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1. Introduction

Glucagon-like peptide 1 (GLP-1) is an incretin hormone released from the gastrointestinal tract 

in response to a meal.  Upon release, GLP-1 stimulates insulin release in a glucose dependent 

manner, reduces hepatic glucose production, and slows gastric emptying.  Native GLP-1 is 

rapidly degraded by dipeptidyl peptidase 4 (DPP-4).  Glucagon-like peptide 1 agonists that are 

resistant to the enzymatic degradation from DPP-4 have been developed for use in the 

treatment of type 2 diabetes mellitus and include BYETTA (exenatide), BYDUREON 

(exenatide extended release), VICTOZA (liraglutide), and most recently TANZEUM 

(albiglutide).  TRULICITY (dulaglutide) is a once weekly GLP-1 agonist developed and 

proposed for use as an adjunct to diet and exercise to improve glycemic control in adults with 

type 2 diabetes mellitus.

In this Cross Discipline Team Leader review, I will provide a summary of the findings of the 

primary reviews and discuss issues identified from each discipline.  One key issue that will be 

discussed will be the doses for approval.  While the Applicant has proposed a single dose, the 

Clinical, Clinical Pharmacology, and Statistical reviews advocate for approval of the two 

doses studied (0.75 mg and 1.5 mg).

2. Background

Dulaglutide is a once weekly GLP-1 agonist administered by subcutaneous injection.  Like all 

other GLP-1 agonists, it acts by augmenting glucose dependent insulin secretion of pancreatic 

beta cells.  Identified safety concerns related to the GLP-1 agonist drug class include:

 Pancreatitis

 Renal impairment

 Hypersensitivity reactions

 Thyroid C-cell tumors (based on animal data)

 Pancreatic cancer

Common adverse events associated with GLP-1 agonists include:

 Gastrointestinal intolerance (i.e. nausea and vomiting)

 Injection site reactions

 Hypoglycemia (particularly when used in combination with an insulin secretagogue or 

with insulin)
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The safety and efficacy of dulaglutide was investigated in 9 phase 2 and phase 3 studies (with 

an additional 21 clinical pharmacology studies).  A unique aspect of the development program 

was the use of an adaptive phase 2/3 study (study GBCF) which was designed to transition 

from dose selection directly into a phase 3 safety and efficacy study.  This study was part of a 

Critical Path Initiative pilot project, and thus there was frequent regulatory communication 

with regard to this study.  From this study, the Applicant identified the 1.5 mg dose as the ideal 

dose to pursue for development, and decided to also study the 0.75 mg dose based on advice 

received from the Food and Drug Administration (FDA).  Dulaglutide was evaluated as 

monotherapy as well as add-on to a variety of anti-diabetic regimens.  It was evaluated versus 

placebo for up to 26 weeks and also against active comparators for up to 104 weeks.

3. CMC/Device

3.1CMC

Dulaglutide is a fusion protein that consists of two identical polypeptide chains linked to 

immunoglobulin G4 with a modified fragment crystallizable (Fc) portion (IgG4-Fc, Figure 1).  

  The overall molecular weight 

is 62,561 Da.

Figure 1: Schematic diagram of dulaglutide

Source: Figure 2.3.S.1.2-2 from section 2.3.S of the eCTD

The drug substance is expressed by  cells in a  process.  The master 

cell bank and the working cell bank will be stored at the Eli Lilly and Company facility in 

Indianapolis, IN and at the   Manufacturing will 

occur at the Eli Lilly S.A. – Irish Branch in Kinsale, County Cork, Ireland.  Manufacturing 
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The review of the Chemistry, Manufacturing, and Controls (CMC) were completed by Dr. Bo 

Chi and Dr. Joel Welch.  Findings from each of their reviews are discussed below.  Based on 

these reviews, the only CMC issues which could impact approval stem from the microbiology 

review.  Additional information on the bioburden, endotoxin, and hold-time validation studies 

are pending submission and review.  Assuming that this additional data is satisfactory, there 

does not appear to be any CMC issues that would preclude approval.

3.1.1 CMC	Micro

The microbiology review for dulaglutide was completed by Dr. Bo Chi (drug substance) and 

Dr. Colleen Thomas (drug product).

Dr. Chi has reviewed the manufacturing process of the drug substance focusing on the 

microbiology considerations, specifically bioburden and endotoxin.  Initial issues identified 

(e.g. sampling for bioburden, limits of bioburden specifications, endotoxin testing) were 

communicated to the Applicant and the majority of these have been addressed to Dr. Chi’s 
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At the time that Dr. Thomas’ review was completed, there remained concerns with the 

endotoxin monitoring.  A request to implement endotoxin monitoring during the  

 step was sent to the Applicant and a response was pending.  

Validation studies of the shipping are also pending.  Evaluation of container closure integrity 

includes a dye ingress test, and a method specificity study including a visual positive control is 

pending.  These issues should not affect approval.  If they are not addressed prior to the goal 

date, they will be included as post-marketing commitments.

3.1.2 CMC	Quality

The quality review for dulaglutide was completed by Dr. Joel Welch.  For detailed discussion 

of the manufacturing of the drug substance and drug product, see Dr. Joel Welch’s reviews.

