Tab 5 Efficacy Review

5.1 Overview of Phase 3 clinical program

While the studies were conducted by different sponsors, they used the same
drug product, imaging sequences, and route of administration. The patient
population also dppeared to be similar (Table 5.1). In the US, patients with
different types of primary tumors were enrolled into 3 single protoco| while
each tumor type was enrolled under a different protocol in the European
trials.

In addition to those pivotal trials, Dr. Weissleder and his colleagues from
Massachusetts General Hospital and Harvard Medical School, and University
Medical Center, Nijmegen, the Netherlands conducted a pooled analysis
based on a Subset of patients from an ongoing US study (38804—19) and an
ongoing European study (ALS3-31A). Data from 40 patients from each



Table 5.1 - Ljst of pivotal Phase 3 trials from the originaj NDA

submission and re-evaluated in this review cycle
r‘Analysis Type of Protocol Original Study Design
£ OrmalSusy b
Prospectively Open-label, multicenter study in

defined patients with highly suspected or
analysis from confirmed cancer with possible
a single US metastasis to lymph nodes in at least

study one of the following body areas: head
& neck, lung, breast, abdomen, and
pelvic

Open label, Mmulticenter study in
patients with squamous cell carcinoma
of upper aerodigestive tract (Final
Report: August 1999

Open label, Mmulticenter study in
patients with gynecologic or urologic
cancer(Final Report: S
Open label, Mmulticenter study in
patients with breast Cancer (Final

Report: September 19

al NDA submission, Volume 1.180

Prospectively
defined
pooled
analysis from
three
European
Studies

5.2 Study Design

Two analyses were conducted based on data collected from the US ang
European trials, respectively,

dose MR images were then compared to that of pre-dose (non—contrast) MR
images at a noda| level, by using histopathology as the “truth standard”, A
i ption of the study design, including statistical plan, are
summarized as follows:
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Inclusion and Exclusion Criteria:
Each study site was allowed to enroll up to 12 patients, who met the
following inclusion criteria:

* 18 years of age or older

* Had highly suspected or confirmed cancer with possible metastasis to

lung, breast, abdomen, and pelvis
* Had at least to one lymph node, lymph node group, or Coalescence of
lymph nodes visualized on pre-dose MR images by site investigators;
* Scheduled for surgery or needle biopsy within three weeks following
Combidex administration



parameters and coil(s). A detailed description of imaging procedures can be
found in Appendix 7.4,

Table 5.2.1.1 Body Area Scanned by the Location of Cancer (Study

38804-10

Area Scanned

Head and Neck Base of the skuyl] to the
supraclavicular region
Thoracic inlet to the top of the
diaphragm

Breast Axillary or internal mammary lymph

‘ nodes

Abdominal Diaphragm to the iliac crest to
bottom of the Kidneys
lliac crest through the pubic

| Symphysis

Source data: Study report of 38804-10, bage 45, Original NDA submission, Volume 1.57

Evaluation of MR Images
There were two (unblinded and blinded) evaluations of MR images. MR
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The role of oncologist was to make a relevant clinical decision based on the
information provided by the radiologist,

Blinded overread: Since the blinded readers may miss SOme nodes that

Table5.2.1.2 T pe of Imagqgi Evaluation and Their Pur

Reviewer Purpose MR Images Used in
Evaluation
Pre- Post- | Paired
dose dose read
read read

Identify the node SO

that pathology results X
can be obtained
during surgery or via
biops
Provide data for
primary efficacy
analysis

Unblinded
review of
unmarked
MR images

investigato
rs

Blinded
review of
unmarked
MR images
Blinded
Overread

Two teams
of
radiologist/
oncologist
The same
teams of
Radiologist
/oncologist

Evaluate the node
missed during the
initial blinded review
(data were not used
in primary anal Sis




Combidex Imaging Guideline Development
he sponsor developed the Combidex Imaging Guideline, a standardized

