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1 EXECUTIVE SUMMARY 

This NDA submission is to seek 505(b) (2) pathway approval of TOSYMRA or DFN-02 
(sumatriptan nasal spray 10 mg) to treat an acute migraine in adults with or without aura.

A phase 3 clinical trial is not needed to get the approval. But this sponsor did conduct a study 
and the study result appeared to be positive, so the sponsor wanted to include the study results in 
the labeling for efficacy claim, and the clinical team would like the statistical team to review the 
study results. 

This review focuses on the quality of the study, which is poor. A large portion of randomized 
subjects were not included in the efficacy analysis due to various reasons. There was a non-
ignorable imbalance concerning such patient counts between the placebo and drug groups with 
more patients from the placebo group did not have efficacy measurements.

There were several statistical issues with the analysis. 

The study plan contains major deficiencies such as using the LOCF (Last Observation Carry 
Forward) imputation method to handle missing data, excluding treated patients who take rescue 
medication before the two hour time point, and lack of a plan in place to adjust for multiplicity 
and control for overall Type I error for the study. The agency was not able to provide comments 
on these deficiencies because the SAP was not submitted in advance under the related IND 
number for this drug development program.

The pre-specified missing data handling method of LOCF imputation has long been considered 
problematic. This method was known to bring bias to the efficacy result for trials of symptomatic 
benefit such as a migraine trial where the patient population would improve spontaneously. 

Both the recently drafted ICH E9 (R1) addendum dated June 16, 2017, and the previous finalized 
version of ICH E9 dated September 1998, have mentioned this problem with the more recent 
version of the ICH E9 document removing the LOCF from the list of examples of missing data 
handling methods altogether to avoid the misunderstanding that this method is adequate for 
regulatory purposes. 

The sponsor claimed that there were pre-specified protocol and SAP (Statistical Analysis Plan) 
before the database lock and un-blinding of the data, and the study and the analysis had followed 
the pre-specified plan. However, if the pre-specified plan has never been reviewed and agreed on 
by the FDA, and contains major deficiencies, following it does not make it right. 

Also, we were unable to verify the sponsor’s analysis. When we tried to analyze observed data, 
we were not able to trust this analysis either. Due to the small sample size in this study, incorrect 
treatment success assignment to one patient changes the p-value substantially and we think this 
may have occurred for several patients. We have sent information requests and received the 
sponsor’s responses that did not help to answer our questions but raised more questions. 
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Due to the issues mentioned above, this review will not present nor discuss any efficacy results. 

1.1 Conclusions and Recommendations

The study quality is too poor to provide statistical evidence to support that TOSYMRA 
(sumatriptan nasal spray 10 mg) is efficacious for the treatment of an acute migraine. 

We recommend using the Section 14 from the labeling of IMITREX (sumatriptan), which is the 
RLD for this 505 (b)(2) NDA application and has been reviewed and approved by the agency 
before, to provide information to prescribers and patients. 

We have included in reference [2] the link to the approval package of IMITREX dated August 
26, 1997.

1.2 Brief Overview of Clinical Study DFN-02-CD-012

The Phase 2 study DFN-02-CD-012 was a multi-center, randomized, double-blinded, parallel 
group and placebo-controlled study to evaluate the efficacy of TOSYMRA versus placebo in the 
treatment of an acute migraine in adults with or without aura.

This study is complete, and the study report is included in the current submission. 

1.3 Statistical Issues and Findings

There were several major issues with the study quality, data quality and analysis. 
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2 INTRODUCTION

There was one related IND number: IND 108088.

One study DFN-02-CD-012 was included in this statistical review for efficacy evaluation.
This study was originally designed as a Phase 2 study.

2.1 Overview
 Table 1 List of All Studies included in Review
Study 
Number

Phase and 
Design

Treatment/Sample 
size

End point/Analysis  # of 
Subjects per 
Arm

Study 
Population

DFN-02-CD-
012

Phase 2,
MC, R, DB, 
PG, PC trial

Drug: Nasal 
Spray 10 mg /54 
randomized

Placebo / 53 
randomized

Primary:
Free from Headache 
Pain at 2 hours post 
dose in DB1

Key Secondary:
Proportion of 
Patients Pain Free at 
2 hours post dose in 
DB2

54 
randomized 
to treatment 
group

53 
randomized 
to control 
group

Acute 
Migraine 
with or 
without 
aura in 
Adult 
Patients

MC: multi-center, R: randomized, DB: double-blinded, PG: parallel group, PC: active controlled. 

2.2 Data Sources 

All documents reviewed for this NDA submission are in electronic form. 

At the time of review, the following is the link to the EDR Location: 
\\CDSESUB1\evsprod\NDA210884\0000
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3 STATISTICAL EVALUATION

One study DFN-02-CD-012 is included in this statistical review.

3.1 Data and Analysis Quality

There are several major issues with the study/data  and analysis quality.

