.

Specific targeted therapies will work only is the inhibited pathway is
intact in the particular tumor being treated.

Neoplasms accumulate alterations that may lead to specific drug
resistance.

Therapies that target specific functions, e.g., proliferation, migration,
may adversely affect normal developing cells that may also depend
upon those functions.
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PROCEEDI NGS
Call to Order

DR. SANTANA: Good norning. W are
nmeeting this norning as part of the Pediatric
Subconmi ttee of the Oncol ogy Drugs Advisory
Conmittee. This neeting was called by the agency
to give them advi ce and gui dance on issues rel ated
to pediatric devel opnent and, in particular
extrapol ation of information fromadult studies
that could be relevant to pediatric studies as it
applies to the agency's regulatory role and the
Pedi atric Rule.

We are going to go ahead and get started.
The first itemis to have Dr. Pazdur address the
conmittee. Richard?

Wl cone

DR. PAZDUR: Thank you very much. This is
one of three neetings that we are having to | ook at
the 1998 Pediatric Rule which, as Victor alluded
to, allows for the extrapolation of adult data to
the pediatric population. The first neeting | ooked
at | eukem a and | ynphomas and, obviously, the
nature of this neeting is |ooking at other
mal i gnanci es, particularly sarcoma, |ung and CNS

mal i gnanci es and other solid tunors. CQur third
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meeting, which | believe is going to be held in
Septenber, or to be announced -- sone of you may be
asked to come back so we will get back to you with
specific dates and your calendars -- will |ook at
clinical trial design issues in pediatrics to
address issues of extrapolation of data, etc. So,
on behal f of the FDA, our Division of Oncol ogy Drug
Products and our col |l eagues at CBER who handl e
bi ol ogics, we would like to welcone you to this
conmittee nmeeting and | ook forward to an ongoi ng
di al ogue with you. Thanks.

DR. SANTANA: Thanks, Richard. | want to
go ahead and introduce the commi ttee nenbers.
There are sone people that are new to the neeting
and, for the purposes of record-keeping, we need to
state our name and affiliation. So, Stuart, can
you get started fromthat side of the table please?

I ntroduction of the Conmittee

DR. GROSSMAN:  Stuart Grossnman, from Johns
Hopki ns Uni versity.

DR. LINK: M chael Link, from Stanford.

DR. MEYERS: Paul Meyers from Menori al
Sl oan- Ket tering.

DR. PACKER: Roger Packer, Children's

Nati onal Medi cal Center, Washington, D.C
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DR. POVEROY: Scott Pomeroy, Harvard
Medi cal School .

DR. PAZDUR: Richard Pazdur, Oncol ogy
Di vi si on, FDA.

DR. HI RSCHFELD: Steven Hirschfeld,
Oncol ogy Division, CDER, FDA.

DR. GOOTENBERG. Joe Gootenberg, with
Oncol ogy at Biol ogics, CBER

DR. PARHAM Davi d Parham Arkansas
Children's Hospital.

DR, KUN. Larry Kun, St. Jude Children's
Research Hospital.

DR. COHN: Susan Cohn, Children's Menori al
Hospital in Chicago.

DR ETTINGER Alice Ettinger, St. Peter's
Uni versity Hospital, New Brunswi ck, New Jersey.

DR. FRIEDVAN: Henry Friedman, Duke.

DR TEMPLETON- SOMERS: Karen Soners,
Executive Secretary to the ODAC, FDA.

DR. SANTANA: Victor Santana, St. Jude
Children's Research Hospital.

DR, FINKLESTEIN. Jerry Finklestein, Long
Beach Mernorial, UCLA.

DR. PRZEPI ORKA: Donna Przepi orka, Bayl or,

Houst on.
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DR. REYNOLDS: Patrick Reynol ds,
Children's Hospital, Los Angel es.

DR. VEINER: | am Susan Winer. | amthe
pati ent advocate from The Children's Cause.

DR. LEVIN: Victor Levin, Departnent of
Neur o- Oncol ogy, M D. Anderson Cancer Center.

DR ELIAS: Anthony Elias, University of
Col or ado.

DR. BENJAM N. Bob Benjanin, MD.
Ander son.

DR GAJJAR. Amar Gajjar, St. Jude
Children's Research Hospital.

DR. PERLMAN: Elizabeth Perlman, Johns
Hopki ns Uni versity.

DR. POPLACK: David Popl ack, Bayl or
Col | ege of Medi ci ne.

DR. SM TH: Mal colm Smth, National Cancer
Institute.

DR STAUGAITIS: Susan Staugaitis,
Cleveland dinic Foundation.

DR. FINE: Howard Fine, Neuro-Oncol ogy
Branch, N H

DR. SANTANA: That is it. Thank you so
nuch. W have to read a conflict of interest

statenent. So, Karen, can you pl ease proceed with
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t hat ?
Conflict of Interest

DR. TEMPLETON SOVERS: The foll ow ng
announcenent addresses the issue of conflict of
interest with regard to this neeting and is nade a
part of the record to preclude even the appearance
of such at this neeting.

Since the issues to be discussed by the
subconmittee at this neeting will not have a uni que
i mpact on any particular firmor product but,
rather, may have wi despread inplications with
respect to an entire class of products, in
accordance with 18 U . S.C. Section 208(b), waivers
have been granted to all menbers and consultants
who have reported interests in any pharnaceutica
conpani es.

A copy of these waiver statenments may be
obt ai ned by submtting a witten request to the
FDA's Freedom of Information Ofice, Room 12A-30 of
t he Par kl awn Bui | di ng.

Wth respect to FDA's invited guests,
there are reported affiliations which we believe
shoul d be nmade public to allow the participants to
obj ectively evaluate their coments.

Victor Levin, MD., would like to disclose
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that his retirenent fund holds stock in Angen,
Bristol Myers Squi bb, Merck, Alza, Pfizer and
Phar maci a Corporation. Dr. Levin is also the
Program Director of an NIH, NCI Nati onal
Cooperative Drug Di scovery Group grant,
"Devel opnent of Drug Inhibitors of Src" and he is
the Program Director of an NIH, NCI grant "dionas:
Bi ol ogi c, Ml ecular and Genetic Studies." He is
al so on the scientific advisory boards of Direct
Ther apeutics, Signase and Oncol ogy Services
Corporation. None of the conpanies he consults
wi th have anticancer drugs in clinical trials
except Direct Therapeutics, Inc. Dr. Levin is also
the founder and current menber of the Board of
Directors of Signase, Inc. Lastly, his sonis
enpl oyed by Al za Pharnaceuti cal s.

Susan Staugaitis, MD. would like to
di scl ose that she owns stock in American Home
Products, Bristol Myers Squi bb and various nutual
funds that nay have investments in pharmaceuti cal
firns.

Paul Meyers, MD. is the principal
i nvestigator on a Bristol Myers Squi bb sponsored
Phase | study of Irinotecan in children with

recurrent solid tunor. Dr. Meyers is also a
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co-investigator for an Otho-Biotech sponsored
study of erythropoietin in children with solid
tunors. Lastly, he is the principal investigator
on a Genentech sponsored study of Trastuzumab for
recurrent osteosarcona.

Anmar Gajjar, MD. has a grant from
Scheri ng Pl ough.

Anthony Elias, MD. would |like to disclose
that he is a researcher on clinical trials
sponsored by Eli Lilly, Pharnacia and Ri bozyne
Phar maceuti cal s.

Robert Benjanmin, MD. has received
consulting fees fromBristol Myers Squi bb, Nexstar
and Sequus. He has al so received speaker fees from
Bristol Myers Squi bb.

Lastly, David Poplack, MD. would like to
di scl ose that he has previously received speaker
fees fromChiron and he is an unpaid scientific
advi sor to ASTA Cor poration.

In the event that the discussions involve
any other products or firns not already on the
agenda for which an FDA participant has a financial
interest, the participants are aware of the need to
excl ude thensel ves from such invol verent and their

exclusion will be noted for the record.

10
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Wth respect to all other participants,
ask in the interest of fairness that they address
any current or pervious involvenment with any firm
whose products they may wi sh to conment upon
Thank you.

DR. SANTANA: Thanks, Karen. Any other
conm ttee nmenbers that want to make any comments
regarding their conflict of interest?

[ No response]

Thank you. W have sone tine now
al l ocated for an open public hearing. Anybody in
the audi ence that wi shes to address the conmmittee,
this is the tine to do so. If you want to address
the conmittee, please cone to the podiumand state
your nanme and your affiliation. Nobody fromthe
audi ence wants to talk to us. kay, thank you

We are going to go ahead and start the
neeting. The first itemon the agenda is Steven
H rschfeld who will present the charge to the
conmittee. Steven has been a najor force at the
FDA in trying to understand the issues of the
Pediatric Rule as it relates to oncology. So, |
want to thank Steven for all his efforts on behal f
of the pediatric oncology conmunity. Steven?

Charge to the Committee

we

11
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DR. H RSCHFELD: Thank you, and | want to
t hank and conmend Dr. Santana for being the
initial, first and unprecedented chair for this
conmittee and for guiding it through its first
year.

DR. SANTANA: And hopefully not the |ast!

DR HI RSCHFELD: Ri ght!

[Slide]

Pedi atrics has been a driving force for
changes in healthcare and particularly in clinica
i nvestigations. The major regulatory initiatives
of this century were in reaction to
pedi atric-driven events. 1t was the norphine
poi sonings in the turn of the 19th to the 20th
century. It was the alfa-nilonide-tainting scanda
which led to the Food, Drug and Cosnetic Act, and
then the anmendnents to the Food, Drug and Cosnetic
Act which resulted in establishing the three
principles that we use for regulatory science which
is |labeling, safety and efficacy which occurred in
1962 as a reaction to the mal formations that were
caused by thalidoni de.

In addition, children have had a key role
in the devel opnent of clinical investigations, and

nost particularly in oncology. The first

12
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13
chenot herapy studies were done at first in
uncontroll ed studies in children and then in
controll ed studies. The formation of the Nationa
Cancer Institute and its clinical branches
initially had studies which exanined the rol es of
chenot herapy and al so of statistics and of
randoni zed control |l ed study design in children with
| eukenia. The advent of adjuvant therapy was first
done in children

Yet, despite all the contributions toward
t he devel opnent of clinical research and regul atory
efforts, there has never been a robust therapeutic
devel opnent programin children. So, there are
sone efforts that were initiated over the course of
the last century but nost explicitly in the |ast
decade to try to renmedy what nmany felt was an
unj ust situation.

We recogni ze that there are therapies that
were administered to children w thout adequate
study, both in general and in specific instances
which relate to oncol ogy. W recognize the
extraordinary efforts of the cooperative groups in
devel opi ng clinical protocols, and the
extraordi nary track record of both enroll nent and

of scientific progress. Nevertheless, nmany of the
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14
treatnents that are used have been difficult to
cone by, and nmany of the supportive care neasures
have never been studied in the types of
envi ronnents which we woul d consider to be ideal
and we would strive for this ideal. W also note
that many therapi es are not nmde avail able for
pediatric study until adult narketing studies or at
| east the adult programis well under way.

[Slide]

So, we have here a paradi gm where the
conventional and historical nmethod is that
preclinical studies with a new drug or bi ol ogi ca
lead to clinical trials in adults, and then
followi ng the adult devel opnent sonetinmes
uni nt ended, sonetinmes intended, sonetinmes as an
afterthought cones pediatric devel opment. Wat we
woul d I'i ke to engender is a new paradi gm where
preclinical or non-clinical studies could lead to
ei ther sinmultaneous adult and pediatric
devel opnent, or for those particular instances
where there is an unnet nedical need and there is a
scientific basis for proceedi ng where studi es can
| ead to therapeutic devel opnment in children and
then, if applicable, for adults.

These inter-relationships is what we are
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trying to explore in this conmttee over the course
of the past year, |ooking at where we can forma
matrix rather than a |inear devel opnent plan

[Slide]

The FDA, in the 1990's, attenpted to
facilitate the availability of drugs for study in
children, and by drugs | nean drugs and
biologicals. Wth the Rule in 1994 that attenpted
to ease the burden of clinical studies by allow ng
extrapol ati on of efficacy data from adult
popul ations to pediatric popul ati ons certain
condi tions were net.

The conditions were, in brief, that the
i ndi cation, which neans the disease or condition
but that the indication is simlar in adults and
children and that the node of action of the
i ntended therapy is considered simlar in adults
and children. Therefore, the burden for scientific
studies would rely on study designs which could
establ i sh appropriate dosing and appropriate safety
i nfornati on but woul d not necessarily have to
recapitul ate efficacy data.

This program was not the success it was
i ntended to be. So, two other prograns were

initiated to replace it. The first was an

15
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i ncentive program which was part of the 1997 Food
and Drug Adm ni stration Modernization Act, which
offered a financial incentive to conpanies that
were willing to pursue pediatric studies in
response to a witten request fromthe FDA. W
recogni ze the FDA does not have the resources nor
necessarily the wi sdomto know which types of
studies to request so a mechani smwas devel oped to
al | ow conpanies or interested third parties to
propose to the FDA pediatric studies, which then
the FDA woul d eval uate and then anend or issue a
witten request on the basis of that proposal

This program has been hi ghly successful
More pediatric studies have been initiated in the
past five years than ever in the history of
clinical investigations. This program has al so
resulted in the issuance of twenty witten requests
for pediatric oncol ogy.

[Slide]

The other regulatory initiative is a
nmandat e, and the mandate states that if the
i ndi cation for an application under review can be
found in children -- and the operative words here
are "indication" and "under review' -- then the FDA

can nandate -- and again the operative word is

16
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can" -- mandate pediatric studies. It applies to
drugs and biologicals. |If the indication does not
apply to children or there are other conpelling
reasons not to pursue studies in children, then a
wai ver can be granted.

This rul e does not specifically address
the issue of extrapolation of efficacy. Wat this
rule asks and what | ask this conmttee to bear in
mnd today is are studies warranted. |s there a
scientific basis for considering pediatric studies?

| should also note that this rule is not
i ntended nor has it ever, and we hope ever a
situation would arise where a question cones,
should it delay devel opment for an adult indication
because pediatric studies can always be deferred
and there is no intent to ever delay the
availability or marketing of a new therapy for
adul ts.

[Slide]

So, the specific question we would like to

ask the committee this norning and this afternoon
is how should this rule be applied for solid tunors
and central nervous system nal i ghanci es.

[Slide]

What we woul d hope is that by the end of
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the day we coul d have sone recomendati ons for
adult indications that should trigger the Pediatric
Rul e; sone specific reconmendati ons for adult
i ndi cations that should be wai ved from conpliance
with the Pediatric Rule; and when this rule was
witten we anticipated the situation, and there are
ci rcunmst ances such as breast cancer where the
di sease does not occur in children or occur in
suf ficient numbers that an examination is warranted
every tinme an application is under review, there is
an autonatic waiver. So, our question is should
there be ot her such conditions?

W woul d like, lastly, recomrendations for
general principles that may be used to apply the
Pediatric Rule. W recognize that classification
schena are always changing, are fluid, as they
shoul d be, and rather than convene a conmttee on a
regul ar basis to generate lists to update, it would
be hel pful and preferable if we could have sone
principles articulated to help us apply and
interpret the rule. Thank you

Chal | enges and Consi derati ons
in Linking Adult and Pediatric Solid Tunors
DR. SANTANA: W will go ahead and do the

presentations and we will have plenty of time for
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guestions and discussion to kind of keep it noving.
I amgoing to go ahead and take the podi um

[Slide]

VWhat | want to do in the next ten mnutes
or sois not to review all the challenges and
i ndications that may relate to pediatric solid
tunors but actually when | was thinking about doing
this what | decided to do were two things. One is
to kind of give a general overvi ew consensus of
what | have taken out of the past couple of
di scussions of this commttee and nmy understandi ng
of where pediatric research and FDA regul atory
i ssues converge. Then, lastly, | would like to
bring forth the two points that to nme are critica
as we nmove forward in considering extrapol ation of
data, the two questions that we shoul d al ways ask
when we are faced with that chall enge. So,
hopefully, in the next ten mnutes | will be able
to cover all that.

[Slide]

Clearly, there are two mmjor issues here.
One is the research inplications and the other one
is the regulatory inplications, and by regul atory
implications I amonly focusing on the FDA

perspective as it relates to the Pediatric Rule.
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[Slide]

| think these are really a conti nuum and
| think in pediatrics, and particularly in
pedi atri c oncol ogy, we have a maj or advantage in
that pediatric oncology practice really occurs
al nost exclusively within the research setting and
research trials are really the standard of care for
children in the United States who have cancer
This is in real contrast to what happens in adult
oncology in which this is not the case or what nay
happen in other pediatric diseases that are not
oncol ogy in which research trials are not the
primary driving force of how patients are taken
care of.

Fromthe regul atory perspective, once
again just focusing on the comment of how it
relates to the FDA and the Pediatric Rule, | think
we have to renenber that the FDA is al ways | ooking
and the sponsors are al ways presenting data to the
agency in support of indications. | nean, that is
the ultimte goal of why they cone to the agency.
In support of indications, obviously, they are
interested in |looking at issues of efficacy as an
i mportant endpoint but, as Steven addressed a

little bit earlier, a major conponent relates to
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i ssues of safety and nost of the mi shaps that have
occurred in pediatric regulatory issues have
actually been issues related to safety and | am
going to talk a little bit about that later in
regards to sone of the oncol ogy drugs and how we
may address those.

I think whatever sponsors and the FDA do
with indications ultimately influences nedical
practice not only in adults but also to a certain
degree in pediatrics, although in pediatric
oncol ogy the ongoing theme is always that it is
done in the setting of research.

[Slide]

Now, | think we have to recognize that
there are some ngjor limtations in pediatrics.
One is that we have a limted patient popul ation
So, nmany of the questions that we would like to
address many tines cannot be addressed because
there is alimting factor in terns of the nunber
of patients. A corollary to that is that many of
t he di seases and solid tunors, for exanple, that we
treat are very heterogeneous in nature and there
are not |large popul ations of patients within one
tunor category in which we can ask nany different

guestions. So, this is very different if you | ook
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at it fromthe adult perspective because fromthe
adul t perspective, in terns of drug devel opnent,
there are many agents that can be tested in a Phase
| setting because there are many adults in terms of
t he nunbers that can hel p us address those

guesti ons.

Secondly, there are even fewer new agents
that can be evaluated in Phase Il trials in
children because of the historical notion that nmany
trials first had to be conducted in adults before
any studies could be conducted in children. As
Mal col m Snith has reminded us many tines, for nmany
of the pediatric solid tunors we can realistically
only do a Phase IIl study every four or five years
because of the issues of nunber of patients and the
i ssues of which are the real inmportant questions
that have to be answered. | think the exanple
there is what has happened with Ewi ng's sarcona and
osteosarcona in the |ast decade in which
realistically, at the national |evel, Phase Il
studies in those tunmor types could only be carried
on in the context of every four to five years. |
think that is inportant as, fromthe research
perspective, we try to address what are the rea

guestions that we shoul d be asking.
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So, fromthe research perspective there
need to be nechani sns by which we can prioritize
what we can do in pediatric oncol ogy with our
trials, and | think these three points that Ml col m
Smi th has expressed before are that these
prioritizations have to be based on sone idea of a
successful approach in adults because of the issue
of the Iimtation of patient nunbers; that there be
conpel ling preclinical rationales for why these
guestions with these agents should be asked in
children; and then paying sonme close attention to
t he patient population at hand because there nay be
specific patient populations in pediatric oncol ogy
in which this may be nore reasonable. For exanple,
patients at high risk for recurrence provide a
uni que nechanismfor us to be able to ask sone of
t hese research questi ons.

[Slide]

However, as Steven addressed this a little
bit earlier, one of the primary concerns always in
pediatric research is this issue that we have to
obtain useful data. It is going to be linted
data, and a central issue is always the issue of
safety in children. None of us wants to be

i nvolved with issues in which an agent, even in a
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research setting or a regulatory setting, has had
children involved and maj or nishaps occur. | think
it not only presents issues of our relationship
with the conmunity but also froman ethical point.
W want to make sure that what we do with children
i s always safe.

So, | think we have to recogni ze that
t here al ways have to be studies done in children
wi th new agents to hel p us understand whether the
MID, the pharnacoki netics and the pharnmacodynanmi cs
are truly different so that when these agents then
becorme publicly available we don't have issues wth
safety.

The two that | have outlined here are good
exanpl es. As you know, Taxol is not a drug that we
use a lot in solid tunors or in pediatric oncol ogy,
but the schedul es of administration of Taxol are
really very different in adults versus children
and that relates prinarily to the vehicles in which
this drug was originally fornmulated and the
toxicity that the vehicle may present when it is
given to children in very short infusions.

Simlarly, teniposide, where the vehicle
preparation has a lot of alcohol in it, one has to

be very careful with high doses of teniposide in
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chil dren because potentially issues of alcoho
toxicity nmay be related to the safety in use of
this drug.

So, the point here is just to present to
you two very brief exanples of how we cannot
technically extrapolate all the adult data in terns
of pharnacoki netics and dynanics to children
because there nmay be particular issues with
children that have to be addressed in the safety
i ssue.

Then, lastly -- | don't want to bel eaguer
this point of safety but we have to recognize that
there are different popul ati ons and even babies are
different fromten-year olds and fifteen-year ol ds
as relates to the nmetabolismof drugs.

[Slide]

So, the question that we have for us today
that Steven presented, under the auspices of this
Pediatric Rule, how do we consi der whether solid
tunors in adults and children are either simlar or
different, and why is it inportant to us and why
are we here?

Well, | think the first point is that
there are truly limted opportunities to test new

agents in children so we have to be very careful in
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what we bring forward.

We have to nake this regulatory nmandate
very practical. | think Steven was hinting at
that. We have to be careful that, from our
busi ness partners in the pharmaceutical industry,
that we don't ask themto do things that are
unrealistic and inpractical. W have to nake this
mandat e very practical for the benefit of us in the
research community, for the benefit of our
patients, and certainly for the benefit of the
industry. This has to be done in a very practica
way to make these agents then avail able for
chil dren.

I think you are going to hear a little bit
of discussion today from various other presenters
about ways in which potentially we can address this
guestion of extrapol ation of data by | ooking at
phenotype. | ama believer that an osteosarcoma in
a 10-year old is the sanme thing as an osteosarcona
in a 25-year old. Maybe sonebody believes
differently. W will hear that maybe today.

