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1. Introduction 
FDA received the complete New Drug Application (NDA) 207793 from Merrimack 
Pharmaceuticals, Inc. (Merrimack) on 24 Apr 2015 requesting marketing authorization 
(regular approval) for MM-398 (irinotecan liposome, proposed trade-name Onivyde) for the 
treatment of metastatic adenocarcinoma of the pancreas, in combination with 5-fluorouracil 
and leucovorin, in patients who have been previously treated with gemcitabine.  The 
application was received as a rolling submission.  The first unit (nonclinical unit) was received 
on 29 Dec 2014.   
 
Merrimack requested marketing authorization under the 505(b)(2) pathway.  Merrimack’s 
application relies, in part, on certain FDA findings for the listed drug Camptosar (irinotecan 
hydrochloride injection).  In the application, Merrimack relied on prior FDA findings related 
to nonclinical genotoxicity, nonclinical carcinogenicity, and nonclinical reproductive and 
developmental toxicity.  Merrimack also relied on certain clinical pharmacology findings from 
Camptosar (e.g., drug-drug interactions).   
 
Important issues considered during the review of this NDA for MM-398 were whether the 
pivotal clinical trial (Study MM-398-07-03-01) isolated the effect of MM-398 based on 
differences in 5-fluorouracil dosing regimens between the treatment and control arm; whether 
the risk-benefit profile was favorable; and whether the single adequate and well controlled trial 
constituted substantial evidence of effectiveness.  Additionally, FDA’s Office of Clinical 
Pharmacology considered dosing issues pertaining to homozygosity for the UGT1A1*28 allele 
and bilirubin levels.  To avoid redundancy, the risk-benefit discussion will be found at the end 
of this review and the discussion regarding dosing issues will be found in the Clinical 
Pharmacology section of this review.   
 
Issue:  Did the pivotal clinical trial isolate the effect of MM-398? 
Study MM-398-07-03-01 was initially designed as a two arm (superiority) study that 
randomized patients to receive either MM-398 (120 mg/m2 intravenously over 90 minutes 
every three weeks) or 5-fluorouracil (5FU) (2000 mg/m2 intravenously over 24 hours) in 
combination with leucovorin (LV) weekly for four weeks followed by two weeks of rest.  
Merrimack stated that the regimen in the 5FU/LV control arm was based on the regimen 
administered to patients with pancreatic cancer in the CONKO3 study (see Section 2.1 below).  
FDA met with Merrimack to discuss the design of Study MM-398-07-03-01 in August of 2011 
(and did not object to the 5FU/LV dosing regimen).  After initiating the protocol, Merrimack 
amended the protocol (dated 14 Jun 2012) to add a third arm consisting of the following 
regimen:  MM-398 80 mg/m2 (initial dose of 60 mg/m2 for patients homozygous for the 
UGT1A1*28 allele) every two weeks, 5-fluorouracil 2,400 mg/m2 over 46 hours every two 
weeks, and leucovorin every 2 weeks. 
 
In the protocol amendment, Merrimack provided a non-clinical rationale regarding why the 
combination of MM-398 and 5FU/LV may be effective.  The protocol also provided summary 
data from a dose-finding trial (PEP0203) in patients with solid tumors that investigated MM-
398 in combination with 5-fluorouracil and leucovorin.  Sixteen patients were enrolled in this 
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trial; five had pancreatic cancer.  The maximum tolerated dose (MTD) of MM-398 in this 
regimen was reported to be 80 mg/m2 (in combination with 5-fluorouracil and leucovorin) with 
reported dose limiting toxicities occurring in two of five patients who received 100 mg/m2 and 
two of two patients who received 120 mg m2 MM-398 in combination with 5FU/LV.  
 
Merrimack stated that the dose and schedule of 5FU and leucovorin (in the MM-398 
combination arm) was designed to be similar to that in the FOLFIRI.3 regimen, which was 
being studied in patients with pancreatic cancer (this regimen allowed for biweekly dosing).   
 
Additional data from this dose and schedule of MM-398 in combination with 5FU and 
leucovorin were available from the GERCOR PEPCOL study (Chibaudel et al., 2015 
Gastrointestinal Cancers Symposium, Abstract 751).  Merrimack provided summary data from 
the first 20 patients enrolled in the PEPCOL study in the NDA.  Fifty-five patients with 
metastatic colorectal cancer (second-line) were randomized in this study to receive either MM-
389 in combination with 5FU/LV or FOLFIRI (choice of FOLFIRI.1 or modified FOLFIRI.3) 
(bevacizumab was permitted in either arm).  Merrimack elected not to change the dosing 
regimen of 5FU in the combination arm of Study MM-398-07-03-01 because of the safety 
experience with the regimen studied in PEPCOL and in PEP0203.  
 
In the NDA, Merrimack provided the following rationale supporting their conclusion that the 
survival effect observed in Study MM-398-07-03-01 was due to the contribution of MM-398 
(and not due to differences in the 5FU regimens). 
 
 The planned 5-FU dose in the combination arm over six weeks was lower than that in the 

control arm (patients in the MM-398/5FU/LV arm received 7,200 mg/m2 5FU over six 
weeks versus 8,000 mg/m2 in the control arm).  Comment: this would theoretically bias 
results in favor of the control arm (unless the longer 5FU infusion impacts clinical effects). 

 The observed 5-FU dose in the MM-398/5FU/LV arm was lower than the observed 5FU 
dose in the 5FU/LV arm (6 week normalized dose intensity of 5,065.0 mg/m2 versus 6,718 
mg/m2, respectively). 

 Merrimack performed simulations of 5FU pharmacokinetics showing that the 6-week 
average AUC in the MM398/5FU/LV arm was 90% of that in the control arm.  

 More patients in the MM-398 combination arm experienced adverse events that resulted in 
dose modification of 5FU (37% versus 4%), further reducing the amount of 5FU that 
patients in the combination arm received. 

 Merrimack conducted a literature search (mostly based on indirect analyses in colorectal 
cancer) evaluating the clinical effects of different dosing regimens of 5FU and concluded 
that the different dosing regimens were unlikely to have resulted in differences in clinical 
outcomes.  In their literature search, Merrimack found no study that directly compared the 
efficacy of the two different 5FU infusional regimens investigated in Study MM-398-07-
03-01.   

 
In summary, while there is some residual uncertainty regarding the magnitude of the effect 
contributed by MM-398 (especially in a single, relatively small study), this reviewer agrees 
that it is unlikely that differences in 5FU regimens alone would account for a statistically 
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significant 1.9 month improvement in overall survival (in patients with previously-treated 
pancreatic cancer).  Patients in the control arm received a higher dose intensity of 5FU 
(normalized over 6 weeks).  Additionally, the effects of 5FU as a single agent in patients with 
previously-treated pancreatic cancer are likely to be limited (see Section 2.1 below).   
 
As such, this reviewer believes there is low regulatory risk that MM-398 is acting solely as a 
placebo in the regimen and that MM-398 at least contributes something to the clinical benefit 
of the combination.  Nevertheless, this reviewer believes that it is risky for developers to make 
major changes to their pivotal studies (e.g., adding new arms) without first obtaining input in 
writing from FDA (or other stakeholders if approvals in other countries are sought).   
 
DOP2 requested Special Government Employee (SGE) advice regarding the differences in 
5FU dosing regimens in the control arm versus the combination arm.  Two SGEs were cleared 
for this application including one SGE with extensive experience in the management of 
patients with pancreatic cancer and another SGE with extensive experience in regards to the 
effects of 5FU-based regimens.  Separate telephone conferences were scheduled with each 
SGE.  Each independent SGE agreed that the observed difference in overall survival between 
arms was unlikely to have been caused by the differences in 5-FU dosing regimens between 
arms.   
 
Issue:  Did the application contain substantial evidence of effectiveness from one 
adequate and well controlled trial? 
FDA Guidance (Providing Clinical Evidence of Effectiveness for Human Drug and Biological 
Products, May 1998) states that reliance on a single adequate and well controlled study will 
generally be limited to situations in which a trial has demonstrated a clinically meaningful 
effect on mortality, irreversible morbidity, or prevention of a disease with a potentially serious 
outcome and confirmation of the results in a second trial would be practically or ethically 
impossible. 
 