(1) Almost 20%, or to be exact, 17.76%  (19 out of 107) of all randomized patients are 
missing their efficacy measurements (for the pain-free status at the two-hour time point) 
and could not be included in the efficacy analysis.

14 patients were excluded because they simply did not have a migraine attack during the 
entire study period, according to the sponsor. Although the inclusion criteria clearly 
stated that those are patients who have had an average of 2 to 8 migraine attacks per 
month for at least the past 12 months and the study duration was up to 10 weeks which 
was more than 2 months.

Another 5 patients were excluded because they took rescue medication prior to the 2 hour 
time point or did not fill out e-Diary properly, according to the sponsor. Although the 
study personnel should have instructed the patient not to take rescue medication before 2 
hours, and the e-Dairy compliance should have been checked during the screening period.

In total, there were three reasons provided for the 19 out of 107 randomized patients not 
to have any efficacy assessment.  
a. The patient never had a qualifying acute migraine attack during the entire study. 
b. The patient took rescue medication before the 2 hour time point against instruction.
c. The patient had a qualifying migraine and treated the attack and did not take rescue 
medication before 2 hours, but did not fill out e-diary.

The sponsor has argued that the analysis excluded patients for the first two reasons (the 
reason a, and reason b) should not be counted as missing, but we do not agree. 

We usually require the efficacy to be based on the ITT (Intent-To-Treat) population 
which refers to all randomized patients. 

For acute migraine trials, we often use mITT (modified Intent-To-Treat) population 
which is a subgroup of all randomized patients who had a migraine, took the treatment, 
and provided at least one post dose efficacy measurement. 

But we were operating under the expectation that missing data would be minimal for such 
trials.
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(2) We understand that some subjects with some missing data are not uncommon in clinical 
trials, but the amount of missing or unreliable data in this trial is uncommon compared to 
other trials of an acute migraine the same disease indication. 

We do not see such a number of patients randomized but excluded from the analysis for 
other acute migraine trials. 

For example, in the studies to support the approval of the RLD IMITREX, the numbers 
of such patients were either 0 or 1 for each treatment arm. Please see below Figure 1 for 
the patient disposition tables from the approval package in reference [2].

(3) There is a non-ignorable imbalance concerning patient counts between the placebo and 
drug groups who did not provide efficacy assessments.

If we use the sponsor’s efficacy result table, there were 93 subjects (50 in the drug group 
and 43 in the control group) included in the analysis for the pain-free at 2 hours. The 
numbers of patients excluded from analysis were 10 versus 4 for the placebo versus drug 
group. The amount of missing in the placebo group is 2.5 times higher than the drug 
group. Such an unbalanced sample sizes among the drug and placebo groups make the 
result very difficult to interpret. 

(4) The sponsor argued that the LOCF method for handling missing data was acceptable in 
the previous version before the ICH E9 (R1) addendum at the time of the study protocol 
dated as 6/27/2016.

If we agree to this argument, then it is only fair that we should also be using the version 
of the FDA guidance on acute migraine at that same time, which stated we require two 
co-primary endpoints (the pain free at 2 hours post dose, and the MBS free at 2 hours 
post dose with MBS = Most Bothersome Symptom). Then the patient counts with valid 
assessment would have decreased to 78 (37 in placebo group and 41 in the drug group), 
which would have translated to the missing rate to almost 30%, or to be exact, 27.10% 
(29 out of 107).  

(5) The p-value for the comparison of the 2-hour pain free between the placebo and treatment 
group as presented by the sponsor is  which is quite close to 0.05 the cutoff value 
for the study result to be significant. If we change just one single patient, the p-value will 
become larger than 0.05, therefore non-significant.

First, we could not verify the same p-value using the efficacy data provided by the 
sponsor. The efficacy dataset (ADEFF) was provided, and the data definition files and 
reviewer’s guide were provided which appeared to be sufficient at the time of filing 
review, even though there was no SAS code (or code section) provided to guide us how 
to locate the patients using the flag variables to produce the efficacy result. 

Reference ID: 4381489
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There seemed to be two ways of programming to get the efficacy result after reading the 
data definition files, and the reviewer’s guide, however, we got two different p-values, 
with one smaller than 0.05 and the other larger than 0.05, but neither of them was the 
same as what the sponsor presented in the study report. 

We raised this concern at the mid-cycle meeting, subsequently sent the sponsor an IR 
information request). At the time, we were leaning towards to agree that 93 patients in 
total in the efficacy result, with 43 in the placebo group, and 50 in the drug group, and to 
treat any missing data as non-responders. 

The patient count of responders in the placebo group from our analysis appeared to be 10, 
and it was 9 in the sponsor’s analysis. This one patient discrepancy will change the p-
value from , which we still considered as being borderline significant. 
So we needed clarification on this one patient assignment. 

We were also not able to understand the patient level flags in the ADEFF data file. The 
efficacy table presented in the study report has the LOCF already applied, we could not 
separate the number of patients whose efficacy result were imputed and the details on the 
missing pattern of these patients, such as which time point (10 mins or 90 mins) exactly 
was used to carry forward for the 2-hour value. So, our IR also included questions to 
clarify exactly how many patients have observed (not imputed) values at each time point 
post dose for each group and asked the sponsor to provide more details on the LOCF 
imputation method. 