We could look at it fromthe genotypic
poi nt of view, fromthe nol ecul ar point of view
There nay be commobn genotypes or nol ecul ar events

that make us believe that tunors are very sinlar
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al t hough histologically they may be very different.

[Slide]

So, ny two rules then in trying to answer
this question are what two things am| going to be
| ooking for to help ne decide whether things are
different or are simlar enough that | could
consider themthe sane? | think in that regard the
two points that | hope we will hear some di scussion
today of are, first of all, |ooking at the biol ogy,
are there differences and simlarities in the
bi ol ogy? That is, what creates the disease
phenotype? |If that is simlar enough, are we
really tal ki ng about the sane disease and the sane
mani festati ons?

The second point is that as we try to
extrapol ate data we need to | ook at the host, and
we need to look at differences and sinmlarities in
t he host because that nmay be critical in terms of
determ ni ng drug netabolismand toxicity and
relating to i ssues of safety, which is obviously a
primary concern

[Slide]

Lastly, | want to present to you kind of a
general outline of how we may consi der sone of

these points in terns of extrapolating both the
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bi ol ogy and in terns of extrapolating host factors.
The progression and the nalignant transformation
for the sane tunor type nmay be very simlar or may
be very different in children versus adults. There
may be comon el ements, such as drug resistance,
that tell us that the disease clinically behaves
the sane way. O, there may be differences in host
factors and enzyne pol ynor phi sns that may | ead us
to believe that, fromthe safety perspective, this
is an issue that we need to address in a different
popul ation by |ooking at different pediatric
popul ations in a very uni que way.

So, | wanted to finish here by just giving
you ny perspective on this issue in a very genera
sense. My intent was not to discuss every single
solid tunor and the challenges and i nplications of
that because | think that will be done |ater today
by ot her speakers. Thank you. Henry?

Chal | enges and Consi derati ons
in Linking Adult and Pediatric CNS Malignancies

DR. FRIEDMAN. This is a special day for
me since | have never done power-point before and
want someone to cone up and show nme sonet hi ng, and
to be sure this went well | sent the slides ahead

to Karen and to Steve, the FDA, living and dead,
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Congress and the District of Colunbia. So, there
are a lot of slides that are out there.

[ Laught er]

DR. SANTANA: Renenber, Henry, that
everything you say here will be in the public
record. Okay?

DR. FRIEDVAN: | al ways renenber that!
strive for that!

[Slide]

What | amgoing to try to do today is to
show sone of the chall enges and consi derations
involved in linking adult and pediatric CNS tunors.

[Slide]

The question posed is what is the
rel ati onshi p between adult and pediatric CNS
tunors? Are there conpelling simlarities or
differences in these tunors which can guide us in
the application of the Pediatric Rule of 19987

[Slide]

This shows you the histol ogic
classification of tumors of the CNS taken fromthe
nost recent WHO publication. You can see that
tunors are divided into neuroepithelial tissues,
astrocytic, oligodendroglial, mxed gliom and

enbryonal , ependynal, choroid-pl exus, neuronal and
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m xed neuronal tunors and pineal parenchynal tunors

[Slide]

-- continuing with nmeningeal tunors,
primary CNS | ynphonas, germcell, tunors of the
sellar region and nmetastatic tunors. So, the rea
guestion is what is the difference in the adult and
pedi atri c popul ati on?

[Slide]

First off, nalignant glionmas, neningi onas,
Schwann cell and pituitary tunors are the nost
conmon tunors we see in the adult popul ation as
opposed to benign gliomas, nedul |l obl ast omas/ PNETs,
which is primtive neuroepidernmal tunor, and
crani opharyngi onas which are the nbst comopn in the
pedi atri c popul ati on

[Slide]

The vast npjority of adult tunors are in
the cerebral hem spheres. 1In pediatrics nore than
50 percent of tunors in children who are over a
year in age are infratentorial, but a mgjority of
tunors in children | ess than one year of age are
al so supratentorial but they are different fromthe
adult tunors -- the chiasnatic-hypothal am c glionas

and choroid pl exus tunors.
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[Slide]

So, are they differences between adult and
pediatric non-glial CNS tunors -- the
neur oepithelial, nerve sheath, neningeal, germ
cell, CNS |ynphonma, sellar tunors? The bottomline
is that there is no conpelling data which suggests
that there is a neaningful difference between these
tunors in adults and children. There may be
di fferences but at the biological |level there is no
conpelling data to say there is a difference

[Slide]

Are there differences between adult and
pediatric gliomas -- ependynomas, pilocytic
astrocytomm, oligodendrogliona, subependynons,
diffuse fibrillary astrocytona? Again, no data
supports a meaningful, if any, difference between
these tunors in adults and children. | want to
acknow edge Peter Burger's help in |ooking at sone
of these issues. He was very hel pful in our
di scussi ons.

[Slide]

So, we really resolve to are there
di fferences between adult and pediatric malignant
astrocytonmas -- the anapl astic astrocytonas, the

glioblastoma nultifornme?
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[Slide]

This is taken froma nunber of different
sources, one of David Lewi s' publications nost
recently, showing you a nunber of the nolecul ar
changes that occur in the devel opnent of a
pil ocytic astrocytonmm, the so-called secondary
glioblastoma nultifornme and the primary
glioblastoma nultifornme which has a hall mark of
EGFR gene anplification. But, again, how does this
hel p us with pediatric versus adult? You have
copies of all these slides.

[Slide]

So, a series of questions, the sane
qgquestion slide after slide now are there nol ecul ar
di stinctions between adult and pediatric nalignant
astrocytoma? Rickert et al., in Anerican Journa
of Pathol ogy, 2001, conpared adult tunors. Plus
1P, plus 2Q plus 21Q nminus 6Q mnus 11Q and
m nus 16Q were nore frequent in pediatric malignant
glioma than in adult nalignant gliona.

[Slide]

Sung, et al., in Brain Pathol ogy, 2000,
pedi atric nalignant astrocytoma show a preferential
p53 pathway inactivation, 95 percent or nore,

noderate RB pathway inactivation, 25 percent, and
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no EGFR anplification

[Slide]

Cheng, in Hunan Pathol ogy, '99, pediatric
mal i gnant gliomas have noderate rates of p53
nmutation, a lack of EGFR anplification, a lowrate
of PTEN mutation, and a noderate rate of
mcrosatelite instability as opposed to adult
t unors.

[Slide]

Pedi atric malignant astrocytonas rarely
di splay EGFR anplification but frequently display
i ncreased EGFR expression, fromBredel, et al., in
Clinical Cancer Research

[Slide]

Pol | ock showed malignant astrocytonas in
children greater than four years of age display
TP53 mutations and p53 overexpression simlar to
adult tunors. Both TP53 nutations and p53
overexpression were nuch lower in children | ess
than four years of age, showing a difference in the
true biology of older and younger children

[Slide]

Agai n, nmalignant astrocytomas are nore
simlar than distinct in adults versus children

greater than four years of age. So, in the ol der
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child, although there are obviously distinctions in
their nol ecul ar phenotype or nol ecul ar expression
of genes, the simlarities are greater than the
di stinctions.

[Slide]

| would like to nodify this slide a bit.
The Pediatric Rule applies to all adult brain
tunors, including malignant astrocytona, however,
as we have started to hear and will continue to
hear, the nunber of tunmors in pediatrics -- the
resources are so linmted that it is going to be key
that there not be just a reflex application of the
Pediatric Rule to any adult brain tunmor, but that a
di scussion with the representative groups that are
addressing this problembe held on a tunor by tunor
or trial by trial basis to nmake a deci si on whet her
it is appropriate to actually extend the rule and
enforce it.

[Slide]

Advantages -- and | want to thank Steve
H rschfeld for help with this -- to joint adult and
pedi atric nalignant gliomas, new and i nproved
therapies for the patients; a better understandi ng
of the biology of the diseases; devel opnent of

conmon, conprehensive prospective biol ogica
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studi es; a better understanding of the effects of
therapy in poor and good prognosis groups; new
study paradi gns; nore efficient study accrual and
use of resources.

[Slide]

However, we nmay be maki ng some assunptions
that are in error in children exposed to therapies
of no nmerit. There is always the concern of
adverse events in children having a greater pebble
in the pond effect than in the adult population --
just intrinsically the way this country operates.
Requi rement for cooperation and sharing of
resources nay delay or confound study
i mpl enentation. | think the nmerger of POD and CCG
has forned one central organization. There is also
the Pediatric Brain Tunor Consortium More groups
nmean nore conmittees; nore conmttees neans nore
tinme, not necessarily tine well spent. Potenti al
need for conplex stratification and anal ysis.

But the bottomline is that we have an
opportunity when the situation is appropriate to
t ake advantage of the Pediatric Rule because
don't believe, and we will see how the discussion
goes today, that we will see a situation where we

want to apply the rule and we don't have grounds to
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apply the rule. Thank you.
Di scussi on

DR. SANTANA: Thanks, Henry. W now have
time for discussion of the three prior speakers if
anybody has any questions to Steven, to Henry or
nysel f or want to nake any general comments about
where we are so far. Paul?

DR. MEYERS: Henry, | think you nade a
very conpelling case that the biology is strongly
in favor of linking the pediatric and adult brain
tunors, but you didn't address the issue of
toxicity and whether or not you think there are
specific toxicities for brain tunmor treatnent that
woul d i mpede that ability.

The other question | would Iike to ask you
is are there any clinical differences in the
behavi or of these tunors? | recognize we should
all be I ooking at biology as the nore fundanental
guestion but, for exanple, do these tunors progress
nore rapidly in children and does that have an
inmplication for clinical trial design?

DR. FRIEDVMAN: In terms of the second
qguestion first, | don't know how to answer that
because therapies are so distinct that the clinical

course of the tunors is obviously going to be
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i nfluenced by the interventions you use, and the
approaches in the adult and the pediatric

popul ation are frequently quite disparate. So, it

is hard to answer that question. | will turn it
over to others -- Roger perhaps -- in a second.

The first question, certainly, | think the
toxicities are going to be an issue. If there is

going to be an adult trial which is going to use
50, 000 sonograde whol e brain radi ot herapy, perhaps
in pediatrics we mght frown upon that kind of a
study. | amonly kidding, folks; we are not going
to do that. But, certainly, there are going to be
situations where, because of the devel opi ng CNS, we
m ght be eager to avoid certain interventions.

If you are tal ki ng about things that have
uncl ear neurotoxicity, that will have to be
factored in. | nean, certainly if there are
i nterventions which you know are going to pose nore
ri sk of danage and you know you have a nore
vul nerabl e situation in the pediatric popul ation
you are going to have to think about it. That is
part of the rationale for a case by case type of
situation, or tunmor by tunor.

DR. MEYERS: | guess what | am suggesting

is that Steve was looking to us to try to draw
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general principles, and | am al nost hearing from
you that you think that is unlikely to be a
possibility. You are really suggesting that we are
going to need to | ook at each of these agents
i ndi vidually.

DR. FRIEDVAN: Correct, absolutely
correct. Roger?

DR. PACKER: | really want to conment
mai nly on the second point. | think that one of
the m stakes potentially nmade is that there has
been a trenendous reservation to | ook at new agents
in pediatric brain tunors because of the potenti al
ef fects on the devel opi ng nervous system There
are ways now to nonitor those effects, to eval uate
them There are certainly tunors for which we have
really very little to offer patients. W are
really hung up often by not being able to | ook at
those agents. |If we nonitor them appropriately --
we have MRI; we have neuro-cognitive assessnents;
we have ways to nonitor toxicity -- it shouldn't be
the rate Iimter to applying the rule, there may
just have to be better considerations for how you
eval uate toxicity.

The ot her conponent of that is that it is

a true narketing issue for many of the conpanies.
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If they get into a toxicity that may delay the drug
getting to market, that is the mgjor limtation
And, as we are | ooking at the new drugs we are not
only | ooking at chenotherapies, we are | ooking at
bi ol ogi cs, we don't know how turning on and off
t hese genes is going to affect the devel opnent of
the nervous system W are |ooking at new drug
delivery nethods -- convection delivery for CNS
tumors, and we are worried about the volume of the
brain. There is always this trenmendous difficulty
to get over the barrier as we work with new
conpani es, pharmaceutical firnms, etc., of trying to
get themto apply these to pediatrics.

| don't have the answer, except | think
sonetimes it is overbl own where the danage i s goi ng
to be. |If there is going to be damage it will
identify it if we choose the target popul ation
appropriately in those children who have no ot her
options, which is where | think these things should
be started, then |I think the issue of CNS danage,
t hough an inportant one, is often a secondary one.

DR ELIAS: | just have a comment on
sonething Victor said, and that is that basically
we are talking really about Phase I1/Phase IIl type

of indications. It is clear fromyour discussion
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that Phase | cannot be bypassed. The pediatric
popul ations are sufficiently different in a variety
of way the PK, growth of the organism and so forth
-- that you really cannot bypass the safety

consi derations. But what we are really talking

about in ternms of the Pediatric Rule, | believe,
woul d be the Phase I1/111 indications for narket
basi cal | y.

But | also agree that the safety issues
represent a major stunbling block in terms of
devel opi ng drugs, new agents. None of the
phar maceuti cal conpani es want toxicities associated
with their agent.

DR HI RSCHFELD: | will nake a comment,
and these are just general coments, and | will
also invite Dr. Pazdur to follow up if he w shes
But | cannot think of a single exanple of the
85-pl us drugs that we have approved where toxicity
has proved to be the stunbling block. It is always
the issue of potential benefit versus potential
risk. | think it is clear that we have put an
enor nous number of highly toxic substances out on
the market -- not us per se, | nean the
pharmaceutical industry and the acadenic

i nvestigators and everyone, but we have all owed
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t hese products to be on the narket despite, in sone
cases, their substantial toxicities because there
is a perceived benefit that, at |east based on the
avai | abl e data, seens to outweigh the potenti al
risks. It is one of the reasons why there are

nmedi cal oncol ogi sts and pedi atric oncol ogi sts,
because we require that there be physicians and
facilities which specialize in the treatnent and
nonitoring of the patients in order to adm nister

t hese t herapi es.

The other issue that | wanted to conment
on in terns of general points is that while we may
not have specific principles, | think that if we
woul d | ook for patterns, and | think by the end of
the day we nay see sone energe, we should keep our
m nds open as to what potentially nay evolve. Dr.
Pazdur, did you want to conment?

DR PAZDUR: Basically, if you take a | ook
at why NDAs do not get approved, it is not because
of toxicity but because of |ack of efficacy, by and
large. The toxicity issues are usually answered
wel |l in advance to the tinme they get into an NDA
situation as far as najor toxicities. Unusua
toxicities, especially if they occur in a pediatric

popul ation, could be handled in |abeling
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consi derations or in further studies.

But this kind of fear that the FDA will
halt the devel opnment of a drug because we see an
unusual toxicity in a subpopulation I think nay be
sonewhat overblown. Yes, we are interested in the
toxicity. It nmay require further studies, but a
| ot of that could be handled in | abeling issues or
inreally looking at the toxicities in
subpopul ati ons. The nmjor issue or approval or
non- approval of NDAs is not toxicity; it is the
| ack of efficacy, and | think a sponsor should be

wel | aware of that.

DR FINE: | think the only caveat | would

say in speaking about brain tunors in particular
and later on in the afternoon I am going to address
sone of the clinical differences between the
pediatric brain tunors and adult brain tunors, but

| think it is inmportant to say that efficacy can be
defined, obviously, in very nany different ways and
particularly for adult brain tunors, where we are
dealing nostly with nmalignant gliomas where the
prognosis is so poor and our therapeutic
interventions are so limted, we are nore likely to
approve a drug with narginal benefit and with

i ssues of long-termtoxicity hardly being an issue.
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However, taking pediatric tunors as a
whol e, and we will talk about the specifics as the
day goes on, generally, thank God, children tend to
do better as a whole than the adults, naybe not per
hi gh grade tunor but as a whole. So, for a
mar gi nal benefit, if there is sone significant
long-termtoxicity we may be nore reticent to
approve that drug for a pediatric indication than
for an adult. | think that is the one caveat |
woul d say.

DR. FINKLESTEIN. | think our challenge is
to think out of the box, and thinking out of the
box and going back to the history probably of the
generation of this conmmittee, the idea was how can
we bring new ideas, new agents, new drugs to the
pedi atric popul ation earlier so the lag time would
be shortened? Dr. Hirschfeld referred to that in
terns of the algorithns that he was showi ng

So, | would prefer that we not discuss or
not use the phrase we are only considering Phase
I1/Phase Il studies. What we are considering and
what our challenge is, as | understand it, is
bringing the pediatric oncologic challenge to the
forefront and thinking of a different way of

getting our children to have an opportunity to get
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new agents earlier on, and the contributions of
Henry are excel |l ent because by thinking together in
a unison manner in terns of brain tumors this wll
hel p us. Now, | understand there have to be sone
exceptions, but | would really hope we will think
out of the box and not think of the old algorithm
because that is what we really want to get away
from

DR. PRZEPI ORKA: A question for Steven.
Victor and Henry both highlighted the fact that
these tunors are not real prevalent in the
pedi atric population. Can you bring us up to date
on what the FDA is doing to logistically identify
the priorities within the pediatric oncol ogy
conmunity for drugs in pediatric solid tunors and
CNS nal i gnanci es?

DR. SANTANA: Maybe Malcolmwi ll want to
conment .

DR, H RSCHFELD: | will refer to Malcolm
but I will start by saying we wish we were in the
position of having to prioritize these, but we are
not. So, we are |ooking prospectively and
hopeful ly at the circunstances.

I will just nmake one nore point and then

will ask Dr. Malcolm Smith, who has taken a
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| eadership role in this arena, to address your
guestion in nore detail. But the other genera
point is that the '98 rule nandates that the drug
be made avail able for studies, or the biological.

It doesn't say it should be approved for children
It doesn't say that it should be in any other way
di ssem nated but should be in a controlled
circunst ance, nade avail able for studies, and that
was the principle I wanted to enphasize. Can
just turn it over to Dr. Snith?

DR SMTH: | would enphasize sone of what
Victor said, that there is the need for
prioritization. In terns of the prioritization
process, | think it needs to lay with the experts
in the pediatric cancers. So, we are trying to
facilitate the prioritization process through the
Children's Oncology Group and its Phase
Consortium through the Pediatric Brain Tunor
Consortium through the disease comm ttees of the
Children's Oncology Group. We think that is where
the prioritization needs to occur

The kind of tools for prioritization --
and again Victor nentioned sone of these, you know,
if an agent |ooks super in an adult carci noma maybe

it is good in a pediatric enbryonal tunor. It is a
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good question. But we are trying to devel op ways
for prioritizing better, having additional data to
base sone of these decisions about whether the best
drug for rhabdonyosarcoma is going to be a
r habdomyci n anal og or proteose inhibitor or an
epi dermal growh factor, etc., inhibitor or, you
know, SDI 571, all of which are either in the clinic
in pediatrics or soon will be. So, we get to the
poi nt Victor was maki ng, how many of those will we
be able to study in Phase Il in rhabdomyosarcoma or
osteosarcoma? Then, which of those will we select
to be our Phase Il drug for the next four or five
years, the question of therapy that we are asking?

W are tying to work with the pediatric
research conmmunity to devel op additional ways of
using preclinical data to informthose deci sions.
We sponsored a neeting together with the Children's
Oncol ogy Group Phase | Consortiumyesterday to
begi n assessing what tools there are avail abl e now
for preclinical nodels, and then how those tools
m ght be used in a nore systematic way. | think
that will be a key conponent to the prioritization
process, and naking nore information available to
t he peopl e naki ng the decisions in the Phase

Consortium the Brain Tunor Consortium the di sease
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comittees w thin COG

DR SANTANA: | want to take the
chairman's prerogative and ask anybody in the
audi ence fromthe pharnaceutical industry who wants
to comment on these issues, because | think we are
havi ng a discussion here fromthe acadeni c centers
and fromthe regul atory agencies but the third
point here in the triad is the business and
pharmaceutical. So, | know there are a couple of
representatives here and so | would invite anyone
fromthe industry who is here who wants to comrent
on this particular issue to cone to the podi um
Pl ease take the invitation. You don't get nmany
opportunities. | will give you a couple of mnutes
to get your thoughts together

DR. H RSCHFELD: | just want to nake one
other clarifying coment on the general principles,
and this applies to both the Pediatric Exclusivity
Initiative and the Pediatric Rule. What we are
attenpting to facilitate is the generation of
infornation, data, as it relates to pediatrics.
So, in the Pediatric Exclusivity programwe are
willing to give a financial incentive for even
negative data because we consider it inportant that

there be credi ble data available for study in
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children. The same with the Pediatric Rule, even
if the drug does not lead to approval or leads to
an indication, it will still provide useful data

The mechani smthat we have for
di ssem nating the useful data is in the product
| abel, and we woul d consider it an effort well
worth the undertaking if we were able to wite
i nfornmati on which was of use to practitioners in a
product | abel, again, even if it didn't lead to an
i ndi cation.

DR. SANTANA: Roger?

DR. PACKER: A comment and then a question
to the coomittee. The coment is | am not
absolutely sure that prioritization is not an
i ssue. W have already run into the road blocks in
sonme of the new angi ogenesi s and bi ol ogy drugs of
how we are going to prioritize those drugs and how
we are going to apply themto pediatrics. W have
al so hit road blocks at the regulatory |evel, at
t he governnent regulatory |evel of allow ng those
drugs to go into pediatric trials for pediatric
brain tunors until there is some adult data show ng
their efficacy, which is a real problemin sone of
the things. | don't want to go into specifics but

just to say that at the regulatory level it isn't
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all that black and white, that there are road
bl ocks at this point.

The question to the conmttee though is
that | understand, |I think, fairly well how this
rule is applied in one direction and it hasn't been
that difficult for nany of the investigators here
to take a drug in adult nalignant gliomas and apply
it to pediatric malignant gliomas. | think the
drug conpani es understand that the regul atory
agenci es understand it. Were | have difficulty is
how is this drug or biologic going to be applied
for tunors where there is not a trenendous interest
in adult trials? How are we going to apply it
where there aren't drug trials for |ow grade
gliomas, which is a najor pediatric problenf
Whet her or not drug trials for primtive
neur oectodermal tunors in adults, which is a nmgjor
pedi atric problem-- what data will be utilized by
the FDA to nake this rule apply to those tunors
that are not in trials in adults?