The manufacturing of the drug substance used in the development program went through 

several changes.  In the non-clinical and phase 1 studies, clinical material was manufactured 

using .  For the phase 2 and phase 3 studies, drug substance was 

manufactured from .  To bridge to the drug substance used in phase 2 and 

phase 3 studies, a chronic toxicology study was used.  This approach was deemed to be 

adequate.  There were no substantial changes to the manufacturing process in preparation for 

commercialization.  The main change was in the location of the manufacturing facility.  For 

the phase 2 and phase 3 studies, drug substance was originally manufactured in the 

Indianapolis, IN facility.  Manufacturing was subsequently transferred to the Ireland facility.  

Batches from both manufacturing sites were evaluated by the Applicant and felt to be 

comparable.  The FDA reviewers agreed with this assessment.

The initial submission did not contain sufficient information on process parameters or in-

process controls.  There were concerns that the Applicant did not appropriately classify all of 

the critical quality attributes, that the qualifications of the small scale models were not 

adequate, and that the process characterization studies were not adequate.  A number of 

information requests were submitted to address these concerns, and dedicated CMC specific 

telephone conferences were held.  Based on review of the initial data, the additional data 

submitted in response to information requests from the Agency, and the discussions during the 

telephone conferences, Dr. Welch has concluded that the manufacturing process for 

dulaglutide is well-controlled and results in a pure and potent product, and that the 

manufacturing process appears adequate for approval.
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Based on the stability data that has been submitted, Dr. Welch has recommended an expiration 

dating period of  months for the drug substance when stored at  and expiration 

dating period of 24 months for the drug product when stored at 2-8○C. Dr. Welch has also 

recommended approval of the proposed release and shelf-life specifications.

Dr. Welch has also reviewed the immunogenicity assays and determined that they are 

adequate.

Manufacturing facility inspections of the Ireland facility were performed in March, 2014.  

During that inspection issues identified included inadequate safety risk assessments of the raw 

materials and consumables, inadequate procedures in place  

, inadequate documentation of 

deviations, inadequate justification for not performing root cause analysis for level-1 

deviations, insufficient procedures to safeguard data files from unauthorized deletion, 

unsuitable action limits for non-viable active environmental monitoring, and inadequate hold 

time validation studies.  Most of these issues have been adequately addressed by the 

Applicant.  Additional information on the hold-time validation studies is pending submission 

and review.  The remaining outstanding issues will be addressed as post-marketing 

commitments.

No issues with regard to the manufacture of the drug substance, drug product, excipients, 

extractables, or leachables that would preclude approval were identified.  Four post-marketing 

commitments are proposed:

1. Re-evaluation of drug substance lot release and stability specification after 30 lots have 

been manufactured using the commercial manufacturing process

2. Re-evaluation of the drug product lot release and stability specification after 30 lots 

have been manufactured using the commercial manufacturing process

3. Re-evaluation of  for the  used in the dulaglutide 

manufacturing process (both drug substance and drug product), including a product 

specific extractable and leachable study

4. An update to the control strategy assessment with regards to the Fc region 

modifications and their impact on PK, including neonatal Fc binding

3.2Device

3.2.1 Reliability	and	Engineering

Commander Alan Stevens from the Center for Devices and Radiological Health (CDRH) 

provided a Reliability and Mechanical Engineering consult review of the two delivery systems.  
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The proposed delivery systems for dulaglutide are a prefilled syringe and a prefilled 

autoinjector.  Both are for subcutaneous injection.  Deficiencies identified upon initial review 

of the submitted information included identification of hazards, formatting of the presentation 

of the design verification studies, details of the acceptability criteria, needle performance, and 

the need for further details on break loose force and glide force acceptance criteria.  All of 

these were adequately addressed by the Applicant.  Commander Stevens has recommended 

approval.  See his completed consult response dated May 15, 2014 for detailed discussion of 

the initially identified deficiencies and the Applicants responses.

Based on this review, there do not appear to be any device issues that would preclude 

approval.

3.2.2 Human	Factors

Dr. Sarah Vee from the Division of Medical Errors Prevention and Analysis reviewed the 

human factors study for both the pre-filled syringe and the single use pen device.  No issues 

were seen for trained users with either device.

For the pre-filled syringe, some errors were noted with untrained users, but Dr. Vee did not 

feel that these errors were unique to dulaglutide.  These errors included the angle of the needle 

insertion, and the depth that the plunger was pushed.  The results of the human factors study 

for the prefilled syringe were felt to be acceptable.  Dr. Vee has recommended some changes 

to the “Instructions for Use” to mitigate the risk for these errors, and that patients be trained 

prior to starting therapy.

For the single use pen, some difficulties were noted with untrained users.  These included the 

duration the injection button was held which could result in underdosing.  This is not unique to 

the dulaglutide pen device.  Three failures were noted in the human factors study that could 

result in needle stick injuries and/or missed doses.  Due to the design of the pen device, three 

untrained participants oriented the device upside down which would result in injection of 

dulaglutide into the thumb. Again, this is not unique to the dulaglutide pen device.  The 

results of the human factors study for the pen device were felt to be acceptable.  Dr. Vee has 

recommended that training be provided before the first use of the product to ensure safe and 

effective use of the device.  Dr. Vee has recommended some changes to the “Instructions for 

Use” to mitigate the risk for these errors.

Quynh Nguyen from the Center for Devices and Radiological Health also reviewed the human 

factors study for the pre-filled syringe and the single use pen device.  Multiple failures in 

critical tasks were identified in different user groups.  The identified errors were similar to 

those described in Dr. Vee’s review.  The Applicant noted that the participants that received 
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training demonstrated a high rate of success at completing the outlined tasks.  As the majority 

of the failures were a result of training, the CDRH reviewer has recommended that labeling 

include appropriate instructions of use and the healthcare providers provide training prior to 

use.  A separately submitted differentiation study was also reviewed with the purpose to show 

that the two doses could be differentiated.  After review of this study report, it was concluded 

that the intended users would be able to effectively differentiate between the two doses.