The sponsor’s response to the IR changed the whole picture of patient assignment. 

The first programming approach we used on ADEFF dataset as “EPOCH = 
TREATMENT-1, and PARAMCD = PFREE2, and analysis AVALC by TRT01A” 
produced a total of 10 responder counts in the placebo group with a total of 93 patients. 
The sponsor stated that we should add a flag variable ANL01FL in the ADEFF data in 
addition to what we used. However, when we applied this additional flag, the result 
showed a responder count of 9 in the placebo group but a total of 90 patients. 

The second programming approach that we used as “EPOCH = TREATMENT-1, 
PARAMCD=PFREE, ATPTN= 7” produced a responder count of 10 in the placebo 
group and a total of 91 patients. The two patient IDs that the sponsor provided: Subject 

 and  to explain the difference between two patient counts (between 91 and 
93) turned out to be inaccurate. Our own analysis showed that the subject IDs in the 93 
but not in the 91 should be  and . This again reflected on the poor quality of 
analysis.

The sponsor’s response to our question on exactly how many patients have non-missing 
efficacy assessment at each time point revealed that the patient counts changed/fluctuated 
at each of the 7 time points post dose leading to the 2 hour time point, which suggested 
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that the missing pattern was not monotone but quite complex. There was no variable at all 
in the ADEFF data to indicate this information, even at a summary level for each patient.

The sponsor’s response to our questions on the details about the LOCF imputation 
method was not helpful. The sponsor only gave a superficial statement not much more 
than what the LOCF means literally (spelling out the acronym). 

The sponsor claimed that only 1 patient from the placebo group was affected by this 
imputation rule, yet did not give us the patient ID, nor any specifics such as how many 
time point(s) was missing, which time point(s) was missing, which time point(s) was not 
missing and was carried forward. Instead, the sponsor pointed us to a variable in another 
dataset ADQS2.DTYPE. ADQS2 was not a patient level dataset, but a huge messy raw 
data which when we looked at it, the ADQS2 contains 122 unique subject IDs and the 
variable DTYPE has 52 unique patients assigned as LOCF when we merged ADQS2 
with the 93 patients in the ADEFF data. We are not saying that this contradicts the claim 
that only 1 patient has LOCF imputed value filled in for the 2-hour time point pain free 
status, but we are not able to verify it. What this did show is that the missing pattern in 
this small study was complex and was not reported properly. The pre-specified plan was 
not detailed enough to handle the different missing patterns. It is too late to discuss these 
issues without bringing bias since the data was already un-blinded.

If we have to perform efficacy analysis on this study, then we have to assume the patient 
as either a responder or non-responder due to the outcome measure being a binary one by 
definition. 

The worst case scenario would mean to assign patients with missing data as responders in 
the placebo group, and non-responders in the drug group. 

This may seem unfair but the alternative as assuming missing as non-responder in the 
placebo group is biased to favor the drug effect, which is what this study is designed to 
prove with real data, would make the entire process circular and wrong.   Especially for a 
migraine trial, it is well known that many trials fail because of high placebo response rate 
due to the nature of the disease indication. So it is likely and plausible to see the placebo 
group has a response rate anywhere between 15% and 35%. If we assume the worst case 
scenario on the missing data part, being it the one patient, or the 5 patients, or the 19 
patients, the statistical significance will no longer be achieved.

  
(6) This is a minor issue concerning the 5 discussed. According to the sponsor’ study report, 

almost 20% of an already small study had major protocol deviations (Page 60, section 
10.2 of the Sponsor’s study report); this reflects on the poor study quality.

In summary, the above study/data and analysis quality issues appear to be non-ignorable, and we 
do not consider this study of good enough quality to provide reliable data for efficacy claim.
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3.2 Evaluation of Efficacy Study – DFN-02-CD-012

3.2.1 Study Design and Endpoints

The study DFN-02-CD-012 was a phase 2, multicenter, randomized, double-blind, placebo-
control, parallel group study of subjects with an acute migraine. 

Eligible patients were those who have a history of an episodic migraine as defined by ICHD-3 
and experienced an average of 2 to 8 migraine attacks per month for at least the past 12 months, 
with no more than 14 headaches days per month, and with 48 hours of headache-free time 
between migraine headaches, and if a migraine with aura, the aura could not last longer than 60 
minutes.

The study population included male or female, 18 to 75 years of age, at screening.

Approximately 100 eligible subjects were planned to be randomized with a ratio of 1:1 to the 
drug group, or the placebo group.

Figure 1 Trial Design – DFN-02-CD-012

(Source: Sponsor’s study protocol)

The primary endpoint for this study was the binary outcome variable measuring whether the 
patient was pain-free at 2 hours post dose in DB1 (the first double blind treatment period).

