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1. EXECUTIVE SUMMARY

The purpose of this Gastrointestinal Drugs Advisory Committee Meeting is to discuss the safety
and efficacy of the new drug application (NDA) 21-775, Entereg” (alvimopan) Capsules, for
the proposed indication of acceleration of time to upper and lower gastrointestinal (GI)
recovery following partial large or small bowel resection (BR) surgery with primary
anastomosis. This Briefing Document has been prepared for members of Advisory Committee
to support use of Entereg (alvimopan) for the management of postoperative ileus (POI) and as
such, includes a summary of the efficacy and safety of alvimopan in the POI population. In
addition, the document summarizes safety findings from clinical studies evaluating the potential
long-term, chronic use of alvimopan for treatment of opioid-induced bowel dysfunction (OBD).

Alvimopan is an orally administered, peripherally-acting p-opioid receptor antagonist that
reverses opioid-induced changes in the GI tract without affecting opioid-induced analgesia.
Alvimopan is the first compound of this class to be considered for the treatment of POI.
Alvimopan has been in clinical development since 1999. There are currently two alvimopan
development programs. Adolor is developing alvimopan for the indication of POI (acute, in-
patient use), while GlaxoSmithKline (GSK) is developing alvimopan for the treatment of OBD
(chronic, out-patient use). Alvimopan received Fast Track Status in February 2004 for the
proposed use in the management of POI. The basis for this designation was that POl is a
serious condition for which no drugs have been approved and alvimopan appeared to be a safe
and effective treatment for this unmet medical need.

The NDA for POI was submitted in June 2004. During the time of the NDA review, Adolor
began a new Phase 3 study of alvimopan, 12 mg, twice daily (BID), in BR patients only (Study
14CL314) and GSK initiated the Phase 3 program for OBD. In July 2005 the FDA issued a
NDA “Approvable Letter” requesting additional POI efficacy data (i.e., 14CL314). The final
data from 14CL314 were submitted by Adolor in May 2006.

During the FDA’s review of 14CL314, interim data from a 12-month GSK safety study in OBD
(GSK014) revealed an imbalance in the number of myocardial infarctions (Mls). The findings
were discussed with the FDA and the study continued with increased safety monitoring. In
November 2006, the FDA issued a second “Approvable Letter” for POI, requesting final safety
data in OBD from Study GSKO014. Final data revealed no additional events of MI; however, a
numeric imbalance in reports of neoplasms and bone fractures was noted, with a higher
incidence in the alvimopan treatment groups than with placebo. The identification of the
imbalance in neoplasms in GSK014 led to an interim analysis of the ongoing extension study in
cancer pain (GSK684) which showed more deaths occurring in alvimopan treated patients. In
response to these preliminary findings GSK elected to discontinue all ongoing clinical trials of
alvimopan to allow further statistical evaluation of the data and a clinical evaluation of the
reported events. Investigators and regulatory authorities were promptly notified. The final
safety data from the OBD studies was submitted in August 2007.

The data presented in this briefing document support the following statements:
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= POI occurs in all patients following BR and remains a serious condition with an
unmet medical need

= POl increases patient risk for postoperative complications following BR

=  Alvimopan 12 mg, administered as a single dose preoperatively and BID for up to
7 days postoperatively in patients undergoing BR with primary anastomosis,
significantly accelerates GI recovery, leading to shortened length of hospital stay
(LOS) and a reduction in morbidity related to POL.

= The improvement in patient recovery milestones demonstrated with alvimopan
treatment in BR patients occurred in the presence of standardized accelerated care
pathway.

» The benefits associated with alvimopan treatment in patients undergoing BR are
clinically meaningful.

=  Alvimopan is well tolerated with no evidence of increased cardiovascular risk in
patients undergoing BR.

= The numeric imbalance in reports of MI, neoplasm, and bone fracture adverse events
(AEs) in the long-term OBD study (GSK014) likely represent an isolated finding; a
causal relationship with alvimopan has not been established. Prospective evaluation
in the OBD population will be required to further evaluate these findings.

= Stratified and multivariate analysis suggest that the imbalance in reported deaths
observed in GSK008 and GSK684 may have been largely due to the selection of
sicker patients with poorer prognosis into the alvimopan treatment group.

The overall benefit/risk profile for alvimopan in patients undergoing BR is positive
and supports use in this population for the management of POI.

1.1 Postoperative Ileus (POI)

Although there is no universally accepted definition of POI, it is characterized by a transient
cessation of bowel function with a variable reduction in motility sufficient to prevent effective
transit of intestinal contents. Patients undergoing BR are at highest risk for developing POI,
occurring in all cases. Signs and symptoms of POI correlate with a lack of normal GI function
and may include abdominal distention and bloating, persistent abdominal pain, nausea,
vomiting, variable reduction of bowel sounds, delayed passage of or inability to pass flatus or
stool, and inability to tolerate oral intake or progress to a solid diet.

While these symptoms are inherently undesirable, the physiologic complications of ileus
include substantial morbidity. Atelectasis associated with abdominal distention as well as pain
preventing deep inspiration carry the risk of pneumonia. Vomiting in the postoperative period,
when patients are frequently reclining and under the effect of the sedative properties of
narcotics, is a significant risk factor for aspiration and pneumonia. The need to place a
nasogastric (NG) tube once nausea and vomiting have become manifest carries its own risks,
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including gastroesophageal reflux, atelectasis, and pneumonia, as well as universally
experienced intense discomfort and attendant immobility.

From “simple” POI to complicated/prolonged POI, there is an associated morbidity of
temporary malnutrition, be it minimal (i.e., 1 to 2 days) or prolonged (i.e., over the course of 4
to 5 days or more). Daily nitrogen loss is common following laparotomy due to the stress
associated with surgery and the inability to tolerate adequate enteral nutrition until resolution of
POI, which often takes 5 days or longer. Maintenance of oral feeding high enough in caloric
content to result in positive nitrogen balance is therefore a clinical challenge following
laparotomy for BR and fails in up to 25% of patients. As a result, these patients are at risk for
slipping into a state of negative nitrogen balance, which may lead to weight loss, fatigue,
deconditioning, and compromised immunity.

Opioids are the mainstay for postoperative pain management. However, they are a known and
significant contributing factor to the pathogenesis of POI. Although highly effective analgesics,
opioids bind to p receptors in the GI tract, disrupting normal GI motility and prolonging the
duration of POI. This physiologic effect of opioids on the GI tract may lead many physicians to
wean or taper analgesia prematurely.

Despite the recognition that POI represents a serious medical condition, there is no approved
treatment. The impact of POI is substantial and clinically serious. The effective management
of POI, while maintaining effective postoperative analgesia, represents a continuing unmet
medical need, the satisfaction of which will represent a major advance in postoperative patient
care.

1.2 Summary of Major Efficacy Findings

A total of five Phase 3 studies (four in North America [NA] and one outside of NA) have been
conducted in patients at risk of developing POI. These studies included patients undergoing
laparotomy for BR with primary anastomosis or total abdominal hysterectomy (TAH) and
scheduled to receive opioid-based, intravenous (IV), patient-controlled analgesia (PCA) for
postoperative pain management. All five studies were randomized, double-blind, placebo-
controlled, parallel studies of alvimopan versus placebo in hospitalized patients. All Phase 3
POI studies utilized a standardized accelerated postoperative care pathway consisting of early
NG tube removal, early ambulation, and early diet advancement. Studies 14CL302 and
14CL308 enrolled patients either undergoing TAH or partial BR with primary anastomosis.
Studies 14CL313 and GSKO001 (ex-NA study) consisted primarily of BR patients. Doses of 6
and 12 mg were evaluated. In these four trials, clinical benefit was demonstrated only in the
BR population; therefore, the final NA study (14CL314) enrolled only BR patients comparing
12 mg alvimopan to placebo.

Based on the results of the Phase 3 studies, data presented in the efficacy section of this
document will be limited to the BR population, the indication for which an approval is
requested. Additionally, the efficacy data in this document are focused on the results of the
12 mg dose group vs. placebo, as this is the proposed dose for approval.
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Although POI is widely recognized as a significant medical concern following BR surgery, an
established clinical trial endpoint that measures patient benefit was not available when the
clinical development program began. This is frequently the case for innovative therapies when
establishing the first effective treatment for a condition. There is, however, general agreement
that providing a reduction in the time to GI recovery following BR surgery is clinically
meaningful to the patient. The multiple other endpoints (i.e., discharge from the hospital and
postoperative NG tube insertion), characterize further the benefits of accelerated GI recovery
following BR surgery. Additionally, consistent trends in the reduction of complications
associated with POI are another way to confirm the clinical relevance of earlier GI recovery
following BR surgery.