Study MM-398-07-03-01 was a randomized (1:1:1), multicenter, multinational, controlled trial 
that enrolled patients with metastatic adenocarcinoma of the pancreas with disease progression 
following prior gemcitabine or gemcitabine-containing chemotherapy.  The trial was initiated 
as a two arm trial of MM398 monotherapy versus 5-fluorouracil in combination with 
leucovorin (see Section 7 below for details regarding dosing and study design).  After 
initiation, the trial was amended to add a third arm of MM-398 in combination with 5-
fluorouracil plus leucovorin.  The addition of the third arm was done with appropriate 
statistical adjustments for alpha (i.e., the Bonferroni-Holm adjustment) such that statistical 
significance for the overall survival analysis could be interpreted.   
 
Table 1 summarizes the efficacy results from Study MM-398-07-03-01.  These results were 
based on an updated analysis of OS submitted in the amended NDA that included additional 
death events (see Section 7.4.3 for details) from publically available information.  The results 
demonstrated a statistically significant improvement in overall survival (i.e., at an alpha of 
0.025).  Although the study was small, the p value of 0.014 suggests robustness of the results.  
The results of the initial OS analyses that did not include these additional events were similar 
[HR of 0.67 (95% CI: 0.49, 0.92), p = 0.012] to the results of the updated analyses.  The 
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2. Background 

2.1 Disease and therapy related issues 
Merrimack requested marketing authorization for MM-398 for the treatment of metastatic 
adenocarcinoma of the pancreas, in combination with 5-fluorouracil and leucovorin, in patients 
who have been previously treated with gemcitabine.  Because metastatic pancreatic cancer is 
incurable (and patients have a short median life-expectancy), the goal of treatment for these 
patients is to prolong life and/or improve quality of life. 
 
As stated, metastatic pancreatic cancer has a poor prognosis.  In the first-line setting, patients 
(who are good candidates) tend to receive either FOLFIRNOX (based on Conroy et al., French 
PRODIGE study published in the NEJM in 2011) or gemcitabine in combination with nab-
paclitaxel (FDA approved nab-paclitaxel for pancreatic cancer on 6 Sep 2013).  Gemcitabine 
(or gemcitabine-erlotinib) can also be administered to patients and the choice of therapy may 
depend on co-morbid conditions, biliary function, and the patient’s functional status.  Median 
overall survival with any of these regimens is generally less than one year.  
 
Limited evidence is available to guide the selection of treatment beyond the first-line setting.  
Fluoropyrimidine therapy is often administered to patients who received gemcitabine in the 
first-line setting; however, the evidence for the efficacy of 5FU or 5FU/LV in the metastatic 
setting is limited.  In one study (Crown et al., JCO, 1991), 5-FU 370 mg/m2/day for five days 
(in each 28 day cycle) in combination with leucovorin was administered to 22 patients with 
pancreatic cancer (18 previously untreated).  No patient (out of 20 response-assessable 
patients) in the trial experienced a complete or partial response and median survival was 10 
weeks.  Median reported survival was longer (6.2 months) in a different study (DeCaprio et al., 
JCO, 1991) of forty-two patients who received weekly 5FU (600 mg/m2 plus leucovorin) for 
six weeks followed by 2 weeks rest; however, the ORR was less than 10%.  A third study (Van 
Rijswijk, Eur J Cancer, 2004) of 5FU (2.6 mg/m2) administered as a 24 hour infusion in 
combination with leucovorin (weekly for six weeks followed by 2 weeks rest) also 
demonstrated an ORR of less than 10% with a median survival of 19 weeks.   
 
These three studies showed that limited evidence exists to support the use of 5FU (or 5FU/LV) 
in the first-line setting.  Less evidence is available to demonstrate that 5FU (or 5FU/LV) is 
effective in the second-line setting.   
 
The German CONKO-study group attempted to investigate the effects of 5-FU in combination 
with oxaliplatin (OFF regimen) versus best supportive care in patients who previously 
progressed on gemcitabine therapy (Pelzer et al., Eur J Cancer, 2011).  Patients received 
folinic acid 200 mg/m2 followed by 5-fluorouracil 2 g/m2 over 24 hours on days 1, 8, 15, and 
22 and oxaliplatin 85 mg/m2 on days 8 and 22. After a rest period, the next cycle was initiated 
on day 43.  This study terminated early after enrollment of 46 out of 165 patients and the 
report by Pelzer stated that the study closed due to low recruitment due to the diminishing 
acceptance of receiving best supportive care alone.  The analysis of survival by the authors 
stated that median OS was 4.82 months for patients randomized to the OFF regimen versus 2.3 
months for BSC with a HR = 0.45 (95% CI: 0.24, 0.83).   
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After the CONKO study was closed prematurely, the CONKO investigators initiated a second 
study (CONKO-003) investigating the effects of the OFF regimen versus folinic acid and 
fluorouracil (same dose and schedule as OFF regimen without the oxaliplatin).  This study 
(published by Oettle et al., JCO, 2014) randomized 168 patients with previously treated 
metastatic pancreatic cancer.  The analysis of the study, however, was conducted on data from 
160 patients such that the analysis was not an ITT analysis.  Additionally, the report indicated 
that the target number of deaths was 110 whereas the final analysis was conducted based on 
data from 155 deaths.  The report stated that OFF improved median survival with a median 
survival duration of 5.9 months for OFF versus 3.3 months with fluorouracil plus folinic acid 
alone [HR = 0.66 (95% CI: 0.48 to 0.91), p = 0.01].   
 
Finally, Gill et al., at the ASCO 2014 meeting (abstract 4022), reported on the results of the 
PANCREOX study that randomized 108 patients who previously received gemcitabine to 
receive either mFOLFOX6 or infusional 5FU plus leucovorin.  The abstract stated that OS was 
inferior in patients randomized to receive mFOLFOX6 (median OS of 6.1 months versus 9.0 
months with the reported p value of 0.02).  More patients in the 5FU/LV arm received post-
progression therapy.   
 
In summary, the data appear inconclusive regarding the effects of both fluorouracil and 
oxaliplatin in the second-line setting.  Fluorouracil alone exhibited limited activity even in the 
first-line metastatic setting.  The studies investigating the use of oxaliplatin regimens were 
contradictory and all were small.  Although beneficial effects of the OFF regimen were 
reported in two studies, one was terminated early and the second had analysis issues (e.g., 
difficult to interpret p value based on the non-ITT analysis that was conducted substantially 
after the pre-specified number of events occured).  Also, the CONKO-003 study was not 
published until 2014 which was after Study MM-398-07-03-01 was initiated.  Based on these 
considerations, this reviewer did not object to the use of the 5-FU alone control arm 
(notwithstanding the differences in 5FU regimens as described above) although it is not clear 
that 5FU (or 5FU/LV)-alone actually provides benefit to patients. 
 
Irinotecan-based regimens 
Clinicians administer FOLFIRINOX in the first-line setting based on the results of the Conroy 
study.  Other irinotecan-based regimens have also been investigated for the treatment of 
patients with pancreatic cancer.  Neuzillet et al., (2012) published a report of 63 patients with 
previously-treated pancreatic cancer who received either FOLFIRI.1 (n=55) or FOFLIRI.3 
(n=8) (irinotecan 100 mg/m2 on day 1 and leucovorin 400 mg/m2, then 5-FU 2400 mg/m2 as a 
46-h infusion and irinotecan 100 mg/m2 repeated on day 3, biweekly) at one of two 
institutions.  A partial response was reported in 5 patients (8%).   
 
An earlier published report (Taieb et al., 2007) of an uncontrolled study of an irinotecan-based 
regimen described a 37.5% response rate in 40 patients with previously untreated metastatic or 
locally advanced pancreatic cancer.  The response rates in the Taieb study were not replicated 
in the second-line setting (with a slightly lower irinotecan dose) in a study published by Yoo et 
al (2009).  The Yoo study randomized 61 patients to either mFOLFIRI.3 (n=31) or mFOLFOX 
(n=30).  No responses were reported among patients randomized to FOLFIRI.3 versus two 
responses in patients randomized to mFOLFOX.   
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FDA stated that the Agency could not evaluate the impact of MM-398 dosing in patients 
homozygous for the UGT1A1*28 allele based on the information provided in the briefing 
package.  However, FDA recommended that Merrimack consider a reduced initial MM-398 
dose for patients homozygous for UGT1A1*28.   
 