DR LEVIN: | would like to expand on that
just a bit and clarify one aspect of it, and that
is that the sanme problens exist in the adult groups
for treating anapl astic astrocytonas because

getting access to new drugs is basically focused on
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the fast narket approach of |ooking at glioblastoma
and for many of these new drugs that is not the
target. The target is a nuch |ower grade tunor.

So, we have the sanme problens that you do in

addr essi ng anapl astic tunors and | ower grade
astrocytic tunors.

I would like to nake one nore comment and
maybe put it in a different light, and that is
basically for the | ess combn tunors what you are
really all tal king about is developing at a
preclinical level target identification which would
justify the use of a pharnmaceutical agent that wll
be conmng out. And, | think the goal should be to
get access to a drug irrespective of whether there
is an adult counterpart, but basing the access of
the drug on the need to address inhibition of a
target.

I think that that approach needs to be
utilized, but | would agree it is hard to imgi ne
that the pharmaceutical industry would be willing
to give you a drug that is, say, used in small cel
or being devel oped for small cell carcinona and you
are going to nmount a trial now in nedull obl astoma
where you are basically going to have to do Phase

I, Phase Il and everything. That probably should
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be one of the major goals of this conmittee, to try
to work out a way that nmkes it easier, nmaybe gives
t he pharmaceutical conpany sone either regul atory
or financial incentive to let that drug out for the
use in pediatrics.

DR PAZDUR: That is the whole pediatric
pl an that we devel oped under the FDANVA
interpretation, our interpretation of FDAMA, which
al l ows the devel opnment of drugs in the pediatric
popul ation in a Phase | popul ation, and even if
there is prohibitive toxicity, if there is a good
faith attenpt that a Phase | study is done, then
they get the carrot of six nonths exclusivity
attached to their entire product line. Likew se,
if they do a Phase Il study and it turns out
negative, it is a good faith attenpt in providing
what we require as needed information so they do
get that carrot. So, that has been built into the
exclusivity plan for the devel opment of pediatric
dr ugs.

DR SANTANA:  Steven?

DR HI RSCHFELD: Yes, | wanted to just
address the matrix issue once nore. Rather than
necessarily thinking of a triad of investigators,

regul ators and industry, | want to enphasize a
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matrix. And, there are nmany ot her conponents, nost
i mportant patients and their fanilies because they
are the ones who are the focus of all our efforts,
and nany other people who have an interest init.

I think that we have nade an attenpt to engage in
di al ogue with as nany people as we think have an
interest or, as they are called fashionably these
days, stakeholders in the problem and | think it
will require efforts which will involve all of us

At the last neeting that we had our
pharmaceutical industry coll eagues had the
opportunity to conference over |lunch and nake a
statenment after lunch, and | wouldn't necessarily
want to put undue pressure if they want a little
nore tine to consider sone comments.

DR. SANTANA: Ant hony, yes?

DR ELIAS: Yes, | just wanted to talk
about a different matrix of sorts because we are
tal ki ng about what do you do with rare di seases.
One of the other matrices, of course, is that now
many of the tunors in adult oncology are going to
be subdi vided. They are going to be subdivided in
maj or ways based on gene array and we are really
going to be starting to talk about pathways, what

pat hways are inportant. So, you are going to have
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maybe EGFR bei ng an i nportant pathway across
nmul ti pl e di sease histol ogi es and maybe you wil |
have a drug that is going to be approved for any
tunor that is EGFR, that has that as an inportant
pat hway.

Now, we al so do know that sone of these
pat hways may be different within the context of the
cellular mlieu but, nonetheless, | think we may be
conpl etely reorgani zi ng our oncol ogy taxonony and
really be tal ki ng about pat hways, which pat hways
are inportant. | think that nmay conpletely shift
the types of indications people are going to be
| ooki ng for and nmake what was once a very rare
tunor into something extremely conmon.

DR. SANTANA: Yes, | want to follow up on
that. | think, you know, historically the agency
and the sponsors seek an indication for a very
specific item-- you know, second-line sal vage
therapy for nmetastatic breast cancer; that is the
i ndication; that is where they cone forth. | think
what you are suggesting, and | think we have
t hought a lot about that, is that maybe it is tine
for all of us to rethink that; that there may be
sonme drugs or some biologics in which the

i ndi cati on which the sponsor seeks and that the
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agency

hi st or

is after is very different. It is not the

ical, traditional breast cancer sal vage

therapy for metastatic disease, but nmaybe sone

bi ol og

t ar get

handl e

be app

ic event which this particular target agent
s.

DR. PAZDUR: W welcome that, and we could
that by labeling. For exanple, a drug could

roved if it inhibits this enzyne in a variety

of tunors. So, that can be handl ed by | abeling.

So, th
over co

si t uat

at is not an insurnountable problemfor us to
me and basically apply to a pediatric

ion if there are tunors in the pediatric

popul ati on that overexpress that --

DR. SANTANA: Yes, the challenge is to

i dentify those.

define
way to
are m
little

do it?

DR. PAZDUR: But this has to be well
d by the scientific community, that this is a
reclassify tunors. Renmenber, whenever we
ndating a conpany to do sonething it is a
bit different than just saying, "won't you

It would be nice." This carries a stick

with it and repercussions for the conpany both

fi nanc
So, we

can't

ially and froma regul atory point of view
have to have a sound scientific basis. It

be on the basis of one report or a feeling

54



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

that these tunmors may overexpress this issue. It
has to be a recognition that there is a change in
t he taxonony of how we deal with these tunors and
t he ternm nol ogy.

DR SANTANA: Yes, Donna?

DR. PRZEPI ORKA: To follow up on a conment
that you nade regardi ng | abeling, using as an
i ndi cation inhibition of a particular enzyne or
pat hway, woul d that be outside the context of doing
a full study to determ ne whether or not that
pat hways in, as Anthony put it, the cellular mlieu
is actually going to be effective? Wuld you stil
not require a specific disease indication?

DR PAZDUR: No.

DR. HI RSCHFELD: W nay not .

[Slide]

| put up a slide, which I had in reserve,
whi ch shows the type of principle and it echoes the
sanme thinking that Dr. Elias articulated which we
have been di scussing for several nonths, and which
we have di scussed in previous neetings of this
conmittee. It states in sort of broad terms that
if alesion -- and we haven't stated what a |esion
may be but it could be a pathway, a translocation

overexpression of a particular gene, point nutation
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-- is necessary for establishing or maintaining the
mal i gnant phenotype, and if a therapy is directed
agai nst that lesion, then studies in tunors where
the |l esion occurs and has the same critical role
are warranted. So, there are a nunber of
conditions. It shouldn't just appear in cells but
it must play sone central role in the pathogenesis
of the tunor type. That is the type of genera
thinking that we would like to be nmoving toward and
away fromthe nore conventional, historical

tradi tional approach

DR PAZDUR: But this is going to require
a great deal of work obviously and, you know, |
don't expect a sponsor to cone in and say, "okay,
this is a target and we're just going to devel op
the drug only in this target" because they are
subject to basically the same confines as we are --
is this a well accepted change in the way
physi ci ans | ook at tunors?

How | woul d expect this to occur over
time? Probably these targets will be identified in
a particular tunor. Wen confidence devel ops that
this is the way that the drug works, then this will
be extended and we will kind of divest ourselves

per haps of the histol ogical confirnmation of tunors.
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But | think it is going to be a nmulti-step process.
It is not just going to be a bang -- this is the
target and we will just develop drugs. | think it
is going to be a step-wise evolution in how we | ook
at things rather than a conplete change in one
st udy.

DR. HI RSCHFELD: And just one other point,
our overriding and regul atory-derived principles
nmust show patient benefit. So, the indication,
woul d expect, would never be for inhibition of EGFR
in such-and-such a cell type. The indication would
read for patient benefit for prolonging life in
pati ents who have tunors that overexpress EGFR and
have certain other characteristics, and all we
woul d be doing is noving froma histol ogic
description of the tunor to a nore functional or
bi ol ogi cal description but it absolutely nust show
pati ent benefit.

DR. SANTANA: | think our colleagues from
i ndustry want to go ahead and make sonme conments.
For the purpose of the record, please state your
nane and your affiliation

DR. RACKOFF: | am Wayne Rackoff, a
pedi atric oncol ogi st at Johnson & Johnson. | just

wanted to make one coment and then Raj is going to
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make a number of others, just to support what Steve
sai d about the comrent that Roger nmde about
adverse events. This has cone up, and | nake this
comment really as one of the co-chairs of the COG

I ndustry Conmittee. It has cone up in repeated
conversations; it has come up in conversations with
children's advocates and in our committee and here,
and in the conmttee at COG it has come up and,
Steve, we just want to support what you say, that
there are no data that support that this has ever
been an i ssue.

I think, just tal king anmong oursel ves
especially with the nunber of pediatric oncol ogists
who have entered clinical research and devel oprent
within industry, it is not sonething that we hear a
lot. There is always a concern, especially from
our comercial counterparts, about how we w |l deal
with toxicities in labeling and then in
conmercialization. But in research and devel opnent
and in looking especially at the necessity of
providing a clinical devel opnent plan for
pedi atri cs when we cone before the FDA, we know
that there are pediatric oncol ogists within FDA who
are sensitive to the issue that the I abeling wll

have to reflect that a specific toxicity occurs
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just in a subpopul ation

So, we hope that what Steve has said, and
we will reiterate that over and over again at
neetings as it comes up, that that is not and
should not be a concern in inhibiting
i nvestigators, consuner advocates and famlies from
com ng to us and suggesting a study that woul d be
appropriate in pediatrics.

DR MALIK: | amRaj Malik, with Bristol
Myers Squi bb, also a pediatric oncol ogist. Just a
coupl e of comments, and | am speaki ng on behal f of
the COG I ndustry Advisory Council, and that has
been a great forumfor really establishing, |
t hi nk, a new paradi gm of collaboration between the
COG, the NCI, CTAP, FDA, certainly patient
advocates in terms of really addressing all the
i ssues that are being discussed here.

| think one of the issues that was
di scussed at our last neeting was really the issue
of prioritization, and | think it keeps on com ng
up over and over again because it speaks to, as Dr.
Pazdur said, to the sound scientific rationale. It
speaks to how are we going to take these 400 agents
i n devel opnent and pick up the best agents to

develop in children. And, that is certainly a
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process in which industry is also very interested
in participating and I was very glad to hear from
Dr. Smith that the first such neeting has al ready
started and we, in industry, look forward to
participating in that dial ogue as well.

So, in general, you know, we are al so very
supportive of the efforts that are going on here
and having a core of pediatric oncologists in
i ndustry right now | think nmakes for a very
col I aborative environment.

DR. SANTANA: Thank you for those very
supportive comments. Yes?

DR. MELEMED: My nanme is Allen Ml ened,
with Eli Lilly. | just want to add one thing that
wasn't stated. | hate to say this but we have
sonewhat of a bias because we are some of the
| arger pharnaceutical conpanies that are usually at
these so there is somewhat of a resource issue from
| arger pharnaceuticals to smaller pharnmaceuticals
in the sense that we have nore people, nore
pedi atric oncol ogists in the conpany and they may
not have the sane resources to get the clinica
trials, and they nmay not have the sane resources as
far as the actual drug supply. So, there is

sonmewhat of a bias, obviously, with the |arger
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pharmaceuticals. So, it mght be harder on the
smal | bi otechs where they have these new drugs that
you want. So, that is one thing | wanted to say.

The other thing is the timng of the
studies. The Pediatric Rule is a mandate. Now,
the FDAMA is a bonus and an addition that you can
get on exclusivity. That is a patent extension and
t hat extension occurs at the end of the patent.

So, you want and obviously we want pediatric

oncol ogy drugs now, but for FDAMA you can actually
do studies at the end of the patent |ife or when
the drug is already marketed. So, a lot of this
doesn't address the incentive; it addresses the
rule and that is why you have to be careful how you
adm ni ster the rule.

DR. SANTANA: Anybody el se have any
comrent s? Ml col n®?

DR SMTH: | would have a question to
Henry and others relating to the slide that Steve
has put up. One of the slides nentioned a report
of EGF receptor expression in the mgjority of
pediatric gliomas but not the anplification of the
gene. So, what data do we need then to say that
this is a valid target for pediatric high grade

gliomas or that it is just unrelated; it is there
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but it is not really doing sonething, and how do we
devel op those data to i nform us?

DR. FRIEDVMAN:. Specifically are you asking
is the anplification going to be an issue or just
the increased expression?

DR SMTH: Well, that is ny question

DR. FRIEDVAN. Okay, what is the rel evant
paranmeter for a drug being effective, an EGFR
inhibitor, for exanple, in this setting?

DR. SMTH: Right, how do we know? W
know expressi on and what do we need to know to be
nore confident or to be confident that, in fact, an
EGFR i nhi bitor would be a good drug to try in this
popul ati on?

DR. FRIEDVMAN: | think in any given
situation the hope is going to be that there are
trials being conducted to help answer that. In
point of fact, for that particular question there
are several trials, including one at Duke that
specifically we will know in the space of 12-15
nonths what is the rel evance of EGFR anplification
wild type versus nutant and increased expression
wi t hout anplification versus activity of an EGFR
inhibitor. And, there will be studies like that I

think froma nunber of different sources. | am not
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sure if that is going to be happening, Howard, wth
you or not at NCI, but | think that as we get a
better idea of what biological paranmeter, in this
case expression versus anplification, is critica

we will be able to have the answer to your

qguestion. For that particular question probably 15
nonths fromnow we will have the answer.

DR. SANTANA: Susan?

DR. COHN: Yes, | just wanted also to
follow up. Malcolm | think the neeting that you
had yesterday, |ooking at these preclinical nodels,
is certainly one thing that we will be very
interested in looking at and seeing if that will
correlate. So, | amsure it will be relatively
sinple to set up sonme preclinical nodels |ooking at
EGFR expression versus anplification and then
| ooking at efficacy of various targets to see if
t hese nodels respond or don't respond. | would
i magi ne that would be certainly a place to start in
terns of prioritizing.

DR LEVIN. If | may nake a comment, |
don't think it is so sinple because the issue with
sone of these new nolecules is to understand how to
use them |, for one, would say that it doesn't

make nuch sense to give one of these inhibitors for
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an anplified target |ike EGFR because you have the
i ssue of conservation of mass. You have to knock

down too nany receptor tyrosine kinase sites than

you can possi bly do.

I think that a lot of the preclinica
research done by industry and, hopefully, done by
pedi atric consortia and private acadenic
institutions has to address the issue of, one, is
the target really good; two, what is the optinum
dose of these agents that needs to be given to
inhibit the target, not what is the optinmum dose to
be given to produce the toxicity, the MID that w |l
then allow you to go forward. W need to
under stand exactly how these drugs work in order to
use themwell, and | think it is going to continue
to be increasingly the goal of npbst successfu
pharmaceutical efforts and acadenmc efforts to
| earn how to use these drugs so that they can be
used in conbination. | think that is going to
require a comitnment fromindustry, academ a and
the NNH. | do not think that the commitnment need
cone fromthe FDA

DR. FINE: To echo that and to follow up
on the neeting that we had yesterday on the

preclinical nmodel, | would propose that that is
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really the challenge to the pediatric academc
conmunity. |If they want to have the Pediatric Rule
nore commonly conme into play for access to better
drugs, the onus is on us to actually show t hat
these targets for these new drugs are validated
targets for pediatric brain tunors and that the
preclinical data supports their use, at which point
then the Pediatric Rule sinmply cones into play. |
amnot sure it is necessarily the onus of the
pharmaceutical industry to do that. So, if we want
drugs for our children, | think it is within the
academ ¢ comunity to nmake that preclinical data
cone to fruition.

DR. VEINER. Fromthe parents' and
patients' perspective, | think what we really want
is reassurance that the science will prevail
regardl ess of either the econom c incentives or
di sincentives or regulatory environnent. Wen we
bring our kids into the clinic, it is the trust
that the science will dictate those decisions
rather than any other consideration and | think it
is absolutely inperative that that is what prevails
in this environnent.

DR. SANTANA: Very appropriate coment.

DR. POVEROY: | think another aspect of
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this that may be driven as we understand tunors
better actually has applied to histologically based
taxonony of tunors as well, which is that there are
sonme tunors, such as glioblastomas and hi gh grade
gliomas, that are very prevalent in adults where
t he devel opnent of treatnents is very rapid and,
yet, they are very rare in children. So, we end
up, because of a nunbers problem not being able to
conduct trials at the sane pace.

| guess one question that will be raised,
as we have these new inhi bitor conpounds and a new
understandi ng at a nol ecul ar | evel of what is going
on in these tunors, is are there ways that we could
apply either statistically or by joint trials an
efficacy trial which | think we all agree, at |east
| certainly agree, is the big issue for nmany
pediatric brain tunors, nore than toxicity. How
can we include children in trials that nove al ong
qui ckly so when a new conpound cones al ong we don't
have to wait five years to test it? Because
think things are going to be nmoving along pretty
qui ckly over the next ten years.

DR. SANTANA: Ant hony?

DR ELIAS: Yes, | would agree with

Howard. | certainly don't think that the science
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is yet there to be able to say that, for exanple,
any time you see EGFR that is going to be an

i mportant pathway. | think our experience, for
exanple, with anti-ras therapy with FCl is just a
hunbl i ng case where it probably is the case that,
in fact, the targets that we are targeting are
actual ly not perhaps the targets that actually wll
wor k.

So, | think to a certain extent the
principle of devel oping things where EGFR is, in
fact, an inportant target or one other pathway is
an inportant target across histologies is at |east
plausible. | think we are not there yet to be able
to know what the gene patterns are, the nilieu and
so forth to be able to predict yet without actually
testing it. In the future the hope will be that,
in fact, certain gene patterns are going to be able
to predict for response to certain types of
interventions and that you will be able to tell but
| don't think we are quite there yet.

DR SANTANA: Robert?

DR BENJAMN. | would like to echo what
Scott said froma sarcoma point of view If we try
to deal with specific pediatric studies in specific

sarcomas, whet her defined based on a npl ecul ar
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abnormal ity or defined based on histol ogy, there

wi || never be enough children to study. Therefore,
if a separate study needs to be done the children
will never get the drug. | think the alternative
strategy, which is really not addressed by the
rules as | see them is allowing for participation
of human beings in studies of their cancers

regardl ess of their age. | think that would all ow
children to get their drugs nore quickly when it is
appropri ate.

DR. H RSCHFELD: | think we recognize that
and on a to be announced date we will specifically
| ook at that issue of trial design and trial
access.

DR. SANTANA: Roger?

DR. PACKER: | would certainly echo your
comments as long as we set up those studies, and
this goes back to trial design, to know what we are
noni toring; that we can't always be nonitoring the
sane things, such as |owering of blood count or
el evation of liver functions. |If you are going to
be nonitoring aspects of brain devel opnent and
brain function differently in that population, I am
certain on board with that.

I would still like to cone back to that
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principle that is up there, and the termthat
really keeps junping out at ne is "malignant
phenotype." W are still nissing a |arge grouping
of patients and if we are going to be basing
things, as we say, on a biologic basis and this
receptor or this chem cal being elevated in the
speci nen we are again going to be treating patients
relatively late in the course of their illness.

One of the other things that | would |ike
this conmttee to battle with and the FDA to help
us to work with industry is how do we apply these
things, again, at a tinme where they m ght be nore
effective -- going back to Dr. Levin's conments --
not only in pediatrics but in adults at a tine when
the tunor has not nmutated to GBM where we nmay have
not picked up the sane narkers and where we nay not
have strong biol ogical rationalizations, except the
clinical story will tell us that if we have a | ow
toxicity nol ecul e maybe we should apply it early in
the course where we don't have conpelling data yet
that things are anplified? That is where | don't
see these nodels hel ping us dramatically in getting
that early application

DR. LEVIN: | think you have to be a

little careful though because we should be the sane
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as industry in sone ways and we shoul d be focusing
on the target. So, say, for the | ower grade tunors
you find a set of target nolecules, you should
really be seeking your drug based on that. Sone of
the nol ecul es that are out there, for instance EGF
receptor inhibitors, mght well work nuch, much
better in that subpopulation. So, it is going to
be up to sonebody in acadenia to cone forward with
a hypothesis that says | can test this in aninmal
systens or | can test it in cells, and it appears
as if this is nore likely to be effective in the
subpopul ati on, therefore, | want access to the drug
to test it against that population. The
pharmaceutical conmpany m ght say, well, there are
only 50 patients a year with that disease; it
doesn't financially pay, and what you are really
asking then is, is there another nechani sm by which
you can get access to that chem cal

DR. PACKER: Let ne just conment on that
one other time. W have tal ked about a
transformation of tunors fromlow grade to high
grade and that has al ready been presented. There
is apoint in all of these tunors, we think
especially as they march along to gliobl astoma

nmul ti forme, where they picked up sone of their
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transformati on but naybe it is not high enough that
we have been able to pick it up in a Petri dish
Those nol ecul es may be extrenely effective when
there is a very low anplification, and if we are
going to be stuck and have to wait until we can
prove that we are going to miss the opportunity to
i mpact on the disease early in the course, and we
do a very bad job on inpacting on disease later in
the course and al t hough these nol ecul es nay be
wonder ful, nothing yet has proved to ne that when
di sease is ranpant it is going to turn the disease
off. And, | just want to know how to get at it not
only early in a patient population but early in the
course of the illness to the patient.

DR, H RSCHFELD: | would like to ask Dr.
Popl ack if he could just address this because
know he has thought very much about this, and there
are in the henmatol ogi cal nalignancies conditions
which are called preleukenmic states and | woul d
like you to make a conment as to whether therapy or
intervening in these prel eukem c states has thus
far had any inmpact, or just how you woul d approach
t he probl em

DR. POPLACK: | think that there is

certainly a need to apply therapy in sone of the
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prel eukem c states. | am not sure whether we have
anal ogies in brain tunors that woul d be appropriate
for therapy, and | think probably appropriately we
are focusing on the situations of greatest need.
What ever principle we adhere to or gets applied
needs to be assessed and proven through these
trials, and | think it would be nore difficult,
Roger, for us to be applying therapies to suspected
or hypothetical situations where we don't have
bi ol ogi cal evidence even if there is a need. So,
am not sure how you woul d suggest that we would
apply an agent, without having biol ogi cal data,
just because there is a need.

DR. SANTANA: Yes, and the challenge to
identify those popul ati ons because you are now
going to be targeting popul ations that don't have
the conpl ete spectrum of the disease. You are
targeting at a very nuch earlier point and the
challenge is to be very careful to identify those
popul ati ons.