Based on these reviews, there do not appear to be any human factor issues that would preclude 

approval.

4 Nonclinical Pharmacology/Toxicology

A total of 29 nonclinical studies exploring in vitro and in vivo pharmacodynamics, safety 

pharmacology, repeat dose toxicity, carcinogenicity, reproductive and developmental toxicity, 

and mechanistic studies were submitted in support of this BLA.  Dosages studied ranged from 

0.04 mg/kg to 100 mg/kg.  Dr. Brian T. Hummer has reviewed all of these studies and has 

recommended approval of the BLA.  Please see his review for a detailed discussion of the 

pharmacology/toxicology program.

Activation of the human GLP-1 receptor was demonstrated in vitro.  Demonstration of the 

insulinotropic activity of dulaglutide was demonstrated in in vivo.  A dose-dependent increase 

in insulin secretion was seen after single doses of subcutaneous dulaglutide in rodents, and 

increased insulin secretion was seen after single and repeat subcutaneous doses in non-human 

primates.  In conjunction with the increased insulin secretion, a decrease in glucose levels was 

also seen.

In the toxicology evaluation of dulaglutide, a dose dependent decrease in food consumption 

and a decrease in weight gain were observed.  This is consistent with the observed clinical 

adverse events for the class.  High dose levels led to degrees of body weight loss with serious 

adverse outcomes in the animals, but this was not an identified concern at the proposed clinical 

dose.  Other findings included increased heart rate, prolonged QTc, and decreases in 

reticulocytes.  The QTc prolongation was seen at high multiples of the clinical dose (at ≥ 75x 

expected clinical exposure), and Dr. Hummer believes that this likely not of significance in the 

clinical setting.  This conclusion is further supported by the findings of a thorough QT study 

(see Dr. Christine Garnett’s consult review submitted to IND-070930 on September 14, 2009).  

Increases in heart rate have also been seen with other members of the class.

There was no apparent effect on male fertility or mating behavior in the reproductive 

toxicology studies.  There were no apparent effects on female mating, fertility, or conception.  
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There was no apparent effect on embryonic survival.  Fetal body weights were decreased, and 

intrauterine growth retardation was seen along with skeletal malformations.  Dr. Hummer has 

recommended labeling dulaglutide as “Pregnancy Category C”.

For the GLP-1 agonist class there are two class specific safety concerns: (1) risk of thyroid C-

cell hyperplasia/tumors, and (2) effects on the pancreas (i.e. pancreatitis and pancreatic 

neoplasms).  As part of the pharmacology/toxicology program, these concerns were more fully 

evaluated.

The effect of dulaglutide on thyroid C-cells and carcinogenicity in general was explored in a 

six month TgRas transgenic mouse study and a two year Sprague-Dawley rat study.  In the 

mouse study, there was no evidence of drug-related neoplasms, but there was an increase in 

cytoplasmic volume of calcitonin-positive thyroid C-cells at ≥ 1x the clinical exposure.  In the 

rat study, there was an increased incidence of thyroid C-cell adenomas (at 7x the clinical 

exposure), and a non-statistically significant increase in thyroid C-cell carcinomas (at 58x the 

clinical exposure).  The no observed effect level for increased C-cell tumors was 0.5x the 

clinical exposure.  These findings are consistent with what has been seen in other GLP-1 

agonists.  To further explore this potential safety issue, Cynomolgus monkeys were treated 

with dulaglutide at 474x the clinical exposure for one year.  The rationale for this approach 

was that the non-human primate response is more likely to predict the human response.  

Calcitonin levels and histopathology sections of the thyroid were evaluated.  While there was a 

trend for higher calcitonin secretion in the dulaglutide treated monkeys, this was not 

statistically significant.  Additionally, there were no microscopic findings in the thyroid or 

parathyroid suggestive of thyroid C-cell hyperplasia/tumor.  The relevance of these findings to 

humans remains unclear.

To explore effects of dulaglutide on the pancreas, Cynomolgus monkeys were treated at 474x 

the clinical exposure for one year.  No treatment-related adverse microscopic findings were 

seen, and there was no increase in Ki67 labeling of the pancreatic ductal epithelium.  There 

was a slight increase in the severity of increased pancreatic goblet cells in the interlobular 

ducts, but this was not considered adverse as there was no evidence of associated inflammation 

or proliferation.  A second study to explore the effects of dulaglutide on the pancreas was 

performed in Zucker Diabetic Fatty rats.  Rats in this study were exposed to dulaglutide at up 

to 30x the clinical exposure for three months.  A dose related increase in pancreatic specific 

amylase was seen, but no increases in lipase were seen.  There was an increase in the incidence 

and severity of increased ductal epithelium at all doses, an increase in the severity of 

neutrophilic periductal inflammation, and an increase in islet cell hyperplasia for the treated 

groups.  A dose-related trend for increased mean Ki67 staining was seen in pancreatic duct cell 

at ≥ 8x the expected clinical exposure.  These findings were not sufficient or severe enough to 
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be classified as drug-induced pancreatitis or to be considered premalignant lesions.  

Nevertheless, the findings in the rat study remain concerning for pancreatic effects with 

dulaglutide.