Merrimack asked whether filing a future NDA through the provisions of 505(b)(2) was 
appropriate and acceptable.  FDA stated that the Agency was unable to provide a response 
because Merrimack did not describe what information they intended to rely upon for which a 
right of reference did not exist.  
 
1 Aug 2014 (Type C meeting):  Merrimack requested this Type C meeting to obtain general 
FDA guidance on regulatory, nonclinical, clinical pharmacology, and statistical contents of a 
planned NDA.   
 
FDA stated that Merrimack could request Fast Track designation for MM-398 in order to 
request a rolling NDA submission; however, FDA informed Merrimack that the PDUFA 
review clock would start when the application was complete.   

 
FDA provided advice regarding potential plans for expanded access and that consideration for 
expanded access (e.g., the type of expanded access) should be dictated by the demand for 
access.   
 
FDA agreed based on the limited information provided in the briefing package, that a Risk 
Evaluation and Mitigation Strategy was not necessary in order to file the NDA.   
 
FDA stated that the nonclinical studies listed for MM-389 in the briefing package appeared 
sufficient to support the NDA.  FDA also provided clinical pharmacology comments including 
a post-meeting recommendation to investigate the in vivo stability of the liposome in a single-
dose study in humans.   
 
FDA informed Merrimack that the major issue regarding the approvability of an NDA using 
data from Study MM-398-07-03-01 (as a single-trial) related to the differences in the 5FU 
dosing regimens in the MM-398 combination arm versus the control arm.  FDA stated that 
Merrimack will have to provide a scientific argument as to why the differences between the 
control and MM-398 combination arms are attributable to the addition of MM-398 rather than 
differences in 5FU dosing between arms.   
 
18 Sep 2014 (Type B CMC pre-NDA meeting):  FDA and Merrimack met to discuss CMC 
components of their planned NDA.  FDA provided advice on validation of manufacturing 
processes, in vitro release methodology, and issues related to manufacturing process 
modifications.  FDA also provided advice regarding characterization/specification of MM-398 
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4.1 Nonclinical pharmacology 
The nonclinical overview in the NDA stated that irinotecan liposome is a liposomal 
encapsulation of irinotecan hydrochloride, the active ingredient.  Irinotecan and its active 
metabolite (SN-38) inhibit topoisomerase 1 and prevent re-ligation of single strand breaks 
leading to double-strand breaks and cell death.  The nonclinical review stated that the 
liposomal formulation of irinotecan resulted in longer exposure of both irinotecan and SN-38 
compared to free irinotecan in all species tested and that liposomal irinotecan demonstrated 
activity in several xenograft tumor models.   

4.2 Nonclinical toxicology  
Merrimack submitted toxicology studies conducted in both rats and dogs.  Irinotecan liposome 
was lethal to rats following four weeks of weekly dosing at the 260 mg/kg dose.  Toxicities 
observed in the four week study included bone marrow hypocellularity, renal tubular 
hypertrophy, thymic atrophy, and histiocytosis (however, histiocytosis was also observed in 
control animals).  Hepatic necrosis and hematopoiesis of the spleen were observed in a long 
term rat study (liposome irinotecan administered once every three weeks for 6 doses).  The 
non-clinical review also described decreased body weights at the 75 and 190 mg/kg doses in 
the 6 cycle rat study. 
 
The nonclinical review found weekly administration of irinotecan liposome 16 mg/kg per 
week for four weeks to be lethal in dogs.  Target organs affected by 8 or 16 mg/kg irinotecan 
liposome in dogs included the gastrointestinal tract, bone marrow, Peyer’s patch, and spleen.  
In the 6 cycle (liposome irinotecan administered once every three weeks for 6 doses), repeat 
dose study, 36 mg/kg was the reported lethal dose in dogs.  Target organs affected by the 15 
and 21 mg/kg doses included the gastrointestinal tract, lymphatic tissues, and hematopoietic 
tissues. 
 
Merrimack also submitted the results of a cardiovascular and respiratory safety pharmacology 
study in Beagle dogs.  The nonclinical review found no drug-related changes in cardiovascular 
hemodynamic, electrocardiographic, or respiratory parameters following a single infusion of 9 
to 21 mg/kg of irinotecan liposome.   
 
The applicant did not conduct separate reproductive toxicology or genetic toxicity studies.  In 
lieu of such studies, Merrimack relied on FDA’s previous findings regarding irinotecan as part 
of the 505(b)(2) pathway.  Based on the findings for irinotecan hydrochloride, the label for 
liposome irinotecan will carry a warning for embryofetal risk and recommendations for men 
and women to use effective contraception during and after treatment with irinotecan liposome 
(refer to nonclinical review for details).   
 
The reference drug, irinotecan hydrochloride, was clastogenic in in vitro and in vivo studies; 
however, neither irinotecan HCL nor SN-38 were mutagenic in in vitro Ames assays.  
Comment:  this potential risk of genetic toxicity is considered acceptable for a drug intended 
for the second-line treatment of patients with pancreatic cancer. 

Reference ID: 3830059



Cross Discipline Team Leader Review  NDA 207793 

Page 17 of 44 17

5. Clinical Pharmacology  

5.1 General clinical pharmacology considerations  
The Office of Clinical Pharmacology (OCP) review (Sarah Schrieber, primary reviewer; Gene 
Williams, team leader; Anshu Marathe, pharmacometrics; Yaning Wang, pharmacometrics 
team leader; Anuradha Ramamoorthy, pharmacogenomics; and Rosane Charlab Orbach, 
pharmacogenomics team leader) concluded that this NDA is acceptable from a clinical 
pharmacology perspective.   

5.1.1 Dose selection 
Prior to conducting MM-398-07-03-01, two studies were conducted that assessed the safety of 
MM-398 in combination with 5FU and leucovorin (PEPCOL and PEP0203).   
 
Additionally, OCP conducted exposure-response analyses of available ER data in the NDA 
and found that the analyses supported the 80 mg/m2 starting dose of MM-398 (when combined 
with 5FU and leucovorin).  Although the OCP review found an association with SN-38 
exposure and OS, there was also an association of severe neutropenia with SN-38 exposure 
(especially Cmax) and severe diarrhea (especially Cmax) with irinotecan exposure. 

5.1.2 Pharmacokinetics 
The applicant submitted results from Study PEP0206 that compared the pharmacokinetics of 
irinotecan and SN-38 in patients exposed to conventional irinotecan (300 mg/m2) versus MM-
398 (120 mg mg/m2).  The OCP review found MM-398 to result in higher exposure to total 
irinotecan (Cmax 13.4-fold, t½ 2.0-fold, and AUC0-inf 46.2-fold).  MM-398 also resulted in 3-
fold higher SN-38 t½ and 1.4-fold AUC0-inf; however, the SN-38 Cmax was reduced compared 
to Camptosar (0.19-fold).   
 
The pharmacokinetics of the 80 mg/m2 dose both as a single agent and in combination with 
5FU/LV were investigated in Studies PIST-CRC-01 (n=6) , MM-398-01-01-02 (n=13), and 
PEP0203 (n = 6).  The summary PK statistics of MM-398 from these studies can be found in 
Table 9 of the OCP review.  The Cmax (SD) of irinotecan and SN-38 following a single dose of 
MM-398 were 37.2 μg/mL (8.8) and 5.4 ng/mL (3.4), respectively.  The t½ of irinotecan and 
SN-38 following a single dose of MM-398 were 1.7 hours and 25 hours, respectively (refer to 
the OCP review for values for AUC, Tmax, CL, and VD and the PK results of MM-398 from 
individual studies). 
 
In regards to drug metabolism, Merrimack proposed to rely on information from the 
Camptosar package insert.   

5.2 Drug-drug interactions 
Merrimack relied on information in the Camptosar package insert to inform decisions on drug-
drug interactions.    