The following criteria demonstrate robust, reproducible, and clinically meaningful patient
benefits achieved with alvimopan in the Phase 3 efficacy studies:

= Accelerated upper and lower GI recovery (i.e. earlier resolution of POI)
= Earlier discharge from the hospital

= Reduction in complications associated with POI

1.2.1  GI Recovery

In order to have a single measure that indicates the recovery of both upper and lower GI
function, a composite endpoint was derived from the individual GI events (solids, bowel
movement [BM] and flatus). This composite measure was expressed in one of two ways: as
GI-3—defined as the last to occur of the following events: time to first solids and either BM or
flatus (which ever occurred first)—and GI-2—which excludes flatus. By the prespecified
primary analysis method, the Cox Proportional Hazards (Cox PH) model; the hazard ratios
(HRs) for each of the individual GI recovery events in all five studies were always greater than
one when comparing alvimopan 12 mg with placebo, indicating a higher probability of
achieving GI recovery during the study period with alvimopan treatment.

The HRs and 95% confidence intervals (Cls) from the Cox PH model analysis of GI-3 and GI-2
are presented in Figure 1. Three of the five studies (14CL313, 14CL314, and GSK001) were
composed of primarily or exclusively BR patients (87% to 100% of modified intent-to-treat
[MITT] patients). The treatment effect for GI recovery indicated by the primary endpoint (GI-3
for 14CL313 and GSKO001; GI-2 for 14CL314) was statistically significant in two of the three
studies: 14CL313 (HR = 1.494, p =0.001) and 14CL314 (HR = 1.533, p <0.001). However,
statistical significance was not achieved in GSK001 (HR = 1.132, p = 0.200).

The remaining two NA studies (14CL302 and 14CL308) comprised approximately 70% BR
patients; therefore, the results were based on subgroup analyses. Treatment effect for GI
recovery, as represented by GI-3, in these two studies did not achieve statistical significance:
14CL302 (HR = 1.295, p = 0.086) and 14CL308 (HR = 1.317, p = 0.029, not significant after
adjustment for multiple comparisons). GI-2 was statistically significant (p < 0.05) in all five
studies, and HRs ranged from 1.299 to 1.625.
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Figure 1 Hazard Ratios and 95% CIs for GI-2 and GI-3 by Individual Study
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Note: HR and 95% CI were plotted on a log (2) scale. HR = hazard ratio; CIs = confidence intervals.

1.2.2  Hospital Discharge

The time from the end of surgery to when the patient was ready for discharge based on GI
recovery (READY) and when the discharge order was written (DOW) represented the length of
hospital stay (LOS). Using the Cox PH model for time to READY and DOW, the HR was
always greater than one when comparing alvimopan 12 mg with placebo in all five studies,
indicating a higher probability of achieving the event during the study period with alvimopan
12 mg than with placebo. The HRs and 95% Cls from the Cox PH model analysis of READY

and DOW are presented in Figure 2.

Figure 2 Hazard Ratios and 95% ClIs for Time to READY and DOW

Ready

Favors placebo Favors alvimopan 12 mg

DOW
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Note: HR and 95% CI were plotted on a log (2) scale. HR = hazard ratio; CIs = confidence intervals.
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The average LOS (day of surgery to the day of DOW) for patients who received alvimopan

12 mg or placebo in each of the five studies is presented in Table 1. In three of the five studies,
patients who received alvimopan 12 mg had shorter average LOS than those who received
placebo, with an average difference of approximately one day.

Table 1 Average Length of Stay (Days) by Study
Study Study Study Study Study
Treatment 14C1L314 14CL313 14C1.308 14C1.302 GSKo001
Placebo 6.2 7.4 6.6 6.4 9.2
Alvimopan 12 mg 5.2 6.1 5.7 6.1 8.9
Difference 1.0 1.3 0.9 0.3 0.2

1.2.3  Early Morbidity Related to POI

A patient was considered as having postoperative morbidity (POM) related to POLI if either of
the following conditions was met: (1) postoperative NG tube insertion, or (2) complications of
POI resulting in prolonged hospital stay or readmission within 7 days of actual discharge as
measured by serious adverse event (SAE) reports. As shown in Figure 3, each of the five
individual studies shows a lower proportion of patients with POM in the alvimopan 12 mg
group compared with the placebo group.

Figure 3 Proportion of Patients With Postoperative Morbidity by Study
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1.3 Summary of Major Safety Findings

1.3.1 Postoperative lleus

Nine POI studies in patients scheduled to receive opioid-based IV PCA for postoperative pain
management after either segmental BR with primary anastomosis or TAH have been
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completed. A total of 3975 patients are included in the worldwide POI safety database, 1365
patients received placebo and 2610 patients received alvimopan. A total of 2667 BR patients
are included in the BR safety database, 986 received placebo and 1681 received alvimopan.

The dosing regimen for all studies was the following: one dose preoperatively followed by BID
starting on postoperative day (POD) 1 until discharge or up to a maximum of 7 days. POI
patients in the worldwide safety database received a median of 9 to 10 doses of study drug over
a median duration of 6 days.

As shown in Table 2, the incidence of nausea and vomiting were lower in both alvimopan
groups compared with the placebo group among patients who underwent BR. The incidence of
all other treatment-emergent adverse events (TEAEs) among BR patients was similar across
treatment groups.

Table 2 Most Common Treatment-Emergent Adverse Events Reported in the BR
Population
Alvimopan

Placebo 6 mg 12 mg Total"

N=986 N=663 N=999 N=1681
Preferred Term” n (%) n (%) n (%) n (%)
Nausea 491 (49.8) 246 (37.1) 433 (43.3) 691 (41.1)
Vomiting 209 (21.2) 111(16.7) 141 (14.1) 256 (15.2)
Hypertension 117 (11.9) 84 (12.7) 126 (12.6) 213 (12.7)
Abdominal distension 137 (13.9) 59(8.9) 120 (12.0) 183 (10.9)
Pyrexia 144 (14.6) 64 (9.7) 102 (10.2) 168 (10.0)

a A patient who had more than one AE in the same category was counted only once.
b The 19 BR patients in the alvimopan 1- to 3-mg group are included in the alvimopan total.

The percentage of patients who reported SAEs was lower in the alvimopan treatment groups
than in the placebo group. The incidence of POI reported as an SAE was 4- and 5-fold lower in
the alvimopan 6 mg and alvimopan 12 mg groups, respectively, compared with the placebo
group. All other SAEs were reported at similar rates across the three treatment groups. A total
of 22 (9 placebo and 13 alvimopan) deaths were reported in the POI safety database. No SAE
leading to death occurred at a frequency of > 1%.

Nausea, vomiting, and POI were the most common TEAEs leading to discontinuation in any
treatment group. The percentage of patients who discontinued due to vomiting or POI was
somewhat lower in the alvimopan treatment groups than in the placebo groups.

Overall, the AE profile for alvimopan was consistent with what would be expected in patients
undergoing abdominal surgery. Alvimopan was well tolerated in all studies. The incidence of
AEs in the alvimopan treatment groups was comparable to that reported in the placebo groups.

The mortality rate in all POI studies combined was less than 1% in both the alvimopan and
placebo treatment groups, with no treatment-related, treatment-emergent deaths as determined
by the investigator (with the exception of one placebo patient in a non-US site whose cause of
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death and relationship to treatment was not determined by the investigator and therefore was
included per convention in the treatment-related category).

The incidence of MI as determined both by AE reporting from clinical trials and by
independent blinded adjudication based on patient-level data (Duke Clinical Research Institute)
is consistent with expected rates in the POI population and was comparable between alvimopan
and placebo treatment groups.

Anastomotic leak is one of the most serious complications after BR surgery and significantly
increases patient morbidity and mortality. In the Phase 3 studies, no evidence was found that
the risk for anastomotic leak was increased with alvimopan treatment. The incidence of
anastomotic leak was low and similar in patients receiving either 12 mg alvimopan (0.8%) or
placebo (0.8%).

1.3.2  Chronic Opioid-Induced Bowel Dysfunction

Evidence of the safety of alvimopan in OBD patients is drawn from more than 1800 patients
who received alvimopan in eight clinical studies conducted in the US and elsewhere.