The planned secondary endpoints included the pain free status at 2-hour post dose in DB2 (the 
second double blind period), the MBS free status at 2 hour post dose for each DB period, the 
pain free status at time points of 10, 15, 20, 30, 60 and 90 minutes post dose, among many other 
endpoints.

3.2.2 Statistical Methodologies
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The primary endpoint was analyzed using a Fisher’s exact test comparing the drug group versus 
the placebo control group. Efficacy analyses were based on the ITT population. Subjects were 
grouped based on the assigned treatment.

There is no plan in place for multiplicity adjustment for the many secondary endpoints, which is 
because that this study was planned as a phase 2 instead of a phase 3 study, and there is no such 
requirement for phase 2 studies.

The study design (double blinded, randomized, placebo controlled, parallel group) and the choice 
of the primary endpoint definition (pain free at 2 hour post dose) are appropriate for this study to 
be considered as pivotal phase 3 study, please see reference [1] the most recent FDA guidance on 
drug development for acute migraine. 

However, the statistical methods, especially the missing data handling method of LOCF for the 
primary efficacy analysis, and lack of a plan to control for overall Type 1 error are deficiencies. 
The SAP was provided with the CSR and not in advance, so we were not able to provide 
comments and describe the major issues we see to the sponsor. 

Never the less, we have reviewed and approved the RLD IMITREX in the year 1997 which is 
about 20 years ago, and the approval package is available to the public, including the sponsor 
(see reference [2]). 

3.2.3 Patient Disposition, Demographics and Baseline Characteristics

This study had its first subject enrolled on  and the last subject completed on  
. The study report was created on the date of 21 September 2017. 

There were 107 unique patients: 53 randomized to the placebo group and 54 to the drug group 
the study.

The ITT population consisted of all randomized patients who received the assigned treatment 
and had provided at least one post-baseline efficacy assessment.

Table 2 Subject Dispositions - Study DFN-02-CD-012 – DB1

Patient Counts Placebo Treatment Total
Passed Screening and Randomized 53 54 107
With Assessment for Pain Free Status at 2 hours with LOCF 43 50 93
With Non-missing Assessment for Pain Free Status at 2 hours 39 48 87
With Non-missing Assessment for MBS Status at 2 hours 37 41 78
(Source: Table 4, Table 10 in the sponsor’s study report, and Table 1a in the clinical information amendment under 
submission number 0011 as a response to the Agency’s information request dated August 27, 2018.) 

We will not discuss the demographics and baseline characteristics.
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The amount of missing data from the above patient disposition table for this study is non-
ignorable for such study. Please see reference [2] for a similar study for the RLD IMITREX that 
has been reviewed and approved by FDA in 1997.

3.2.4 Results and Conclusions

We do not consider this study of good enough quality to provide reliable data to support the 
efficacy claim.

3.3 Evaluation of Safety
Please refer to the clinical review for details on safety.

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS
NOT APPLICABLE.

5 SUMMARY AND CONCLUSIONS

5.1 Statistical Issues
Several statistical issues were identified. Major issues are the study quality, data quality, and 
analysis quality. We needed to send an information request to clarify our understanding of 
exactly how many patients actually provided efficacy assessments. The numbers provided in the 
response are different than the ones in the study report.

Regarding the issues with the statistical methodology, the LOCF method for imputing missing 
data is no longer listed as one of the examples of missing data handling methods in the ICH E9 
(R1) draft guidance. Please see reference [3]. There is no plan of multiplicity adjustment in 
place.

5.2 Collective Evidence
There was only one single Phase 2 study to review.

5.3 Conclusions and Recommendations
After careful consideration, we do not consider that this study is of good enough quality to 
provide reliable data to support the efficacy claim, even though the study design and the primary 
endpoint definition are appropriate for this study to be considered as a pivotal study.

5.4 Labeling Recommendations 
In this reviewer’s evaluation, this study DFN-02-CD-012 is not of good enough quality to 
provide reliable data for efficacy claim. Please see reference [2] for a similar study for the 
reference drug IMITREX that has been reviewed and approved by FDA in 1997.
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1. Background 
 
In this submission, the sponsor included a carcinogenicity study report in rats. The study was intended to 
assess the carcinogenic potential of dodecylmaltoside (DDM), when administered daily via intranasal route 
for about 104 weeks at appropriate drug levels. Results of this review have been discussed with the reviewing 
pharmacologist Dr. See.  
 
In this review, the phrase "dose response relationship" (trend) refers to the linear component of the effect of 
treatment, and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose 
increases. 