5.3 Demographic interactions/special populations  
UGT1A1*28 
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Patients enrolled in Study MM-398-07-03-01 who were homozygous for the UGT1A1*28 
allele received a lower starting dose (60 mg/m2) of MM-398 when combined with 5FU/LV 
compared to patients who were non-homozygous for UGT1A1*28 (patients homozygous for 
UGT1A1*28 experience increased toxicity when exposed to Camptosar).  The protocol 
allowed for such patients to increase the dose to 80 mg/m2 if tolerated.  Seven patients 
homozygous for UGT1A1*28 received MM-398 in combination with 5FU/LV in Study MM-
398-07-03-01.  Among these seven patients, two remained at the 60 mg/m2 dose, three 
increased to 80 mg/m2 without further reduction, one patient escalated to 80 mg/m2 with a 
subsequent reduction to 60 mg/m2, and one patient required dose reduction to 40 mg/m2.  One 
of these seven patients discontinued due to an adverse event and one discontinued due to 
patient’s choice.  
 
In summary, based on the limited numbers of patients homozygous for UGT1A1*28 enrolled 
in Study MM-398-07-03-01, there is residual uncertainty regarding the optimal dose for these 
patients.  Nevertheless, the proposed lower starting dose appears acceptable based on 
experience with Camptosar, the allowance to increase the dose to 80 mg/m2 if tolerated, and 
the OCP finding that the frequency of neutropenia in patients homozygous for the 
UGT1A1*28 allele (who received the lower dose) was similar to the frequency in non-
homozygous patients who received the 80 mg/m2 starting dose.  Additionally, the OCP popPK 
analysis, adjusted for the lower dose of MM-398 administered to patients homozygous for the 
UGT1A1*28 allele, found that patients homozygous for this allele had only a slight increase 
(18%) in total SN-38 average steady state concentration relative to patients non-homozygous 
for this allele. 
 
Bilirubin 
The Camptosar label states that dosing of irinotecan for patients with bilirubin > 2 mg/dL 
cannot be recommended because there is insufficient information to recommend a dose in 
these patients.  Furthermore, the Camptosar label states that patients with serum total bilirubin 
levels of 1 mg/dL or greater experienced an increased incidence rate of first-cycle Grade 3 or 4 
neutropenia.    
 
A dose of MM-398 in patients with bilirubin levels above normal cannot be recommended 
because Study MM-398-07-03-01 did not enroll patients with elevated bilirubin levels.  The 
OCP review stated that only data from six patients with bilirubin levels ≥ 1.0 mg/dL who 
received MM-398 in combination with 5FU/LV were submitted in the application.  The OCP 
review found that there were insufficient information to recommend a reduced starting dose in 
patients who had a bilirubin level ≥ 1.0 mg/dL but less than the upper limit of normal.   
 
Ethnicity 
The OCP review found the covariate with the strongest association to irinotecan and SN-38 
following exposure to MM-398 was ethnicity.  The OCP review found Asian patients to have 
approximately 70% lower total irinotecan Cave compared to White patients (there were few 
patients of other ethnic backgrounds enrolled).  The OCP review found minimal effect of 
ethnicity on SN38 Cave (however, the applicant’s report noted a higher SN-38 Cmax in Asian 
patients).  Comment:  This reduced exposure of irinotecan in Asian patients may account for 
the decreased rate of diarrhea; likewise the higher Cmax in Asian patients could account for the 
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higher reported rate of neutropenia in Asian patients.  Ultimately, this information will be 
presented in the label to inform patients and physicians that the risk profile of MM-398 may be 
influenced by ethnicity.      

5.4 Thorough QT study or other QT assessment   
The applicant did not submit the results of a formal QTc evaluation based on the lack of 
evidence of cardiac toxicity in nonclinical studies and because the listed drug, Camptosar, does 
not contain labeling information that Camptosar increases QTc despite marketing approval 
since 1996.  Although the QT-IRT consult recommended requesting a PMR to assess QTc 
according to ICH E14 guidance (partially based on differences in PKs between MM-398 and 
Camptosar), OCP did not agree with this recommendation that a PMR should be requested at 
this time based on the known information regarding the listed drug, non-clinical results, and 
the patient population for which MM-398 would be indicated (second-line pancreatic cancer).  
OCP recommended that Merrimack investigate the effects of MM-398 on QTc if Merrimack 
intends to develop MM-398 in other cancer indications.   
 
This reviewer agrees with OCP that the risk (based solely on a drug-induced QTc effect 
through cardiac channels and not an effect of electrolyte wasting via diarrhea) of QTc 
prolongation is likely to be low based on the known experience with irinotecan and that the 
residual uncertainty regarding an effect on QTc is acceptable for this application that would 
involve the approval of MM-398 (a drug with an effect on OS) for patients with previously 
treated pancreatic cancer (a disease with a short estimated life expectancy).   

6. Clinical Microbiology  
This section is not applicable to this review.  

7. Clinical/Statistical-Efficacy 
The clinical reviewer (Dr. Shan Pradhan) recommended approval of this application based on 
the improvement in overall survival demonstrated in the MM-398-07-03-01 clinical trial. 
 
The statistical reviewer (Dr. Hui Zhang) concluded that MM-398-07-03-01 showed that MM-
398 + 5-FU/LV demonstrated a statistically significant improvement in the primary endpoint 
of OS compared with 5-FU/LV. 
 
This section of the CDTL review will focus on the demonstration of safety and efficacy in the 
adequate and well controlled trial and will not focus on trials in other indications (e.g., that 
provided safety data) or on trials that supported the dose of MM-398 (refer to Clinical 
Pharmacology Section above).   

7.1 Background of clinical program 
The initial protocol for the pivotal trial (MM-398-07-03-01 also known as NAPOLI-1) was 
dated 6 Oct 2011 and contained the following title:  A Randomized, Open-Label Phase 3 
Study of MM-398 versus 5-Fluorouracil and Leucovorin in Patients with Metastatic Pancreatic 
Cancer.   
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The protocol was initially designed as a two arm trial of MM-398 as monotherapy (120 mg/m2 
intravenously over 90 minute every three weeks) versus 5-fluorouracil in combination with 
leucovorin. 
 
Merrimack subsequently amended the protocol (see details below) to add the third arm of 
MM-389 in combination with 5FU and leucovorin.  The amended protocol was dated 14 Jul 
2012.  The development plan for this NDA was primarily based on the results of a single 
adequate and well controlled trial (MM-398-07-03-01).   

7.2 Design of MM-398-0703-01 

7.2.1 Primary endpoint  
The primary endpoint of MM-398-07-03-01 was overall survival (OS), defined as the time 
from randomization to the date of death from any cause.  Comment:  As stated in the May 2007 
FDA Guidance Document regarding endpoints for cancer drugs 
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidance
s/ucm071590.pdf), survival is considered the most reliable cancer endpoint, and when studies can 
be conducted to adequately assess survival, it is usually the preferred endpoint.  An effect on OS is 
considered regulatory evidence of clinical benefit used by the Agency to substantiate regular 
approval of a drug.   

7.2.2 Secondary endpoints  
The protocol listed progression free survival (PFS) defined as the number of months from the 
date of randomization to the date of death or progression; time to treatment failure (TTF) 
defined as time from randomization to either disease progression, death or study 
discontinuation due to toxicity; and objective response rate determined using RECIST as 
secondary efficacy analyses.  The protocol also indicated patients would be assessed for 
“clinical benefit response” (i.e., with variables described in the gemcitabine label).  Patients 
also completed EORTC-QLQ-C30 questionnaires for quality-of-life assessments. 
 
The use of investigator assessments for progression (and response) was acceptable because 
the primary endpoint was overall survival (i.e., the PFS and ORR endpoints are considered 
supportive of the overall survival results).  As stated in the May 2007 Guidance, TTF is not 
recommended as a regulatory endpoint for drug approval as it does not clearly distinguish the 
efficacy of the drug from toxicity or patient intolerance.  Finally, although clinical benefit 
response is listed in the gemcitabine label, this endpoint can be problematic for multiple 
reasons, e.g., it utilizes physician-determined ECOG PS as a variable in an unblinded study 
and there is the potential for missing data regarding components of the endpoint. 