Table 5.2.1.3, Combidex 1 i
No blackening of node or node js

hyperintense to surrounding tissue;
heterogenous or homogenous
architecture

Node has central high signal with

darkening along the peripheral rim;

heterogenous architecture

Partial darkening whereby more than Metastatic
50% of the node has area of high

signal intensity; heterogenous

architecture

Less than 50% of node has high signal | p

Ossibly Metastatic
intensity; heterogenous architecture

Nonmetastatic

Node having an overall dark signal
with speckles of Ssubtfe

were actually reviewed jn the development of the Guidelines. Those nodes
can then be excluded from the primary analyses.
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Nodal Mapping - Matching the Nodes from MR images to that of
histopathology

The nodal mapping was critical to ensure that the blinded evaluations of the
MR images and histopathology results were made for the same lymph nodes.
In this study, the nodal Mapping was achieved by the procedures
implemented as follows:

* Investigator at the study site conducted a unblinded read of pre-dose

* During surgery, the surgeons identified and labeled the study nodes
(tissue specimen) by referencing MR images and/or diagrams. Often the
Investigator was present during the surgery to assist in labeling nodes

* All nodes removed at surgery were given to a pathologist for histologic
examination

* After receiving the pathology reports, the sijte investigators correlated the
pathology results to each node identified by him/her during the unblinded
review of MR images

third party Adjudicator, Compared the nodes identified by the blinded
readers with the nodes identified by the site investigator to establish the
link,

The sponsor stated that these procedures permitted nodes sampled at
surgery/biopsy with histology to be matched to those identified by the
blinded readers.



calculation of sensitivity and specificity of a radiological interpretation is
illustrated in Table 5.2.1.4,

Table 5.2.1.4, Method for the calculation of sensitivity and specificity
of a radiological interpretation, by using a histopathological

diagnosis as the “truth” standard
Radiological A histopathological diagnosis
interpretation Non-Metastatic

Metastatic
Non-metastic FN

TP=true positive, FP=false positive, TN=trye negative and FN=false negative

;
H

Here sensitivity (true positive) is defined as the ability of a radiological (MR)
imaging test to identify correctly those lymph nodes that are determined by
pathology as metastatic, i.e., sensitivity = TP/(TP+FN)

Spe-te o “"ative) is defined as the ability of a radiological (MR)
IMaginig veo. oo mentify those lymph nodes that are determined by pathology
as non-metastatic, i.e., specificity = TN/(TN+FP)

population tested. Since the prevalence of metastatic lymph nodes can differ
greatly from patient to patient, FDA only accepts sensitivity and specificity
as the valid primary endpoints in evaluating the performance of a contrast
agent. Please refer to FDA’s Guidance for Industry - Developing Medical
Imaging Drug and Biological Products: Part 3: Design, Analysis, and
Interpretation of Clinical Studies for a detaifed discussion (Appendix 7.5 ).

A histopathology diagnosis: A histopathological diagnosis is considered the
truth standard for confirming whether or not a lymph node is metastatic. In
this study, histopathology diagnosis for each lymph node was made at each
study site and there was no centralized read. The pathology diagnosis
included the following four Categories: normal, inflammatory, metastatic,
and other. Inflammatory nodes were treated as “normal” in the primary
analysis and those nodes classified as “other” were excluded from the
primary analysis.
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A radiological interpretation: A radiological interpretation of the presence or
absence of a metastatic lesion in the lymph nodes was made by the two
blinded radiologists who evaluated MR images. Three sets of MR images
were presented to each of the two radiologists for the assessment, i.e., (1)
pre-dose images alone, (2) post-dose images alone, and (3) pre-dose and
post-dose images side by side (paired read). Under each of those three
scenarios, the blinded readers were first asked to make an instrument-based
interpretation, and then a skill-based interpretation.

+ Instrument-based radiological interpretation: For pre-dose images, the
blinded readers were asked to measure the size of the lymph nodes. Any
nodes > 10 mm (short axis) were considered metastatic. For post-dose
alone or paired read, the readers were instructed to use only the
Combidex Imaging Guidelines to determine whether or not a node was
metastatic. In the analysis of sensitivity and specificity, a diagnosis of
"metastatic” and “possibly metastatic” from the Combidex Imaging
Guideline were combined as metastatic (Table 5.1.2.3).