DR. PRZEPI ORKA: I n the henmatol ogic group
I think the one exanple that cones to nmy mnd,
because of recent action, is G eevec where the
tyrosi ne kinase inhibitor works wonderfully in the

chroni ¢ phase of CML which we don't consider
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potentially a full nmalignancy, but doesn't work
anywhere near as well in blast crisis when there
are so nany other things that actually contribute
to the malignant phenotype. The challenge, as
Victor put it, is trying to identify what is going
to be inportant early on, and studying the
mal i gnant cells will give us a whole array of
possibilities but we have to figure out what is
that one thing that early on we can step in there
and really deal with.

| just wanted to nmake one additiona
comment. | think in planning the drug design
nmeeting it is inportant to think about the public
health interest in nmaking sure the drugs are
available also in adults with diseases that are
prevalent in snmall nunbers, the sane way that we do
with the pediatric groups.

DR. SANTANA: Dave?

DR. PARHAM | think one thing we are
going to have to conme to grips with in this
di scussion is that in the groups of neoplasns we
are discussing there is no anal ogy to prel eukem a
Al'l of these tunors develop in a full-blown
mal i gnant fashion, particularly in sarcomas. Even

in the brain tunors fibrillary astrocytomas are
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very, very uncommon and by the tine they announce
t hensel ves as tunors they are full-bl own
mal i gnanci es or else they are pilocytic
astrocytomas which very rarely later on develop a
mal i gnant phenotype. So, | am not sure that
di scussion is going to be hel pful here because
there are no identified pre-nmalignant stages in
t hese tunors.

DR. SANTANA: Good. | amgoing to go
ahead and ask that we take a break. W have had a
very good di scussion. Let ne summarize two points
in very general terns that | perceived fromthe
di scussion this norning with a | ot of detail. One,
I think through this whole discussion through al
these neetings, it is inportant, |ike sonebody has
rem nded us, that the endpoints don't change
whet her we are tal king about the Pediatric Rule or
any other mandate. W are still |ooking at
bringing forth treatnents that are scientifically
based with a good rationale and that ultinmately
denonstrate sone efficacy and sonme benefit for the
patients. So, | think that is a central point in
t hi s di scussion.

The second thing that | think is very

i mportant to recognize is that it is encouraging to
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hear that both the agency and ot her federa

agenci es that deal with pediatric oncol ogy and
sponsors are willing to start thinking outside of

t he fanbus box in devel opi ng probably other nodels
wi th some of these new biol ogics and sone new
principles that potentially could apply. So, it is
very encouraging to hear that we are noving into a
di fferent phase and that the agency is willing to
consi der these proposals in a very different way.

I think we have tal ked about the genera
things this norning. After the break we wll
specifically start addressing sone tunor types.

So, let's go ahead and take a 15-ninute break and
reconvene at 10:15. Thank you

[Brief recess]

DR. SANTANA: W are going to go fromthe
general now to the specifics. The first session in
which we are going to try to address issues is on
sarconmas. Before we get started, | amgoing to ask
Karen to just briefly give us sone instructions
about lunch. Then after that, any nenbers who
joined us after we started this norning do need to
i ntroduce thenselves for the public record. So, |
will ask those of you who cane a little bit late

who did not introduce yourselves this norning to do
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that. Karen?

DR. TEMPLETON- SOMERS: W have nade
arrangenents for those of you at the table to be
all owed into the Parklawn Building. So, you can
pretend you are a regul ar federal enployee and eat
in our cafeteria, which is the nost convenient
place. You are not obligated to go there but it is
qui ck --

DR. SANTANA: It is an honor

[ Laught er]

DR. TEMPLETON- SOMERS: It is an honor
yes! Victor has been there before and he is
willing to go back

DR. SANTANA: Stick with the sal ads!

[ Laught er]

So, when we are done with the norning
session we will just wal k over there and Karen has
arranged for sone stickers because we have to go
t hrough security over there too.

Any conmittee nenbers that joined us |ate,
could you pl ease introduce yourself for the public
record by stating your nanme and affiliation?

DR. KAYE: Frederic Kaye, from Centers of
Cancer Research, NCI and the Naval Hospital

DR. SANTANA: Thank you
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MS. KEENE: Nancy Keene.

DR. SANTANA: Patient. Thank you, Nancy.
W are going to get started. Qur first
presentation is by Mke Link, fromStanford. M ke?

Per specti ves on Sarconm

DR, LINK:  Well, first | would like to
thank the conmittee. | amflattered to be asked to
speak here and, as | understood ny charge, which
may not have understood, | was going to give sone
perspective on sarcomas to set the tone for sone
di scussi on.

[Slide]

As such, | will give a brief tour of the
sarconmas to provide sone background at |east from
the pediatric perspective. | talked with Bob
before and | hope that he will fill out those
aspects that we don't like to deal with.

[Slide]

So, | amgoing to give you sone thenes.
This is not the conclusion slide, this is the
t henes, sort of the punch line that | mght as well
get to right at the start. First of all, sarcomas
are a heterogeneous coll ection of diseases and
fam lies of diseases so that we shouldn't be

t hi nking of themas a group.
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The individual diseases and fanilies may
be defined nol ecularly and a nol ecul ar derangenent
characterizes each tunor type usually so that in
the ones where it has been explored there is often
a particular nol ecul ar derangenent which defines
the mali gnancy, and this derangenent in nost of our
mnds, even if not in mnds of all pathol ogists,
super sedes system nor phol ogy in defining the
di sease. So, we are now defining the disease on a
nol ecul ar basi s.

It is unlikely, however, that the
characteristic nolecular derangenment is the entire
story. So, obviously, one nolecul ar derangenent
doesn't nmake a summer, to paraphrase that, and
t hi nk obviously we are learning fromfurther gene
array studies that there is a |lot nore that goes on
beyond the initial event.

But one thing that is inmportant for this
particul ar discussion is that | think that these
are prototypic diseases which span the child and
young adult age range. So, this is a disease of
children and young adults and so obvious for this
particul ar kind of discussion

[Slide]

Fromthat, | amjust going to proceed to
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t he usual background talk. This is a small piece
of the action in children as it is in adults. So,
it is only those red things, about 11 percent of
all the tunors we are tal ki ng about are the soft
ti ssue and bone sarconas.

[Slide]

The way that | think nost pediatricians
think of them although I will be glad to be
corrected by others in the room is that we divide
theminto essentially three groups of tunors, three
maj or groups, the osteosarcomm; the Ewing's famly
of tunmors which is bone and soft tissue tunor and
i ncl udes peripheral printive neuroepidernmal tunors
and others, and | will go into that to show you
that this is a famly of tunors that has now been
unified by a nol ecul ar concept; and then a group of
tunors that has been disunited perhaps by every
factor that we can think of, the soft tissue
sarconmas, the non-rhabdomyosarcoma soft tissue
sarconmas, about which I will have very little to
say, relying on Bob for that; and rhabdonyosarcona
whi ch we know i s heterogeneous in itself because it
i ncl udes enbryonal rhabdonyosarcoma and al veol ar
r habdomyosarcoma which, I will show you, are very

di fferent di seases even though we treat themwth
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the sane treatnent strategies, and other variants
whi ch are probably | ess inmportant because they are
very rare.

[Slide]

| do want to | eave you the inpression that
we have nade progress in these diseases and, in
fact, sone of the progress that we have nade is one
of the problens in terns of new drug devel opnent.
This is the history of, let's say, the overal
five-year survival in the three major groups of
sarconmas, rhabdomyosarcomm, osteosarcona and
Ewi ng' s sarcona whi ch appear in childhood. This
was in an article in The New Engl and Journal of
Medi ci ne showi ng progress over tinme. As you can
see, with the current state of the art there are,
fortunately, fewer patients |left who are candi dates
for experinental therapies at |east as front-Iline
treat nent.

[Slide]

| amgoing to start with osteosarcoma and
not say too nuch about it because Bob Benjamin is
al so an expert here, but | just wanted to
denonstrate that age of onset of the disease
probably tells the story, nore than anything

better, why this is a disease that adults and
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pedi atric patients should be consi dered toget her
As has been stated before, | don't know that there
is nuch difference between a child in the second
decade or an adult in the third decade of life in
t he behavi or of the di sease, assunming that we are
tal ki ng about classic osteosarcona.

[Slide]

There are some nol ecul ar derangenents in
ost eosarcoma, although | think that npost of us
woul d agree that not a single one of themunifies
the disease in the way that | will show you for the
ot her sarcomas, but there are nutations in RB gene
and p53 nutations which are certainly
characteristic of a mnority of patients; MM
anplification and, through this, inactivation of
p53 which occurs in a mnority of patients and
overexpression of Her2 which is an inportant
therapeutic target, but not in all patients. |
t hi nk, again, no single nolecular derangenent
defines this group of diseases.

[Slide]

| understood that | was supposed to give
you the state of the art or the state of the
t herapi es that we have and | amgoing to give you

two slides which show the unfortunate circunstance,
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as we tal ked about earlier, where we are able to do
perhaps in the best of circunstances a trial every
four to five years. W haven't necessarily al ways
been able to acconplish that but even when we have,
this is the outcone of a trial that | ran between
1981 and 1986 with a |l ong-termevent-free surviva
of sonmewhere in the nei ghborhood of 57 percent but
a 4-year event-free survival, as you can see, of
sonmewher e near 60-sone percent.

[Slide]

Then a trial that Paul Meyers, who | am
sitting next to, just finished running, from 1993
to 1997 and the overall outcone is pretty nmuch
superi nposabl e on the curves that | just showed
you. So, a couple of decades of work and not nuch
progress in terns of the nunber of patients that
are cured.

[Slide]

A group of patients who we al so have not
made nuch progress against is patients with
net astatic di sease. Staging of bone tunors is
pretty easy. They either have netastases or they
don't that are clinically evident. This is a group
of patients where about 20 percent of themare

cured. They fare poorly even with nodern
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treatments and are, obviously, appropriate
candi dat es for new approaches as first-1ine
t her apy.

[Slide]

Now | am going to turn to the second
category, Ewing's sarcoma, simlarly a disease of
young adults and children but where the curve is
shifted dramatically nore to the left. So, | think
that nost of the adult oncol ogi sts woul d agree that
we probably know nore about it or at |east have
nore experience with it than our adult oncol ogy
col | eagues.

[Slide]

Here we have the first of a group of
di seases where there is a nol ecul ar derangenent
whi ch characterizes the di sease and under pi ns
tunorigenesis. Ewing's famly of tunors is
characterized on the right, as you can see, with a
chronmosomal transl ocation between chronpsones 11
and 22 usual Iy, which produces a fusion gene and
gene product which characterizes about 95 percent
of cases of Ewing's sarcona in the tunor cells, and
is felt to be a felt and malignant transformation.
On the left you see an anal ogous transformation

which I will return to in discussing alveolar
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r habdomyosar conma.

[Slide]

So, this is a reciprocal translocation
found consistently in all of the fanily of Ewing's
sarcomas. So, soft tissue Ewing's, PNETs tunors,
all of the diseases that have had various different
nanes but now are unified together. Through EW5 is
fused FLYL or ERG the two comon partner genes,
and this translocation results in a
t unor - associ ated fusi on gene which can be detected
by a variety of techniques in virtually all cases
and, therefore, has beconme sort of a diagnostic
test which we use to diagnose the malignancy often
nore rapidly than we can get an answer from our
pat hol ogi st s.

[Slide]

What is the state of the art? Again,
about two-thirds of the patients with no evidence
of metastatic disease are cured conpared to
patients presenting with netastases that are overt
where sonewhere in the nei ghborhood of 20-15
percent of the patients are cured. Again, the sane
thene as | said for osteosarcoma, a group of
pati ents where we need better approaches.

[Slide]

84



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

But there are sone confoundi ng vari abl es.
This is a site-specific tunmor. Patients with
certain sites do better than others. | am not
going to show all of them here but there are
obvi ously confounding variables in this related to
tunor size and presence of netastases, etc. which
contribute to this, but they have to be consi dered
separately and is one of the caveats when we talk
about just |unping patients together

[Slide]

Here is another theme that will recur,
al t hough we think they are the sane di seases, |
believe, in older patients and younger patients,
but there is a thene where, again, younger patients
do better. Children less than nine years of age
fare significantly better than ol der adol escents
and young adults. | will get back to this -- |
don't know if it qualifies as one of the pitfalls
but is certainly one of the caveats that we have to
think about in ternms of |unping tunmors in ol der
pati ents and younger patients together even if they
have t he sanme nol ecul ar under pi nni ng.

[Slide]

Now, the soft tissue sarcomas --

rhabdonmyosarcoma i s the nost conmon soft tissue
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sarcona in children.

[Slide]

More so than even Ewing's sarcomm, this is
a di sease of young children, although | don't know
if it shows up on this slide. Part of the problem
with this slide, of course, is that many of the
studi es of rhabdonyosarcona entered patients for a
while only up until age 21. So, | amnot sure that
we really know what the incidence is. There are
clearly a |l ot of young adults out there with
r habdomyosar coma but they have not appeared on
clinical trials so they are essentially lost to us
in terns of understanding themvery well. But here
you can see that the majority of kids are
presenti ng younger than age nine, and certainly the
overwhel ming nmgjority younger than age 15.

[Slide]

Here it is very clear that this is at
| east two di seases, even just by histonorphol ogy
and we know that there is an al veol ar and enbryona
subtype. Although until now nost of the principles
of therapy have been shared between the two, it is
pretty clear that these two di seases are quite
different, and it is not necessarily clear why we

| unp them except that because of the problenms of
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limted nunbers of patients we often do so for
conveni ence and to get nore robust clinical nunbers
for our trials.

But it is inportant, as you can see if you
| ook at the BOTR, which is a botryoid which is
anot her version of enbryonal, and lunp that yellow
curve with the green curve which is enbryonal and
then conpare that to the | owest curve, the gold
curve, which is the alveolar histology, you can see
that this is really a very significant difference
i n outcome depending on histology. So, it is an
i mportant difference clinically.

[Slide]

O course, as | have shown you, the
al veol ar variant is associated with a chronosonal
transl ocation and the production of a fusion gene
uni que to al veol ar rhabdonyosar cona.

[Slide]

If you look at the Iower half of this
slide, this translocation, 2:13, is simlar or
anal ogous to Ewing's sarconmm fusion gene, PAX3 to
one of the fork-head transcription factor nenbers,
and there is an infrequent simlar translocation
that involves PAX7 and FKHR, which | will talk

about in a mnute. So, there are two very, very
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simlar translocations which characterize al veol ar
rhabdonmyosar cona, and there are sone cases that
don't have or at |east have no detectable
translocation at all -- very different from
enbryonal rhabdomyosarcoma where certainly no
cl ear-cut gene has been identified that
characterizes the disease

[Slide]

Now, even the difference in the
transl ocation has an i npact on the outcone of the
patients. So, the nore conmon PAX3 involved, the
orange curve -- if we just look at patients with
net astatic di sease, those patients fare terribly,
wher eas those that have the alternative
transl ocation involving PAX7 actually do quite
well. So, again, we have to be very careful in
terns of defining the disease based on a fusion
gene because we think has variations in the fusion
gene do neke a difference. | think, although it is
not entirely clear that everybody believes it but
in the EwWing's sarcoma there are variants of the
transl ocation and it seems that different break
points in translocation are associated with nore
favorabl e or | ess favorabl e outcones.

[Slide]
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Once again, we have nade progress overal
i n rhabdomyosarcoma but when we | ook at how we are
doing lately it is pretty nuch the sanme, about
65-70 percent of children presenting with
non- nmet astati ¢ rhabdonyosarcoma are cured, although
in the results of our last study, which was
published just recently in The Journal of dinica
Oncol ogy, there is no difference in outcone. Wen
we use three different reginens all of the drugs
have activity but there is no inprovenment in
out cone by regi nen.

[Slide]

Now, rhabdonyosarcoma is a disease that is
uni que in one way, and that is the disease behaves
very differently depending on the site of
i nvol venent, and this makes one of the difficulties
in talking to adult counterparts where they have
site-specific diseases |ike breast cancer or bowel
cancer. This is a different disease at any of the
sites and it occurs in a multitude of sites.

[Slide]

If you |l ook at the outcone by site, and
am not going to bel abor each of these things but
you can see that the outcone varies from 90

percent, the top curve, to nore |ike 60 percent for
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other presentations and this putatively is the sane
di sease. So, again, we have the problemthat

al t hough we think we know how to define this

di sease, it is very different in its behavior
dependi ng on a nunber of different factors.

[Slide]

Then, a recurrence of this theme in termns
of the inpact of age, we know that ol der patients
do less well, as | will show you, and part of the
reason for that is because if you |ook at the
i nci dence of al veol ar rhabdonyosarcona, which |
have shown you is an adverse prognostic factor, the
i nci dence of alveolar is higher in older children
33 percent for exanple in children older than 10
years of age conpared to only 18 percent in
children in the 1-9 age group. So, a highly
significant difference.

[Slide]

Even stage of presentation -- ol der kids
much nore frequently present with advanced stage
di sease, again accounting for why ol der children
may do | ess well.

[Slide]

If we sunmarize what happens in ol der kids

wi t h rhabdonyosarcoma, they have a | ot of things
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that make them | ess favorable which may or nay not
have to do with the underlying biology of the
tunors that occur in older children. So, they nore
frequently have al veolar tunors; tunors arising in
extremty, which is a bad site; larger tunors; nore
i nvasive tunors; nore regional spread and nore
netastatic spread. So, not surprisingly, they do
less well. So, the questionis, is this a feature
of a different disease in older children or are
there really fundanental biological differences,
anal ogous to sonme of the things we saw in brain
tunors that Henry showed?

[Slide]

This is just to denonstrate the rel apse
hazard. So, the lower this curve, the better the
patients do. As you can see, it goes up both in
very young children and ol der children, show ng
that those patients are nuch nore at risk to
rel apse.

[Slide]

Now | am just going to make a brief foray
into an area where | know very little, and nost
pedi atricians don't know very much and | hope Bob
will talk nore about these, but when we tal k about

the soft tissue sarcomas of children and you take



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

92
out rhabdomyosarconma and its variants and soft
tissue versions of the Ewing's famly of tunor, we
are left with just along list. | think Bob's is
| onger than mne, but these are the ones that occur
in children and they are very, very heterogeneous
in their histol ogic appearance, their behavior
etc., but the commpn ones that we see are synovi al
sarcoma. The ones | want you to focus on are -- it
is not even up there, but a couple of the others
that are inportant and | will show you the reason
in the next couple of slides.

[Slide]

The reason is that simlar to Ewing' s PNET
and al veol ar rhabdonyosarcoma, sone of these soft
tissue sarcomas are now al so nol ecul arly definabl e.
So, we can group them For exanple, desnoplastic
smal | round cell tunor, characteristic
transl ocation, characteristic genes involved and,
actually, they are kind of famliar because the EWS
gene is involved in this tunor as well although
fused to another partner, WIlms tunor gene, so
anot her pediatric partner is chosen. Simlarly,
synovi al sarcoma and congenital fibrosarcoma al so
have very characteristic translocations -- again,

titillating in terms of the fact that we can define
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t he di seases and al so have a potential target for
intervention.

[Slide]

My last slide on soft tissue sarconma, just
to show that, nunmber one, children w thout
net ast ases do very well; nunber two, that
i nterventions beyond surgery and radiation therapy
haven't made nuch of an inpact that we know about.
| suspect there has been sonme inpact overall in
adults but for a pediatrician it would be difficult
to be convincing, although it may be convincing to
an adult oncologist. The differences are quite
smal |

[Slide]

So, having said all that, what are the
consi derations when we try to |ink pediatric and
adult patients with sarconas? W can say that the
di seases occur in children, adol escents and young
adults, excluding, let's say, the
non-r habdonyosarcona, the soft tissue sarcomas
whi ch occur in older adults as well, but these are
basically diseases in a group of patients which
span the adult and pediatric ages.

I think we could say that the diseases in

adults and children nay be simlar on a nolecul ar
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level. | don't think there is any evidence that
adults, at least for the fundanental
transl ocations, have a different translocation but
there is obvious heterogeneity even within each of
t hese nmaj or subcl asses of sarconms, even
histologically, biologically. There are different
outcones. And, it is pretty clear that there are
ot her significant nol ecul ar derangenents and
di fferences in gene expression which will be likely
to be determined, if they haven't already been
det ermi ned, which distinguish patients even within

a category and probably ol der patients from younger

patients.

[Slide]

What are sone of the other considerations?
Wel I, as you have heard in the talks in this

session, there are limted nunbers of patients
available to begin with. There are hundreds of
patients with these tunors, not thousands of
patients each year in the United States newy

di agnosed. W cure a relatively high proportion of
themwi th current therapy so that there is
[imtation on what subjects are available for
experimental therapies. Not to say that we

woul dn't be interested in incorporating an
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experimental therapy, but it does nmake it difficult
to try to decide how you are going to cut back on
what we know is curative for two-thirds of the
patients. Therefore, it seens obvious that we
shoul d be conbining efforts anong adult and

pedi atric patients where the disease really appears

to be a continuum enconpassi ng pediatric and adult

patients.

[Slide]

So, what are sone of the other problens?
O der patients fare less well in all varieties of

sarcoma virtually. How do you explain that? Well
are there really true age-rel ated biol ogica
differences? In other words, are ol der age
patients associated with other features of the
tunor itself that may not be defined by the primry
transl ocation but other nolecul es that have yet to
be defined that may be different in ol der patients
and younger? It wouldn't be surprising.

Age renai ns i ndependently prognostic in
the studies that | have shown you. This may be
al so a reflection of host tol erance to therapy.
So, it is a difference in host rather than
difference in tunmor. It nay be a difference in

conpliance with intensive therapy. W know that
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i mprovenents in outcone have resulted from
t herapi es which are pretty hard to give and if you
had a choice, which a child nmay not often have,
they may not always cone in on tinme. And, there
may be differences in physician conpliance with
i ntensive therapy.