2. Rat Study 
 
In this study two separate experiments were conducted, one in male rats and one in female rats. In each of 
these two experiments there were four treated groups, and one vehicle control group. Two hundred 
seventy-five Sprague-Dawley rats of each sex were assigned to one of five groups by a stratified 
randomization scheme designed to achieve similar group mean body weights in equal size of 55 animals, 
as indicated in Table 1. The dose levels for the four treated groups were 0.1, 0.3, 1, and 3 mg/animal/day 
for males and for females, for up to 104 weeks. In this review, these dose groups were referred to as the 
low I, low II, medium, and high dose group, respectively. The vehicle control group received the DDM 
topical solution vehicle [citric acid, monobasic potassium phosphate, dibasic sodium phosphate, sodium 
chloride, and water (pH 5-6).], administered via intranasal administration route for about 104 weeks in 
the same manner as the treated groups. Due to early termination threshold of 20 surviving rats in the female 
control group, early final scheduled necropsies were conducted (based on FDA recommendations) at Day 
685 of the dosing phase (Week 98) for all surviving female rats. All surviving males were sacrificed as 
scheduled on Day 708 (Week 102) of the dosing phase. 
 

Table 1: Experimental Design in Rat Study 
 

Group Name Group 
N0.   

 Dose Level (mg/animal/day) 
   Male                 Female  

Number of Animal 
   Males                            Females 

Vehicle Control 1  0 0 55 55 
Low I 2  0.1 0.1 55 55 
Low II 3  0.3 0.3 55 55 
Medium 4  1 1 55 55 
High 5  3 3 55 55 
final scheduled necropsies were conducted on Day 685 (6th day of Week 98) for females, and Day 708 (1st day of Week 102) for males.  
 
During the administration period, all animals were checked for morbidity, mortality, injury, twice daily 
(beginning and the end of the working day), abnormal findings were recorded for toxicity animals as they 
were observed. The animals were removed from the cage, and detailed observations were conducted for 
each animal once during the pre-dose phase, prior to dosing on Day 1, and weekly throughout the dosing 
phase. Detailed examinations for palpable masses were done weekly, the time of onset, location, size, 
appearance, and progression of each grossly visible or palpable mass, observed in carcinogenicity rats, 
were recorded, dermal irritation was evaluated for the dosing site twice during the pre-dose phase, prior 
to dosing on Day 1 of the dosing phase, weekly throughout the dosing phase, and on days of scheduled 
sacrifices. Any animal showing signs of severe debility or intoxication, and if determined to be moribund 
or suffering excessively will be euthanized. Observations will include, but will not be limited to, 
evaluation for reaction to treatment. Histopathological examinations were performed on all animals 
found dead or killed moribund or sacrificed at the end of the experiment. Body weights for all animals 
were measured and recorded at receipt, prior to randomization and once weekly for Weeks 1 to 16, once 
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every 4 weeks thereafter to Week 85, once weekly from Week 86 of the dosing phase onwards, and 
before each necropsy 
 

2.1. Sponsor's analyses 
 
2.1.1. Survival analysis 
 
In the sponsor’s analysis, the tests for survival comparisons were performed with a two-sided risk for 
increasing and decreasing mortality with dose. Tests were performed for dose response (vehicle control 
and dosed groups only), and for each dosed group against vehicle control group using Kaplan-Meier 
product-limit estimates, along with log-rank and Wilcoxon tests. These were performed using the 
LIFETEST procedure in SAS. The time to death or sacrifice (in weeks) was the dependent variable. 
Treatment group was included as the strata. Animals with a death or sacrifice status recorded as a 
planned sacrifice (interim or terminal) or an accidental death were censored in the analysis. 
 
Sponsor’s findings: 
 
Sponsor’s analysis showed the numbers of rats surviving to their terminal necropsy were 19 (35%), 28 
(51%), 29 (53%), 36 (65%), and 28 (51%) in the vehicle control, low I, low II, medium, and high dose 
groups, in male rats, respectively, and 20 (36%), 18 (33%), 19 (35%), 21 (38%), and 22 (40%) in the 
vehicle control, low I, low II, medium, and high dose groups, in female rats, respectively. The sponsor’s 
report concluded that there was no statistically significant difference in mortality across the vehicle 
control group and the treated groups in either sex of rats. The pairwise comparisons showed a statistically 
significant decreased mortality in low II dose group and in medium dose group when compared to the 
vehicle control group in male rats with p-value = 0.0461, 0.0453, and p-value = 0.0012, 0.0019 
respectively, using log rank test and Wilcoxon tests. In female rats, the pairwise comparisons showed no 
statistically significant increase or decrease in mortality between each of the treated groups and the 
vehicle control group. 
 
2.1.2. Tumor data analysis  
 
In the sponsor’s analysis, tests to compare tumor incidence were performed, with a one-sided risk for 
increasing incidence with dose. Tests were performed for dose response (vehicle control and dosed 
groups only) and for the control and for each dosed group against the vehicle control group. Occult or 
non-palpable tumors were analyzed by the IARC asymptotic fixed interval-based prevalence test (Peto et 
al., 1980). The cut-off points for the interval-based test were Weeks 0 to 52, 53 to 78, 79 to 92, 93 to 
before terminal sacrifice, and terminal sacrifices. Actual dose levels were used as the scores for all 
groups. Fatal and non-fatal tumors were analyzed together, with separate stratum for each. Tumors of 
uncertain context were included in the analysis as non-fatal. The test was implemented using PROC 
MULTTEST in the SAS system (SAS, 2008). In the case of sparse tables (<10 total tumor bearing 
animals in the groups analyzed for the trend or pairwise test), the exact form of the test was used. 
Otherwise, the asymptotic version of the test was used. For each given tumor type, statistical analysis 
was performed if the incidence in at least one dosed group was increased by at least two occurrences over 
either of the control groups. For males, high dose group was excluded from this analysis due to the early 
termination of the group.  
 