» Skill-based radiological interpretation: The readers were also asked to
provide overall assessment of a node (metastatic vs. non-metastatic)
based on all information obtained from the MR images (as knows as
Blinded Reader Diagnosis or Skill-based diagnosis). After the radiological
interpretation was made, the blinded readers were then asked to rate the
importance of the nodal characteristics in making the diagnosis. Table
5.2.1.5 listed the factors that were considered in making an instrument-
based or a skill-based radiological interpretation on whether or not a node
was metastatic.
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Table 5.2.1.5 Factors that were used in making an instrument-based

or skill-based radiological interg
Type of MR Images
dose i
X

Radiological Interpretation
Pre- Post- Paired
dose

Instrument-based (More objective)
Short Axis (mm)
Imaging Guideline
Skill-based (More subjective)
Size
Shape
Consistency with the guideline
Signal intensity
Change in signal intensity
Location with respect to primary tumor
Architecture

Fatty replaced
Data Source: Appendix 7.1 and 7.2 of ISE, original NDA submission, Volume 1.182.

(2) Primary Analysis:

The primary analysis was performed at a nodal level, and the blinded
evaluation of unmarked images was used in the primary analysis in this
study. .

x
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3) Analytical po ulation in the rimary analysis
The statistical plan (July 27, 1998) stated that:

dose, image of diagnostic quality, and did not have any protocol
violations that may have affected imaging”.

* Each lymph node (regardless of Size) removed should be evaluated
histologically

* The extent of surgery performed will not pe based on the results of
post-dose MR images

* The nodes must be visualized by the site investigator, be removed
surgically;"and had a valid pathology resuit

* The same nodes must also be identified by the blinded readers from the
unmarked MR images, and be mapped by the third-party Adjudicator to
that visualized by the site investigator

Comments: A noda/ disposition chart js provided in the Section 5.3.2 of this
briefing document.
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5.2.2 A Prospectively defined Pooled analysis from three European
Phase 3 trials

Study protocol were reviewed
by FDA prior to initiation of the
stud
Patient Population
Risk for lymph node
metastases
Any TNM
T1-T4 and an NM
Location of Primary Tumor
Head & Neck
Lung
Breast
~Abdomen
Pelvis
Allowing the use of Combidex
results in deciding patient
surgical/management strategies
Dose and Administration
2.6 mg Fe/kg
Dilution

X
50 mL 100 mL
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Biopsy or surgery (post—dosing)
3 weeks
10 days

Nodal Mapping - Effort to

correlate all nodes visualized by

site investigator on MRI images

Node mapping - correlation the
results from blinded review of
unmarked images to that of site
investigators
By third party radiologist
By sponsor
Blinded Imaging Evaluation
Use of Combidex Imaging
Guidelines for the evaluation
of post-dose imaqges
Availability of a nodal leve| data
From Unmarked Image
Pre-dose alone
Paired
Post-dose alone
From Blinded Overread
Pre-dose alone
Paired
Post-dose alone
Analytical Dataset
Patients without diagnostic
quality of MR images
Patients received < 80%
intended dose

significantly higher percentage of large (>10 mm) nodes evaluated in these
studies than that in the UsS studies (76% vs. 36%)

The Combidex Imaging Guidelines developed by the sponsor were not
presented to the blinded readers during the blinded evaluation of MR
images. The readers used a different guideline (called reading guideline, see
Appendix 7.6) to record the signal intensity related information, including
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outlined in the European study reports. The following is the standard
statement:

described by the centralized reader were CoOmpared to the lymph nodes
correlated on sijte (page 35 of final study report of ALS-3-2-A)",

5.3 Primary Efficacy Analysis

5.3.1 Description of Patients and Lymph Nodes Used in the Primary
Efficacy Analysis

Patients Level Information:
Of 166 patients enrolled into the Us study, 152 received Combidex. In three
European trials, a total of 181 patients received the drug. Table 5.3.1.1

disease specific information.
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Table 5.3.1.1 Patient-based demographics and disease specific

information

Characteristics
38804-10

(n=152)