7.2.3 Major eligibility criteria   
The trial enrolled patients with histologically or cytologically confirmed metastatic 
adenocarcinoma of the exocrine pancreas with disease progression following prior gemcitabine 
or gemcitabine-containing chemotherapy (in the locally advanced or metastatic setting).  The 
protocol allowed for the administration of gemcitabine in the adjuvant setting if disease 
recurrence occurred within 6 months of completion of adjuvant therapy.  Other protocol 
requirements included Karnofsky performance status ≥ 70; neutrophil count > 1,500/mcL 
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published results from the trial until 2014 would have made it difficult to stipulate OFF as 
a control arm in study MM-398-07-03-01 at the time that the study was initiated. 

 Patients received treatment until disease progression (RECIST v1.1), symptomatic 
deterioration, intolerable toxicity, non-compliance with study procedures, or following 
patient or physician request.  

 To prevent nausea or vomiting, the protocol required premedication with dexamethasone 
and a 5-HT3 antagonist (or other anti-emetics per institutional standard practices for 
irinotecan) prior to administration of MM-398.  Prior to treatment with 5-FU and 
leucovorin, the protocol required premedication with dexamethasone, prochlorperazine or 
equivalent anti-emetics. 

 In regards to MM-398, the protocol contained management instructions for infusion 
reactions (including permanent discontinuation for Grade 3 or 4 events); hematological 
toxicities; and non-hematological toxicities including diarrhea (including interruption and 
dose reductions).  The protocol also contained management instructions for toxicities 
caused by 5-FU.  The protocol allowed colony stimulating factors only in patients with ≥ 
Grade 3 neutropenia or neutropenic fever.   

 The protocol stipulated atropine to treat cholinergic-syndrome-related diarrhea caused by 
irinotecan.  The protocol also contained additional recommendations for the management 
of chemotherapy-induced diarrhea including loperamide, fluoroquinolones, hospitalization, 
intravenous fluids, and octreotide.   

 Patients underwent assessments for tumor size in both arms every 6 weeks using CT or 
MRI and any other radiographic procedures deemed appropriate by the investigator.  
Survival status was to be collected during the treatment period and every one month from 
the date of the 30 day follow-up visit.  CA 19-9 levels were also assessed every 6 weeks in 
both arms. 

 The schedule of visits differed slightly between arms given the different schedules of 
treatment in both arms.  Given the primary endpoint, this is unlikely to have had a large 
influence on the trial results.   

7.2.5 Statistical design and analysis issues  
Randomization/Stratification Factors 
The original protocol specified the following three stratification factors:  baseline albumin 
level (≥ 4 g/dL versus ≤ 4 g/dL), Karnofsky performance status (70 and 80 versus ≥ 90), and 
ethnicity (Caucasian versus East Asian versus all others).     
 
Determination of Sample Size 
The original protocol proposed randomizing 270 patients (1:1) to receive either MM-398 or 5-
FU and leucovorin.  The applicant designed the protocol with at least 85% power to detect a 
median 1.5 month difference in overall survival (with a 3 month estimate in control arm) with 
a two sided alpha of 0.05.  The planned number of events for the final analysis was 220.  
Comment:  Protocol Amendment 1 introduced a change to the overall design of the trial and a 
new sample size (see below).   
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Analyses 
The protocol stated that the primary efficacy analysis for overall survival would be tested 
using an un-stratified log rank test in the intent-to-treat population (including all randomized 
patients who provided informed consent).  The initial protocol did not propose a plan to 
control Type 1 error in regards to testing for secondary endpoints.              

7.2.6 Protocol amendments  
Amendment 1 (Version 2.1), dated 14 Jun 2012 

The following list describes major changes contained in Amendment 1. 

 Changed the title to reflect the addition of a third arm:  NAPOLI1:  A Randomized, Open 
Label Phase 3 Study of MM-398 with or without 5-Fluorouracil and Leucovorin, versus 5-
Fluorouracil and Leucovorin, in Patients with Metastatic Pancreatic Cancer Who have 
failed Prior Gemcitabine-based Therapy. 

 This amendment added the third arm consisting of the following regimen:  MM-398 80 
mg/m2 (initial dose of 60 mg/m2 for patients homozygous for the UGT1A1*28 allele) 
every two weeks, 5-fluorouracil 2,400 mg/m2 over 46 hours every two weeks, and 
leucovorin 200 mg/m2 every 2 weeks.  Comment:  This third arm was not discussed during 
the EOP2 meeting held with Merrimack and complicated the ability to interpret the results 
of the study given that the dose and schedule of 5FU differed between the experimental and 
control arms.  Refer to Section 1 of this review for discussion of the different 5FU/LV 
dosing regimens. 

 The protocol now allowed patients to have received prior irinotecan.  

 Amended the statistical analysis plan to (1) power the study based on 305 events; (2) 
increase the sample size to 405 patients; (3) allow for two null hypotheses (both arms 
compared separately with the 5-FU/LV control arm) with alpha controlled at the two-sided 
0.05 level using the Bonferroni-Holm adjustment; (4) allow for 99% power to detect a 
survival effect (HR 0.5) in the new arm compared to the control arm assuming a median 
OS of 6 months in the new arm and 3 months in the control arm, and to (5) allow for 85% 
power to detect the survival effect (HR 0.67) in the MM-398 arm versus the control arm.  
As mentioned, the protocol stipulated two pair-wise comparisons in the ITT population 
using the un-stratified log rank test.   

 The amendment updated the dose modification requirements based on the inclusion of the 
combination arm (for brevity, this review will limit the discussion of dose modification to 
actions in the combination arm). 

- Required a neutrophil count ≥ 1500/mcL and a platelet count ≥ 100,000/mcL prior 
to each cycle of therapy of MM-398.   

- Patients who experienced Grade 3 or 4 neutropenia, neutropenic fever, or other 
Grade 3 or 4 hematologic toxicity would undergo MM-398 dose reduction (60 
mg/m2 for the first occurrence and 50 mg/m2 for the second occurrence).  These 
patients also underwent a 25% dose reduction of 5FU. 

- Patients who experienced ≥ Grade 3 diarrhea or other non-hematological toxicities 
other than asthenia or Grade 3 anorexia underwent dose reduction of MM-398 (60 
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mg/m2 for the first occurrence and 50 mg/m2 for the second occurrence).  The 
protocol also required dose reduction of 5FU for Grade 3 or 4 non-hematological 
toxicities (except asthenia and Grade 3 anorexia) and for Grade 2 hand foot 
syndrome.  The protocol required discontinuation of 5FU for Grade 3 or 4 hand 
foot syndrome or ≥ Grade 2 neurocerebellar or cardiac toxicity.   

 Stipulated that patients have been off steroids for CNS metastases for at least 28 days to be 
eligible for enrollment (patients with active CNS metastases indicated by clinical 
symptoms, cerebral edema, steroids, or progressive disease were still excluded from 
enrollment). 

 Removed requirement of the formal interim analysis for safety and futility.  Instead, the 
DSMB would perform an intensive safety review of the first 15 subjects enrolled in each 
arm. 

 Stipulated that assessments for progressive disease would stop prior to progression if the 
patient received another anti-neoplastic therapy. 

 Stipulated that per RECIST 1.1, because the primary endpoint was OS and not ORR, that 
confirmation of PR or CR was no longer required.  

Amendment 2 (Version 2.2), dated 19 Oct 2012 

The following list describes major changes contained in Version 2.2 of the protocol: 

 Clarified dosing of leucovorin (i.e., when using racemic versus isomeric leucovorin). 

 Clarified that all patients (irrespective of version) will count toward the overall enrollment 
of 405 patients and that the final analysis will take place once 305 events occurred. 

 Clarified that in Arm C, if either one of the drugs was withheld, that neither drug could be 
administered. 

 Clarified that the efficacy comparison between MM-398 alone and fluorouracil would 
include all patients randomized to either arm, under all versions of the protocol, whereas 
the efficacy comparison between the combination arm versus fluorouracil would only 
include patients randomized under Version 2.0 or later.   

Additional comment regarding MM-398-07-03-01:  Prior to the final analysis, the formal 
statistical analysis plan (dated 16 Apr 2014) designated a sequential testing procedure to 
control the Type 1 error for primary and secondary endpoints (with the specified sequence 
being OS followed by PFS followed by ORR).   