In May 2006 during the course of the 12-month safety study, GSK014, GSK noted an
imbalance of MIs in this study. Seven events occurred in the alvimopan arm and none in the
placebo arm These events occurred in patients with pre-existing CV disease or underlying CV
risk factors. GSK concluded that while the difference in rates of MIs and related SAEs in
GSKO014 compared to other OBD studies remained unexplained, the imbalance of events
observed on alvimopan vs. placebo in GSK014 was not supported by the incidence of events in
all OBD studies.

As the increased number of total MIs and related events in GSKO014 could have been due to
chance, GSK Global Safety Board determined that the study should continue with appropriate
safeguards put in place to assure patient safety. Subsequently, GSK convened an Independent
Data Monitoring Committee (IDMC) to ensure uniform evaluation of CV AEs and to make
recommendations appropriate to protect patient safety in studies with alvimopan for the
treatment of OBD.

Following the completion of GSK014 and the unblinding of data in March 2007, the initial
analysis of the frequency of AEs by MedDRA (Medical Dictionary for Regulatory Activities)
system organ class showed a numerical imbalance in the reports of benign and malignant
neoplasms in the alvimopan treatment arm as well as an increase in the incidence of bone
fractures compared to placebo. The identification of the imbalance in neoplasms in GSK014
led to an interim analysis of the ongoing extension study in cancer pain (GSK684) which
showed more deaths occurring in alvimopan treated patients. In response to these preliminary
findings GSK elected to discontinue all ongoing clinical trials of alvimopan to allow further
statistical evaluation of the data and a clinical evaluation of the reported events. Investigators
and regulatory authorities were promptly notified and in response to GSK’s voluntary actions,
FDA placed the alvimopan development program on clinical hold.
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During the interval between unblinding of the final data from GSK014 and submission of the
POI Complete Response (approximately 5 months), GSK has performed an extensive
evaluation of the safety data from all studies across the OBD program. This included additional
posthoc analyses, internal clinical and scientific review, adjudication of CV events by the
IDMC and review of the neoplasia data by an independent Oncology Advisory Board
consisting of medical oncologists, epidemiologists and statisticians. A summary of the results
from these analyses and outcomes of the independent external review for CV and Neoplasia
Adverse Events follows within this section. A more comprehensive review of the OBD safety
findings, including data related to adverse events within the category of fracture, along with
overall conclusions can be found in section 7.2.

1.3.2.1 Non-Cancer OBD Studies
CV Events

CV events of interest for GSK014 and all studies conducted in the non-cancer OBD population,
according to categories requested by FDA, are summarized in Table 3 and Table 4,
respectively. Table 4 shows a numerical imbalance in MIs and othe CV adverse events,
although less pronounced than that observed in study 014, reflecting the fact that there was no
imbalance in these events in other studies. Narratives for patients diagnosed with MI appear in

Appendix 12.7.

Table 3 CV Events of Interest—GSK014
Placebo Group  Alvimopan Group® Relative Risk
N=267 N=538 Alvimopan/Placebo
CV Event Category n (%) n (%) (95% CI)

All causes of death 2 (0.75) 2(0.37) 0.50 (0.07, 3.50)
Death from CV events 0 1(0.19) 1.49 (0.06, 36.5)
Myocardial infarction 0 7(1.3) 7.46 (0.43, 130.1)
Unstable angina 0 3 (0.56) 3.48 (0.18, 67.1)
Non-fatal cerebrovascular

accident 0 1(0.19) 1.49 (0.06, 36.5)
Congestive heart failure 0 1(0.19) 1.49 (0.06, 36.5)
Serious arrhythmia 0 2 (0.37) 2.49 (0.12, 51.6)

a Alvimopan dose regimen was 0.5 mg BID.
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Table 4 CV Events of Interest— OBD Population
Placebo Alvimopan Relative Risk
N=790 N=1728 Alvimopan/Placebo
CV Event Category n (%) n (%) (95% CI)
All-cause death 2 (0.25) 4 (0.23) 0.91 (0.17,4.98)
Death from CV events 0 2(0.12) 2.29 (0.11,47.6)
MI: Overall 2 (0.25) 8(0.46) 1.83 (0.39,8.59)
Fatal 0 1 (0.06) --
Non-fatal 2 (0.25) 7(0.41) --
Unstable angina 0 4(0.23) 4.12 (0.22,76.4)
Non-fatal CVA 1(0.13) 2(0.12) 0.91 (0.08,10.1)
CHF: Overall 2 (0.25) 2(0.12) 0.46 (0.06,3.24)
Fatal 0 0 --
Non-fatal 2 (0.25) 2(0.12) --
Serious arrhythmia 0 5(0.29) 5.03 (0.28,90.9)
Fatal 0 0 --
Non-fatal 0 5(0.29) --

Studies: GSK011, GSK012, GSKO013, GSK014, 13C217 ,and 13C304.

For its review, the IDMC considered of primary importance all confirmed SAEs that met the
criteria of CV ischemia such as MI. Definitions and diagnostic criteria for other CV AEs of
special interest were discussed in collaboration with the GSK study team to allow for the
identification and independent adjudication of all major cardiac events. Adjudication was
based primarily on source documents requested by the IDMC. GSK, in a blinded fashion,
collected and collated the source documents and other information necessary for case extraction
and adjudication from each of the OBD studies (GSKO011, GSK012, GSK013 and GSK014),
which account for substantially all of the patients in the non-cancer OBD program.. The IDMC
reviewed these blinded cases of CV interest for clinical significance, attribution, and impact on
the safety profile of alvimopan and determined whether they met the criteria for “Adjudicated
Major Cardiac Events (AMCEs).” The IDMC then evaluated the totality of unblinded AMCEs
in its evaluation of the benefit/risk balance of alvimopan therapy and on this basis provided
recommendations to GSK. For their review, the IDMC specified that adjudicated CV events
were to be categorized as follows:

= All CV events

= Ischemic CV events: acute MI, new onset/unstable angina, congestive cardiac failure,
cerebrovascular accident (CVA)/transient ischemic attack (TIA), cardiac arrest,
sudden death

= Other CV events: bradycardia, atrial fibrillation, supraventricular tachycardia,
hypotension, venous thrombosis, pulmonary embolism, syncope

Summary statistics derived from the adjudication database are presented Table 5.
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Table 5 CV Event Summary—IDMC Adjudication Database
Placebo Alvimopan Relative Risk
N=817 N=1807 Alv/Pla
n (%) n (%) (95% CI)
Adjudicated cases 21 63 --
Any CV event® 9 (1.1%) 26 (1.4%) 1.30 (0.61,2.77)
Ischemic CV events 6 (0.7%) 13 (0.7%) 0.98 (0.37,2.57)
Other CV events 3 (0.4%) 14 (0.8%) 2.11(0.61,7.32)

a Study GSKO014 / Patient 807 had both ischemic and Other CV events.

Final summary recommendations from the IDMC regarding CV safety data generated by the
OBD clinical development program are as follows:

= The risk of ischemic heart disease had been largely discharged

= The incidence of other CV events with alvimopan vs. placebo was not statistically
significant

= Further studies should confirm these conclusions if it is decided to pursue the
indication for OBD.

Based on the conclusions reached by the IDMC and an analysis of all available data, the
imbalance in GSKO14 appears to represent an isolated observation. The sponsor’s conclusion
is that the observed imbalance is more consistent with a chance finding than with a causal
relationship to alvimopan.

Malignant Neoplasms

Table 6 summarizes the incidence of all malignant neoplasia events reported in GSKO011,
GSKO012, GSKO013, and GSK014, along with estimates of the relative risk and HR calculations.
Results from GSK014 alone are also depicted.

Following the initial finding of the numerical imbalance of malignant neoplasm, GSK
communicated with site investigators concerning these malignant events. During the course of
that interaction, GSK became aware of an additional case of neoplasm for a placebo patient
(#7846) in GSKO014. This report was unsolicited and GSK did not systematically screen all
investigators for additional cases of neoplasia.
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Table 6 Neoplasia Event Summary—All Malignant Neoplasms
Placebo Alvimopan Rel Risk Hazard Ratio
n/N (%) /N (%) (Alv/Pla) (Alv/Pla) p value**
Initial Analysis
Non-cancer 2/732 10°/1598 23 2.4
pain studies* (0.3%) (0.6%) (0.50,10.43)  (0.52, 10.83) 0.250
1/267 5/538 2.5 2.3
GSK014 (0.4%) (0.9%) (0.29,21.13)  (0.27, 20.04) 0.424
Including Additional Patient”
Non-cancer 3/732 10%/1598 1.5 1.6
pain studies* (0.4%) (0.6%) (0.42, 5.53) (0.43,5.72) 0.487
Study 2/267 5/538 1.2 1.2
GSK014 (0.7%) (0.9%) (0.24, 6.35) (0.23,5.99) 0.858

* Non-cancer pain studies: GSK011, GSK012, GSK013, GSK014.