Demographic — _
“

European Studies

Biopsy

Neither biopsy or surgery 5 5
or unknown 10% 9% 14%
Lymph Node Metastases

by pathology*

Volume 1.57, and Table 11 of ISE, page 46, original NDA submission, Volume 180, and Table IV, V and vii, page
34, final study report of ASL-3-2-A, Volume 1.86.
* based on patients who had surgery or biopsy

Of 152 patients who received Combidex in the Us trial, 18 (12%) did not
undergo biopsy or surgery (patient refusal, failed procedure, patient
unstable etc). Of 134 patients who had surgery or biopsy, 67 (50%) had at
least one positive (metastatic) lymph node.

Of 181 patients who received Combidex in the European trials, 19 (10%) did
not undergo biopsy or surgery. Of the 162 patients who had surgery or
biopsy, 89 (55%) had at least one positive (metastatic) lymph node (69%,
37% and 47% for the neck, pelvic and breast cancer, respectively).



European studies, respectively, were excluded from the primary analysis.

In study ASL-3-7-A, 26/56 (46%) were prostate and 24 (43%) were urinary
bladder cancer.

Nodal Level Information:
Pathology of lymph nodes that Were surgically removed: In the Us trial, a
total number of 1,691 nodes were rémoved during the surgery or biopsy

from 134 patients. Of those nodes, 231 (14%) were metastatic. In three
European trials, the percentage of surgically removed lymph nodes that were
metastatic varied from 8% to 649 (Table 5.3.1.2). One of the factors that
affect the rate of the metastatic lesion was the Size of the lymph node.

the nodes that were surgically removed, stratified by the size of the

nodes, in US and European Studies
Size during Pathology | US Study
m.-mm
None 46/696 99/466
82/129 17/87 26/50
MW
231/1,691 82/12 63/783 125/516
_

Data Source: Modified from Table 11.2.49 of final study report of 38804-10, Page 82, original NDA submission,

Lymph nodes that were used in the primary efficacy analysis: Under an
ideal situation, all lymph nodes that Were visualized by the sjte investigators

from pre-dose MR images should have been included in the Primary analysis,
However, in actuality, the number of lymph nodes that were included in the

* Not all nodes that Were visualized by the sjte investigators were surgically
removed, and matched to the pathology results;

* Not all nodes that were visualized by the sjte investigator and had a
pathology confirmation were also visualized by the blinded readers at pre-

dose or paired read of unmarked images;

* Not all nodes visualized by the blinded readers at pre-dose and paired
read were the same nodes.
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Table 5.3.1.3 shows the disposition of those lymph nodes identified by the
sSite investigators.

Table 5.3.1.3 Disposition (outcomes) of those lymph nodes identified
by the site investigators from MR Imag es

Number of node visualized
by site investigators
Number of node visualized
by site investigators and
correlated to pathology
results

Not all matched nodes, however, were identified by the blinded readers.
Table 5.3.1.4 shows the numper of cancer-positive and negative nodeg that
were identified by the blinded readers and therefore were used in the
primary analysis.,

In the US study, of those matched nodes, approximate 72-759, positive
nodes and 44-549, of negative nodes were actually used in the primary
analysis,

Data from the European Study, ALS-3-10-A, was not used in the primary
analysis because the nodal level evaluation of unmarked images was not
performed. 1In the other two European studies, 81 (61+17) pathology-
confirmed cancer positive nodes and 70 (22+48) cancer negative nodes

Were matched to that visualized by the sjte Investigators. Of those nodes,
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Table 5.3.1.4 Number of Mmatched nodes that were actually used in
the primary anaj sis (Evaluation of Unmarked Images
Metastatic Nodes by Non-Metastatic

Patholog Nodes by Patholog

US Stud 38804-10 (total Mmatched nodes N=276
Number of matched
nodes
78 81 89 73
European Stud ASL-3-2A (total matched nodes N=86
Number of matched
nodes
40 39 7 7
nodes included in (63%) (61%) (32%) (32%)

l
L

primary analysis
European Stud ASL-3-7A (total matched nodes N=65
Number of matched

nodes

European Stud ASL-3-
Number of matched
nodes

Number of matched
nodes included in

analysis between blinded reader 1 and 2 reflects inter-reader variability in

their ability to identify the lymph nodes on MR images and thejr Jjudgment on

whether the image sets were of diagnostic quality.
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There were 152 and 181 subjects with different cancer types who received
Combidex in Phase 3 US trial and European trials, respectively. The number

meeting.