7.3 Efficacy results  
The first patient was enrolled into Study MM-398-07-03-01 on 11 Jan 2012 and the last 
patient’s event for the final analysis occurred on 14 Feb 2014.  Approximately 405 patients 
were planned for enrollment into the study following Amendment 1.  According to the CSR, 
investigators screened 577 patients for inclusion into the study and 417 patients were 
randomized and included in the ITT population.  A total of 63 patients were enrolled into 
Version 1 of the study prior to the amendment allowing for the third arm.  Therefore, the 
majority of patients were enrolled into Version 2 (three arm study) or later.  The study data 
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Comment:  Ultimately, the clinical benefit of MM-398 when combined with 5FU and 
leucovorin is based on the effect on overall survival rather than any modest effect on ORR or 
PFS.   
 
Figure 2 Kaplan-Meier curves for PFS (MM-398 + 5FU/LV versus 5-FU/LV) 

 
 
Clinical Benefit Response (CBE) Endpoint 
CBR was a composite endpoint listed by the applicant as a secondary endpoint.  To assess the 
endpoint, Merrimack collected data on pain (using a 100 mm visual analogue scale); opioid 
analgesic consumption; inanition and decreased performance status; and lack of appetite, 
decreased nutritional intake and significant weight loss.  Merrimack stated that daily 
compliance with the diary was low, and therefore only 60% of the patients were evaluable for 
this endpoint.  Merrimack stated that 14% of the 78 patients in the MM-398 combination arm 
experienced a CBR versus 12% of 60 patients in the 5FU/LV control arm.  Comment:  
limitations of the data preclude any conclusions related to this endpoint.    
 
Quality of Life 
During the study, patients were asked to complete the EORTC QLQ-C30 questionnaire at 
baseline, every six weeks and at the 30 day follow-up visit.  Again, the analyses of the PRO 
measures were affected by missing data or study discontinuation (e.g., due to progression) 
with 62% of the ITT study population being included in the PRO analysis population.  
Although conclusions based on such data should be taken with caution, Merrimack stated that 
median scores at Week 6 and Week 12 showed no appreciable changes from baseline and 
suggested that the effects of the treatments on Global Health Status and Functional Scale 
scores were negligible.  Comment:  In situations without a high objective response rate, it 
could be difficult to demonstrate improvements in PRO measures without performing PRO 
assessments after progression occurs (because that is the time when cancer symptoms would 
be expected to worsen).   
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8. Safety 

8.1 Adequacy of database 
Based on the treatment effect (overall survival improvement) observed in Study MM-398-07-
03-01, this reviewer found the safety database to be adequate.  Merrimack submitted datasets 
in CDISC (STDM and ADaM) format which facilitated the FDA analyses of data.   
 
The clinical review primarily focused on data from Study MM-398-07-03-01 as this was the 
large controlled trial intended to support approval of MM-398 (in combination with 5-
fluorouracil and leucovorin) for the indicated patient population.   
 
The safety population of Study MM-398-07-03-01 included 264 patients with advanced 
pancreatic cancer who received MM-398 either a single agent or in combination with 5FU and 
leucovorin.  Additionally, the NDA stated that 176 patients received MM-398 either as a 
single agent or in combination with other agents in phase 1 or 2 studies (including 44 patients 
who received MM-398 in combination with 5FU and leucovorin).    
 
In Study MM-398-07-03-01, the safety population (consisting of patients who actually 
received investigational treatment) included 147 patients in the MM-398 single agent group, 
134 patients in the 5FU/LV group, and 117 patients in the MM-398/5FU/LV group.  This 
review will primarily focus on the comparison of the MM-398/5FU/LV combination group 
versus the 5FU/LV group in the randomized controlled trial (Study MM-398-07-03-01). 
 
In Study MM-398-07-03-01, patients in the MM-398/5FU/LV group received a median 
exposure of 8.7 weeks and a mean (SD) exposure of 15.0 (13.73) weeks.  Patients in the 
5FU/LV group received a median exposure of 6 weeks and a mean (SD) exposure of 10.4 
(11.30) weeks.  Comment:  The short duration of therapy in both arms reflected the poor 
prognosis of patients with previously treated metastatic pancreatic cancer.  Nevertheless, this 
reviewer agrees that it is appropriate to take action on this application despite the lack of 
long-term safety data based on the modest improvement in overall survival and the short life 
expectancy of patients with previously treated pancreatic cancer.   

8.2 Deaths, SAEs, discontinuations due to AEs, general AEs, and results of 
laboratory tests  

8.2.1 Deaths  
The KM curves of OS in Section 7 of this review summarize the overall occurrence of deaths 
in Study MM-398-07-03-01.  These curves provided some assurance of the relative safety of 
MM-398 (when administered at the 80 mg/m2 dose in combination with 5FU/LV).   
 
According to the applicant, there were 47 deaths (across all three arms) that occurred during 
the treatment period, defined as deaths occurring on or after the day of the first dose of study 
drug and within 30 days of the final administration of study medication.  Thirty of the deaths 
were considered related to pancreatic cancer by the applicant.  One death occurred due to an 
unknown cause and 16 were attributed to an adverse event.  One patient died of septic shock in 
the MM-398 combination arm and two patients died of infectious etiology in the MM-398 
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single-agent arm.  Nevertheless, fatal infectious events also occurred in patients randomized to 
receive 5FU/LV-alone.   
 
The analysis of Grade 5 treatment-emergent adverse events using the ADAE (adverse event 
analysis dataset) differed somewhat from the above description (this can occur due to 
inconsistencies in reporting events in CRF pages).  In the ADAE dataset, 27 patients 
experienced 34 treatment-emergent Grade 5 adverse events.  Fifteen of these patients received 
MM-398 alone, 10 received 5FU/LV, and 2 received MM-398 in combination with 5FU/LV.  
One of the events in the combination arm was related to septic shock and one was coded as 
dyspnea (this patient had bilateral effusions requiring thoracentesis and bilateral nodular 
densities in the lungs on CT).   
 
Again, the overall survival analyses provided some assurance of the relative safety of MM-398 
(when administered at the 80 mg/m2 dose in combination with 5FU and leucovorin).  Few 
treatment emergent deaths occurred in patients in the combination arm (compared to the other 
two arms).  Ultimately, attribution of events in these cases can be complicated due to the 
underlying pancreatic cancer.  Nevertheless, the patient in the combination arm with septic 
shock (with E. coli found in a blood culture) had neutropenia at the time she was admitted with 
hypotension and therefore, therapy may have contributed to her death.  Labeling will describe 
this risk and will instruct physicians to monitor blood counts.   

8.2.2 SAEs  
Merrimack’s clinical study report defined (non-verbatim definition) a serious adverse event 
(SAE) as any untoward medical occurrence that resulted in death; was life-threatening; 
required inpatient hospitalization or caused prolongation of existing hospitalization; resulted in 
persistent or significant disability or incapacity; was a congenital anomaly or birth defect; or 
was an important medical event that could jeopardize the patient or require intervention to 
prevent one of the other serious outcomes listed above. 
 
The most important serious adverse events [in terms of differences between the MM-398 
combination arm versus the 5FU/leucovorin control arm] were diarrhea (6.0% versus 1.5%), 
nausea (3.4% versus 0.7%), vomiting (9.4% versus 1.5%), and infections and infestations 
(MedDRA SOC) (17% versus 11%).  SAEs of febrile neutropenia (preferred term analysis) 
occurred in 1.7% of patients in the MM-398 combination arm versus 0.7% of patients in the 
5FU control arm.  The rates of febrile neutropenia and diarrhea (as SAEs) were highest in the 
MM-398 monotherapy arm (4.1% and 12.9%, respectively).   
 
Comment:  The most important SAEs related to MM-398 (in combination with 5FU and 
leucovorin) appear to be those expected when treating patients with a camptothecin and a 
fluoropyrimidine (and cytotoxic chemotherapy in general).  Oncologists understand these 
toxicities and standard practice is to obtain informed consent prior to administering 
chemotherapeutic drugs.   

8.2.3 Drop-outs and discontinuations due to adverse events 
According to the applicant, 11.1% (13/117) of patients in the MM-398/5FU/LV arm versus 
7.5% (10/134) in the 5FU/LV arm discontinued study treatment due to an AE.  In general, as 
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to any dose modification were similar in older versus younger patients (72% versus 69% in 
Merrimack’s analysis).  
 