** Log-rank test.

a Patient #7846 was randomized to placebo in GSK014. Patient identified following post-analysis communication with study
investigators. This report was unsolicited and GSK did not systematically screen all investigators for additional cases of
neoplasia.

b Includes a case reported 6 months after study completion, patient 2077 (GSK011) with adenocarcinoma of the lung.

There was a numerical imbalance in reported malignant neoplasia in the non-cancer OBD
studies. This imbalance of 10:3 (alvimopan: placebo) represented a relative imbalance of

1.5 to 1 given the unequal randomization in the studies. Given the low incidence of events and
wide confidence intervals, a statistical analysis in not instructive in explaining the observed
difference. An examination of the patient narratives together with additional information
available from investigators suggests that most if not all of these were present at baseline. It is
important to note the preclinical carcinogenicity studies of alvimopan in two species were
negative. Furthermore, alvimopan did not produce any significant genotoxicity or mutagenicity
in animals. The extensive review of clinical data along with preclinical findings does not
support a causal relationship between alvimopan and the induction or progression of malignant
neoplasia. Narratives for all malignancies in the non-cancer OBD studies are presented in
Appendix 12.7.

1.3.2.2  Cancer Related Pain Studies (GSK008 and GSK684)

GSKO008 and its long-term extension, GSK684, were conducted separately from the non-cancer
pain OBD trials to eliminate the potentially confounding factors inherent in the underlying
cancer disease state. Enrollment criteria required that subjects have pain due to cancer, and a
minimum three month life expectancy. For the most part, patients had existing malignancies
however disease type or status were not considered in the randomization of patients. Study
duration in GSK008 was 3 to 6 weeks. If a patient elected to participant in the extension study,
they continued on the same treatment as they were randomized to in GSK008. There was no
designated end date or time for treatment duration in GSK684. As the cumulative person-time
for alvimopan-treated patients who progressed into the extension study was much greater than
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that for the placebo-treated patients who progressed into the extension study, incidence rates
and the incidence density ratio (IDR) were used initially to assess the risk of death. Incidence
rates and the IDR use person-time rather than number of patients and therefore can account for
differences in exposure. The IDR for all deaths in the cancer pain studies is listed in Table 7.

Table 7 Patients With a Malignant Neoplasm—GSK014
Placebo Alvimopan IDR
(N=70) (N=160) (Alv/Pla)
Patient years 11.2 43.3

All-cause death 3(26.8/100 pt-yrs) 20 (46.2/100 pt-yrs) 1.72 (0.51, 9.06)

There was a numerical imbalance in deaths on alvimopan compared to placebo in GSK008 and
GSK684. Multivariate modeling demonstrated that disease type, extent of disease (i.e. number
of metastases) and functional status (Karnofsky score) likely accounted for the numerical
differences observed in reported deaths. While a causal relationship can not be ruled out, the
totality of these data do not suggest the observed imbalance is drug related.

1.4 Risk Management Proposal

A risk management plan has been proposed that will communicate the possible CV risk of
longer-term alvimopan exposure as well as minimize off-label use.

To meet these objectives, Adolor is committed to a number of activities to promote use
consistent with product labeling and minimization of the potential risks. Risk minimization
proposals include a comprehensive set of activities to communicate data regarding use of the
drug consistent with product labeling and patient populations, including educational,
communication, and promotional activities, as described hereunder:

= Proposed professional labeling includes language that will communicate:

o the imbalance of reports of MI between alvimopan 0.5 mg BID and placebo
treatment groups in a 12-month safety study of patients taking opioids for
treatment of chronic non-cancer pain, GSK014.

o Entereg is contraindicated in patients who have taken therapeutic doses of
opioids for more than 7 consecutive days immediately prior to taking Entereg.

o Entereg is for hospital use only.

= Education of healthcare providers: Educational efforts will be directed to healthcare
providers involved in the care of BR surgery patients, including surgeons,
anesthesiologists, hospitalists, nurse anesthetists, hospital nurses, and hospital
pharmacists. These educational pieces will communicate the approved patient
population, key safety sections of the labeling (including the section related to
GSKO014), and the approved dosing regimen—particularly a maximum of 15 total
doses administered in the hospital only.
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The Patient Counseling Information in the package insert provides the information
needed by the patient. Because Entereg Capsules are administered in the hospital by
a health professional, the information can be verbally given to the patient. In this
manner, the health professional can ensure the patient understands the benefits and
risks of Entereg. It may be better understood by the patient prior to surgery than an
insert given to the patient for the patient to read.

Targeted Sales Force: Selling efforts will be directed only to surgeons and other
hospital-based personnel involved in or who influence the management of patients
undergoing large or small BR, such as anesthesiologists, hospitalists, nurse
anesthetists, hospital nurses, and hospital pharmacists.

Targeted Promotion: Advertisements will be limited to journals associated with
surgeons and other hospital personnel who manage patients undergoing BR as
mentioned above. Commercial booths will be limited to professional meetings
attended by these healthcare professionals. There will be no direct-to-consumer
advertising for this hospital-use-only product.

Samples: No samples will be provided for this product.

The hospital cost for Entereg 12 mg will be covered under the diagnosis-related group
(DRG) payment for BR surgery, i.e., a lump sum payment from the payer directly to
the hospital. Therefore, Adolor and GSK will not seek outpatient managed care
coverage for Entereg 12 mg capsules, which has the potential to discourage use out
of the hospital setting.

“Hospital Use Only” will be printed on the outer packaging carton and between the
rows of blistered capsules on the front of the blister card. Blister cards showing the
“Hospital Use Only” are also attached.

Wholesale Distribution Agreement will specify that 12 mg Entereg capsules should be
distributed only to hospitals.

An electronic notice will be established in retail pharmacy drug information systems
to alert community pharmacists not to dispense 12 mg Entereg.

1.5 Conclusions

The results achieved with alvimopan in the NA studies clearly demonstrate both statistical
superiority and clinically meaningful patient benefit without added risk of AEs (including CV
events, fractures, or neoplasia) or reversal of opioid analgesia. Treatment with alvimopan
represents a significant advance in the practice of medicine and standard of care for patients
undergoing BR surgery.

The higher reported incidence of CV, neoplasia, and bone fracture events in the alvimopan
treatment group observed during initial review of the data in the long-term OBD study, were
unexpected based on the preclinical and clinical safety data across all indications. A
comprehensive clinical and scientific review of the OBD clinical database along with additional
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patient-level data suggests that GSK014 represents an isolated observation and supports a
conclusion that these imbalances more likely represent a chance finding or an unidentified
disproportionate patient risk prior to randomization as opposed to a causal relationship with
alvimopan. Additionally, GSK014 was not prospectively designed or powered to provide an
evaluation of the rates of CV, neoplastic or bone fracture events in the OBD population. In
addition, the events observed in the OBD long-term study occurred within a timeframe not
relevant to the duration of treatment in the acute POI setting.

Stratified and multivariate analysis suggest that the imbalance in reported deaths observed in
GSKO008 and GSK684 may have been largely due to the selection of sicker patients with poorer
prognosis into the alvimopan treatment group.

Furthermore, no numerical imbalances were observed in the Worldwide POI Safety Database
within the AE categories of CV, neoplasm, or bone fracture. Therefore safety findings in the
OBD program do not alter the favorable benefit/risk profile of alvimopan in patients
undergoing BR.

The impact of POI on patients remains substantial and clinically serious. Alvimopan has
demonstrated clinically meaningful benefits in the management of POI for patients undergoing
BR surgery. These benefits were achieved without increased risk of AEs or reversal of opioid
analgesia. Additionally, the proposed risk management plan will further optimize the
benefit/risk balance.
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2. INTRODUCTION AND BACKGROUND

Alvimopan is being jointly developed by Adolor Corporation and GlaxoSmithKline (GSK).
Adolor is developing alvimopan for acute use in the management of postoperative ileus (POI),
while GSK is developing alvimopan for the chronic treatment of opioid-induced bowel
dysfunction (OBD). NDA 21-775 provides data to support the proposed use of alvimopan in
the management of POI in patients undergoing bowel resection (BR) surgery. This represents
the first proposed use of alvimopan.