I agree with Dr. Hummer’s assessment.  The nonclinical findings neither increase nor allay the 

safety concerns for the drug class.  There does not appear to be any nonclinical issues that 

would preclude approval.

5 Clinical Pharmacology/Biopharmaceutics 

The Clinical Pharmacology review was completed by Dr. Sang Chung, and the 

Pharmacometrics review was completed by Dr. Lian Ma.  Both reviewers have recommended 

approval of dulaglutide.  For detailed discussion, please refer to their Clinical Pharmacology 

review.

In single dose and multiple dose pharmacokinetic studies, the time to maximum concentration 

(tmax) was 48 hours.  In multiple dose studies, the half-life (t1/2) was 4.0 days.  Exposures were 

dose proportional (i.e. increased dose resulted in predictable increase in maximum 

concentration [Cmax] and area under the curve [AUC]) as shown in Figure 14 of the Clinical 

Pharmacology review (see below).  Elimination of dulaglutide is expected to follow general 

protein catabolic pathways.

Following subcutaneous injection, the absolute bioavailability was 44.3%.  The relative 

bioavailability of subcutaneous injection compared to intramuscular injection was 95.8%.  The 

pharmacokinetic profile was similar after either subcutaneous or intramuscular injection.  Use 

of a different injection site (i.e. abdomen vs. thigh vs. arm) did not alter the pharmacokinetics.
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Pharmacodynamic measures assessed in the clinical program included fasting plasma glucose, 

and post-prandial plasma glucose (after oral glucose tolerance test or standard meal).  

Lowering of fasting plasma glucose was seen at day 3, and reductions in fasting plasma 

glucose and post-prandial glucose were observed after six weeks of treatment.  Similar 

findings were observed in the phase 3 studies.

Additional pharmacodynamic measures included insulin and glucagon secretion.  Following 

administration of dulaglutide, increased insulin secretion was observed in both healthy 

volunteers and in patients with type 2 diabetes mellitus after an intravenous glucose bolus (see 

Figure 18 from the Clinical Pharmacology review, included below).  Reductions in fasting 

glucagon and post-prandial glucagon secretion were also seen.

A known effect of GLP-1 agonists is a reduction in gastric emptying.  This was studied 

through scintigraphy studies and through acetaminophen studies.  Consistent with the class, 

there was evidence of delayed gastric emptying based on scintigraphy studies of approximately 

two hours.  This finding remained even after multiple dose administrations.  In the 

acetaminophen studies, there was a delay of approximately one hour in healthy volunteers, but 

no significant delay in patients with type 2 diabetes mellitus.  The observed delay in healthy 

volunteers did not persist after multiple dose administrations.
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Intrinsic factors (e.g. weight/body mass index, age, hepatic impairment, renal function) that 

could influence exposure and activity were evaluated.  High body mass index (i.e. > 30 kg/m2) 

was associated with a decrease in exposure, but this is not likely to be clinically relevant as 

there is significant overlap in the exposures.  This was confirmed in the phase 3 studies where 

body weight did not appear to influence HbA1c response.  No significant difference in 

pharmacokinetics was seen in older patients (i.e. ≥ 65 years) compared to younger patients (i.e. 

< 65 years).  Exposures in patients with hepatic impairment were decreased in the range of 20 

to 30% compared to patients with normal liver function.  This is unlikely to be clinically 

relevant as while patients with hepatic impairment treated with the 1.5 mg dose may have a 

lower exposure it would be expected to be greater than that seen with the 0.75 mg dose which 

has demonstrated efficacy.  Patients treated with the 0.75 mg dose would have the option of 

increasing the dose to 1.5 mg if further efficacy is needed.  Thus, no dose adjustment in 

hepatic impairment is indicated.  Patients with renal impairment had higher exposures 

compared to patients with normal renal function (see Table 14 of the Clinical Pharmacology 

review, included below), but the differences do not appear to be clinically relevant.  There was 

no statistically significant difference in gastrointestinal adverse events based on renal function, 

but this is based on a small population of patients from the phase 3 studies with moderate to 

severe renal impairment.  While there is no evident need for dose adjustment, this can be better 

addressed after completion of the ongoing study of dulaglutide in patients with renal 

impairment.  In the interim, due to class related concerns for renal impairment with GLP-1 

agonists I feel that it would be prudent to advise caution and to have a lower dose (i.e. 0.75 

mg) available.
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Drug-drug interactions that were studied included the effect of dulaglutide on the 

pharmacokinetics of acetaminophen, atorvastatin, digoxin, lisinopril, metformin, metoprolol, 

oral contraceptive, sitagliptin, and warfarin.  The effect of sitagliptin on dulaglutide was also 

evaluated.  When co-administered with atorvastatin, dulaglutide resulted in a decrease in 

atorvastatin AUC of 21% and Cmax of 70%.  The clinical relevance of reduced Cmax for 

atorvastatin is unknown, and no dose adjustment is recommended for changes in atorvastatin 

exposures up to 41%.  Thus no dose adjustment is recommended.  Co-administration with 

sitagliptin resulted in an increase in dulaglutide AUC of 38% and Cmax of 27%.  The increased 

exposure would not be expected to be unacceptably worse with the 1.5 mg dose.  No dose 

adjustment is recommended for co-administration with sitagliptin.  Approval of the 0.75 mg 
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dose would further allay any concerns with regard to increased exposures as a result of co-

administration with a DPP-4 inhibitor. Other findings included a delay in the tmax of co-

administered drugs (i.e. warfarin, atorvastatin, lisinopril), but this may not be clinically 

relevant as delay in tmax may not matter once steady state has been achieved.