Merrimack also found the incidence of most treatment-emergent adverse events to be similar 
between men and women.  Alopecia occurred more frequently among women in the 
combination arm (20% versus 9%).  Diarrhea was also reported more frequently in women; 
however, this finding was observed across all arms.   
 
The clinical review found differences in the per-patient incidence rate of neutropenia and 
diarrhea in Asian patients as compared to White patients who received MM-398 in 
combination with 5FU and leucovorin.  Severe (≥ Grade 3) neutropenia was higher in Asian 
patients and severe diarrhea was higher in White patients.  In Merrimack’s analysis using a 
composite term for different neutropenia-related adverse events, Merrimack found the per-
patient incidence rate of Grade 3 or higher neutropenia in Asians to be 55% in the MM-398 
combination arm versus 18% in White patients.   
 
Differences in the toxicity profile in Asian patients versus White patients could potentially be 
explained by differences in pharmacokinetics.  Merrimack found that higher SN-38 exposures 
(Cmax) occurred in Asian patients and this was correlated with neutropenia.  Higher irinotecan 
exposure was found in White patients (potentially explaining the higher incidence rate of 
diarrhea).  Comment:  Although differences in certain adverse events were observed between 
Asian patients and White patients, caution is indicated regarding the interpretation of the data 
because there were only 33 (East) Asian patients (from South Korea and Taiwan) who 
received MM-398 in combination with 5-FU and leucovorin.  

8.3.2 Additional in-depth analyses of specific events (as determined in Study MM-
398-07-03-01) 
Additional analyses were conducted for diarrhea, stomatitis, cholinergic events, acute renal 
failure, infusion-related reactions, intestinal lung disease, and nausea (specifically pre-
medication for nausea).  The clinical review found that 30% of patients in the MM-398 
combination arm experienced early-onset diarrhea and 43% experienced late-onset diarrhea 
(refer to clinical review for discussion of the other specific events).   

8.4 Discussion of primary reviewer’s findings and conclusions 
The clinical review stated that the safety results of NAPOLI-1 along with supportive data from 
additional studies was sufficient for approval consideration based on the improvement in 
overall survival demonstrated in Study MM-398-07-03-01. 
 
The clinical review found that the most common adverse events in the MM-398-combination 
arm from Study MM-398-07-03-01 were diarrhea, vomiting, nausea, decreased appetite, 
fatigue, anemia, neutropenia, pyrexia, abdominal pain, constipation, asthenia, decreased 
weight, decreased neutrophil counts, decreased white blood cell counts, alopecia, stomatitis, 
dizziness, back pain, hypokalemia, and peripheral edema.  The most frequently reported 
serious adverse events described in the clinical review in the MM-398-combination arm were 
vomiting and diarrhea.  The most common adverse events leading to dose reduction or dose 
delay were neutropenia and diarrhea.   
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The clinical reviewer found that MM-398 when administered in combination with 5FU and 
leucovorin had an acceptable risk-benefit profile for the intended indication and that the 
adverse events are relatively manageable with prudent patient selection, monitoring, dose 
delays, and dose reduction.   

9. Advisory Committee Meeting 
The review team determined that an ODAC meeting was not necessary for this application 
involving a new formulation of irinotecan and an application with a survival advantage.  
Oncologists are familiar with the toxicites caused by irinotecan. 
 
In lieu of an ODAC meeting, the Division independently cleared two Special Government 
Employees (SGEs) with expertise in gastrointestinal malignancies and with expertise in the 
use of 5FU.  Each independent SGE agreed that the observed difference in overall survival 
between arms was unlikely to have been caused by the differences in 5-FU dosing regimens 
between arms.  Because the SGEs independently agreed regarding the clinical effects of the 
different 5-FU dosing regimens, an ODAC meeting was determined not to be necessary.   

10. Pediatrics 
This NDA is exempt from the requirement to assess the safety and effectiveness of this 
product for the claimed indication in all pediatric age groups because FDA granted orphan-
drug designation to irinotecan liposome injection (MM-398) for the treatment of pancreatic 
cancer (dated 21 Jul 2011).   

11. Other Relevant Regulatory Issues  

11.1 Application Integrity Policy (AIP) 
The NDA contained a statement signed by the Vice President, Regulatory Affairs from 
Merrimack that certified that Merrimack did not and will not use, in any capacity, the services 
of any person debarred under Section 306 of the Federal Food, Drug and Cosmetic Act in 
connection with this application.   

11.2 Financial disclosures 
All but one investigator reported that they did not enter into any financial arrangements 
whereby the value of compensation to the investigator would be expected to affect the 
outcome of the study as defined in 21 CFR 54.2(a).  The applicant certified that the listed 
investigators referenced on Form 3454 did not disclose financial interests as defined in 21 
CFR 54.2(b) or significant payments as described in 21 CFR 54.2(f).   
 
Merrimack submitted one Form 3455 indicating that one clinical investigator involved in 
Study MM-398-07-03-01 reported a financial arrangement involving consulting services and 
an honorarium.   
 
Comment:  The investigator’s site was one of 76 sites and the primary endpoint was overall 
survival, decreasing the chance that the study could have been influenced by a conflict (if such 
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In general, most other protocol violations related to the administration of IP appeared to be 
isolated instances.  For example, a single dose of 5FU may have been administered over a 
longer or shorter duration, or (for example) 5FU and LV were infused at the same time during 
one infusion.  In general, this reviewer would not expect these isolated instances to affect the 
integrity of the study.  A proportion of patients who were enrolled at two sites in Taiwan (10-
20% according to the OSI review) missed doses of leucovorin in Arms B and C.  These 
patients missed one or more doses of leucovorin due to leucovorin shortages at these sites and 
both arms appeared to be affected.  It is unlikely (especially for the patients that missed a 
single dose of LV) that the missed dose would have markedly affected the outcomes (related to 
efficacy) for these patients (or the integrity of the trial).  Importantly, the applicant disclosed 
these events in the application and they appeared limited to the two sites in Taiwan.   
  

11.4 OSI audits 
DOP2 requested FDA inspections of clinical sites because this application is the first for 
Onivyde.  DOP2 and OSI selected five clinical sites based on site-specific efficacy results, 
protocol violations, conflicts of interest, or patient enrollment at each site.  FDA inspected 
sites in Hungary, Taiwan, Australia, and Arizona.  The site in Hungary received an interim 
classification of VAI (voluntary action indicated).  The other sites received interim 
classifications of NAI (no action indicated).  OSI found that based on the review of the 
inspectional findings, that the data from Study MM-398-03-07-01 appeared reliable and could 
be used in support of the application (refer to Section 11.3 above regarding findings pertaining 
to violations regarding leucovorin dosing). 

11.5 Other discipline consults 

11.5.1 OPDP 
To facilitate action on this application, this review was completed prior to the completion of 
the OPDP review.   

11.5.2 Drug name review (DMEPA) 
During the review of this application, DMEPA sent a letter dated 19 Jul 2015 informing 
Merrimack that the proposed trade name of Onivyde was (conditionally) acceptable.  The 
DMEPA review considered the name from a promotional perspective in consultation with 
DOP2 and OPDP.  DMEPA also considered the name Onivyde from a safety perspective (i.e., 
performed assessments for look-alike and sound-alike drugs) and found the name acceptable.   

12. Labeling  
FDA sent draft labeling recommendations to Merrimack on 2 Oct 2015.  Labeling 
recommendations described below should not be considered final as labeling negotiations are 
ongoing.   
 
In general, DOP2 revised all sections of the label for brevity and clarity.  The remainder of this 
section of the review will only focus on high-level issues regarding the label submitted by 
Merrimack.  Numbering below is consistent with the applicable sections in product labeling.  
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As stated above, although this application had several weaknesses [differences in 5FU 
regimens between the MM-398 and 5-FU combination arm and the control arm; potential 
financial conflict of interest (see above); and differences in withdrawal of consent between 
arms], ultimately this reviewer agrees that MM-398 should be approved.  The patient 
population studied in this application has a particularly poor prognosis, and this reviewer 
believes that it would not be in the best interests of patients with pancreatic cancer to require 
another trial for MM-398 especially given the scarcity of treatment options available to this 
patient population.   