This Briefing Document will provide members of FDA’s Gastrointestinal Drugs Advisory
Committee with efficacy and safety data describing the benefits and risks of alvimopan for the
management of POI following BR surgery. Although clinical studies included patients
undergoing BR as well as patients undergoing total abdominal hysterectomy (TAH), clinical
benefit in the hospital setting was demonstrated only in patients with BR. This is very likely
due to the relatively short hospital stay in TAH compared with BR that resulted in high
censoring rates for gastrointestinal (GI) recovery endpoints in patients undergoing TAH, i.e.
time to first bowel movement (BM).

This Briefing Document presents a clinical overview of POI (Section 2.2); a summary of the
non-clinical data available for alvimopan (Section 4); the clinical data demonstrating the
efficacy of alvimopan as treatment for patients with POI (Section 6.2.7); the clinical trial safety
data for POI (Section 7.1) as well as the safety data in patients being treated for OBD (Section
7.2); and, the benefits and risks of alvimopan for POI (Section 8).

2.1 Product Description

Alvimopan is an orally administered, potent, selective, and competitive, peripherally-acting
p-opioid receptor (PAM-OR) antagonist (Figure 4). The potency and specificity of alvimopan
as a selective PAM-OR antagonist have been investigated and confirmed in numerous in vitro
and in vivo experimental preclinical procedures. The primary metabolite, a product of
intestinal flora metabolism, is also a potent p-opioid receptor antagonist with a K; of 0.8 nM
(0.3 ng/mL). The potential for alvimopan to be effective in managing POI and opioid-induced
bowel dysfunction (OBD) has been confirmed in a series of in vivo animal studies, with results
confirming the absence of central effects at therapeutic doses for these indications. Alvimopan
has a low potential for producing any secondary pharmacological effects at intended clinical
doses.

Figure 4 Structural Formula of Alvimopan
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2.1.1 How Supplied

Entereg” (alvimopan) Capsules, 12 mg, are blue, hard gelatin capsules printed with
“ADL2698” on both the body and the cap of the capsule. Entereg Capsules are available in unit
dose packs of 30 capsules (30 doses) for hospital use only.

2.1.2  Dosage and Administration

For hospital use only. The recommended adult dosage of Entereg is 12 mg administered

30 minutes to 5 hours prior to surgery followed by 12 mg twice daily (BID) beginning the day
after surgery for a maximum of 7 days or until discharge. Patients should not receive more than
15 doses of Entereg.

2.2 Postoperative Ileus (POI)

2.2.1 Clinical Course

Although there is no universally accepted definition of POI, it is characterized by a transient
cessation of bowel function with a variable reduction in motility sufficient to prevent effective
transit of intestinal contents (Livingston and Passaro, 1990; Resnick et al, 1997; Holte and
Kehlet, 2000; Woods, 2000; Kehlet and Holte, 2001; Behm and Stollman, 2003). Patients
undergoing BR are at highest risk for developing POI, occurring in nearly all cases (Woods,
2000; Saclarides, 2006). Signs and symptoms of POI correlate with a lack of normal GI
function and may include abdominal distention and bloating, persistent abdominal pain, nausea,
vomiting, variable reduction of bowel sounds, delayed passage of or inability to pass flatus or
stool, and inability to tolerate oral intake or progress to a solid diet (Holte and Kehlet, 2000;
Woods, 2000; Kehlet and Holte, 2001; Luckey et al, 2003; Clevers and Smout, 1989; Petros et
al, 1995).

While these symptoms are inherently undesirable, the physiologic complications of POI include
substantial morbidity. Atelectasis associated with abdominal distention as well as pain
preventing deep inspiration carry the risk of pneumonia. Vomiting in the postoperative period,
when patients are frequently reclining and under the effect of the sedative properties of
narcotics, is a significant risk factor for aspiration and pneumonia (Holte and Kehlet, 2000;
Woods, 2000; Kehlet and Holte, 2001; Luckey et al, 2003; Clevers and Smout, 1989; Petros et
al, 1995). The need to place a nasogastric (NG) tube once nausea and vomiting have become
manifest carries its own risks, including gastroesophageal reflux, atelectasis, and pneumonia, as
well as universally experienced intense discomfort and attendant immobility (Platell and Hall,
1997; Manning et al, 2001).

From “simple” POI to complicated/prolonged POI, there is an associated morbidity of
temporary malnutrition, be it minimal (i.e., 1 to 2 days) or prolonged (i.e., over the course of 4
to 5 days or more). Daily nitrogen loss is common following laparotomy due to the stress
associated with surgery and the inability to tolerate adequate enteral nutrition until resolution of
POI, which often takes 5 days or longer. Maintenance of oral feeding high enough in caloric
content to result in positive nitrogen balance is therefore a clinical challenge following
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laparotomy for BR and fails in up to 25% of patients. As a result, these patients are at risk for
slipping into a state of negative nitrogen balance, which may lead to weight loss, fatigue,
deconditioning, and compromised immunity (Kurz and Sessler, 2003; Senagore et al, 1995).

Opioids are the mainstay for postoperative pain management (Austrup and Korean, 1999;
Person and Wexner, 2006). However, they are a known and significant contributing factor to
the pathogenesis of POI. Although highly effective analgesics, opioids bind to pu receptors in
the GI tract disrupting normal GI motility and prolonging the duration of POI (Luckey et al,
2003; Kurz and Sessler, 2003; Kalff et al, 2003). This physiologic effect of opioids on the GI
tract may lead many physicians to wean or taper analgesia prematurely.

Clinical studies have attempted to find correlations between the duration of POI and
preoperative comorbidities such as surgical history (especially prior abdominal surgery), extent
of bowel manipulation or resection, duration of surgery, length of incision, and other factors.
However, the results have been inconsistent, with no single factor or group of factors
consistently identified (Livingston and Passaro, 1990;Behm and Stollman, 2003; Graber et al,
1982; Condon et al, 1986; Collins et al, 1999; Cali et al, 2000; Longo et al, 2000). Prolonged
POI always begins the same way as “expected” ileus following abdominal surgery. However,
the unpredictable course of POI presents a significant clinical dilemma to surgeons and their
patients.

More than 70 years after the introduction of routine NG tube decompression, and despite the
more recent introduction of multimodal postoperative care pathways, physicians continue to
search for effective methods to manage POI (Kehlet and Holte, 2001; Paine et al, 1933;
Delaney et al, 2001; Kehlet et al, 2006).

2.2.2 Outcome Measures

2.2.2.1  GI Recovery

Gl recovery is a key clinical milestone after BR and serves as the barometer of patient progress
during the critical period of in-hospital postoperative recovery. The clinical events that
characterize upper and lower GI recovery (i.e., the passage of flatus or BM and the ability to
tolerate a solid diet) are the primary factors in determining hospital discharge after BR (Delaney
et al, 2001; Gervaz et al, 2005). GI recovery occurring within 5 days of BR is generally
expected and considered “physiologic” (Person and Wexner, 2006; Kehlet et al, 2006; Miedema
and Johnson, 2003). A delay beyond 5 days increases both patient risk and the probability of
extending length of hospital stay (LOS) and may be considered prolonged POI (Kehlet and
Holte, 2001; Collins et al, 1999; Prasad and Matthews, 1999; Aydin et al, 2005).

2.2.2.2  Length of Hospital Stay

In a 2006 review article on the current management of POI by colorectal surgeons at the
Cleveland Clinic (Person and Wexner, 2006), the authors noted, “The duration of POI is the
most important factor in determining the length of hospitalization [after bowel resection]” and
“After abdominal surgery, POI is the most common cause of and a significant risk factor for
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delaying discharge and extending length of hospital stay.” In a study of more than 2,000
patients undergoing partial colectomy (Collins et al, 1999), POI (delayed GI recovery) was one
of the most common risk factors associated with prolonged LOS. Prolonged LOS may increase
the risk for nosocomial complications (Buchner and Sonnenberg, 2002; Barbut and Petit, 2001;
Thompson et al, 2006; Alizadeh and Hyman, 2005; Borly et al, 2005; Gillis and MacDonald,
2005; Mallery et al, 2003). According to Health Care Financing Administration (HCFA) data
for the years 1999 to 2000 in more than 160,000 cases of major intestinal resection from 150
US hospitals, mean hospital stay in patients with coded POI was 11.5 days, as compared with
6.5 days in those without this complication.