The Clinical Pharmacology reviewers have recommended approval of both the 0.75 mg dose 

and the 1.5 mg dose.  The rationale for this recommendation is that while the overall safety is 

comparable between the two doses, there is evidence of dose-dependent differences in heart 

rate increases, gastrointestinal side effects, and discontinuations due to gastrointestinal side 

effects.  To maximize patient compliance, they propose two different versions for the labeling 

language:

a. Initiate patients at 0.75 mg dose per week.  Dose should be increased to 1.5 mg 

per week after 4 weeks in patients who are able to tolerate the lower dose.

OR

b. Initiate patients at 0.75 mg or 1.5 mg dose per week.  The 1.5 mg dose is more 

efficacious than the 0.75 mg dose; however, the frequency of GI related or 

other side effects was relatively low for the 0.75 mg dose.

Titration upward from 0.75 mg to 1.5 mg would be based on tolerability rather than a repeat 

measurement of HbA1c showing inadequate glycemic control.

There do not appear to be any Clinical Pharmacology issues that would preclude approval.  I 

agree that both the 0.75 mg and 1.5 mg dose are approvable.  I do not agree with the either 

proposed labeling for dosing, and would favor language which recommends starting at 0.75 

mg and titrating up as needed.

6 Clinical Microbiology

See the discussion of Dr. Bo Chi’s and Dr. Colleen Thomas’ reviews in section 3.1.1 above.

7 Clinical/Statistical- Efficacy

The statistical review for efficacy was performed by Dr. Bradley McEvoy.  Based on his 

review of the data, he has recommended approval for both of the studied doses (i.e. 0.75 mg 

and 1.5 mg).
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In support of efficacy, the Applicant performed five randomized, controlled studies.  All of the 

studies explored the efficacy of dulaglutide 0.75 mg and 1.5 mg administered subcutaneously 

once weekly.  Blinding occurred in only two of the studies as the active controls selected were 

administered at different intervals from dulaglutide and the Applicant opted to not use sham 

injections.  The primary endpoint for all studies was change from baseline in glycosylated 

hemoglobin (HbA1c), and the timepoint was either 26 or 52 weeks.  The primary hypothesis 

was either demonstration of superiority versus placebo, or demonstration of non-inferiority 

versus active control.  No formal comparison of the two different doses was performed, and 

the Applicant has proposed only marketing the 1.5 mg dose.  The general designs of these five 

studies are summarized in Table 2 of Dr. Bradley McEvoy’s review (see below).

Study GBCF warrants additional discussion as it was part of a Critical Path Initiative pilot 

project.  Study GBCF was intended to be a two stage, adaptive, seamless phase 2/3 study that 

incorporated both dose-finding and demonstration of efficacy and safety.  In the first stage, 

seven doses were studied.  After evaluating these seven doses, a decision point was reached 

where stage 1 ended and the maximum utility dose (MUD) was selected for further study.  At 

the recommendation of the FDA, an additional lower dose was selected in case an unexpected 

safety signal was observed with the MUD.  Patients randomized to unselected doses were 
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discontinued, and patients randomized after the decision point were randomized to dulaglutide 

0.75 mg, dulaglutide 1.5 mg, sitagliptin, or placebo/sitagliptin in a 2:2:2:1 ratio.  Due to 

concerns regarding combining data from the two stages and the impact on the ability to control 

type 1 error and to reliably estimate treatment effect, the FDA informed the Applicant that they 

could performed analysis of the combined data but that the FDA may only consider the data 

from the second stage (i.e. the phase 3 portion of the study).  In accordance with this, the 

Applicant has performed their primary analysis using the combined data.  Dr. McEvoy has 

analyzed the data without the first stage (i.e. only data from the phase 3 portion of study GBCF

has been reviewed for efficacy).

With only one exception, both doses of dulaglutide demonstrated statistically significant 

superiority to placebo and active controls in all of these studies for change in HbA1c from 

baseline (see Table 1 of Dr. McEvoy’s review, included below).  The exception was the 0.75 

mg dose compared to glargine on a background of metformin and sulfonylurea (study GBDB), 

where non-inferiority was demonstrated but the upper bound of the 95% confidence interval 

did not exclude zero.

The amount of missing data varied across studies and ranged from 7% to 18%.  In the two 

studies with a placebo control arm (Study GBDA and GBCF), the placebo arms had 

considerably more missing data than the treatment arms.  A sensitivity analysis to assess the 

impact of missing data was performed.  There was no impact of the missing data on 
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demonstration of non-inferiority.  The superiority conclusions were less robust and not 

supported by the missing data sensitivity analysis for some comparisons.

The primary analysis used a last observation carried forward (LOCF) method to impute 

missing data, which is no longer considered to be the best method.  Pre-specified secondary 

analyses using the mixed model with repeated measures (MMRM) were performed.

Other endpoints that were examined included the ability to achieve a target HbA1c, need for 

rescue medication, and change in weight.  Treatment with dulaglutide resulted in a greater 

percentage of patients achieving a target HbA1c of < 7.0%.  Dulaglutide treated patients also 

used less rescue medications.  For change in weight, the high dose (1.5 mg) was associated 

with a decrease in average weight from baseline, but the low dose (0.75 mg) did not show any 

consistent trend for change in weight from baseline.