Observable or palpable (superficial as in mammary or skin) tumors were analyzed using the methods 
previously described for analyzing survival, using the time to death or time of detection of the tumor (in 
weeks) as a surrogate for the tumor onset time. 
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Adjustment for the multiplicity: 
 
As there was no second study for this test article run in the mouse, there was no need to interpret the 
results on the basis of rare or common tumor type, in line with the current FDA guidelines (Food and 
Drug Administration, 2001), all p-values interpreted at 5%. Site-specific background historical control 
database was used to determine whether the tumors should be designated as rare or common. 
 
Sponsor’s findings: 
 
Following the multiple testing adjustment method described above, the sponsor’s analysis showed 
statistically significant increasing dose response relationships across the vehicle control and the treated 
groups of male rats at the 5% level of significance in the skin/subcutis tissue, for the incidence of 
malignant sarcoma nos with p=0.0224 and p=0.0083, and for the incidence of dermal fibroma with 
p=0.0021 and p=0.0005 for the Log-Rank and Wilcoxon tests respectively. The pairwise comparisons for 
male rats showed statistically significant increases in tumor incidences at the 5% level of significance in 
the adrenal tissue, for the incidence of benign phaeochromocytoma and the combined benign and 
malignant phaeochromocytoma in the high dose group (p-value = 0.0331 and 0.0188, using Peto test), in 
the medium dose group, for the incidence of benign cortical adenoma, the combined benign cortical 
adenoma and malignant cortical carcinoma and the combined benign and malignant phaeochromocytoma 
(p-value = 0.0453, 0.0453, and 0.0188, respectively, using Peto test), and in the low I dose group, for the 
incidence of benign phaeochromocytoma and the combined benign and malignant phaeochromocytoma 
(p-value = 0.0285, and 0.0117, respectively, using Peto test),  when compared to the vehicle control 
group. Also, the pairwise comparisons for male rats showed statistically significant increases in tumor 
incidences at the 5% level of significance in the skin/subcutis tissue, for the incidence of dermal fibroma 
in the high dose group (p=0.0247 and p=0.0193 for the Log-Rank and Wilcoxon tests respectively), when 
compared to the vehicle control group.  
 
For female rats, the sponsor’s analysis showed statistically significant increasing dose response 
relationships across the vehicle control and the treated groups at the 5% level of significance for the 
incidence of malignant glioma in the brain and for the incidence of benign c-cell adenoma in the thyroid 
with p=0.0440 and p=0.0140, respectively, using peto tests. The pairwise comparisons showed 
statistically significant increases in tumor incidences at the 5% level of significance for the incidence of 
the combined benign adenoma, benign fibroadenoma, malignant adenocarcinoma and malignant sarcoma 
nos in mammary gland in the low I dose group (p-value = 0.0493, using Log-Rank test), when compared 
to the vehicle control group.   
 

2.2 Reviewer's analyses 
 
To verify sponsor’s analysis and to perform additional analyses suggested by the reviewing pharmacologist, 
this reviewer independently performed the survival and tumor data analyses. Data used in this reviewer's 
analyses were provided by the sponsor electronically on February 16, 2018 via SN0000.  
 
It was noticed that male and female rats were dosed for at least up to 102 consecutive weeks or 98 
consecutive weeks, respectively. The respective scheduled sacrifice interval was on Day 708 of the 
dosing phase (Week 102) and on Day 685 (Week 98) for all surviving males and females, respectively. 
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2.2.1 Survival analysis  
   
In the reviewer’s analysis, intercurrent mortality data were analyzed using the Kaplan-Meier product 
limit method. The Kaplan-Meier’s curves were presented graphically for male and female rats separately. 
The dose response relationship and homogeneity of survival distributions were tested for the treatment 
groups using the Likelihood Ratio test and the Log-Rank test. The intercurrent mortality data are given in 
Tables 1A and 1B in the appendix for male and female rats, respectively. The Kaplan-Meier curves for 
survival rate are given in Figures 1A and 1B in the appendix for male and female rats, respectively. 
Results of the tests for dose response relationship and homogeneity of survivals, are given in Tables 2A 
and 2B in the appendix for male and female rats, respectively.  
 