So, it is not even a patient or a tunor
issue; it is a doctor issue, and the mind set of a
nmedi cal versus a pediatric oncol ogi st, perhaps best
denonstrated in a trial of treating adol escents
with [eukemia and the difference in results in a
pediatric trial or a cooperative group trial that
was presented at ASH in Decenber are very
conpel ling results, which showed very, very
di fferent outcones, probably a difference resulting
from doctor rather than fundanental biologic
differences in the tunors

[Slide]

| just wanted to conclude. So, these
nol ecul es that we have seen, and sone of them kind
of not primary targets for the therapies that have
been devel oped, certainly present thenselves as
thi ngs that we ought to be interested in. For
exanpl e, osteosarcoma -- Her2 is expressed and in

those tunors Herceptin would seemto be a | ogica
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potential intervention, not something that was
devel oped with osteosarcona in nmind. The PDGF
signal transduction pathway is bl ockaded by

STl -571, again not a primary reason for the

devel opnent of the drug but a reason to test it in
osteosarcoma. O course, for those tunors that
have p53 and RB abnornalities, those m ght be

sui tabl e targets.

I n rhabdomyosarconma the fusion genes woul d
be an interesting target either from i munol ogic
approaches or fromsnall nol ecul e approaches. A
simlar case could be nade for the Ewing's famly
of tunors and its specific characteristic
translocation, and also in Ewing' s the stem cel
factor c-Kit signal transduction pathway could be
bl ockaded by STI, agai n another application of a
drug not devel oped specifically for that.

Desnopl astic small round cell tunmor is not
exactly a public health menace but it is a pretty
nasty thing if you have it. Again, PDGF is
putatively expressed in these tunors and m ght be a
target for STI. | showed you sone of the fusion
genes involved in sone of the other soft tissue
sarcomas whi ch we obviously be potential targets

for new t herapies.
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Hopeful ly, | have given sone of the
reasons why we should be thinking in terms of
uni fyi ng these but understandi ng, of course, that
there are differences in adults and children and
their outcones which may present not necessarily
obstacl es but just food for thought before we can
willy-nilly make the recommendati on that these
shoul d be conbi ned.

DR. SANTANA: Thanks, Mke. W wll hold
qguestions until we have the second presentation. |
amgoing to invite Dr. Benjamn, from M D.

Ander son.
Per spectives and Backgr ound

DR. BENJAMN: | use a Mac, which is
intuitively obvious rather than this nmachi ne which
is not.

[Slide]

This is just a picture of MD. Anderson

[Slide]

| amgoing to talk to you a little bit
about the adult soft tissue sarcomas. M ke and
did talk in the beginning and | thought that,
rat her than overlapping, | would give you a very
di fferent perspective, and ny perspective is that

everything that you are tal king about for
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pedi atrics applies in spades to sarcomas in adults.

So, the question is how do you define these tunors?

Shoul d t hey be defined by patient age,

type, nolecul ar

[Slide]

hi st ol ogi ¢

abnormalities or whatever?

Sarconmas are extraordinarily rare tunors

| ess than one percent of all nmalignanc

slide showed you that

es. Mke's

it is about 10 percent of

pedi atric nalignancies, so a higher proportion but

smal | er nunbers. And,

it is the smaller nunbers

that really kills us in terns of progressing in

terns of know edge in the treatment of these

di seases.

made the comment once that you woul dn't

treat adenocarci nomas all the sane way,

And, that cane back to haunt

was at in Europe, but

woul d you?

nme at a neeting that |

no nedi cal oncol ogi st woul d

think of treating adenocarci noma of the breast the

same way as adenocarci noma of the colon. They are

totally different diseases. Yet, if you asked

peopl e about treating soft tissue sarconas, they

are one di sease

[Slide]

Vel |,

probabl y 50.

In fact,

t here has never

here is the one disease; there are

been a study
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whi ch has adequately addressed the diversity within
soft tissue sarconas in adults, let alone put in
the pediatric counterpart. Now, what was j ust
presented to you very elegantly by Mke Link is
that the pediatricians have done studies in
ost eosarcoma, single disease -- group of diseases
but single group. They have done studies in the
Ewing's famly of tunors, relatively honbgeneous
group. They have done studies in
r habdomyosar conas, sone heterogeneity but
rel atively honbgeneous group. The rest of the
studies, the studies in adults are all done in
"soft tissue sarconas" and there are 25 different
varieties or 50, depending on how you define them
on a histologic level, not even at a nol ecul ar
| evel .

[Slide]

You have already seen an updated version
on this. Many tunors do have specific
transl ocations. The ones in the pediatric age
group tend to have nore, but | can point out for
you nyxoid |iposarcoma, which is a disease which is
al nost exclusively an adult disease but which has a
specific transl ocation; synovial sarconas which

occur certainly nore frequently in adults;
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that was proposed, the clinical differences between
these two tunors are so different. So, for us to
go back and, don't forget, mandate a conpany to say
that this is the sane indication would be very
difficult to do and we could be chall enged on this.

DR. SANTANA: | think, MKke, the
principles are basically the sane. It is just that
the di seases are different and they have to be
taken on a case by case basis. | think that is
what we are saying. In this particular case the
di fferences are so obvious that | would fee
confortabl e saying the disease is technically the
sanme and, therefore, whenever anybody fromindustry
conmes to the FDA saying | have a new drug or a new
product for small cell lung cancer that the agency
woul d mandate that they do studies in
neur obl astonma. To ne that would be a step --

DR LINK: Too big a step

DR. SANTANA: Too big a step

DR, HI RSCHFELD: Unfortunately, our
know edge is not the state of physics where
think, nmuch as we might |like to have a unifying
principles, we couldn't cone to that. So, that is
why we |eft open the possibility for nuances or

corollaries of sone general schema, which is why we
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asked the sane question multiple tines.

Now, to refine this a bit further, and it
m ght hel p | ooking at part B of this, should we
then think of, for instance, the refractory setting
and mght that be different than the first-Iline
setting?

DR. SANTANA: | will get to that. | think
Ant hony had a coment or a question

DR. ELIAS: Not a major one. | think it
is just where the burden of proof lies. | think
the principles are the sane and | agree with your
statenment, Victor, but basically these two di seases
are so different that all you can really rest on is
if you have commopnalities in particular pathways.
In the sarconmm situation you obviously have a | ot
nore simlarities and the burden of proof is not
that you have to prove that these share the
conmonal i ty pathway; you can make that assunption
reasonabl y.

DR. SANTANA: Steve, | want to explore
your comment a little bit further. You are
suggesting that in the relapse setting the
principle should be different? Run that by ne one
nore tine.

DR. H RSCHFELD: | was just raising the
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guestion that perhaps in the rel apse setting we
m ght have a different perspective on it than in a
nore gl obal addressing of the two disease entities
or of these neuroendocrine tunors.

DR. SANTANA: Mal col m think about that
one.

DR SMTH: Yes, | thought that the
pur pose of the exercise was not to descri be how an
agent should be studied in children or popul ation
that should be studied. So, | wouldn't see the
purpose of this conmittee to say you shoul d study
it in arelapse setting but not in a newy
di agnosed setting but say it does or doesn't

war rant eval uati on for neurobl astona.

DR. H RSCHFELD: Right, but that is if you

believe that all neurobl astonas are of the sanme
flavor. But if you postulate that the diseases
that lead to relapse are different than the ones
whi ch don't, then you could | think logically
extend to saying, well, that would be sonething

el se again and we happen to call it neurobl astoma
but maybe we should call it neuroblastona variant,
or sone other thing. | don't want to get into a
semantic argunent; | just want to raise the

guestion. And, if the answer is, no, we should
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continue to consolidate, then that is the
reconmendat i on.

DR. SANTANA: | feel very unconfortable
with that, Steve, and | can't give you a strong
argunent. | amgoing to have to think through it,
but my gut feeling is that | feel very
unconfortable with that train of thought. | think
Donna had a comrent and | will get back to you in a
m nute, M ke.

DR. PRZEPI ORKA: Trying to get back to the
request to keep the unifying principles the sane
t hroughout, | think that can be done because
t hi nk what we had tal ked about in answering
guestions A and B with the sarcomas in the design
of the clinical trial was would you put pediatric
and adult patients with such-and-such sarcona in
one study, and our experts said, gee, we would
treat themthe sanme way and they act the sanme way,
why not? So, in lunping sarconmas as a term it
appeared that froma clinical perspective they were
truly the sane di sease

I think in this instance we are tal king
about a nmuch larger pot. So, | would not conceive
of sonebody coming to the agency and saying, well,

we have a drug for a neuroendocrine tunors and then
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| unpi ng pediatric and adult neuroendocrine tunors
together. | think this is a situation where the
neur oendocrine tunors in the pediatric popul ation
clinically are different rather than just

pat hol ogi cal | y and hi stol ogi cally and nol ecul arly.
So, there may be sonme rationale to keep those

di seases on different protocols, but if there is a
nol ecul ar target in the adult situation which is
the sane as in the pediatric population, that is
where the rule should be nandated to do additiona
studies, not put themin the same protocol

DR. SANTANA: M ke, do you have a coment ?

DR LINK: | guess |I amconfused now. |If
you had a cytotoxic drug that had an 80 percent
response rate in non-small cell lung cancer woul d
you mandate that they do pediatric trials because
this is such a great drug? You wouldn't care?

DR. PAZDUR: That is not the question.

DR LINK: | understand the question but I
am just saying in general principles, if adrug is
active --

DR PAZDUR O course, we would care. W
have to follow the law. GCkay? And, the law is not
what we want it to be; it is what is witten on the

books here and it clearly states that the
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i ndi cation has to be the sanme. So, although we
woul d encourage sponsors to do it -- here, again,
think this is a principle that | would like to get
across, remenber, we are nandati ng conpanies to do
this so they can question us in a court of |aw
regarding our interpretation of this and, believe
me, if we stretch this it would lead to litigation
regarding this. | guarantee you

DR. SANTANA:  You woul d have to serve as
expert w tnesses.

DR. PAZDUR: So, what we want and what we
think is acadenically interesting, for exanple,
yes, if a drug had activity in small cell |ung
cancer | would like to see it studied in
neur obl astoma. | think it would be potentially an
i nteresting drug and perhaps an active drug, but
can we nandate that they do this? That is a
different situation and we have to live within the
confines of the |aw rather than what we think would
be academ cally interesting.

DR. H RSCHFELD: And it has to be

sonething that is reviewed under that. So, even if

it is active in non-small cell, the conpany has to
request a narketing license for non-small cell in
addi tion.
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DR SANTANA:  Susan?

DR. VEINER | guess part of what nakes ne
S0 anxious about this conversation is that we
started with the el egant statenents of the
acconpl i shments of the pediatric cooperative groups
and now, suddenly, it is a question of nmandating
studies -- who is responsible for mandati ng studies
of drugs that conpanies are proposing for other
indications. | guess | just would like sone
reassurance that the rel ationship between the
pedi atri c cooperative groups and the
deci si on- nmaki ng woul d be pretty seanl ess about
this.

DR. SANTANA: | think both Ml col mand
St eve can speak about that.

DR SMTH: | would just second Susan's
concern that | amnot sure what the deci sion-maki ng
process will be, but whatever it is, there needs to
be input fromthe research community about these
deci si ons.

DR. SANTANA: Dr. Kaye?

DR. KAYE: It is sort of a semantic issue
but another way of |ooking at the two principles
just has to deal with our confidence in the |eve

of evidence between the two. For instance, in the
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sarcomas when you | ook at a rare, specific
translocation it is such conpelling evidence
linking those diseases. On the other hand, every
drug that cones out now, it seens to me, is going
to have some nechani sm of action because there is a
big push for that. How you get the same confidence
and the level of evidence that that is doing it, it
is often intuitive and for a |l ot of the agents that
are out there right now, that have been out there
previously for the past couple of years there is a
certain feeling, yes, it is probably not targeting
what we initially thought it was. So, it is nore
likely, given the conplexity of biology, that they
may not be quite right on the mechani sms of these
agents than being right. So, it is just sonething
that you have to keep in mind. | think that is
probably what is in the back of the mind -- you
feel confident with the translocation when they
come out with a tyrosine kinase inhibitor that says
this is specifically what it is doing. | think our
confidence this year is going to be not as great.

It just brings in again, you know, enpirica
treatment. |If | knew of a drug that was 80
percent, 85 percent effective in small cell [ung

cancer | would certainly want to try it on any
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di sease, and that is sort of the enpirical nature
and | think there is a bandwagon ri ght now on
nol ecul ar targeting that is -- you know, | think
the push for that has al ways been present. Those
entities have always been present but there is a
bandwagon that | think nay be blinding us.

DR. H RSCHFELD: Victor, | just want to
say that the recomendations that would be usefu
woul d be to say, yes, the rule should be invoked;
no, it should be waived; or we don't know yet and
let's continue to examine this.

DR. SANTANA: | would vote for the latter
We don't know yet, and | think you have to take
each case individually for these particul ar
di seases.

DR. REYNOLDS: That is exactly what | was
saying. |If you recall ny last slide, | didn't put
on there | think that the Pediatric Rule should be
i nvoked; | said that studies should be strongly
considered. | think "by strongly considered" it
nmeans that we should gather a little nore data in
the process of doing this, and | think that is
consistent with what you are saying. It is
basically saying that if the targets are the sane

and if you can get the clinical data suggested,
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then perhaps the Pediatric Rule m ght need to be
i nvoked in this case.

DR. SANTANA: | think we have reached a
consensus on that one. Does the agency feel that
way ?

DR H RSCHFELD: Right. | would like sone
clarification dowmn the list, if there are any
recomendat i ons regardi ng wai vers.

DR. SANTANA: \Well, you know, | haven't
treated or seen a | ot of nesothelioma but | think
they are probably the sane disease. It is a
pedi atric disease but it is the sane disease as in
adults. That is what | was inplying. | think the
pedi atric nesothelioma, as rare as it is, is
probably the sane di sease as nesotheliona in
adults. | amtrying to answer the questions.
thi nk probably the same is true with bronchi ogenic
tunors. Wth the exception we have had about small
cell lung cancer, | think small cell |ung cancer
and non-snall cell lung cancer are not pediatric
di sease and | don't want to go any further on that.

DR. PAZDUR: Let ne just ask a technica
guesti on because | was unaware of the nesothelionas
and there are applications that we have | ooking at

drugs for this disease. Are there sufficient
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nunbers of patients to even invoke this rule?

DR. SANTANA: | nean, in the whole history
of St. Jude | think there have been ten patients.
So, it is very, very rare. It is very rare

DR. PARHAM Very rare, five cases.

DR. SANTANA: How about endocrine tunors?
W really didn't talk about those in the genera
context, but | would propose that thyroid carcinoma
are probably the sane diseases in adults as they
are in kids. Anybody disagree with that conment?

[ No response]

Then adrenal tunors other than
neur obl astoma, Pat, do you want to conment on that?

DR. REYNOLDS: Well, | would suggest that
fi brochronocytonma is probably the sane regardl ess
of its age.

DR. LINK: Except that that is a tunor
that occurs in people who are progenitively
pr edi sposed.

DR. SANTANA: But when it gets manifested
it is variable, as you well know So, the
pedi atric disease is probably the sane as in adults
interns of the genetics. It is just a matter of
when it gets manifested

Then, are there other pediatric
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neur oendocrine tunors that have an adult
counterpart that is not commonly classified as an
adul t neuroendocrine tunor but as sonme other type
of adult malignancy such as a carcinoma? It is the
same question as this norning which | had
difficulty with. Anybody want to conment on that
one? | can't think of any. David, any thoughts on
t hat ?

DR. PARHAM | can't think of anything.

DR. SANTANA: kay. Have we satisfied
t hose questions for the agency? Let's go ahead and
talk for the rest of the afternoon about the CNS
mal i gnancies. So, | invite Susan to cone to the
podium and Dr. Burger is going to join us on the
tel ephone. So, give us a second to get the
t el ephone connecti on.

DR BURCGER  Hel l o.
SANTANA: Dr. Burger, can you hear us?

BURGER: Yes, | can.

3 33

SANTANA:  Wel cone. For the purpose of
the record, please state your nane and your
affiliation.

DR. BURCGER: Yes, this is Peter C Burger.
I am from Johns Hopki ns University, Departnent of

Pat hol ogy.
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DR. SANTANA: Thanks, Peter. W are going

to have two short presentations, one by Susan and
one by Howard, and we are just going to go ahead
and do the presentations and then we will open up
for discussion. GCkay?

DR. BURGER:  Fine.

DR SANTANA:  Susan?

Per spectives on CNS Malignanci es
DR. STAUGAITIS: Thank you
[Slide]

I amgoing to give sone of ny perspectives

on CNS nalignancy, and | will be reiterating many
of the points that were brought up already today
and I will enphasize sonme of the uni que opinions
that | may have conpared to the rest of the group

[Slide]

The background that | cone fromis as a
neur obi ol ogi st with an interest in devel opnent and
al so as a neuropathologist. | do not have the
breadt h of experience as ny coll eagues, like Dr.
Burger, in terns of how nuch | have seen in CNS
mal i gnanci es, neither am| an oncol ogi st, and
have been encouraged to specul ate to provoke
di scussion and so as a disclainer in the beginning,

| want to say that | amgoing to throw out a | ot of
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crazy ideas. These are not recomendati ons; they
are for nmy clinical colleagues to respond to and
det erm ne whether or not they have any weight.

I amgoing to tal k about CNS neopl asnms by
reshuffling the deck in different ways. First, |
will go through the classical dogma of the genera
classification of tunors as defined by histol ogy,
then | will describe themin other ways, group them
in other ways as defined by physiol ogy, for
exanpl e.

[Slide]

Just for sone background, the diagnosis of
brain tunors is very different now than it was nany
years ago. |maging has enabled us to identify
smal |l er | esions, subclinical |lesions. Biopsies are
smaller. And, if we are tal ki ng about whet her
di fferent malignancies are the sane, a
neur opat hol ogi st often wonders whether the tunor is
the sane when they are two centineters apart from
each other in the sane patient.

One of our roles is in terns of specinen
adequacy, and one of the issues that was brought up
earlier in terns of can we do all of the genetic
studies that we would like to do on the tissue that

we are provided, and sonetines that is just not
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possi bl e, although we would like to be able to
obtain as nuch tissue as we can.

O assically, the neuropathol ogi st | ooks at
tunors fromthe point of view of histologic
phenotype and al so grade and, as we have nenti oned
t hr oughout the day, we have additional information
in terns of gene expression. |nmunocytochem stry
is now a standard of care in pathology in general
and genonmic alterations and nol ecul ar diagnosis is
on its way there.

[Slide]

One of the things that the pathol ogi st
contributes with these nolecular studies is that it
is up tous to tell the nolecul ar biol ogi st where
the tunor is and what to sanple. | don't want
anybody to really | ose sight of that aspect of our
responsibility.

The nor phol ogi ¢ classification of CNS
neopl asns i s based upon a resenbl ance of neoplastic
cells to nornal cells. Throughout the ages people
have used this to infer a cell of origin. | am
very hesitant to say that. | wll basically be
tal ki ng about the phenotypes of different cells,
not necessarily the specific cell that neopl asm

m ght be derived from because | think that we
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probably don't know all of that information.

And, the cell of origin is inportant
because this becomes the basis of in vitro
experimental nodels on which initial conpounds are
tested. So, for exanple, do mature human adult
astrocytes in culture represent a nodel for al
ki nds of astrocytonas? | amnot conpletely sure.
There coul d be progenitors, other kinds of
precursor cells that may reflect the physiol ogy of
the cell that becones transforned.

[Slide]

In terns of just outlining the different
tunors, | amgoing to describe themin terms of
their sites of origin, CNS parenchynal accessory
structures and the CNS coverings. The |argest
group are the CNS parenchynal neoplasms and, as
alluded to earlier, I amdividing this into cells
with a glial phenotype, a neuronal phenotype and an
enbryonal phenotype.

Anong the glial phenotype astrocytonas,
ol i godendrogl i omas, the neoplasns | ook like the
normal cells in many of the instances but it does
not necessarily inply a cell of origin.

Astrocytonas tend to have a high

propensity to progress to higher grade |esions,
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whereas with sone of the other neoplasnms --
ol i godendrogli omas -- we can have a hi gher grade
progression to that although it is less likely. In
ependynmonma cytol ogi ¢ nmalignancy often i s not
correlated with the clinical behavior on the
patient. So, even within this classification there
are nmany differences.

[Slide]

The neopl asns with the neuronal phenotypes
tend to be nore within the pediatric popul ation
They tend to be nore | ow grade, and the nbst comon
of these are the ganglioma/gangliocytona fanmly.
The ot her neoplasns with nanes |i ke neurocytons,
dysenbryopl astic neuroepithelial tunor lead us to
say that we really don't know what we are talking
about with these lesions. They express certain
antigeni ¢ phenotypes that nake us infer that they
m ght have properties of neurons or neuron-like
cells or progenitor-like cells, but there is stil
a lot to be | earned about these. Fortunately, nmany
of these are very benign | esions and often not an
i ssue for drug devel oprent.

[Slide]

The third category are the enbryona

neopl asns, such as nedul | obl astoma, the
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supratentorial PNET tunors and the atypica
t erat oi d/ rhabdoi d t unor.

[Slide]

The accessory CNS structures include the
| esi ons of choroid plexus, the pineal gland and
pituitary.

[Slide]

The lesions arising in the coverings
i ncl ude the neningeal tunors such as neni ngi onas,
hemangi operi cytoma, ot her sarconas and nel anocytic
neopl asns, as well as the peripheral nerve sheath
tunors.

[Slide]

Now | would like to rearrange these in
terns of who gets what. For the nobst part,
virtually every age patient can get these different
CNS tunors but sone are much nore commonly found in
adul ts; some nore conmonly found in pediatrics; and
sone are al nost exclusively pediatric.

[Slide]

For exanple, nost gliomas are found to a
much greater extent in adults. Hi stologically, to
nmy know edge, the fibrillary gliomas in adults and
the pediatric population histologically are

essentially the sanme. So, perhaps they could be
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treated as the sane.

Simlarly, for the other neoplasns that |
list here, the pineal parenchymal neoplasns, the
enbryonal pineal blastoma are nobre comon in
younger people but histologically the tunors are
the sane. Similar, for the tunors of the
coveri ngs.