There were three main statistical issues identified by Dr. McEvoy.  These were:

1. The primary endpoint analyzed was not consistent with the pre-specified endpoint.

a. The analyzed endpoint was change in HbA1c from baseline to the either the 

landmark visit or rescue, whichever occurred first.  The pre-specified endpoint 

was change in HbA1c from baseline to landmark visit.

Though this approach was recommended at the End-of-Phase 2 meeting, Dr. McEvoy’s 

concerns with this approach are that it violates the Intent-to-Treat principle and that the 

analyzed endpoint may not be meaningful for all subjects, particularly those that received 

rescue medication soon after randomization.  Due to his concerns about the impact of rescue 

on HbA1c, he has performed supportive analyses to bolster the confidence in the change in 

HbA1c.  These analyses included analyzing HbA1c at the landmark visit regardless of rescue 

medication, comparison of rescue-free response rate, and examination of the timing of rescue 

relative to the landmark visit.

2. The primary analysis excluded a subset of patients.

a. Patients without at least one post-baseline assessment were not included in the 

primary analysis.  The percent of patients in each trial that was excluded 

because of this ranged from 1.1% to 6.8%.  This could impact the integrity of 

the randomization.

While Intent-to-Treat population was defined as all randomized patients that received at least 

one dose of study drug, the pre-specified analysis population was a subset of the Intent-to-

Treat population that had at least one post-baseline measurement.  Dr. McEvoy has expressed 
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concerns that reliance on a post-randomization event could impact the integrity of 

randomization.  

3. The pre-specified testing strategy did not control the study-wise type 1 error at 5%.

a. Testing for secondary endpoints was not incorporated into the testing sequence.

Dr. McEvoy’s concern with this is that the Sponsor performed formal hypothesis testing even 

after the preceding endpoint did not achieve statistical significance.  To address this, he has 

tested secondary endpoints only if the primary and key secondary objectives were satisfied.

Despite these concerns, Dr. McEvoy has concluded that both the 0.75 mg and 1.5 mg dose of 

dulaglutide are efficacious in improving glycemic control.  For detailed discussion of each of 

these issues as they relate to the individual studies, see Dr. McEvoy’s Statistical review.  Both 

doses consistently showed a statistically significant reduction in HbA1c compared to placebo.  

Both doses were non-inferior to active comparators, and in some instances were superior.  The 

1.5 mg dose was also consistently numerically better than the 0.75 mg dose in reducing HbA1c 

(difference in HbA1c between doses ranged from 0.05 to 0.32%).

I agree with Dr. McEvoy’s assessment that dulaglutide has demonstrated efficacy for 

improving glycemic control.  While the Applicant has proposed approval of the 1.5 mg dose 

only, I agree with Dr. McEvoy that both the 0.75 mg and 1.5 mg dose have demonstrated 

efficacy and should be approved.

8 Safety

The safety of dulaglutide was reviewed by Dr. Suchitra Balakrishnan.  Cardiovascular risk was 

separately reviewed by Dr. Janelle Charles, and will be addressed after discussion of the 

overall safety profile.

8.1Overall Safety

The overall safety profile of dulaglutide was similar to other GLP-1 agonists.  There was no 

apparent increase in the incidence of death with dulaglutide (Table 1).  The incidence of non-

fatal serious adverse events and discontinuation due to an adverse event was similar with 

dulaglutide compared to placebo (Table 2).
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Table 1: Incidence of death for all treatment arms – from Phase 2 and Phase 3 studies

All Dula Placebo Met Sita Exen Glar

4006 703 268 439 276 558

N % N % N % N % N % N %

Deaths 7 0.2 0 0.0 0 0.0 3 0.7 0 0.0 5 0.9

Dula = dulaglutide; Met = metformin; Sita = sitagliptin; Exen = exenatide; Glar = insulin glargine

Source: Adapted from Table 2.7.4.4 and Table 2.7.4.17 of the Summary of Clinical Safety

Table 2: Incidence of any serious adverse events, any adverse event, or discontinuation 

due to any adverse event compared to placebo - based on 26 week data from studies 

GBCF, GBDA, and GBDN

Placebo Dula 0.75 Dula 1.5 All Dula

Number of patients 568 836 834 1670

N % N % N % N %

Any SAE 25 4.4 33 3.9 37 4.4 70 4.2

Any AE 379 66.7 569 68.1 597 71.6 606 36.3

Discontinued due to any AE 40 7.0 24 2.9 55 6.6 76 4.7

Dula = dulaglutide; SAE = serious adverse event; AE = adverse event

Source: Adapted from Table 2.7.4.18, Table 2.7.4.11, and Table 2.7.4.21 of the Summary of Clinical Safety

Safety considerations for dulaglutide included immunogenicity and immunogenicity related 

events (i.e. hypersensitivity and injection site reactions), pancreatitis, pancreatic cancer, 

thyroid C-cell proliferation/neoplasm, renal impairment, hypoglycemia, changes in vital signs 

and PR interval, and gastrointestinal adverse events.  There were some differences not 

favoring dulaglutide between treatment groups for some of these safety concerns which will be 

discussed further below.

Safety concerns where no apparent imbalance was seen include cholestasis/gallbladder events, 

hepatic injury, development of malignancy, and skin and soft tissue injury/infections.  For 

details of these safety concerns, see Dr. Balakrishnan’s review.