Reviewer’s findings: 
 
This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy were 19 (35%), 
28 (51%), 29 (53%), 36 (65%), and 28 (51%) in the vehicle control, low I, low II, medium, and high dose 
groups, in male rats, respectively, and 20 (36%), 18 (33%), 19 (35%), 21 (38%), and 22 (40%) in the 
vehicle control, low I, low II, medium, and high dose groups, in female rats, respectively. This reviewer’s 
analysis showed no statistically significant increase in mortality across the vehicle control group and the 
three treated groups in either sex of rats. The pairwise comparisons showed a statistically significant 
decreased mortality in low II dose group and in medium dose group when compared to the vehicle 
control group in male rats with p-value = 0.0487, and p-value = 0.0013, respectively. In female rats, the 
pairwise comparisons showed no statistically significant increase or decrease in mortality between each 
of the treated groups and the vehicle control group.  
  
2.2.2. Tumor data analysis 
 
In the reviewer’s analysis, the tumor data were analyzed for dose response relationship across vehicle 
control group and the treated groups, as well as the pairwise comparisons of vehicle control group with 
each of the treated groups using the Poly-k method described in the paper of Bailer and Portier (1988) 
and Bieler and Williams (1993). In this method, an animal that lives the full study period ( maxw ) or dies 
before the terminal sacrifice with development of the tumor type being tested gets a score of hs =1. An 
animal that dies at Week hw  without development of the given tumor type before the end of the study gets a 

score of hs =
k

h

w
w

max

<1. The adjusted group size is defined as Σ hs . As an interpretation, an animal with 

score hs =1 can be considered as a whole animal, while an animal with score hs <1 can be considered as a 
partial animal. The adjusted group size Σ hs is equal to N (the original group size) if all animals live up to 
the end of the study or if each animal develops the given tumor being tested, otherwise the adjusted group 
size is less than N. These adjusted group sizes are then used for the dose response relationship (or the 
pairwise comparison) tests using the Cochran-Armitage test. One critical point for Poly-k test is the choice 
of the appropriate value of k. For long term 104-week standard rat and mouse studies, a value of k=3 is 
suggested in the literature [Gebregziabher and Hoel (2009), Moon et al. (2003), Portier, et al. (1986)]. 
Hence, this reviewer used k=3 for the analysis of the data. Based on the intent to treat (ITT) principle 
Wmax was considered as 105 for both male and female rats. 
 
For the calculation of p-values, if there were less than 10 tumors bearing animals across all treatment 
groups for a given tumor type, the exact tests based on the discrete permutation distribution were used, 
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groups of male rats for the incidence of benign dermal fibroma in Skin/Subcutis (p-value = 0.0049), since 
this tumor type was considered as rare tumors. The pairwise comparisons for male rats showed 
statistically significant increases in tumor incidences in the adrenal tissue, for the incidence of benign 
phaeochromocytoma and the combined benign phaeochromocytoma and malignant phaeochromocytoma 
in the low I, medium and high dose group, (p=0.0189 and 0.0093, 0.0448 and 0.0119, and 0.0355 and 
0.0175, respectively), when compare to the vehicle control group. For female rats, the pairwise 
comparisons test showed no tumor types with a statistically significant increase in tumor incidences in 
DDM treated groups, when compare to the vehicle control group in either sex of rats. 
 

3. Summary 
 
In this submission, the sponsor included a carcinogenicity study report in rats. The study was intended to 
assess the carcinogenic potential of dodecylmaltoside (DDM), when administered daily via intranasal route 
for about 104 weeks at appropriate drug levels. 
 
Rat Study:  
 
In this study two separate experiments were conducted, one in male rats and one in female rats. In each of 
these two experiments there were four treated groups, and one vehicle control group. Two hundred seventy-
five Sprague-Dawley rats of each sex were assigned to one of five groups by a stratified randomization 
scheme designed to achieve similar group mean body weights in equal size of 55 animals, as indicated in 
Table 1. The dose levels for the four treated groups were 0.1, 0.3, 1, and 3 mg/animal/day for males and for 
females, for up to 104 weeks. In this review, these dose groups were referred to as the low I, low II, medium, 
and high dose group, respectively. The vehicle control group received the DDM topical solution vehicle 
[citric acid, monobasic potassium phosphate, dibasic sodium phosphate, sodium chloride, and water (pH 5-
6).], administered via intranasal administration route for about 104 weeks in the same manner as the treated 
groups. Due to early termination threshold of 20 surviving rats in the female control group, early final 
scheduled necropsies were conducted (based on FDA recommendations) at Day 685 of the dosing phase 
(Week 98) for all surviving female rats. All surviving males were sacrificed as scheduled on Day 708 (Week 
102) of the dosing phase. 
 
This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy were 19 (35%), 28 
(51%), 29 (53%), 36 (65%), and 28 (51%) in the vehicle control, low I, low II, medium, and high dose 
groups, in male rats, respectively, and 20 (36%), 18 (33%), 19 (35%), 21 (38%), and 22 (40%) in the 
vehicle control, low I, low II, medium, and high dose groups, in female rats, respectively. This reviewer’s 
analysis showed no statistically significant increase in mortality across the vehicle control group and the 
three treated groups in either sex of rats. The pairwise comparisons showed a statistically significant 
decreased mortality in low II dose group and in medium dose group when compared to the vehicle control 
group in male rats with p-value = 0.0487, and p-value = 0.0013, respectively. In female rats, the pairwise 
comparisons showed no statistically significant increase or decrease in mortality between each of the treated 
groups and the vehicle control group. 
 