2.2.2.3  Morbidity Related to POI

As recently as 2003, a survey of 39 US hospitals that evaluated postoperative clinical practice
management in patients undergoing BR revealed that, when an NG tube was used, its removal
occurred on average approximately 3 days after surgery in 41% of the 232 patients studied
(Kehlet et al, 2006).

Recent studies indicate that NG tube decompression does not shorten the duration of POI and
may, in fact, contribute to postoperative complications such as nasal and pharyngeal injury,
fever, atelectasis, increased gastric reflux and regurgitation, and pneumonia (Luckey et al,
2003; Platell and Hall, 1997; Manning et al, 2001; Sagar et al, 1992 ). It is now well
recognized that NG tubes cause significant patient discomfort; therefore, routine use after
abdominal surgery is no longer recommended (Cheatham et al, 1995).

2.2.3 The Unmet Medical Need

More than 70 years after the introduction of routine NG tube decompression, and despite the
more recent introduction of multimodal postoperative care pathways, physicians continue to
search for effective methods to manage POI (Kehlet and Holte, 2001; Paine et al, 1933;
Delaney et al, 2001; Kehlet et al, 2006).

Despite the recognition that POI represents a serious medical condition, there is still no
approved treatment. The impact of POI is substantial and clinically serious. The effective
management of POI represents a continuing unmet medical need, the satisfaction of which will
represent a major advance in postoperative patient care.

2.3 Overview of Clinical Development Program for Alvimopan

Alvimopan demonstrated appropriate activity in preclinical models and was therefore
developed as a therapeutic agent to treat patients recovering from surgery who are suffering
from POI and patients with bowel dysfunction associated with chronic opioid use (OBD) while
preserving the desired, centrally mediated, analgesia. Given the significant differences in these
populations (POI and OBD), two separate development programs were initiated. Figure 5
provides a schematic outlining the POI and OBD studies supporting each indication.
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Figure 5 Alvimopan Phase 2/3 Clinical Studies

Alvimopan
Phase 2 & 3 Studies

Post Operative Ileus Chronic OBD
Program Program
13C206 Non-Cancer Pain Cancer Pain
13C213 RC 99CT001 13CL223
13C214 RC 99CT002 13CL224
14CL302 13C208 GSKO008
14CL306 13C209 GSK684
14CL308 13C210 GSK965
14CL313 12C217
14CL314 13C304
GSK001 GSKO11
GSKO012
GSKO013
GSKO014

2.3.1 POI Program

A total of nine Phase 2 and 3 studies have been conducted in patients at risk of developing POL.
The three Phase 2 studies explored different doses of alvimopan in TAH and BR patients.
Study 14CL306 was a Phase 3 safety study conducted in TAH patients only. The five Phase 3
efficacy studies included patients undergoing laparotomy for BR with primary anastomosis or
TAH and scheduled to receive opioid-based, intravenous (IV), patient-controlled analgesia
(PCA) for postoperative pain management. All five studies were randomized, double-blind,
placebo-controlled, parallel studies of alvimopan vs. placebo in hospitalized patients. All
studies except for GSK001 were conducted in North America (NA). Studies 14CL302 and
14CL308 enrolled patients either undergoing TAH or partial BR with primary anastomosis.
Study 14CL313 consisted primarily of BR patients, and GSK001 was amended to include
primarily BR patients. Study 14CL314 enrolled only BR patients. A total of 2,610 patients
have received treatment with alvimopan, and 1365 patients received placebo in the POI studies.
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2.3.1.1 Dose Selection

The selection of doses for use in the management of POI was driven by clinical and
pharmacokinetics data. Early studies demonstrated that alvimopan was well tolerated when
studied as repeat doses up to 120 mg once daily (QD) for 3 days, 18 mg three times daily (TID)
for 4 days, or 24 mg BID for 7 days in healthy volunteers. Phase 2, dose-ranging studies in POI
demonstrated a clinically meaningful effect when alvimopan was given BID in doses ranging
from 3 to 12 mg to patients undergoing abdominal and pelvic surgery. Alvimopan was well
tolerated at all doses, and there were no data to suggest an increased incidence of treatment-
emergent adverse events (TEAEs) with increasing doses of alvimopan in these studies.

Clinical pharmacology and clinical study data indicated that alvimopan has limited oral
bioavailability and a margin of safety that covers all doses in the range of clinical interest

(i.e., up to 12 mg BID). The safety margin allowed the opportunity to select doses based on the
goal of ensuring optimum efficacy, i.e., a significant acceleration of GI recovery to as large a
portion of the patient population as possible.

The ability to titrate dose within this surgical setting is very limited as the effect of early
intervention may be critical to reducing the duration and severity of POI. From a practical
standpoint, therefore, the window of opportunity perioperatively in these surgical populations is
short, requiring a dose that, during the entire course of treatment, is optimized for both efficacy
and safety. Hence, alvimopan doses at the higher end of the dose range shown to be well-
tolerated and effective in Phase 2 studies (6 mg and 12 mg) were selected for the Phase 3
studies.

The pharmacokinetics of alvimopan in normal subjects and special populations have been well
characterized. Alvimopan is a low-solubility drug with low permeability and an absolute
bioavailability of 6% (range, 1% to 19%). This leads to a wide variation of plasma levels at any
given dose. A linear dose-concentration relationship has been established between doses of 6 to
18 mg BID, with apparent dose-limited absorption at higher doses (24 mg BID produced
similar plasma levels to 18 mg BID).

The receptor kinetics of alvimopan have been characterized, and inferences based on plasma
concentrations and effective receptor concentrations can be proposed. In vitro
immunohistochemistry studies have demonstrated that p-opioid receptors in the human small
and large intestine are located on nerve cells in the submucosal plexus as well as in the
myenteric plexus. While concentrations at these receptors are not known, the GI tract is highly
vascular and well perfused. Concentrations at or above the K; for alvimopan are presumed to
provide adequate exposure to effectively antagonize the potential effect of p-opioids in the GI
tract. The time that concentrations are above the K; of alvimopan at the p-opioid receptor after
alvimopan doses of 6 and 12 mg BID are illustrated in Figure 6. As shown, alvimopan plasma
levels achieved after 6 or 12 mg BID orally appear to be sufficient to exceed the K; in 95% of
the subjects for 6 and 12 hours, respectively. Thus, the 12 mg dose gives a more optimal
chance of reaching adequate concentrations in all patients.
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Figure 6 Alvimopan Concentrations Relative to K; for p-Opioid Receptors
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Note: The median (thick red line) and 5™ and 95™ percentile (thin red lines) plasma unbound concentration-vs.-
time profile in POI patients receiving 6 or 12 mg BID. The blue dotted line represents the K; of alvimopan for p-
opioid receptors.

2.3.1.2  Timing and Frequency of Dose Administration

Initially, alvimopan was believed to act via delivery of high intraluminal concentrations of
unabsorbed drug to the colon, concentrations that would be sufficient to produce local receptor
blockade and hence release the colon from the inhibitory effects of opioids on motility. Data
from animal model studies were consistent with this hypothesis. Additionally, several clinical
studies demonstrated that oral-cecal transit time in fasted volunteers is approximately 90 to 100
minutes (Yuan 2000). It was therefore believed that alvimopan would need to be dosed at least
90 minutes prior to surgery to ensure delivery of unabsorbed alvimopan to the colon. As such,
BID dosing postoperatively was chosen based on the results of the Phase 2 program and the
desire to maintain a steady delivery of unabsorbed drug to the colon. Results from other Phase
2 clinical studies confirmed that this was an effective dosing regimen. Therefore, the regimen of
one preoperative dose followed by postoperative BID dosing was implemented in the Phase 3
studies.

Further studies revealed that a single oral dose of alvimopan 12 mg produces systemic free
(unbound) plasma concentrations that meet or exceed the K; for p-receptor antagonism within
30 minutes in 75% of subjects and within 40 minutes in 95% of the subjects. In addition, many
subjects, especially those undergoing BR, will have an NG tube placed after induction of
anesthesia. Therefore, the initial dose should be administered at least 30 minutes prior to the
scheduled start of surgery (time of induction) to prevent aspiration by the NG tube. Dosing

30 minutes to 5 hours before the scheduled start of surgery (93% of the patients receiving 12
mg alvimopan in the NA Phase 3 studies received the preoperative dose within this range)
provides plasma levels of alvimopan in a range above that which is anticipated to be required to
antagonize the receptors.
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2.3.1.3  Study Population Evolution

Initially, in order to study the efficacy and safety of alvimopan for the management of POI, it
was necessary to identify surgical populations at risk for this condition and/or its associated
symptoms (e.g., nausea, vomiting, abdominal bloating/distension). Additional factors that were
considered in identifying the study populations included those undergoing a more common
elective surgery with relatively standardized surgical approaches where the standard of care for
postoperative pain management is predominantly IV PCA opioids. Two populations at risk
were identified: (1) patients undergoing laparotomy for BR, with primary anastomosis; and (2)
patients undergoing laparotomy for hysterectomy (simple or radical).