Immunogenicity and possible immunogenicity related events:

The incidence of development of anti-drug antibodies was low in dulaglutide treated patients 

(1.6%), and only slightly higher than in the placebo/non-GLP-1 agonist comparator treated 

patients (0.7%).  Safety concerns associated with the development of anti-drug antibodies

include hypersensitivity reactions and injection site reactions.  These were not markedly 

increased in the dulaglutide treated patients compared to the placebo patients (0.3%

[dulaglutide] vs. 0.7% [placebo] for hypersensitivity reactions; 1.7% [dulaglutide] vs. 0.9%
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[placebo] for injection site reactions).  Notably, none of the patients that experienced 

hypersensitivity reactions had anti-drug antibodies.  Of the dulaglutide treated patients with 

injection site reactions, patients with anti-drug antibody were more likely to have an injection 

site reaction than the anti-drug antibody negative patients (3.1% [anti-drug antibody positive] 

vs. 0.5% [anti-drug antibody negative]). None of these injection site reactions were serious.

While there were two serious hypersensitivity reactions in the dulaglutide treated patients (one 

case of anaphylaxis, one case of Stevens-Johnson syndrome), Dr. Balakrishnan’s assessment is 

that these are unlikely to be related to treatment with dulaglutide.  The case of anaphylaxis 

occurred after 32 weeks of treatment and was attributed to a food allergy.  The case of 

Stevens-Johnson syndrome occurred after approximately 21 months of exposure to 

dulaglutide, but was temporally more closely related to treatment with oxacillin.  While the

patient was hospitalized with bullous erythema multiforme and a pruritic, erythematous 

papular rash of the trunk and upper limbs, there was no reported involvement of any mucous 

membranes. Due to the absence of mucosal involvement, this is probably more appropriately 

considered a drug rash rather than a true case of Stevens-Johnson syndrome.

I agree with Dr. Balakrishnan that though there is a slightly greater incidence of antibody 

development and injection site reactions, this information does not raise serious concerns for 

adverse reactions associated with immunogenicity.

Pancreatitis:

For all incretin based therapies (i.e. GLP-1 agonists and DPP-4 inhibitors), pancreatitis is a 

concern.  The preclinical program for dulaglutide did not alleviate these concerns, as increases 

in amylase were seen in some of the animal studies.  Patients with a history of acute or chronic 

pancreatitis were excluded from the clinical studies, and patients diagnosed with pancreatitis 

during the study were discontinued from study drug.  As part of the evaluation for pancreatitis,

possible pancreatitis events were submitted for independent adjudication.  There were a total 

of 151 adjudicated cases.  Of these, 19 had investigator reported adverse events of pancreatitis 

or pancreatitis-like abnormalities reported.  The remaining 132 patients had other findings that 

led to adjudication.  From the adjudicated cases, there were only nine cases that were 

determined to be pancreatitis (5 dulaglutide vs. 4 all comparator).  Six of these were 

adjudicated as acute pancreatitis (2 dulaglutide vs. 2 sitagliptin vs. 2 placebo).  There were two 

cases adjudicated as chronic pancreatitis (both treated with dulaglutide), and one adjudicated 

as pancreatitis, type unknown (treated with dulaglutide).  Dr. Balakrishnan has reviewed all of 

the narratives for the adjudication confirmed cases, for the dulaglutide treated patients with a 

reported adverse event of pancreatitis not confirmed by adjudication, serious adverse events of 

abdominal pain, and all cases of pancreatic enzyme elevations.  She has identified nine cases 
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where she has uncertainty about the accuracy of the adjudication result, but none of these were 

concerning for acute pancreatitis, or severe pancreatitis.

Consistent with the findings from the preclinical studies, dulaglutide treated patients were 

found to have increased pancreatic enzymes compared to placebo (Table 3).  These changes 

appeared to be dose dependent, and the observed increases appear to reverse after stopping 

dulaglutide.  The significance of this is unclear as there was no apparent increase in the 

occurrence of pancreatitis in the clinical development program.

Table 3: Percent change from baseline in pancreatic enzymes – repeated measures 

analysis, based on 26 week data from studies GBCF, GBDA, and GBDN

Mean LSM Median Q1 Q3

Lipase

Placebo 7.38 0.37 -2.50 -14.29 18.11

Dula 0.75 25.56 NR 11.11 -7.50 13.79

Dula 1.5 31.47 NR 18.60 0.00 44.23

All Dula 28.47 19.76 14.29 -4.66 42.31

Pancreatic amylase

Placebo 6.02 0.75 0.00 -12.20 16.67

Dula 0.75 24.34 NR 13.79 0.00 37.27

Dula 1.5 79.05 NR 20.76 3.23 42.48

All Dula 26.66 18.78 17.39 0.00 40.00

Mean = mean percent change from baseline; LSM = least squares mean; Median = median percent change from 

baseline; Q1 = 1st quartile; Q3 = 3rd quartile; Dula = dulaglutide; NR = not reported

Source: Adapted from Table ISS.APP.226 and Table ISS.APP.230 of the Integrated Summary of Safety

I agree with Dr. Balakrishnan that an increased risk for pancreatitis with dulaglutide was not 

seen in the development program.  While there is suggestion of a dose-dependent increase in 

pancreatic enzymes following treatment with dulaglutide, this did not correlate with an 

increase in the incidence of pancreatitis.  However, the concern for pancreatitis remains.  

Labeling and further post-marketing evaluation in-line with other GLP-1 agonists is warranted.