[Slide]

In terns of pediatric being much greater
than adult, we have the unusual |ow grade
astrocytoma, such as pilocytic astrocytoma and
pl eonmor phi ¢ xant hoastrocytonma, the intraventricul ar
ependynmonme, the glial and glial neuronal neopl asms
and the enbryonal neopl asns, such as
medul | obl ast ona and, as you can see on the slide,
choroi d plexus, germcell and crani opharyngi ona.
These are the ones where | think we really have to
try and find criteria for including this with other
neopl asns because it is unlikely that drugs woul d
be devel oped specifically for these, given that
there are snmall popul ati ons of people who are
actual ly affected

[Slide]

Finally, there are a few neoplasns that

are virtually unheard of in adults, such as the
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desnopl astic infantile astrocytoma or ganglions,
atypical teratoid/rhabdoid and supratentorial PNET

[Slide]

We nmentioned a | ot about the effect of
nmutations and alterations, and | want to take a
nonent to think about what the genetic alterations
that we can detect nean in terns of the biol ogy of
the tunor. For exanple, a nutation or
rearrangement affects a specific gene in a specific
way and we can see how it is reflected in gene
expression. Wuereas, a gain or a |loss of genetic
mat eri al can invol ve huge areas of the chronmobsone
and it nay be difficult to predict the behavior or
t he responsi veness of a therapy based on | oss of
chronosone 1P because, for exanple, |oss of
chronobsone 1P in an oligodendroglioma nmay have a
different effect on a tunmor than a | oss of
chronmosome 1P in a neuroblastomn, and so forth

[Slide]

In thinking about the cell of origin of
the neoplasmis does the physiology of the
precursor cell that is transformaffect the
behavi or of the neoplasm and does that affect the
way that drugs interact with it? For exanple, once

a precursor cell is transforned by genetic
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alteration, do its normal physiol ogic processes
matter or don't they? Is it inmportant to think
about the cell of origin at all?

I think with higher grade tunors that
acquire nore and nore nutations, that becones |ess
i mportant. The | ow grade, these el usive tunors
where we don't have specific nolecul ar markers for
early intervention, those tunors nay actually have
nore of a relationship to the precursor cell

[Slide]

Another thing that | would like to
consider in ny talk is the relationship of famlial
syndronmes that are associated with CNS neopl asns.
Many of the neoplasns, such as the astrocytonmas and
t he meni ngi omas that one sees in the pediatric
popul ati ons are superinposed on a genetic syndrone.
As you can see fromthe different syndrones that
are listed here, sone tunors are increased in
i nci dence on very different genetic backgrounds.
For exanpl e, astrocytonms have been associated wth
neur of i bronat osi s Type 1, neurofibromatosis Type 2
with the Li-Frauneni syndrone in TP53 alterations,
with APC nutations. Are all of these tunors the
same? Histologically they |ook identical but

because potentially different pathways are involved
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and this is the substrate upon which these tunors
are superinposed, can we really nmake predictions as
to whether the indications are the sane?

[Slide]

Let nme reshuffle the deck again a little
bit nmore. W tal ked about histopathol ogy. Wat
about the growh properties of transforned cells?
Can we lunp histologically disparate tunors
t oget her based upon, say, proliferation, survival
mgration, notility and angi ogenesis? | would just
like to throw out a few exanples here for
di scussi on.

For examnple, sonme of the rare, highly
mal i gnant tunors that are very comon in the
pedi atri c popul ati ons such as medul | obl astoma, the
ot her PNETs and hi gh grade gliomas, choroid plexus
carcinonas are rapidly dividing tunors and the
strategy in oncology for years has been just to
target the rapidly proliferating cells. |If we can
identify specific nolecular targets that interfere
with a particular aspect of the cell cycle, that
could be effective and less toxic and that is
advant ageous. But this is sort of an approach
where we are |unping together tunors based upon

their growth properties, and | think it also ties
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inwith the cooments that were nade earlier about
gr ade.

[Slide]

Anot her way that we nmight be able to |ink
neoplasns is in terns of their ability to
infiltrate into the central nervous system One of
t he aspects of CNS nualignanci es that nmake them
really refractory to treatnent is the ability of
single cells to migrate long distances, and if
there was an agent that could interfere with the
notility of one type of transforned glial cell
mght it also be able to interfere with the
notility of another type of transforned glial cell?

Simlarly, if one were devel opi ng
mechani snms by whi ch therapies can hone to tunor
cells that infiltrate widely, perhaps that can be
applied to many cl asses of neopl asns.

[Slide]

Anot her exanpl e woul d be angi ogenesi s
i nhibitors. For exanple, both high grade
astrocytomas, such as glioblastoma nultiforne and
| ow grade pilocytic astrocytomas, show
histologically simlar vascular proliferation
patterns. Do the sane nechani sns pronote this

proliferation and, if so, can drugs designed to
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target the vasculature in high grade astrocytomas
be effective in unresectable pilocytic
astrocytonmas? A pilocytic astrocytonma resected
fromthe cerebellumis essentially cured but there
are nany, many patients who have very deep | esions
around t he hypot hal anus that can not be adequately
resected and the vascular proliferation that is
associ ated with these neoplasns may be a target for
t herapy and extending the rule.

[Slide]

We have nentioned p53 nutations a nunber
of times and | will just reiterate sonme of the sane
poi nts. Many, nany of the neoplasns in the CNS
have nutations in p53. One thought is to find
agents that will stinulate the function of p53. On
the other hand, there are also agents being tested
that will inhibit the function of p53 in nornal
cells so that nornal tissues can be protected
agai nst the genotoxic stress of therapies. This
may be particularly inportant to test in the
pedi atri c popul ati on where we are very concerned
about the devel opi ng nervous system and the effect
that different radi otherapi es and chenot herapi es
can have. So, | think we have to keep our m nds

open and al so think about agents that protect the
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normal tissues.

[Slide]

We have nentioned the PDG- receptors nany
tinmes already today. There is evidence that
PDGF- al pha receptors are overexpressed in a nunber
of glionmas, including fibrillary astrocytons,

ol i godendrogli oma, ependynoma and pilocytic
astrocytoma. |If it can be shown that the
expression of this receptor and the activity of
this receptor and pathway is critical to the

neopl asti ¢ phenotype, | would agree with what we
have already said before, that it could be an

i ndication to becone nore inclusive of the types of
neopl asns that are indicated for these agents.

[Slide]

On the other hand, let's think about the
epi dermal growth factor receptor where, in adults,
de novo glioblastomas tend to be anplified;
secondary glioblastonas do not. Are they different
tunors? And, how do you define an indication for
sonet hing that has activity on the epidernal growth
factor receptor or its downstream pathway, and what
neopl asns should you extend these drugs to or limt
themto?

[Slide]
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Finally, | think that others today have
enphasi zed that it is inportant to | ook at the
entire pathway. Wen | first started to read about
the genetics of neoplasns | was always a little bit
di scouraged when | would learn that, well, 20
percent of these tunors have this alteration and 5
percent of these tunors have another alteration,
but as we learn nore about the intracellular
si gnal i ng mechani snms and how pat hways can cone
toget her, and we put together the alterations
wi thin pathways we will get up to nunmbers |ike 60
percent and 70 percent and 80 percent of neopl asms
i nvol ve a particular pathway. Then, the rationa
bi ol ogi ¢ approach would be to find the bottl eneck
in that pathway and see if there are ways to
inhibit or activate that.

[Slide]

Finally, I will just tone nyself down a
little bit and express a few cautions that |
considered that while I was putting together ny
t houghts on this presentation. The central nervous
systemis very different than the other parts of
the body in that it is encased in our hard skills,
and the necrosis and swelling that are associ ated

with rapid and efficient cell killing may have
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truly adverse effects within the confines of the
central nervous system

Envi ronmental signals that may affect the
behavi or of neoplastic cells may change during the
devel opnent. Specific targeted therapies will work
only if the inhibited pathway is intact in the
particul ar tunor being treated.

| just read a paper in Science regarding
the treatnent of CML with STI571, and apparently
there is a popul ation of popul ations who, after
responding to the therapy, becone refractory and it
was identified that these patients have acquired a
nmutation that makes the cells resistant to this
particul ar gene. They further proved that the
activity was still inportant in the malignant
behavi or of this particular neoplasm So, | think
in all of our discussions we have to renenber that
neopl asns are constantly changing, constantly
evol vi ng processes that may al ways be one step
ahead of us.

Then, finally, therapies that target
specific functions, such as proliferation
mgration, nmay actually adversely affect the nornmal
devel oping cells within the nervous system and that

changes rapidly, especially in early childhood, and



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

may actually be reasons to invoke the waiver in
this. Wth that, | would like to thank you
DR SANTANA: | would like to invite

Howard to cone to the podi um

Perspectives on CNS Malignancies: Cinical Aspects

DR. FINE: | want to thank the organizers
who asked ne to speak here. After Henry did his
usual nice job and Susan spoke about the science,
which is always one of ny favorite topics, the

guestion is what can | say here? Probably not

nmuch.

[Slide]

But what Steve suggested | talk to the
group about -- obviously, there are sone world

renowned oncol ogi sts around the table but many of
you are not so involved in neuro-oncology and brain
tunors. So, he thought it would be useful for ne
to just go over sone of the basic clinical aspects
as far as how these patients do, the natura

history of their disease clinically speaking, how
we approach them how we treat them and sone
general outcones that we expect fromthese tunors
So, | thought |I would do that. So, | don't think
need this as an introduction. Suffice it to say

that these are an inportant group of tunmors both in
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the adult and the pediatric popul ation, and
i ncreasingly nore an inportant group of tunors than
I think was ever appreciated. Certainly, | can
tell you that at the National Cancer Institute, on
a national level, this group of tunors is
i ncreasingly being recognized as a very inportant
target for the next decade.

Along with the problem of these tunors
causing a significant amount of cancer nortality is
the norbidity that both adults, and in particular
the children, suffer st these tunors, not just from
the tunors thensel ves but fromthe treatnments that
we use to treat them | think whenever we talk
about brain tunors in either the pediatric or the
adul t popul ati on, we have to think about toxicity
in a very different way than we do for systenic
tunors because the toxicity is al nost pernanent and
it is always a balancing act in trying to decide
whet her a few nonths of increased life is really
worth significantly decreased quality of life.

[Slide]

I think when we tal k about the pediatric
role, at least when | think about it, | think of a
coupl e of questions. Nunber one, are the tunor

types the same? And,; is a specific tunmor type the
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same in a child conpared to an adult? | think
there are several ways that we can answer that, and
we have al ready addressed those ways in the other
tumor types.

There are obviously the biologic criteria,
and Susan and Henry have both ki nd of addressed
that, both as far as standard pathology is
concerned, as well as nolecul ar diagnostics. But
the other way to address that is the clinically
behavi or of the tunor, both as far as the natura
history of the tunmor and how the tunor responds to
therapy. As | said, that is what | will try to
address over the next five or ten mnutes here.

[Slide]

Agai n, we have seen this slide before, or
variations of this slide, relative to the first
qguestion | asked, are the tunors the sanme? Well
the tunors are the sane except their distribution
is highly different between adults and children
with actually by far the nost conmon adult brain
tunor being nmetastatic tunmor, sonething we actually
forget about sonetines, with high grade gliomas
being by far the nost conmon problem after that.
Wth pediatric tunors we are really dealing with

enbryonal tunors and then | ow grade glionmas as
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opposed to the high grade glionas.

| am sure you don't want to hear ne go
t hrough the natural history and treatnents of al
the 75 different subtypes, or whatever the nost
recent WHO categorization tells us the subtypes of
CNS tunmors are, | thought probably the nost
important -- and | asked Steve who agreed -- the
nost inportant tumor to go over is glionmas. The
reason | say that is that although gliomas are not
the nost common pediatric brain tunor, the fact of
the matter is, and we can and should open this up
for discussion after this talk but nost of the
other brain tunors that we see in children are
hardly represented at all in adults. So, for this
di scussion of the Pediatric Rule, it is unlikely
that a drug conpany is going to design a drug for
crani al pharyngionas in adults where we are going
to have to worry applying the Pediatric Rule.

So, to keep this on a practical side, and
we can change that if you want but to keep it on a
practical side, the reality is if drug conpanies
are going to develop a drug at all for tunors, and
that is another issue but the fewtines they do, it
is going to be for glionas because that is the

di sease in adults and that is where | think we need
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to address the issue of the Pediatric Rule, at
| east in my personal opinion

[Slide]

So, the first thing -- and you can quote
me on this; the reference is down below. It is ny
anticipation this will be a truismthat goes on for
years.

DR SANTANA: |t won't be dinosaurs
anynore or rainbows; it will be sonething else!

DR FINE: But | think this is inportant.
Aglionma is not a glioma; it is a heterogeneous
group of diseases and, as a matter of fact, it is a
het er ogeneous di sease even within a patient. So,
you know, Henry showed sone data and Susan showed
sone data that say that sone of the nolecular
alterations in the pediatric high grade glionmas do
not exactly correlate with those of the adult
patients and it is inportant to understand that
within the adult patients the genetic alterations
are hugely variable. Wether that reflects the
fact that they are nmany, nany different
subcategories at a genetic expression profile |evel
of glionmas, whether that reflects the fact that
t hese tunors, as opposed to | eukenias for instance

or even pediatric sarcomas, genetically nessed up
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tunors -- these tunors are highly aneuploid and
what genetic alterations are really inportant for

t he pat hogenesis of these diseases is not yet

clear. So, | think we have to be very carefu

about over-reading the genetics that we find in
these tunors for now until we really understand who
the inmportant players are. That, again, gets back
to what | keep tal ki ng about today, validation of
nol ecul ar targets.

[Slide]

So, let's first talk about the two major
cat egories using standard pathol ogy criteria of
glionmas, those being | ow grade gliomas -- generally
if we talk about a four-tier scale |like the WHO,
grade 1 and 2 gliomas, and high grade glionas,
grades 3 and 4, variously known as anapl astic
astrocytomas and gl i obl ast omas.

To contrast the natural history of |ow
grade gliomas and, please, with Roger and Henry and
Larry, world renowned pediatric neuro-oncol ogi sts
here, feel free to correct anything you see on the
slide but generally speaking, the natural history
in adults -- generally these tunors are limted to
astrocytic or oligodendroglioma histol ogi c subtypes

or m xed histologic subtypes. Wiile in children we
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get nultiple subtypes, and we have al ready heard
about that fromthe pilocytic astrocytona to the
ependymal tunors to nixed neural glial types of
subtypes. So, that is one way that they are
different.

Certainly, in adult these are slowy
progressive and infiltrative tunors and that is
generally true for |low grade tunors in children but
not always. Sone of these tunors appear to be
self-contained. Certainly the pilocytic tunors
are, and they can be cured if they can be safely
surgically resected, sonmething we really don't find
on the adult side. So, | think that is a key
di fference.

Anot her very inportant biologic difference
is that nost patients or alnost all adults with | ow
grade tunors die of their tunors. These are not
beni gn tunors, and the way the najority of patients
die of low grade tunors is that they transformto
hi gh grade tunors, at |east about 60-80 percent of
them That nunber, although it is very difficult
to come by, in the pediatric population is nuch
smaller. So, that reflects an inmportant biol ogic
difference, at least in nmy mnd, between these two

di fferent subtypes.
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Again, | think this is also reflected in
the survival. Again, why | never like to use and
woul d never use the word "benign" tunmor for a | ow
grade glioma in an adult is that the ten-year
survival rate is well less than 30 percent, and
since nost adults who get |ow grade glionmas tend to
be younger adults, that is not a benign disease.
Al'so, it should be noted that there appears to be
no survival difference dependi ng on anatonic
| ocation of the tunor.

These nunbers and these facts contrast
with what we generally see in pediatric | ow grade
gli onas where the ten-year survival is probably
wel | over 50 or 60 percent, and that survival, as
Roger went over with ne very clearly last night, is
very much dependent on | ocation of the tunor
Whet her that reflects the surgical resectability of
the tunor or whether that reflects sonething about
the natural history and biology of the tunor |
thi nk remai ns unclear at this point.

[Slide]

As far as how do we approach adults and
children with | ow grade gliomas, well, | think for
both these tunors if they can be surgically

resected, it is considered optinal. Certainly,
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nore so in adults. When we can't resect them
fully, or even if we can, usually that is not
enough and, as a matter of fact, it is al nbst never
enough with the exception of maybe truly | ow grade
ol i godendrogli omas. Therefore, radiation therapy
is conmonly used. There still is a big question
about the tinmng of radiation therapy -- radiate ne
now or radiate ne later, neaning at the tinme of
tunor progression. That renains an unknown issue.

Al t hough long-termtoxicity of radiation
to adults remains a problemthat we tal k about, it
isn'"t one of the major, nmmjor issues as it is, as
we will talk about, in children. There is a
guestion, increasingly so, of the use of foca
radi ot herapy for |ow grade glionas. Chenotherapy
has no proven benefit in the treatnent of |ow grade
gliomas. There is increasing evidence to suggest
t hat maybe | ow grade ol i godendrogli onas,
particularly with the 1P, 19Q marker, may have
sensitivity to al kylating agents, and naybe even
m xed glionas may have sonme activity though, again,
| think that remains to be seen as far as how
comon that is.

As far as children are concerned, again,

if we can fully resect nobst of these tunors,
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certainly tunors like pilocytics, that is
considered optimal treatment. W are very

hesi tant, because of the toxicity associated with
radiation, to use radiation and it is often, as
opposed to second-line therapy, a |last choice. One
of the reasons it is our last choice is because,

i ndeed, chenot herapy can be quite effective in
these tunors, as opposed to adults, with

car bopl ati num or pl ati num based regi nens, havi ng
the potential to give quite high response rates and
control these tunors for a nunber of years.

So, | think there are significant
differences in the natural history of |ow grade
gliomas in adults and children. Wether that
shoul d affect the Pediatric Rule is sonething that
I amgoing to throw open to the commttee.

[Slide]

Let's tal k about high grade tunors. Mbst
commonly in adults they are supratentorial as
opposed to in children where we are dealing with
basically al nmbost an equal split of infratentoria
versus supratentorial. Both these tunors, however,
whet her they be in adults or children, are bad
tunors. They are infiltrative. They are rapidly

progressive. They are destructive. They have high
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degrees of angi ogenesis. They disrupt the
bl ood-brain barrier and the prognosis is poor

The prognostic variables that we know for
hi gh grade glionas over the years, shown by
nmul ti pl e studies, nany done by Victor Levin who is
here today, include very powerful predictors such
as age, grade, performance status of patients and
t he postoperative radi ographic residual tunor.
That is not to say the extent of resection. The
only thing that has been shown is that when you
nmeasur e radi ographically the amount of tunor |eft
after surgery, that is a predictor of survival
Surgeons like to translate this to say, oh, that
neans we shoul d take nore out and whether that is
true or not is not necessarily the case.

Prognosis for children with high grade
glionmas also is clearly grave, neaning an
anapl astic astrocytona versus a glioblastoma is a
very clear predictor. |t appears that
post operative radi ographic tunor extent is also a
prognostic variable. Performance status is harder
to judge in children, as you all know well, and age
as far as small children versus teenagers is
sonething that | think is also |less clear

[Slide]
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When we tal k about treatnent of high grade
gliomas, surgery is uniformy, | think it is fair
to say, considered inportant at |east as far as
surgery for determning a diagnosis. | think as of
the year 2001, we want a histol ogic diagnosis on
al nost everyone. Probably two exceptions to this
are patients with infiltrating brain stem |l esions
where radi ographically it can al nost be nothi ng
el se, and norbidity of biopsy of this area nakes
the risk versus benefit ratio against doing the
surgery. Then, there is a cohort of patients who
have prototypic radi ographic criteria of
gl i obl astoma who are basically norbid fromtheir
tunors, for whom we know the treatnent isn't going
to do anything for them and sone of those patients’
famlies elect not to have biopsies.

Ceneral |y speaking, although it renmins
controversial, for nost of the major brain tunors
it is generally thought, when possible, nmaxinal
debul ki ng surgery i s advantageous for high grade
gliomas, mainly for the purposes of dimnishing the
mass effect fromthese large tunors, for the
pur poses of decreasing steroid requirement over the
next several nonths. |t also decreases the

potential sanpling bias because, as we have tal ked,
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t hese are highly heterogeneous tunors from one area
to another. Although, again, the trial hasn't been
and will never be done, that being a random zed
trial of biopsy versus surgery, | think nost people
bel i eve that surgery probably extends survival at
| east to sone extent, though probably not hugely.

Larry Kun is here who has irradi ated nore
children with brain tunors probably than anyone
else inthe world. | would like to hear his
conments but, generally speaking, radiation is
still the gold standard for high grade glionas in
both adults and children.

I nvolved field radiation therapy i s now
standard as opposed to whol e brain radiation
t hereby potentially decreasing or definitely
decreasi ng the neurocognitive toxicities of
radiation. GCenerally we are tal ki ng about
sonething in the range of 5940 or 6000 centi grade
spread out over 30-33 fractions. Different dose
and fractionation schenes have been | ooked at
continuously through the RTOG and ot her
organi zations. They continue to be | ooked at but
to this point there has been no dose or
fractionation scheme that has clearly been shown to

be superior over the standard regi nen that | just
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spoke of before. There is a question of the use of
hi gh dose focal radiation techniques, |ike
radi osurgery, a ganma knife and so forth though its
role remains to be defined.

Then, again, toxicity as far as the acute
toxicity of radiation, neaning over the first few
nonths, is generally one related to radiation
necrosis. The real toxicity we are concerned
about, particularly in children, of course, are the
long-term well-docunented neurocognitive
dysfunctions that appear to be dose and extent of
CNS rel ated, as well as the age at which the
pati ent was radi ated at.

[Slide]

How about chenot herapy? Well, | think of
chenmotherapy in two roles, first as part of the
initial treatnment or adjuvant treatnment -- | don't
really like to use the term "adjuvant" because at
| east on the adult side when we think of adjuvant
we think of breast cancer when the tunor has been
fully removed. These tunors are never fully
renoved but at |east as far as up-front treatnent,
what is the role of chemotherapy? It is
controversial. There have been multiple randoni zed

trials. The results are m xed. The reasons that
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the results are mxed, in my opinion, is that nost
of these trials consist of patients that are hugely
het erogeneous in their prognostic factors as well
as their tumor types, and nost of the trials have
been underpowered to detect subgroup anal ysis

di f ference.

We have performed a neta-analysis. There
has now been anot her neta-analysis that has | ooked
at the use of adjuvant chenotherapy. W and the
ot her group have shown that there appears to be a
survi val advantage for the use of chenmptherapy in
adults in patients with anapl astic astrocytonas,
with the best reginen appearing to be a reginen
devel oped by Victor, PCV, though there is sone new
retrospective data from RTOG and UCSF that suggests
that single agent nitrosourea nay be as good as PCV
in adjuvant treatment, and now there is the new
drug, just approved by the FDA about a year ago,
tenozolamde. |Its role as up-front treatnent is
bei ng explored at a nunber of centers.