The Phase 2 program was then initiated with a randomized clinical study (13C206) in 79
patients undergoing simple hysterectomy (sTAH), radical hysterectomy (rTAH), or partial
colectomy. This study evaluated 1 mg and 6 mg alvimopan vs. placebo and demonstrated that
alvimopan produced statistically significant and clinically meaningful improvements in time to
achieve first flatus, first BM, tolerance of solid food, readiness for hospital discharge, and
actual hospital discharge. Two additional Phase 2 POI studies were completed (Studies 13C213
and 13C214). Study 13C213 was a multicenter study that evaluated the efficacy and safety of
alvimopan at 3, 6, and 12 mg BID vs. placebo in 153 patients undergoing partial BR, sTAH, or
rTAH. Study 13C214 included 65 patients and evaluated the efficacy and safety of 12 mg
alvimopan vs. with placebo in abdominal surgery (excluding planned BR), primarily sTAH and
rTAH. The data from these studies demonstrated that alvimopan 3, 6, and 12 mg regimens
accelerated recovery of GI function and that increased surgical severity (increased length and
complexity of surgery) was associated with increased treatment benefit, in terms of rapidity of
recovery of GI function postoperatively.

Based on these results, it was decided to evaluate BR patients as well as abdominal
hysterectomy patients in the Phase 3 program. The BR population was chosen as the primary
population due to higher risk of POI and associated morbidity along with a longer hospital stay.
Benefit in the abdominal hysterectomy population was also observed in the Phase 2 studies;
however, due to a shorter LOS (as compared to BR patients) and therefore a greater potential
for censoring in this population, a smaller number of abdominal hysterectomy patients were
enrolled when compared to the BR population.

Data from the first three Phase 3 studies demonstrated a clear treatment effect in BR patients.
For patients undergoing TAH, positive trends were observed; however, none were statistically
significant. This is likely due to short LOS (~3 days) and aggressive discharge criteria, often
not driven by occurrence of a BM. When patients undergoing sSTAH were sent home with
alvimopan following discharge and GI endpoints were monitored via diary after hospital
discharge for a total of 7 days in Study 14CL306, a statistically significant difference in time to
first BM was observed for the alvimopan 12 mg treatment group vs. placebo. These data
resulted in the design of the final Phase 3 study, Study 14CL314, where only BR patients were
enrolled.
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2.3.1.4  Endpoint Evolution

At the initiation of the development program for POI, no standards existed in the assessment of
Gl recovery. In discussions with FDA, it was agreed that efficacy in POI required
demonstration of both upper and lower GI recovery. Therefore, time to first toleration of solid
food after surgery was used to indicate the recovery of upper GI function, and time to first
flatus or time to first BM were used to indicate the recovery of lower GI function. Collectively,
these represent resolution of POI. These three individual time to GI recovery events were
collected in all studies.

In order to have a single measure that indicates the recovery of both upper and lower GI
function, a composite endpoint was derived from the individual GI events. This composite
measure was expressed in one of two ways: as GI-3, which uses times to all three components
(BM, solids, and flatus) to calculate the endpoint; and GI-2, which uses times to two
components (BM and solids) in the calculation. See Appendix 12.2 for a precise definition of
these endpoints.

In the initial Phase 3 studies (14CL302, 14CL308, 14CL313, and GSK001), GI-3 was the
primary efficacy endpoint and GI-2 was a secondary endpoint. Following the completion of the
initial studies, a review of the data demonstrated that GI-2 was a more appropriate assessment
of GI function in BR patients. Compared with GI-3, GI-2 excludes time to first flatus, a clinical
event that is subject to greater variability as compared to BM. This is likely due to the fact that
flatus is subjective endpoint reported by the patient. As a result, GI-2 is likely the more
objective composite endpoint for measuring alvimopan treatment effect on GI recovery,
especially in BR patients. Subsequently GI-2 was the primary efficacy endpoint in the final
Phase 3 study (Study 14CL314).

2.3.2 OBD Program

To date, 2008 patients with OBD have received treatment with alvimopan in 16 completed
clinical trials. An additional 895 patients with OBD have served as placebo controls. Eleven of
the studies evaluated alvimopan in patients receiving chronic opioids (Studies RC 99-CT001,
RC 99-CT002, 13C208, 13C209, 13C210, 13C217, 13C304, GSKO011, GSK012, GSKO013 and
GSKO014), and five studies evaluated alvimopan in cancer pain patients taking opioids (Studies
13CL223, 13CL224, GSK965, GSK008 and GSK684). Of these studies, non-cancer studies
GSKO11, GSKO012, GSK13 and GSK014 as well as cancer studies GSK008 and GSK684 make
up the vast majority of exposures in the population.

2.3.3 POI vs. OBD Population Comparison

Surgical patients studied in the POI clinical program differ significantly from the chronic pain
population included in the OBD studies, from both a physiologic and clinical perspective.
2.3.3.1  Physiologic—Opioid Tolerance and p-Receptor Sensitivity

Tolerance is a well known physiologic response to chronic opioid use. In patients who have
developed tolerance, small doses of a p-opioid antagonist can precipitate a moderate to severe
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withdrawal syndrome comparable to that seen after abrupt cessation of opioid use.

The difference, however, is that signs and symptoms of withdrawal often begin minutes after
administration of the antagonist, with the duration and severity related to dose and degree of
tolerance (Goodman and Gilman’s 9th Edition pp. 550). This heightened “sensitivity” to a
p-opioid antagonist in an opioid-tolerant patient is not well understood; however, it is thought
to be related to physiologic changes at the cellular/receptor level.

Tolerance development with chronic opioid use may occur at different rates within different
tissues. The development of tolerance to specific opioid effects is unequal, and the rate of
tolerance development depends on the pattern of opioid use (Jaffe, 1985). Although patients
become tolerant to the analgesia, emesis, euphoria, sedation, and respiratory depression
resulting from chronic administration of p-opioid agonists, the presence of miosis and
constipation has been reported in users tolerant to opioid-induced respiratory depressant effects
(Jaffe, 1985). In addition, although tolerance to most opioid-induced side effects is observed
with chronic administration, constipation is the exception and remains a problem for the patient
(Ballantyne, 2006).

Phase 1 and 2 studies in opioid-tolerant patients have established that there is a difference in the
tolerability of alvimopan in patients on chronic opioid use vs. that in opioid-naive patients.
Opioid-tolerant subjects experienced dose-limiting GI AEs at 3-mg doses of alvimopan, while
doses up to 120 mg QD for 3 days, 18 mg TID for 4 days, or 24 mg BID for 7 days have been
well tolerated with no dose-related toxicities in opioid-naive patients. In opioid-tolerant
subjects, dose-limited AEs included abdominal cramps and pain, nausea, diarrhea, and
vomiting.

2.3.3.2 Clinical

In the OBD Phase 3 program, the mean duration of opioid use ranged from approximately 4 to
8 years with an average total daily dose of 108 to > 240 mg morphine equivalents. These
opioid-tolerant patients are more sensitive to the effects of alvimopan and therefore low doses
have been used in this population (i.e., 0.5 mg BID). In contrast, surgical patients in the POI
Phase 3 program were opioid naive and experienced acute postsurgical pain managed with
short-term opioid-based IV PCA, with an average total daily dose of 28 mg morphine
equivalents; 5- to 10-fold lower than the OBD population. Hence, much higher doses of
alvimopan (6 or 12 mg BID) are required to antagonize opioid effects on bowel motility in
order to shorten the duration of POI.

Chronic pain patients are managed as outpatients via primary care providers, specialists, or
within a pain clinical setting. As mentioned above, these patients have been on opioids for
many years, particularly those with non-cancer-related pain, and require chronic treatment for
management of OBD. Patients enrolled in the OBD clinical studies had a high incidence of
baseline cardiovascular (CV) comorbidity (e.g., obesity, smoking [incidence approximately
double that of the US adult population], hyperlipidemia, hypertension).