13.2 Risk-benefit assessment 
The recommendation for approval of this application is based on a statistically significant (but 
clinically modest) improvement on OS observed in Study MM-398-03-07-01.  According to 
the May 2007 FDA Guidance Document regarding endpoints for cancer drugs 
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidance
s/ucm071590.pdf; accessed on 23 Dec 2013), survival is considered the most reliable cancer 
endpoint, and when studies can be conducted to adequately assess survival, it is usually the 
preferred endpoint.  An effect on OS is considered regulatory evidence of clinical benefit used 
by the Agency to substantiate regular approval of a drug.   
 
Prior to discussing the risk-benefit assessment for this application in more detail, a discussion 
of the context of this application is important.  Study MM-398-03-07-01 enrolled patients with 
metastatic pancreatic adenocarcinoma who previously received gemcitabine.  Based on the 
control arm of Study MM-398-03-07-01 and based on data in the Abraxane label, patients with 
previously-treated metastatic pancreatic adenocarcinoma have an expected median overall 
survival of only 3-4 months.  This median survival likely represents an overestimate given that 
patients enrolled in these trials were highly selected (e.g., normal bilirubin levels and 
acceptable performance status).  It is in this context, and in the context of a paucity of 
beneficial therapies, that this application was submitted. 
 
Section 2 of this review provided details regarding available therapies for patients who 
previously received gemcitabine to treat their metastatic pancreatic cancer.  In summary, the 
data supporting the use of 5FU (or 5FU/LV)-based regimens were limited.  One study 
(CONKO-003) reported improved survival for OFF (oxaliplatin, 5FU, and folinic acid) 
compared to folinic acid and fluorouracil; however, there was a large difference (45) between 
the target number of events and the analysis based on 155 events (see Section 2 for details) and 
a second study (PANCREOX) evaluating a different oxaliplatin regimen did not find a 
survival benefit for oxaliplatin when added to 5FU/LV.   
 
In this context, i.e., a patient population with an extremely poor prognosis and limited data 
supporting any treatment options, Merrimack submitted NDA 207793 containing data from 
Study MM-398-03-07-01 demonstrating an estimated median 1.9 month overall survival 
advantage when MM-398 was added to 5FU/LV.  Importantly, the study included a MM-398 
monotherapy arm that did not demonstrate an improvement of OS when compared to 5FU/LV.  
Although 1.9 months is a modest effect, it may be important to some patients with metastatic 
pancreatic cancer.   
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This reviewer believes that there is some residual uncertainly regarding the magnitude of the 
estimated 1.9 month effect.  Residual uncertainty based on differences in backbone 5FU/LV 
regimens between arms was discussed in other sections of this review.  Uncertainty also exists 
because gemcitabine in combination with nab-paclitaxel has become standard of care for many 
patients with metastatic pancreatic cancer in the first-line setting.  Study MM-398-03-07-01 
enrolled only 13% of patients who received prior nab-paclitaxel in combination with 
gemcitabine and therefore there is insufficient data to determine whether the estimated 1.9 
month effect is similar in these patients compared to all patients enrolled in Study MM-398-
03-07-01.  Finally, the hazard ratio for OS in patients enrolled in Asia was less than the hazard 
ratios for OS of patients enrolled in Europe or North America.  While this reviewer agrees that 
chance in a (relatively small) single trial could explain these findings, there were differences in 
pharmacokinetics that could also have resulted in different treatment effects across 
populations.   
 
Despite the uncertainties regarding the magnitude of the treatment effect, this reviewer 
believes that a statistically significant effect was observed in the trial, and given the context of 
this application, the application can be approved despite the residual uncertainties.  Ultimately, 
it is difficult for this reviewer to determine what trade-offs a patient with metastatic pancreatic 
cancer would make regarding risk-benefit if the true treatment effect was less than 1.9 months.   
 
The effect on OS in this application was supported by effects on PFS and ORR (see above).  
Unfortunately, the collection of PROs in Study MM-398-03-07-01 appeared insufficient to 
provide for an accurate assessment of how patients felt following treatment with MM-398 in 
combination with 5FU and leucovorin.   
 
Adverse events observed in Study MM-398-03-07-01 were generally considered in-line with 
toxicities observed following the administration of a camptothecin and 5FU/LV.  The most 
important toxicities were myelotoxicity (especially neutropenia) and gastrointestinal toxicity 
(especially diarrhea and sequelae of diarrhea).  Although the 1.9 month effect on OS may be 
important for some patients, physicians and patients will need to carefully consider the adverse 
event profile of MM-398 in combination with 5FU and leucovorin.  This adverse event profile 
included an estimated 13% per-patient incidence rate of ≥ Grade 3 diarrhea and 11% per-
patient incidence rate of ≥ Grade 3 vomiting.  Serious adverse events related to diarrhea and 
vomiting occurred in 6% and 9.4% of patients in the MM-398-combination arm, respectively.  
These estimated rates may differ in the community setting post-approval in situations where 
eligibility criteria (e.g., based on bilirubin) or management of toxicities (e.g., diarrhea) are not 
respected.   Nevertheless, oncologists understand these toxicities and standard practice is to 
obtain informed consent prior to administering cytotoxic chemotherapeutic drugs.   
 
In addition to gastrointestinal toxicity, MM-398 in combination with 5FU and leucovorin can 
cause life-threating neutropenia.  One patient in the MM-398-combination arm died in the 
setting of neutropenia with E. coli sepsis.  Serious infections were increased in the MM-398 
combination arm (17% versus 11% for the 5FU/LV arm) despite only 4% of patients 
developing Grade 4 neutropenia.  It is unclear to what extent the 11% serious infection rate in 
the control arm was caused by chemotherapy versus the increased risk in patients with 
pancreatic cancer (e.g., due to biliary sepsis).   
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Other important toxicities related to MM-398 include increased rate of fatigue (and severe 
fatigue) and decreased weight.  Although toxicities were common (and potentially severe), 
toxicities caused by MM-398 are in line with toxicities that have been historically considered 
acceptable in the practice of oncology (provided that the drug confers benefit).   
 
Importantly, the risk-benefit profile in Study MM-398-03-07-01 was studied in a patient 
population with KPS ≥ 70 and with a normal bilirubin level (for the institution).  This reviewer 
cannot extrapolate the survival benefit observed in Study MM-398-03-07-01 to patients with 
KPS < 70 or with an abnormal bilirubin.  The hazard for death is sufficiently high in these 
patients that the risk-benefit profile may differ compared to patients with less co-morbidity.  
As such, this reviewer recommends that the label describe the population studied in MM-398-
03-07-01. 
 
The patient population studied in this application has a particularly poor prognosis, and this 
reviewer believes that it would not be in the best interests of patients with pancreatic cancer to 
require another trial for MM-398.  Nevertheless, this reviewer acknowledges that the 1.9 
month improvement in median overall survival represents a modest effect and that based on 
this modest effect and based on the toxicity profile of MM-398 (also with the requirements for 
increased monitoring and the possibility for hospitalization due to SAEs), a reasonable person 
may decide whether or not to receive MM-398 in combination with 5FU/LV (e.g., versus no 
treatment, alternative treatment, or enrollment into a clinical trial).  However, based on the 
effect on OS that was observed in Study MM-398-03-07-01, this reviewer believes that there is 
substantial evidence to support the claim that MM-398 does improve overall survival and that 
NDA 207793 can be approved.   

13.3 Recommendation for postmarketing Risk Evaluation and Management 
Strategies 
The review teams did not identify any REMS as necessary prior to a marketing authorization 
for MM-398.  MM-398 will be prescribed by oncologists who are trained how to monitor, 
diagnose, and manage serious toxicities caused by anti-neoplastic drugs including 
hematological and gastrointestinal toxicites.  Standard practice in oncology dictates informed 
consent prior to prescribing or administering anti-neoplastic drugs.   

13.4 Recommendation for other postmarketing requirements and commitments 
Refer to Section 5.0 of this review for a discussion of a PMR related to QTc prolongation.  No 
other PMCs and PMRs were recommended for this application.   
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