The question of the role of chenotherapy
for the nore common gliobl astoma renains
controversial. Qur neta-analysis suggested that
there was a very nminimal benefit. The benefit that

did exi st appeared to have benefit in the patients

242



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

243
with the best prognostic factors, which is only
about 10-20 percent of all patients. So, the
majority of patients did not appear to benefit.

Whet her patients get chenotherapy up front or not
remains a controversial area and is very physician
dependent, | think it is fair to say, in this
country.

Children with glioblastoma appear to have
sonmewhat of a survival advantage when they use
chenot herapy, though it is less clear that children
wi th anapl astic gliomas benefit all that nuch when
up-front chenotherapy is given

[Slide]

When we | ook at chenot herapy for recurrent
gliomas, there have been few agents w th docurented
obj ective responses. Tenozol mde, as | nentioned
before, is the nost recent of those and, outside of
that, the FDA, not counting diadel, |I don't think
has approved a drug for glioma in 30 years, since
BCNU, and | think there is a reason for that and it
is not a political reason; it is a biology reason

There are a few agents with proven
i nprovenents in quality of life, and there are few
agents, maybe zero, w th docunented i nproved

survival with, again, the exception possibly of the
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diadel wafer and that benefit, if it exists, is

mar gi nal

[Slide]

Basically, the treatment outcone for |ow
grade gliomas in adults is quite poor. In children

it can be good with the exceptions of the subtypes
we tal ked about. For adults the treatment of high
grade gliomas is horrible and it is absolutely no
better in children.

[Slide]

So, points to consider for discussion -- |
think a couple of things. Nunber one, clinica
differences in natural history of high grade
gli onas between adults and children appear to be
trivial, in my opinion. Potentially promsing
agents for which there are drugs now bei ng tested
in the adults include drugs that are targeting the
EGFR, PDG- pat hways, PI3 ki nase, the AKT
angi ogeni c targets such as VEGF or its tyrosine
ki nase high affinity receptor, FLK, and certainly
the P16/ RB E2F pathway all are prom sing targets
that are being | ooked at in adults, and | see no
reason why children with high grade gliomas
shoul dn't be given the opportunity to explore these

prom si ng new drugs.
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| do have to say the caveat, which | put
on the bottomof this slide, which | mentioned
earlier today. | think it is worth considering
what do we do if drug X that targets, for instance,
the variabl e del eted EGFR which is so common in
adult gliomas but is not found in pediatric glionas
i s being devel oped for adult glioms? Do we invoke
the Pediatric Rule there? So, again, this drug is
bei ng devel oped for high grade gliomas but there is
a specific target that we don't actually find on
the high grade glionas in children. Wat do we do
with that drug?

[Slide]

As final points to consider, |ow grade
gliomas in children do appear to constitute a
het er ogeneous group of di seases, nmany of which
appear to be different than adult |ow grade glionas
both in their natural history and in the response
to therapy. So, what do we do here? Should they
be treated the sane? As | also nentioned, should a
drug with nodest benefit in survival, if one is
identified for adults for instance, but with
significant long-term neurotoxicity be considered
simlarly in the pediatric population, given the

fact that we expect the child to nore likely live a
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ot longer than the adult? | think that is
sonething to consider as far as the Pediatric Rule.
Then, finally, the one thing |I haven't
tal ked about and a najor issue as far as
neur o-oncol ogy in the population are brain stem
gliomas. These tunors appear to have uni que
radi ographic and clinical correlates. Although
pat hol ogically these tunors appear to be simlar to
supratentorial gliomas, they do appear to behave
differently. Should they be treated differently?
| actually don't have a firmanswer about that and
I think that is worth some discussion. So, thanks.
DR. SANTANA: Thank you, Howard. Dr.
Burger, are you still on the phone? | guess not.
DR FINE: That is usually what happens
when | talk.
[ Laught er]

Di scussi on

DR. SANTANA: | just wanted to see if he
was still connected to see if he had any comments
on the two presentations. | want to get back to

one of the last issues that Howard chall enged us to
try to answer to start the di scussion because it
came up earlier this norning too. And | would Iike

to hear sonme feedback from various nenbers of the
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conmittee. That is, if a sponsor is conming forth
wi th the exanpl e you gave, drug or biologic X that
targets a specific receptor, for exanple, the case
he gave, but in pediatrics we have the sane
hi st ol ogi ¢ di sease but the receptor is not
expressed, would the rule be invoked in that
scenario? | would like to follow up on that as a
poi nt of discussion. Anybody want to comment on
it? Victor?

DR LEVIN: | think it is a non-issue.
The real questionis, is it a target in either case
and there are other EGF receptor kinase inhibitors;
there are anti bodies. There are all sorts of
di fferent approaches that one can validate that
that is a logical target for a | ower grade
astrocytic tunor. So, | was perplexed by the
guesti on because, to ne, it was not an issue.

DR. FINE: That was just an exanple.
Clearly there are going to be -- not clearly, there
are likely to be things identified on adult glionas
that are validated to be targets that aren't at
| east obviously there, or may not obviously be
there in pediatrics. So, forget about how you fee
about the variable EG-R receptor but use it

hypot hetically as a target that exists on a high
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grade glioma in adult that doesn't exist in a high
grade glioma in pediatrics. The question is what
do you do with that as far as the Pediatric Rule is
concer ned?

DR LEVIN: It is the sane issue. |If it
doesn't exist, then nmaybe it is not as inportant a
target or, in the adult naybe it is not even a
target, just an abnormality that is seen. Just
because you see an abnormality it doesn't nean it
is a target.

DR. FINE: That still gets back to the
validation. You are arguing that all validated
targets in adult tunors will be found in pediatric
tunors.

DR. LEVIN: No, | would say that al
validated targets in the spectrum of astrocytona
shoul d be validated targets in the spectrum of
astrocytonma no matter what age, maybe excl udi ng
under one, but within reasonable limts they are
going to be simlar.

DR FINE: So, that reflects your bias
that these tunors are exactly the sane.

DR LEVIN: | think these tunors are nore
simlar than different --

DR FINE: | agree.
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DR LEVIN. -- and | amnot quite sure
that the reason that we don't see response -- that
bi ol ogically as patients get ol der the response
deteriorates isn't nore a reflection of howlittle
we have to offer and it nay basically reflect the
fact that we are using toxins and ol der patient
deal s with DNA danage nuch differently than a young
person. | nean, there are a |lot of different
reasons for failure of our therapy besides the
difference in tunor generating targets.

DR. KUN: And, both in pediatrics and
adults these tunors are very heterogeneous, as you
know, and the difficulty with trying to nake a
bl anket statenent, particularly for the high grade
gliomas in pediatrics, is that there are subsets
that seemto track nore akin to adult tunors
bi ol ogically and others that don't. So, | don't
think you can nake that as a bl anket statenent.

DR. SANTANA:  Anmar?

DR GAJJAR.  Another practical point is
validating targets in pediatric oncology is going
to be very difficult. | nmean, to subject a child
who is on one of these target derived therapies to
bi opsy to validate your target is going to be nmuch

nore difficult than an adult going to repeat
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surgical resections. | nean, you can have targets
which are not within the neural system but they are
never going to hold up to the sane level to the
actual tunor cells. So, | think that is sonething
that we have to keep in mnd

DR FINE: Right, but the question that
was posed by Victor's was, let's say, this receptor
was a validated target in adults but doesn't exist
in the pediatric tunor, what do you do with that?
And, part of the issue gets to our experience with
the RTls, for instance, where we think we are so
smart and that we know that this is the only target
and, in fact, it nmay not be. One of the reasons
that this drug X that targets this receptor is
causi ng regression in xenografts nay have sonet hi ng
to do with its intended target but nay have ot her
effects, and do we want to give the pediatric
popul ation the ability to experience those ot her
effects if we are not as snmart as we think we are?

DR. GAJJAR. | think absolutely yes. The
answer is a resounding yes. | think what we have
| earned fromthese therapies is that they are not
as specific as they were designed. | think, you
know, the netronom ¢ dosing schedule with ordinary

chenot herapy i s now supposed to be anti-angi ogenic
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and we don't know the nechanisns. |In diseases
where the outconme is so poor | would not hold back
a child fromderiving a benefit because we were not
smart enough to know the exact mechanism | nean,
the conmon end target nay be the sane but they
could work through different receptors.

DR. FINE: That was the basis for ny
i nvoki ng the question.

DR. SANTANA: | tend to agree -- | am not
going to call himVictor, | amgoing to call him
Dr. Levin so we can differentiate between the two
Victors. | agree with you. | think scientifically
if the rationale doesn't exist in the pediatric
counterpart you have no scientific basis to test
the indication. So, if you are telling ne that a
glioma in adults expresses X receptor and sonebody
devel ops a biologic to treat that whether the
Pedi atric Rule should be invoked, and there is no
scientific rationale to suggest that that receptor
al so exists in the gliomas why should we invoke the
rule for a pediatric popul ation when that specific
target doesn't exist?

DR PACKER: Except, you are going on the
assunption that all of these targets have been

| ooked at carefully in pediatrics --
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DR. SANTANA: Yes.

DR PACKER: -- given the heterogeneity of
these tunors, the snall sanple size and the snall
nunbers of patients, and you are going to be saying
that we only will use biologic agents that have
been already proven to have that target avail able
in pediatrics, when you have just said yourself
that you don't even know if it is the right target
how it is being used.

DR. SANTANA: No, Roger. You are correct.
I made the assunption that there was enough
pediatric information to know that that receptor
was not --

DR. PACKER: | think that is not a fair
assunption in pediatric malignant or, for that
matter, |ow grade glial tunor biology. Because
don't think that is going to be up and running --
we don't have the cell lines for pediatric glio
tunors; we don't have a lot of biologic data to
hol d t hat whol e group of children away fromthese
drugs if there is a good rationale -- and | would
exclude the child under one possibly, but for
anybody above that age, if there is a strong
rationale to go ahead with it in adult trials

woul d suggest there should be a strong rationale to
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go ahead with pediatric trials until you show ne a
series that has | ooked exhaustively at enough
pediatric glial tunors to know that that pathway is
not intact.

DR. LEVIN: | think we are argui ng about
thi ngs that we shouldn't be arguing about because
the real issue is that we don't really have
substantially better tools to deal with the target
identification in adult tunors. And the goa
really will have to be on a separate level to
create systens for studying material from hunman
tunors wthout having to rely conpletely on cel
cul ture, which changes the genetics as well as the
phenotype, and in animal nodels. So, we have a
long way to go but there is nothing that will stop
us, | believe, once we have the tools to use on any
tunmor from any age patient.

DR. SANTANA: | guess the anal ogy, Roger
is an anal ogy that was used earlier this norning
with APL. If you have APL that does not carry the
classic transl ocation involving the receptor would
you subject that pediatric patient to treatnent
with retinoic acid?

DR PACKER: It immediately goes back to

Victor's coment. |If we have a way to clearly know
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that that is the case the answer is no. M problem
is that the level of science that we have now
cannot answer that question for pediatric brain
tunors, specifically pediatric glionmas, and until
we have that |evel of science | would suggest the
rul e shoul d be invoked.

DR SANTANA: Henry?

DR. FRIEDVAN. | agree with Roger totally,
but Howard has nade the point we are going to have
to address. The practicality is that the Pediatric
Rule will only help us in pediatric neuro-oncol ogy
for gliomas. W are going to get no help fromthe
rule in virtually all the other tunors we see
because there is no chance in hell that we are
going to have an adult trial done in any of those
ot her histol ogi es, adult neningi obl astoma for
exanpl e. Therefore, the only way we will be able
to get help fromthe application of the Pediatric
Rule would be if a target is identified in another
hi st ol ogy which then has a counterpart in pediatric
neur o-oncol ogy. There again, with everything you
said, Howard, | agree, and Victor, with target
identification we are going to have to be able to
apply the rule in a non-histol ogy specific fashion

where we are going after a specific nolecular
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target and know that that target has at |east sone
preval ence in pediatric tunors, otherwise it wll
never help us in anything but gliona.

DR. POVEROY: | would add definitely to
that the danger of just going on histology alone is
you wi Il never answer the question. You wll never
know, unl ess you sonehow study these tunors and
devel op a nmechani smto understand the nol ecul ar
basis we will never have a rational basis for
treatment. We will just be shooting in the dark
and using the sane histol ogy-based criteria that we
have al ways had.

DR SANTANA: M ke?

DR LINK: If we devel oped a targeted
specific therapy and we were nmandating that a drug
conpany applies it to a group of tunors where we
have shown that the target doesn't exist, | nean,
you woul d |l ook |ike a dope, wouldn't you?

DR. FINE: Roger's point | think is the
i mportant point, which is again one of the reasons
| brought this question up. The problemis we
don't know so often in pediatric tunors and we are
tal ki ng about how we are going to apply a rule this
year. | nean, hopefully, five years from now or

ten years fromnow we will know the answer, or

255



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

256
hopefully less than that we will know. But faced
with drug X today that is in clinical trial for
adults, the way you defend it is -- and, again,
that is what this conmmttee is here for, to try to
hel p decide, but if you say that high grade
glioblastoma in adult is the sane as a gliobl astomm
child and that the EGFRis -- | amjust saying if
it is, if it is showm to be a validated target in
t he pat hogenesis of adult glioblastoma then, by
definition, it nust be a validated target for
pediatric GBMif you are saying that GBMs are the
sanme across and so by extrapol ati on

But ultinately you are right, once we have
200 chil dhood GBMs for which that receptor is
| ooked at, if it turns out it is not there, then
think everyone in this roomwould agree there would
be no reason to use that drug. The question is,
given the lack of that know edge, what do we do
when faced with drug X?

DR. MEYERS: But | think we are also
maki ng a presupposition that our target validation
has been a hundred percent effective. Are you
prepared to tell me that we know with this kind of
pat hway identification that these so-called

targeted therapies work exclusively in the tunors
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whi ch have the target of interest? | mean, we have
heard two exanples, good exanples. HER2 is
expressed in a high percentage of breast cancer
patients and only a small percentage of breast
cancer patients respond to Trastuzumab. The ras
i nhi bitors appear to work but probably not at al
t hrough t hat mechani sm

I think we are assunm ng a greater degree
of knowl edge and certainty than that to which we
are entitled. | think I would say if a drug is
appropriate to be tested in the gliomas of adults,
it is appropriate that it be tested in pediatric
gliomas. And it is not a question of targeting.
We are just not there yet in terns of the certainty
that the target is what we think it is and that the
validation of the target exists in adults, nuch
less in children

DR. SANTANA: So, you are suggesting that
part of the purpose of the conduct of the trial is
to precisely not only test the therapy but test the
val i dati on of the therapy.

DR. LEVIN. But let's put ourselves in the
real situation that we want to get access to drug
for medul | obl astona. Ckay? Now, we know t hat

there are a variety of |large groups of signaling
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pat hways. Say, ras, sarc, pkc are genera
pat hways. Okay? And, sonme pharnaceutical conpany
devel ops and i nhi bitor of one of the paths that
wor ks extraordinarily well in one of the
adenocar ci nonas but the people who study
medul | obl astoma know that if they can inhibit this
pat hway by a variety of different neans it also has
a positive effect on survival. Now the situation
is would the FDA, under this rule, allowthe
pediatric specialty group to go to the
phar maceuti cal conmpany and basical ly denand or
expect to be able to get access to that drug? That
is what the pediatric popul ati on needs, but the
gquestion is, is that a valid legal pursuit within
the FDA? And, that is what | woul d suggest m ght
be our future as we nove forward with better
signaling nolecules. It will cover pathways. W
wi | I know whet her those pathways are inportant or
not. And, within sone of those pathways we will be
able to pick fam|lies of conpounds that we think
are nore likely than not to be better for brain
tunors than they woul d be for adenocarci noma but we
wi || have choi ces.

DR. MEYERS: | absolutely agree with you

but | think that that is what we should be striving
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to get to, but in order to go to a sponsor and
conpel themto extend a conpound to an unrel ated
hi st ol ogy based on a pat hway, | think they would
say, well, let's first prove that it is effective
in the prinmary indication and uniquely effective in
t hose tunors whi ch depend on that pathway which
have nodifications of that pathway. And, | don't
thi nk we have that quite yet.

DR. SANTANA: Larry?

DR. KUN: Yes, | think there are two
different issues here. First of all, if thereis
an agent that shows clinical efficacy in a cohort
of patients with adult malignant gliomas, for
instance, then | would hate to see that precluded
for any reason fromtrial in pediatric malignant
gliomas. | don't think anybody around the table
woul d really disagree with that.

I think the second point is a harder one
to know. | nmean, if an agent is specifically
devel oped for a target unrelated to a tunor system
then at what point -- and this could in CNS or it
could be in ALL, at what point do we go and say
this drug should be available for pediatric trials?
Gven the fact that trials are the standard for

t herapy, so to speak, in pediatrics, you would |ike
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to say that if there is a biological reason to
study the drug and the preclinical nopdel suggests
that there is efficacy, then that shoul d be
avai l able for the pediatric trial

DR. SANTANA: Roger?

DR. PACKER: It is a leap of faith, but if
this rule is going to be of help for
medul | obl astona there is going to have to be sone
leap to say that if a drug has been found to be
very effective in adult nmalignant gliomas, and we
should live so long to find that drug --

[ Laught er]

-- that it should be applicable to other
pediatric brain tunors. | think you could nake a
cogent argurent that they share enough pat hways.
We have not really been in that position that
often. temazolomde is probably the best exanple
of that and the drug conpany did not hold the drug
back on that basis. | would ask the question a
little bit differently because we are not going to
be able to answer the first one, how do we roll
this back to | ower grade pediatric tunors, glial
tumors? How do we roll it back when we don't know
what those tunors have as far as biol ogi c changes

by and |l arge, especially in pediatrics but | don't
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thi nk we know that nuch in adults either? Yet, if
it is effective in adults with nalignant gliomas
and it is of lowtoxicity, can we roll it back to
anapl astic and grade 2 tunors? M argunent woul d
be a strong yes, but | don't have a strong biol ogic
basis to make that argunent.

Simlarly, if you are |ooking for reasons
to suggest a drug should be utilized, it also could
mechani sm of action. |If a drug is being devel oped
that benefits control of |eptoneningeal disease in
anot her tunmor type, then that drug, because it may
have a major effect on tunor spread or
di ssenminati on or adhesion, should al so be
considered strongly for those kind of pediatric
tunors where that is a nmajor problem such as
medul | obl astoma. So, | think it is nore than just
t he genetic makeup of the tunor

DR. SANTANA: Joe, did you have a coment ?
| thought earlier you wanted to say sonething.

DR. GOOTENBERG Actually |I would like the
di scussion to keep on going but at the end I want
to ask a clarifying question. So, if there is nore
di scussion to go, it should finish up

DR. SANTANA: Dr. Burger, do you have any

conments or want to join the discussion?
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DR. BURGER. Not really. | can talk but
think this is a very conplicated subject. If you
have any specific questions about the pathol ogy |
woul d be glad to answer them

DR. SANTANA: | just wanted to nake sure
that you did not feel we are |eaving you out of
this di scussion.

DR. BURGER: No, | don't feel left out.

DR. SANTANA: kay, good. Joe, do you
want to go ahead and address your issue?

DR. GOOTENBERG. Fromthe standpoint of
bi ol ogics where | think a lot of this is going to
be played out, | think that is the arena for the
mechani smspecific indications that we night get,
think we need to clarify that what we are tal king
about here is the Pediatric Rule and that the
Pediatric Rule is, nunber one, |license application
driven. It only cones in effect at that point.
Nunber two is indication driven, and what we are
tal ki ng about here is what we woul d consider the
sanme indications so that under the |law we could
ei ther nandate that studies are done or give sone
form of waiver.

Al ready our feeling is that in biologics

in the future we are going to have indications that
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conbi ne the mechani sm and the di sease. This has
al ready happened. For exanple, APL was nenti oned.
Retinoic acid is indicated for APL that has the
transl ocation, not for any other APL. So, if that
is found in pediatrics, no way would we begin it.

DR. H RSCHFELD: Arsenic is a retinoic
aci d.

DR. GOOTENBERG. (kay, arsenic. For
exanpl e, also you would | ook at nonocl ona
anti bodi es and | ook at Herceptin indication nost
likely -- | haven't |looked at it recently -- is for
antigen-positive breast cancers. So, we think that
biologic indications in the future will be both
mechani sm and di sease specific, and the question is
whet her we are going to focus on the mechani sm and
say that studies should be done or not.

DR. SANTANA: But | thought | heard Pau
and Roger arguing the point that it should be both,
that because of the linmtation of patient nunbers,
in pediatrics in this particular scenario that you
are proposing, which | think is the nore Iikely one
to be, that is, looking at both di sease hi stol ogy
and a nmechanism we are not at the point yet that
we have enough pediatric information for the

mechani smvalidation that | think if a sponsor
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cones to you with a biologic |ooking at both

gliomas that express X, | think you should
seriously consider allowing -- this is the argunent
that | hear fromthat side of the table -- that you

shoul d all ow pediatric patients to have access to
that drug without a full understandi ng whet her
mechani sm X i s operative.

DR. GOOTENBERG That is not how the rule
operates. W don't allow access to the drug. W
ei ther mandate that studies be done or we waive and
say studies don't need to be done, and that is a
big junp, a big gap there.

DR KUN. But | think what we are saying
is that that junp should be taken for the nechani sm
or for the histol ogy.

DR. PACKER: If you don't you wll never
treat brain stemglioma on a study because we don't
have tissue on brain stemglioms, yet the vast
majority of those patients will be dead within 9-18
nont hs of diagnosis. You have to nake that jump if
you are going to affect the field. |If the nmandate
is the only way to get the drug there, then | would
suggest you use the nandate.

DR SANTANA:  Donna?

DR. PRZEPI ORKA: Just a request for a
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clarification fromHoward Fine, please, because
what it sounds like fromthat side of the roomis
that a glioma is a glioma is a gliona --

[ Laught er]

-- simlar to the sarcoma story and adults
and pediatric patients should be treated the sane
way. VYet, | recall fromyour slides that adults
and pediatric patients are treated differently.

So, ny question is are they treated differently
because the tunors are different or are they
treated differently because of tradition?

DR. FINE: Again, as | tried to explain,
hi gh grade glionas are not treated differently.

Low grade gliomas are treated differently. Because
agliommis not agliona is not a gliona, in our

i gnorance we treat a glioma as a glionma as a gliona
within the adult popul ation. Hence, we can
extrapol ate and say since we do that with adults,
we can do that with children too because it may
very well be that the real subtypes of tunors that
we classify as gliomas may not go across age groups
but will go across genetics. But we are not there.
So, given our state of ignorance, the question is
should we then just treat themall the same? |If

that is true, then we invoke the Pediatric Rule.