5.3.2 Results of Primary Efficacy Analysis

comparison (instead of pre-dose vs. post-dose alone) is based on the
following considerations:

e Paired read is likely to increase the number of nodes to be included in the

e In clinical practice, radiologists are most likely to use paired read to make
their assessment

* Post-dose alone evaluation of unmarked images was not available in the
European trials
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Table 5.3.2.1 Difference in Sensitivity between the Pre-dose read,
using size-based or skill-based diagnosis, and Paired read, using
Combidex Imaging Guideiines—based diagnosis, by blinded readers in

US and Euro pean Studies Blinded Review of Unmarked Images

MRI Images -mmm

Reader 1 Reader 2 Reader 1 Reader 2

Pre-dose 98%
“““

Pre-dose 949, 90% 96% 98%

skill-based ‘
Post-dose 85% 83% 899, 86%

ost-dose VS. Pre-dose Size-based

Reader 1 Reader 2
.
46% 46%
(size-based
Pre-dose 40% 64% 38% 46%
skill-based _
Post-dose 85%
Goregreng | " | 7

Post-dose vs, Pre-dose Size-based
Difference 46%

The results suggest that:

* There was 27%-30% (point estimates) improvement in sensitivity with
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post-dose MR images (using Combidex Imaging Guidelines), compared to
that of size-based interpretation from pre-dose images. The
improvement, however, was not observed in the European studies;

* There was no improvement in sensitivity was observed with post-dose MR
images in both US and European studies when pre-dose images were
evaluated using reader’s skill (i.e., the readers were allowed to use all
information (in addition to size) on the MR mages)

e There was 13-549, (point estimates) improvement in specificity with
post-dose MR images (using Combidex Imaging Guidelines), compared to
that of skill-based interpretation from pre-dose images in both US and
European studies.

Two efficacy issues identified during the Agency’s previous review were as
follows:

» Issue #1: Inconsistent results noted between the US and European
studies. The US study shows a significant improvement (27%-30%) in
sensitivity while the European studies did not

e Issue #2: No improvement in sensitivity of post-dose MR images when
compared to that of skill-based pre-dose images.

Comments:

Issue #1: Inconsistent results between the US and European studies. Using
size-based criteria as a comparator at pre-dose baseline ma y be
problematic. The sensitivity and specificity of the size-based MR
interpretation is dependent on the size distribution of the lymph nodes that

definition the sensitivity at baseline (pre-dose) is 0%. In the contrary, a
sponsor will never win on the sensitivity if all nodes that are studied are >
10 mm because by the same definition sensitivity at baseline (pre-dose) js
100%.

The sponsor has provided data in this resubmission showing that 36% and
76% of lymph nodes, in the US and European trials, respectively, were >10
mm. Thus pre-dose sensitivities were only 55-56% in the US study while
the sensitivities in the European studies reached 98%, The data has clearly
explained the reasons behind the “inconsistent” results between the US and
European studies. Since the sensitivities of Combidex-enhanced MR imaging

were relatively stable and consistent between the US and European studijes
(83%-89%), the “inconsistent” results between the US and European studies
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Comb/dex-enhanced MR imaging brocedure.

of Comb/'dex-enhanced imaging over Size-based

interpretation of non-contrast MR Imaging might be better explained by data
presented in Table 5,3.2. 3.