In contrast, patients undergoing elective major abdominal surgery undergo extensive
preoperative screening. These screening assessments help to identify patients at high surgical
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risk resulting in either implementation of non-surgical alternatives or medical intervention to
reduce the risk for perioperative complications. Furthermore, unlike the outpatient setting of
the OBD population, the level of patient monitoring and medical oversight is high within the
inpatient setting of patients undergoing major intestinal surgery.

2.4 Regulatory Interactions

Adolor has collaborated closely with the FDA during the development process. Alvimopan for
the management of POI received Fast Track Status as FDA recognized that POI is a serious
condition with no approved pharmacological therapy.

An End-of-Phase 2 meeting was held in March 2001. Agreement was reached that achievement
of time to recovery of both upper and lower GI function would be necessary to demonstrate
efficacy. FDA stressed that the reduction in the time to return of GI function must be clinically
significant and lead to the patient being ready for discharge based on recovery of GI function.
An endpoint was included in the POI studies to assess when the investigator felt the patient was
ready for discharge from a GI recovery perspective; this endpoint was referred to as Ready for
Discharge (READY).

A pre-NDA meeting was held in February 2004. Agreement was reached on the preclinical and
clinical studies to be included in the NDA as well as a deferral of pediatric studies until post
approval. There was also agreement that nonclinical carcinogenicity studies would not be
required for the proposed acute use of alvimopan in POL.

The NDA for POI was submitted in June 2004 and subsequently accepted for filing by the
FDA. During the time of the regulatory review, Adolor began a new Phase 3 study of
alvimopan, 12 mg BID, in BR patients only, Study 14CL314. The Phase 3 studies submitted
with the NDA had included both 6-mg and 12 mg BID doses of alvimopan in BR and
hysterectomy patients. After review of those studies, Adolor proposed the 12-mg BID dose for
approval due to greater consistency in benefit/response and no increased risk of AEs seen with
the 12-mg dose compared with the 6-mg dose.

Study GSK001 was completed during the NDA review, and FDA requested the results of this
study. FDA extended the review clock 3 months to provide time to review the results of that
study. At the end of its review FDA issued an “Approvable Letter” on July 21, 2005, which
included a request for additional efficacy data as well as support for the conclusion that the
median reduction in time to GI recovery relative to placebo treatment seen in the POI studies
was clinically meaningful. After consultation with the FDA, agreement was reached that
ongoing study 14CL314 could provide the requested additional efficacy data if the results of
that study were both statistically significant and clinically meaningful. The FDA and Adolor
agreed on the statistical analysis plan (SAP) for that study, which prespecified GI-2 as the
primary efficacy endpoint and “Discharge Order Written” (DOW) as a key secondary endpoint
assessing efficacy.

The primary endpoint of Study 14CL314 was statistically significant, and the difference
compared with placebo considered clinically meaningful. Based on these results, a Complete
Response to the NDA approvable letter was submitted on May 9, 2006. During the review of
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the Complete Response, interim data from a GSK study (GSK014), a 12-month safety study in
non-cancer pain patients with OBD, revealed an imbalance in the number of myocardial
infarctions (MIs). The findings and subsequent results of a detailed evaluation of those findings
were discussed with the FDA, and the study continued uninterrupted with an Independent Data
Monitoring Committee (IDMC) to assess CV-related safety during the trial.

On November 3, 2006, the FDA issued a second “Approvable Letter” to NDA 21-775
requesting final safety data from the now-completed OBD Study GSKO014, the final reports for
two carcinogenicity studies (mouse and rat) conducted by GSK to support long-term treatment
with alvimopan, and a Risk Management Plan for POL.

An imbalance in reports of neoplasms and bone fractures was noted when the final safety data
from GSKO014 were analyzed in March 2007. No further MIs were reported since the interim
findings, although there was still an imbalance in reports of MIs with proportionally more
reports in the alvimopan arm vs. placebo. As a precautionary measure to these unexpected
findings, GSK and Adolor voluntarily stopped all ongoing studies with alvimopan and initiated
a detailed follow-up investigation. Regulators worldwide, including FDA, and investigators
were expeditiously notified of the unexpected findings. FDA subsequently placed alvimopan
investigational studies on full clinical hold and that hold remains in place at this time.

After investigations into the unexpected safety findings of GSK014 and consultation with
internal and external experts, Adolor submitted a Complete Response to the second NDA
approvable letter on August 9, 2007, with the data requested by the FDA. An action date of
February 10, 2008, was assigned by the FDA for the NDA and the decision on the clinical hold
remains outstanding. Figure 7 summarizes all key regulatory events.

Figure 7 Regulatory Event Timeline
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07/05 11/06 Accepted as
Approvable letter Approvable complete
06/04 from FDA — letter from FDA - Class i
NDA Further proof of Final data GSK014 response 02/10/08
filed efficacy required and Risk Mgmt Plan by FDA PDUFA
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3. OPIOID RECEPTOR PHARMACOLOGY AND PHYSIOLOGY

Endogenous opioid peptides and opiate drugs modulate a variety of biological processes,
including stress response, immunity, analgesia, motor activity, and autonomic functions.
Endogenous opioids are generated from three different genes, the pro-opiomelanocortin,
proenkephalin, and prodynorphin genes, which give rise to several biologically active peptides,
including B-endorphin, enkephalin, and dynorphin. These genes and their products have a
broad distribution in the central nervous system (CNS) and periphery, including the GI tract.
The information presented in this section is excerpted from three review publications
(DeHaven-Hudkins, et al., 2007; Greenwood-Van Meerveld, et al., 2004; Sternini et al., 2004).

Three distinct opioid receptors (u, k and §) are expressed throughout the CNS and in peripheral
regions, including the GI tract. The receptors consist of seven helical regions in the cell
membrane and an intracellular region that couples G-proteins. They bind alkaloid opiates
(morphine) and endogenous opioid peptides (enkephalins, endorphins, dynorphins). The three
opioid receptor types have been cloned in the mouse, rat, and man.

The diverse effects of opioids and opiates are mediated by the activation of these multiple
membrane receptors, which belong to the super family of seven transmembrane G-protein—
coupled receptors. These -, k—, and d-opioid receptors partly overlap in their distribution and
function, but maintain a certain degree of selectivity for the three families of endogenous
opioids and differ in their pharmacological profiles. For instance, enkephalins are the preferred
ligands for o-opioid receptors, but they also have affinity for p-opioid receptors. Dynorphins
display some selectivity for k-opioid receptors, whereas endorphins bind to p-opioid receptors
and o-opioid receptors with similar affinity, having only low affinity for k—opioid receptor
sites. However, endogenous opioids bind all opioid receptor subtypes with moderate
selectivity.

Animal studies have revealed that endogenous opioids released peripherally can modulate GI
motor and secretory functions, and the effects depend on the nature of the subclass of receptor
involved. Agonist and antagonist drugs that possess selectivity for the individual subtypes of
opioid receptors have been used in vivo and in vitro to determine the effects of opioids on GI
functions. Exogenous opioid receptor ligands, with different affinities for the opioid receptor
subtypes, have been used effectively to modify and normalize altered gut functions. Morphine,
a p-opioid receptor agonist, slows GI transit in vivo by its effect on neurons innervating the
circular and longitudinal muscle of the intestine. This delay in GI transit occurs following
treatment with other p-opioid receptor agonists as well.

Opioid pathways have also been implicated in the adaptation response to stress-induced
mucosal pathophysiology, colonic ion secretion and permeability, and the effects of intestinal
inflammation.

Systemic opioids have shown a greater slowing of GI transit in a mouse model of chronic
intestinal inflammation along with decreases in intestinal secretion and inhibition of intestinal
permeability.
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The clinical use of opioid analgesics in acute or chronic settings contributes to the severity of
POI and OBD, respectively. POl is a condition resulting from the combination of surgical
trauma, psychological stress, and administration of opioids for pain management that
commonly follows a variety of surgical procedures. POI is most common after abdominal or
pelvic surgery, but can occur following other major nonabdominal surgery. Other factors such
as sympathetic activation and inflammation also impact the development of POI. Endogenous
opioids may also play an important role in the development of and recovery from ileus due to
the localization of opioid receptors in the gut and their role in coordination of GI motility. POI
is generally characterized as a temporary period of cessation of bowel function, accompanied
by ineffective transit of bowel contents. POI is manifested as a dysregulation of GI motility
that can take up to a week to resolve and is poorly treated by most of the pharmacological and
procedural interventions that are currently available.

Chronic use of p-opioid receptor agonists such as morphine to treat pain also results in
stimulation of p-opioid receptors in the periphery, including the GI tract. This chronic use often
results in opioid b