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

DR. GROSSMAN: | think the other
difference is if radiation therapy were as
neurotoxic to the adults as it were to the
children, we actually would treat everybody the
sanme.

DR FINE: But, Skip, do you really think
that you can get a 70-80 percent response rate with
carbopl ati numwi th your average | ow grade
astrocytona in adults?

DR. GROSSMAN:  No. There are differences
in terms of survival between adults and kids in
sarconas and ot her diseases that we tal k about too.
I am not saying that that nakes them absol utely
identical, but I think if we had severe
neurotoxicity frombrain irradiation in adults, we
woul d be pushing a I ot nmore chenptherapy in the | ow
grade astrocytonas.

DR FINE Right, but I think it is stil
an inportant point, especially the |ow grade, that
there nust be sonething different about it, because
it is not that we can't get to those doses with
carboplatinuminto a 25-year old but we don't see
t he kinds of responses that Roger and ot hers have
reported.

DR LEVIN. One, we do see a |ot of
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irradiation toxicity so we do have a reason to push
chemo. Two, all low grade gliomas in childhood are
not infiltrated tunors. Mdst of the | ow grade
tumors in adults are infiltrated tunors. The third
thing is that | believe that the conversion of |ow
grade infiltrate of gliomas of childhood to adults
approaches 50-70 percent depending on year. In the
Gllis article it is basically 70 percent at 5
years because they are tal ki ng about
progressi on-free survival of astrocytoma being 0.7.
So, that being the case, there nmust be a conversion
rate of 30 percent in 5 years just fromthe Gllis
paper .

DR. KUN:. Just because they fail doesn't
nmean t hey convert.

DR. LEVIN: Yes, but ny guess is they do
convert.

DR. KUN: Well, a percentage of them do
but it doesn't seemto be that high.

DR. LEVIN: For infiltrative |ow grade
glionas.

DR PACKER: If you | ook pathol ogy
studies, | don't think that is correct but | ow
grade infiltrating tunors in pediatrics are not

beni gn processes whether we call them benign
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tunors. Again, we get caught up in how we | abe
these things but those are tunors that require
treatment and they are tunors that often are not
treatable with radiation because of the extent of
t he di sease, and we need alternatives w thout

bi ol ogic data to support what we are going to
utilize, and we are stuck with enpiric approaches.

DR ELIAS: Yes, | just wanted to get back
to the issue of the burden of proof. |If one uses
hi stology, | think the burden of proof is in a
sense invoking the Pediatric Rul e because we have
the natural history of the tunmor, the biologic
behavi or, the years of experience wth |ooking at
histology. | think when we are tal ki ng about
pat hways we have a di fferent burden, one of which
is that we know that very few of our pathways are
clear, single, straight |line pathways. They al
have nultiple effects. Many of the drugs that
target against one thing clearly have effects on
ot her targets.

So, in a sense if we had the issue of
medul | obl astona and let's say it shared a pat hway
with lung cancer, the issue is what would it all ow
us to invoke? Cdearly, not just the fact that the

pat hway was shared when we clearly have to be able
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to denonstrate in a certain sense not just that it
is present but that it is fundanentally inportant
in both tunors, do you need ani nal nodels? Do you
need clinical data? Wat |evel of proof do you
need to show that that pathways is, in fact,

i mportant in nedulloblastona in order to invoke the
Pedi atric Rul e?

DR. HI RSCHFELD: The answer isn't in yet
because that is why we are having these discussions
to try to evol ve what approach to take. dearly,
the nodalities in ternms of burden of evidence you
di scussed are all the relevant nodalities. It is,
in awy, a variation on the figure that we are
of ten asked by industry sponsors, what percent
response rate do we need in order to get approval ?
And, we don't know. We never fixed that nunber.

But | think that when there is sone | eve
of consensus in the scientific comunity that this
is the accepted nmechanism then | think it would
beconme relatively apparent. W need to have a
formal ruling on it.

DR PAZDUR: Basically it is concurrence
of the nedical community. So, the issue here is
that it is a widely held scientific nedical belief.

The Pediatric Rule can't be invoked for hypothesis
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generating, basically, it is to take sonething that
is already established and apply basically a
di agnosi s or a principle.
Questions to the Commttee

DR. SANTANA: | amgoing to go ahead and
try to tackle the questions so we can finish on
tinme.

| woul d suggest that for question A what
general principles could be used to relate CNS
mal i gnancies in adults to CNS nalignancies in
children, that we follow the nodel that we proposed
this nmorning for sarconas because | think there are
nore simlarities in adult and pediatric brain
tunors than there are with the prior discussion
earlier this afternoon. So, | would invoke that we
consider histology as a primary -- not the only but
as a primary determ nant and, in addition, special
consi derations to nol ecul ar characterization and,
in addition, sonething that we have kind of not
conpl etely discussed but | want to throwin, with
sone special attention to issues of safety,
particularly with neurocognitive. | know that that
is not how the indications are done but ultinmately
the | abeling has to address that.

So, | think in this particular group of
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di seases, the brain tunors, | would propose that
hi st ol ogy and nol ecul ar characterization be the
guiding principles but with sone special attention
to issues of safety as it relates to |abeling, and
if they don't exist, you know, the sponsors have to
say they don't exist. But we should encourage them
to |l ook for those when these trials are done so
that the | abels accurately reflect that particul ar
segrment of this population. Larry?

DR. KUN: But am|l incorrect? Isn't the
| abel i ng a secondary event?

DR. SANTANA: Yes.

DR. KUN. What you are trying to do here
is establish the precedent that the drug woul d be
avai l abl e for study --

DR. SANTANA: Right.

DR. KUN: -- and you won't know the i npact
upon subsequent neurocognitive function, except to
be confident that it is a part of the study where
appropri ate.

DR. SANTANA: Right, | just wanted to nmke
peopl e sensitive to that issue, not that it is an
i ssue of the primary indication, Larry.

DR. PACKER: But wouldn't that be nore of

an issue of clinical trial devel opnent, of how you
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do the trials in pediatrics, rather than getting
the drug to pediatrics? Then, you said you had
anot her neeting comng up on clinical trials. As
you nove it to pediatrics there have to be sone
speci fic saf eguards brought in.

The one thing | did want to add, and
don't know if it is covered by tal king about
pat hways, is again sone statenment if also the drug
is ained at a specific pattern of disease spread
that would be particularly useful in pediatrics,
i.e., |leptoneningeal spread. That would be anot her
i ndi cation potentially if you were devel opi ng an
i ntrathecal drug for carcinomatous neningitis. |f
that drug showed significant efficacy, to try to
make that drug available for pediatric tunors that
have | ept oneni ngeal spread. | don't know how to
put that in wording but I wonder if that shouldn't
be also in the back of people's mnds as they put
this together.

DR. SANTANA: Richard or Steve, did you
get that nessage? Good.

DR. H RSCHFELD: Right, | would fold that
into what we call the natural history
characterization.

DR. POVEROY: | would only add that as far
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as the lack of know edge in pediatric brain tunors,
a nunber of us feel passionately that we want to
fill in that gap and build that up as part of the
criteria that we ultimately will use in extending
studies to the children

DR. SANTANA: Any further advice regardi ng
issue Ato the agency?

[ No response]

For question B, which of the foll ow ng
adult diseases has a pediatric counterpart and what
is the basis? | think, if the conmittee will allow
me, | would venture to say that if not all, for
many of these | think there are a simlar disease
correlates and | don't think we need to discuss
those further.

Then the question that | always have
trouble with, which is the issue of the exception
exanpl es that keeps com ng back --

DR. H RSCHFELD: This is the last tinme you
will see this question, and specifically that is
why we invited Dr. Perlman to see if there were any
ways -- again, it is just an attenpt to be
conpr ehensi ve and conpl ete

DR. PERLMAN: Your question with regard to

germcell tunors and their different
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classifications, regarding question C, | don't see
any risk or any problemwith a different
classification of a germcell tunor as anything
else. Wth regard to whether or not there is a
pedi atric counterpart of germcell tunors, | think
regardl ess of the CNS or gonadal origin, and if you
are tal king about malignant germcell tunors, there
are two biologically separate categories, those
that arise in prepubertal or, actually usually
infants, and those that arise in postpuberta
patients. Biologically, if you are confining
yourself to those two categories, either of those
two categories are biologically equival ent and,
therefore, with regard to the CNS germcell tunors,
the nunber of infantile malignant CNS germ cel
tunors are so extraordinarily rare | amnot sure it
needs to be addressed with this question

DR. SANTANA: Any ot her coments regardi ng
that? |If not, | amgoing to try to finish on tine
and | will invite Dr. Meyers and Dr. Levin in
succession to give us some sunmmary coments.
Peter, we are going to have sone sunmary comments
by Dr. Meyers and Levin. You are welcone to stay
on board if you wi sh

DR. BURGER: Ckay, thanks.
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DR. SANTANA: Thank you, Peter.
Surmmary Comrent s

DR. MEYERS: Thank you very much. | am
going to start just be reninding all of us of the
reason that we came here today. The purpose of the
Pediatric Rule is to ensure that we nake avail abl e
to children, and specifically today to children
wi th cancer, the newest drugs in a rapid and tinely
fashion so that we can learn their value in the
treatment of children.

The FDAMA initiative which has been very
successful and very effective in bringing a nunber
of drugs to pediatric trial is not relevant. It
doesn't do that early in the devel opnment of drugs,
and what we are trying to do is get drugs in early
devel opnent into appropriate pediatric trials.

So, | think that the neeting that you are
going to have, which will follow this neeting, to
address clinical trial designis really crucial in
this whol e process because the point | was trying
to make earlier and the point that David Popl ack
referred to in the devel opnent of ATRA and ot her
drugs for APM.L is that for a lot of these drugs we
need to find sone way to get out of the paradi gm

that you have to conplete the adult trials before
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we can initiate trials in children

I think this is especially inmportant in
| ooki ng at bi ol ogi cal conmpounds, and in biol ogical
conpounds it is going to be unusual that we are
going to seek to achieve a maxi numtol erated dose
in the same way that we have done for traditiona
cytotoxic chenotherapy. W are going to be | ooking
for evidence of biologic activity which will often
be seen | ong before we see severe toxicity, simlar
to that which we are all accustonmed to in our
patients with cytotoxic chenotherapy. For that
reason, | think it is legitimte to challenge the
cl assi ¢ paradigmthat one cannot initiate Phase
trials in pediatrics until adult Phase | trials are
conpl eted or nearly conpl eted.

Soneone this norning said we shouldn't use
drugs until we have an understandi ng of how t hey
work, like vincristine. | disagree with that
statement. | think there is quite a little room
for empiricismin oncology and, as nuch as | am an
advocate of |earning about pathways and their role
in malignancies and identifying targets to address
t hose pathways, | think we are far from being smart
enough to say with certainty that a given pathway

is central to a disease, and our targets are not
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al ways we think they are.

This morning we led off with sarcomas. |
think that was a wi se decision because it allowed
us to cone to sone consensus early on before we
tackl ed the nore contentious histol ogies that were
under discussion today. | would suggest that we
canme to a fairly unani nous conclusion that the
sarconmas need to be addressed in the sane way in
children and adults, and that there really is no
reason to use an artificial divide between
pedi atrics and internal nedicine when it conmes to
t he sarconas.

| think when we started to | ook at the
neur oendocri ne tunors, specifically the
neur obl astoma versus the small cell [ung cancer
guestion, we saw sonme extrenely intriguing data
and, to ne, very educational data but | am not sure
that we reached a consensus that any drug whi ch was
autonmatically valuable in small cell |ung cancer
shoul d i nvoke the Pediatric Rule for neurobl astoma,
and | think we came to a sinilar consensus in brain
tunors.

| think the other discussion we initiated
here today and we did not conplete was what, in

fact, will be the basis for the indication
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i nvocation, and will it be histology alone? WII
it be histology and nol ecul ar pathol ogy? WII it
be sone form of targeted pathway? | think the

group continues to believe that histology is
certainly still the first indication but that
increasingly we will be | ooking at nol ecul ar

pat hol ogy and pathway identification to i nvoke the
rul e.

I think the final point that | would nake
that | don't think we thought about conpletely
today is that | think our biggest problemis
ultimately going to be one of prioritization
Mal col mrem nds us appropriately that our ability
to carry out trials in pediatrics is ultimately
limted by the willingness of patients to
partici pate and the nunmber of patients who are
appropriate to participate, and he has told you
quite accurately if we could acconplish trials very
four to five years | would be pleased. | think it
has been a little I ess than every four to five
years in sone of our sarcomas, but we are tal king
here about earlier trials, snmaller trials, trials
in patients who have had progressive di sease or who
have presented with high risk disease and even in

that popul ation we are dealing with very smal
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nunbers. | think it is our responsibility, from
the acadenic community, to nake sure that we
prioritize the choice of drugs which we wish to
pursue, whether the rule is invoked or not, to
ensure that we are bringing to the children with
mal i gnanci es the best that we have to offer

| think that prioritization will be based
in part upon availability, in part upon sone of the
initiatives that were started yesterday at NCl to
devel op sonme preclinical screening tools, and in
part upon risk/benefit ratios which will be
identified at some point in the devel opnent of the
drugs in adults or in preclinical testing.

So, | would say that | have found today's
di scussion i nmensely helpful to ne and | amvery
grateful to have been allowed to participate.

Thank you.

DR LEVIN. This is my fist participation
in sone kind of an activity like this so | didn't
really know how to prepare nmy comments, but since
am not a nedical oncol ogi st or pediatric oncol ogi st
I focused on brain tunors, which | have been doi ng
for the last 28 years.

I will focus ny coments primarily on

brain tunors but will generalize a little. There
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is no question that at least within brain tunors
and outside of brain tunors there is sone

i nexactitude and difficulty in naking the correct
di agnosi s and sone insecurity bout that. Wthin
adults and children there are going to be defined
di fferences both at a nolecular and genetic |evel
and there are going to be tinme-dependent

di fferences probably in terns of biologic behavior
that we inconpl etely understand now based on the
nol ecul ar and genetic understandi ng we have today,
but maybe tonorrow we will understand nore fully
what those patterns are, why biologic changes in

t he behavi or of the tunor and survival occur. But
today we can accept the fact that we don't know
everyt hi ng.

Gven the sinlarities that were so nicely
put forth by Henry Friednman, we can feel confident
that within the sphere of glionas, nerve sheath
tunors, neningeal tunors, germcell tunors, primry
CNS | ynmphomas and sellar tunors that we can go
forth in concert with pediatrics.

I think the issue frommy perspective is
for each individual tunor what is the way to nove
forward the fastest to get the treatnent to the

child? dearly, the fastest way to get a treatnent
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for neuroblastoma to children is to do it in adults
where you can accrue patients for Phase Il studies
in three months. 1t goes forward with the

anapl astic tunors as well.

So, | think the issue probably shoul dn't
be so nmuch age as it is getting the study done and
validation that against this disease this is a
valid treatnent. Then maybe | essening the
requirenents in pediatrics to just proving that it
is safe and that the PK supports the dose that is
bei ng used, and to focus less on the initial
efficacy study trying to rediscover the wheel, but
trying to get the therapy into the patients as fast
as possi bl e.

When you deal with primtive
neur oendocrine tunmors the world is topsy-turvy
because there is no adult correlated. There,
think it is going to have to be individua
cl everness, really seriously |ooking at signaling
pat hways. People say they would |like to do
enpiricism but enpiricismhas gotten us very
little distance in the treatnent of glial tunors
and in the treatment of medul |l obl astoma. The
nunber of different types of treatnents that have

really come forward is very small. Basically, they
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are the same that have been used in general for the
past decade or longer. So, that really does not
hold for primary brain tunmors. For prinary brain
tunors we really are going to have to create nore
know edge and attract either the devel opnent of new
drugs or to get the conpanies and the inventors of
these drugs to allow us to get access to them
sooner so we can study themin aninmals, so we can
make a stronger justification for using themin
peopl e nore quickly.

| really don't think that there is an easy
way around the solution for finding a therapy for
uncomon tunors. | think you have to do it on an
i ndi vidual basis and you have to provide sufficient
evidence that can justify its use in that disease.
I think randomenpiricismin this day and age is
probably not cost effective. There are going to be
too many options comng forward with respect to
drugs. It is very easy to make drugs today, much,
much nore easy than it was years and years ago

The biggest problemtoday is the targets.
So, in that process the conpanies are going to cone
forward with | arge nunbers of inhibitors of
specific targets, and | think the pediatric field

could be overrun by the enpiricismand trying to
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conbine them So, | think trying to, at the sane
time, create a know edge base will turn out to be
the nost tine effective way of getting treatment to
the clinic fastest.

I think that that basically sunmarizes ny
t houghts, at least froma brain tunor perspective.

I am having a hard tine understandi ng how i nvoki ng
this would really help at this stage.

DR. SANTANA: | want to thank Victor and
Paul for their summary statenments. | want to ask
if Steve or Richard have any concl udi ng renmarks
before | nmake a final statenent.

DR, H RSCHFELD: | would | Iike to thank
all the nmenbers of the conmttee and the speakers
who put in the extra effort. | would like to thank
the menbers of our Division, particularly the
Director, Dr. Pazdur, and ny pediatric oncol ogy
col | eagues, Drs. Al Shapiro and Ransey Dagger
And, | would like to thank Victor Santana for once
agai n | eadi ng an out standi ng panel discussion

DR. SANTANA: Thank you. Susan wants to
make a final comrent and Jerry wants to neke a
final coment, and | amgoing to take the
chairman's prerogative and allow themto do that.

Susan, please?
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DR. VEINER. Thank you. Just one fina
question | think for Dr. Pazdur and Dr. Hirschfeld
there has been a I ot of healthy and exciting
di sagreenent in this roomtoday, including
di sagreenent fromthe final sunmary statenents
about whether, for exanple, the adult paradi gm
shoul d continue or not continue in pediatrics, or
whet her or not we should forego enpiricismfor
targeted therapies or vice versa. | guess because
of that disagreement and because of the anxiety
that inevitably incurs in patients and fanmlies, |
woul d I'i ke to hear sonething about how those kinds
of disagreements in the conmmunity will be resol ved,
and what the interface will be with the cooperative
groups and the community in general. | think that
that would really put us in a position of going out
in the world and saying we are certain that this is
going to be a sound and rational procedure.

DR PAZDUR: | think the answer to your
guestion, Susan, is tine. One of the reasons
thi nk you have found a | ot of disagreenent here is
that the scientific underpinnings of nost of the
guestions that we are trying to answer are still in
their relative infancy. Everybody would like to

have targeted therapies. 1t nmakes sense. However,

284



o o~ WD

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

oncol ogy has been one discipline of enpiricism
which | think all of us we like to see cone to an
end and have a nore rational devel opnment of drugs.
But | think that is going to take tinme and the

di sagreenent that | think you saw here anong many
of the people represents an absence of data rather
than an abundance of data. | think as we devel op
nore targeted therapies and | ook closer into this
field, hopefully, we will have a greater database
to come to some consensus.

DR HI RSCHFELD: Could | just add that
this will be an ongoi ng di scussion. Today was
per haps the beginning but it certainly doesn't
represent the end of this dial ogue.

DR. VEINER: But there will be sonme formal
structure, sone entity that will continue to | ook
at the questions that plague pediatric oncol ogy
about access to drugs and about what is to be
tested, given the bul ging pipeline?

DR. PAZDUR: Yes, this subconmittee will
continue. Cbviously, this is not just three
nmeetings and then we are going to call it quits
here. So, yes, this is an ongoing conm tnent that
the Division has to pediatrics. |In addition

obvi ously when we do have pediatric questions, as
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wi th adult questions about malignancies, we bring
in pediatricians that are on this commttee to
answer questions that we have. But, yes, this is
an ongoi ng conmi tnent that we have.

DR. SANTANA: Yes, and | think a follow up
to that is | hope that this dialogue is not two-way
but it includes the cooperative groups very
seriously in this discussion, CTAP. Sponsors,
obviously, are an inportant point. So, | was glad
to see that a nunber of sponsors showed up today
and that Ml col mwas here and that other
representatives in other roles of |eadership in the
cooperative group were also here because | think it
is not only a dial ogue between the FDA and the
sponsors; it is a dialogue |I think, Susan, that
i nvol ves ot her people and | think, either through
this structure of additional structures, we need to
keep that going. Jerry?

DR. FINKLESTEIN: Si xteen nonths ago --
not long ago -- | had the opportunity to co-chair a
nmeeting held at the American Acadeny of Pediatrics
downt own office in Washington. There were seven
groups attendi ng, many of whom are here today. The
FDA was there; the public was there; Susan was

there; leaders in pediatric oncology were there;
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menbers of PhARMA were there; pharnacol ogi sts were
there. NCI was represented by a nunber of people,

i ncluding Malcolm Leaders of the Anerican Acadeny
of Pediatrics were there, and for one of the
sessions there were staff represented from people
from Congr ess.

The goal of the neeting was to see what
could be done by having all these groups sit around
the table to | ook at drugs and therapies for
children with cancer and bring themearlier to the
child who is suffering this very devastating
di sease. Now, this is the third neeting of an
FDA-created conmittee. | have to tell you that at
that nmeeting the FDA went into a separate little
nmeeting -- | renenber it -- behind me, Richard,

St even, Di anne Murphy and Mac Lunpkin went into a
room closed the door as we were all struggling
with this; canme out. Mack grabbed the bl ackboard
and said we can help. Ooviously, they | ooked at
their nmandate and they realized that they could
cone to the table and accept the chall enge.

Now, | am probably the senior pediatric

oncologist in this room and for decades, in ny

mnd, it was always "we" and "they." \When they

grabbed that blackboard | realized it was "we" and
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"we" because there is no question in my mnd that
t hey have stepped to the plate.

Susan, there is no question in my mnd
that they are going to continue and | would like to
congratulate Richard -- incidentally, Richard is a
medi cal oncol ogi st who thinks |like a pediatrician
so | have to doubly congratulate Richard and
certainly congratul ate Steven for grabbing the
balls and keeping it going, and | | ook forward to
further deliberations of this group and |I thank you
on behal f of ny patients.

DR. SANTANA: Thank you. | think we are
adjourned and | think we have done our task that
was assigned. Have a good day.

[ Wher eupon, at 3:40 p.m, the proceedings

were recessed. ]
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