Table 5.3.2.3 Sensitivity and Specificity of Combidex-enhanced MR

(paired read, usin

g Combidex Imaging Guidelines-based

: interretation by Node Size seen on Pre-dose MR in Stud 38804-10
-

approximately 209,

enhanced imaging c
that are most appro

€ imaging procedure is stjlf dassociated with
false negative rate (1 -specificity, |, €., 1-0.81 or 1-0. /8)
for those nodes less than 10 mm. Itjs conceivable, ho wever, that Combidex

ould be helpful in identifying the nodes less than 10 mm
priate for biopsy.
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Issue #2: Lack of observed improvement in sensitivity of Compidex-
enhanced MR imaaing over the pre-dose reader’s skill based interpretation,
In clinical practice the consequences of a false positive or a false negative
reading may influence the way that MRI scans are actually read by
radiologists. The worst consequence of a false positive js an unnecessary

mis-treatment and failure to cure the patient
radiologists may tend to over-read the scans and may be willing to accept a
low specificity in exchange for a very high sensitivity. This tendency is
clearly shown in Table 5.3.2.2 where the specificities for skill-based
diagnosis ranged from 38% to 64% while the sensitivities reached over
90%.

Requiring improved sensitivity over radiologist’s skill under this scenario ma y
have little gain since (1) some radiologists tend to over-read to avoid false

reader to reader.

Combidex-enhanced MR imaging might be stijl/ useful here. Because of the
low specificity associated with those radiologists who over read, it is possiple
that many false positive nodes, alone with true positive nodes will be
identified. Because of the improvement in specificity, again Combidex-
enhanced MR might be helpful in selecting the node that js the most
appropriate for biopsy. However, there will pe a time delay to acquire the

Combidex-enhanced MR mages (24-36 hours) versus proceeding to biopsy
directly.

The potential uses of Combidex-enhanced MR imaging discussed here are
only valid if there js reasonable certainty about

* The validity of development and use of Combidex Imaging Guidelines in
the US and European trials

* Performance of Combidex enhanced imaging in the setting of a relatively
small sample size (number of lymph nodes) in the primary analysis

Both the US and European study protocols included only those Subjects who
had at least one lymph node, lymph node group, or coalescence of lymph
nodes visualized on pre-dose MR images by site investigators. Thus it would
be anticipated that Combidex-enhanced imaging would only be used in the
setting of post non-contrast MR imaging.

It is also yet to pe determined whether the efficacy results observed from
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the US and European studies, if they are valid, are applicable to other types
of tumors that have not been studied.

5.3.3 Results of Alternative Analyses (Subgroup Analyses)

Table 5.3.3.1 Sensitivity and Specificity of Combidex-enhanced MR
imaging (paired read, using the Combidex Imaging Guidelines-based

interpretation , by blinded readers in US and European Studies
MRI Images m European Studies
Reader 1 Reader 2 Reader 1 Reader 2
mm--z_ 83%
Specificity | 84% | geo 81%

the pathology results. As stated earlier, the sensitivity and specificity of
Combidex-enhanced MR imaging by cancer types will be provided at AC
meeting.

5.4 Discussion of a study published in New England Journal of
Medicine (NEJM)

An analysis of a subset of patients from an ongoing US study and an ongoing
European study.-were performed by the researchers from Massachusetts

General Hospital and Harvard Medical School, and University Medical Center,
Nijmegen, the Netherlands. Data from 40 patients from each study (80 total)
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were spared unnecessary surgery because of the results of the Combidex
scan.

sponsor had little control over how the analyses were designed and

lack of adequate documentation, as required by the federa/ regulation (21
CFR 314.50(f)(1 )-(3), prevents us from considering those data as the
evidence collected from adequate and well-controlled clinica/ studies, in
determining the efficacy of Combidex.

Nev  “"~less jt is worth noting that with the advance of MR technology,
increased numbers of small lymph nodes (< 10mm) are being identified on

non-contrast MR imaging, which might increase role of Combidex-enhanced

studied and the numbers of patients/lymph nodes included in the primary
analysis were relatively small. We also have concerns over how the



based interpretation.

The results from NEIM article are impressive. Based on 334 nodes from 80
subjects with prostate cancer, both sensitivity and specificity of Combidex-
enhanced MR imaging reached over 959, Unfortunately the lack of
adequate documentation, as required by the federal regulation (21 CFR
314.50(f)(1)-(3), prevents us from considering those data as the evidence
collected from adequate and well-controlied clinical studies, in determining
the efficacy of Combidex.

41