Following the multiple testing adjustment method described above, this reviewer’s analysis showed 
statistically significant increasing dose response relationships across the vehicle control and the treated 
groups of male rats for the incidence of benign dermal fibroma in Skin/Subcutis (p-value = 0.0049), since 
this tumor type was considered as rare tumors. The pairwise comparisons for male rats showed statistically 
significant increases in tumor incidences in the adrenal tissue, for the incidence of benign 
phaeochromocytoma and the combined benign phaeochromocytoma and malignant phaeochromocytoma in 
the low I, medium and high dose group, (p=0.0189 and 0.0093, 0.0448 and 0.0119, and 0.0355 and 0.0175, 
respectively), when compare to the vehicle control group. For female rats, the pairwise comparisons test 

Reference ID: 4359626



NDA 210884   DDM                                                                                                                                                     Page 9 of 20 
 

9 
 

 

showed no tumor types with a statistically significant increase in tumor incidences in DDM treated groups, 
when compare to the vehicle control group in either sex of rats. 
 
 
                                                                                                                                       Malick Mbodj, Ph.D. 
                                                                                                                                       Mathematical Statistician  
Concur:    Karl Lin, Ph.D. Team Leader, DBVI 
                Hepei Chen, secondary reviewer   
 
 
cc:  
Archival NDA 210884- DDM                                                                                                                           
Dr. Tsong            Ms. Patrician                                                                                                                       
Dr. Lin                Michelle, Mathers 
Dr. Nesti 
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4. Appendix 
 
 

Table1A: Intercurrent Mortality Rate 
Male Rats 

 
 
 

Table1B: Intercurrent Mortality Rate 
Female Rats 

 
 

     0 mg |day    
Vehicle Control 

       0.1 mg |day   
Low I 

 0.3 mg |day       
Low II 

     1 mg |day       
Med 

 3 mg|day                
High 

Week No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % 

0 - 52 2 3.64 2 3.64 3 5.45 2 3.64 2 3.64 

53 - 78 9 20.00 9 20.00 17 36.36 16 32.73 11 23.64 

79 - 92 15 47.27 18 52.73 11 56.36 11 52.73 13 47.27 

93 - 98 9 63.64 8 67.27 5 65.45 5 61.82 7 60.00 

Ter. Sac. 20 36.36 18 32.73 19 34.55 21 38.18 22 40.00 

Total 55 100.00 55 100.00 55 100.00 55 100.00 55 100.00 

 
 
 
 
 
 
 
 
 
 

    0 mg |day    
Vehicle Control 

       0.1 mg |day      
Low I 

    0.3 mg |day        
Low II 

     1 mg |day       
Med 

      3 mg|day         
High 

Week No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % No. of 
Death 

Cum. % 

0 - 52 1 1.82 2 3.64 . . 2 3.64 2 3.64 

53 - 78 13 25.45 7 16.36 9 16.36 4 10.91 9 20.00 

79 - 92 12 47.27 10 34.55 10 34.55 5 20.00 8 34.55 

93 - 102 10 65.45 8 49.09 7 47.27 8 34.55 8 49.09 

Ter. Sac. 19 34.55 28 50.91 29 52.73 36 65.45 28 50.91 

Total 55 100.00 55 100.00 55 100.00 55 100.00 55 100.00 
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Table 2A: Intercurrent Mortality Comparison for 
Male Rats 

 
Test Statistics P-value for 

Vehicle Cont. 
Low I, Low II, 

Med, high 

P-value for 
Vehicle Cont. 

vs Low I  

P-value for 
Vehicle Cont. 

vs Low II 

P-value for 
Vehicle Cont. 

vs Med 

P-value for 
Vehicle Cont. 

vs High 

Dose-Response 
(Likelihood Ratio) 

0.4455 0.0814 0.0487* 0.0013* 0.1199 

Homogeneity 
(Log-Rank) 

0.0248* 0.0776 0.0461* 0.0012* 0.1156 

                  * = Significant at 5% level 
 
 

Table 2B: Intercurrent Mortality Comparison for 
Female Rats 

 
Test Statistics P-value for 

Vehicle Cont. 
Low I, Low II 

Med, high 

P-value for 
Vehicle Cont. 

vs Low I 

P-value for 
Vehicle Cont. 

vs Low II 

P-value for 
Vehicle Cont. 

vs Med 

P-value for 
Vehicle Cont. 

vs High 

Dose-Response 
(Likelihood Ratio) 

0.5455 0.6673 0.3638 0.6362 0.8631 

Homogeneity 
(Log-Rank) 

0.8272 0.6617 0.3565 0.6314 0.8609 
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Figure 1A: Kaplan-Meier Survival Curves for 
Male Rats 
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Figure 1B: Kaplan-Meier Survival Curves for  

Female Rats 
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