Pancreatic cancer:

For all incretin based therapies (i.e. GLP-1 agonists and DPP-4 inhibitors), pancreatic cancer is 

a concern.  The preclinical program for dulaglutide did not alleviate these concerns, as 

increases in ductal epithelium with increased staining of Ki67 and increased neutrophilic 

periductal inflammation were seen in some of the animal studies.  There were only two cases 

of pancreatic cancer in the initial BLA submission with an additional five cases in the 4-month 

safety update.  Both of the cases from the initial BLA submission occurred in patients treated 
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with dulaglutide, but occurred after less than six months of exposure.  Unblinding of the 

additional five cases from the 4-month safety update was requested.  Two of these additional 

cases were from patients treated with dulaglutide, two were treated with placebo, and one was 

treated with liraglutide.  The resulting totals from combining the cases in the initial submission 

and the 4-month safety update do not demonstrate that there is an increased risk for pancreatic 

cancer with dulaglutide (4 [dulaglutide] vs. 2 [placebo] vs. 1 [liraglutide]).  None of these 

patients had greater than six months of exposure to study drug.

I agree with Dr. Balakrishnan that the available data does not demonstrate an increased risk for 

pancreatic cancer with dulaglutide.  The relatively short exposure to study drug raises doubt on 

the relationship between study drug and the events of pancreatic cancer.  However, this data 

does not conclusively exclude this risk.  Additional evaluation in-line with what has been 

required of other GLP-1 agonists is warranted.

Thyroid C-cell hyperplasia/cancer:

Similar to the concerns for pancreatitis and pancreatic cancer, findings from preclinical studies

with GLP-1 agonists have raised concerns for thyroid C-cell hyperplasia/cancer.  Patients at 

increased risk for thyroid C-cell cancers (i.e. family or personal history of medullary thyroid 

cancer or multiple endocrine neoplasia), or with increased calcitonin at baseline were excluded 

from the clinical studies.  Of note, baseline calcitonin was not measured before starting study 

drug in every study, thus there were some patients with retrospective testing of stored baseline 

samples.

As serum calcitonin is traditionally a marker for thyroid C-cell tumors, routine monitoring of 

serum calcitonin was instituted during the development program.  This was not standard 

procedure in all studies, and thus there were patients in whom it was not measured or was not 

measured prospectively.  Review of this data did not reveal any evidence of increases in mean 

serum calcitonin as a result of dulaglutide treatment (Table 4).  Review of the serum calcitonin 

data also did not reveal any suggestion of dose dependent changes.

Table 4: Change in mean serum calcitonin (pg/mL) from baseline

Placebo Dula 0.75 Dula 1.5 All Dula

AS1

Baseline 2.55 2.52 2.76 2.64

Week 26 2.46 2.67 2.68 2.67

- Mean change from baseline -0.04 0.13 0.06 0.10
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Three of these 30 patients had a diagnosis of thyroid cancer (1 medullary thyroid cancer 

[Patient ID: GBCF-013-0701, discussed further below], 2 papillary thyroid cancer).  Neither of 

the patients with papillary thyroid cancer had elevated calcitonin levels.  Of the remaining 27 

patients, two patients did not have calcitonin levels available.  Four of the remaining 25 

patients had a post-baseline calcitonin ≥ 20 pg/mL (3 treated with dulaglutide, 1 treated with 

insulin glargine).  One of the dulaglutide treated patients (Patient ID: GBCF-203-4116, 

discussed further below) had a history of medullary thyroid cancer prior to enrollment.  The 

remaining two dulaglutide treated patients had slight elevations at baseline with fluctuations 

during treatment and persistent elevations after discontinuing treatment.  There was no 

diagnosis of medullary thyroid cancer for either of these patients.  The comparator treated 

patient had similar calcitonin findings (i.e. elevated at baseline, fluctuations during treatment, 

elevated after discontinuation).

There were two patients with post-baseline serum calcitonin levels ≥ 50 pg/mL.  Both of these 

patients had a diagnosis of medullary thyroid cancer (one with a history of medullary thyroid 

cancer [briefly mentioned above], one diagnosed after randomization).

The first of these patients (Patient ID: GBCF-203-4116) had a history of microscopic 

medullary thyroid cancer diagnosed following a hemithyroidectomy that was performed for a 

thyroid nodule.  The thyroid pathology showed adenoma with Hashimoto’s thyroiditis.  This 

was diagnosed five years prior to study enrollment, and there was no reported elevation in 

calcitonin (no pre-surgery calcitonin was measured).  At baseline, there was an elevated 

calcitonin level (24.7 pg/mL [reference range 0-11.5 pg/mL]).  This rose further after initiating 

treatment with dulaglutide.  Due to concerns of recurrent medullary thyroid cancer, a 

completion thyroidectomy was performed.  No evidence of medullary thyroid cancer was seen, 

and the pathology was consistent with Hashimoto’s thyroiditis.  The patient’s serum calcitonin 

remained elevated, and a positron emission tomography scan was performed to evaluate for 

recurrent/metastatic disease.  This scan did not demonstrate evidence of recurrent/metastatic 

disease.  A lymph node dissection was subsequently performed without evidence of malignant 

cells.  Dr. Balakrishnan states that this case is not concerning for treatment emergent 

medullary thyroid cancer, and I agree with this assessment.  I am concerned that the increase in 

serum calcitonin could be a result of occult/recurrent medullary thyroid cancer, and that 

dulaglutide treatment may be further stimulating these cells.

The second patient (Patient ID: GBCF-013-0701) with a post-baseline serum calcitonin level ≥ 

50 pg/mL also had a baseline elevation in calcitonin.  Calcitonin was not measured prior to 

randomization, but was measured retrospectively after an elevated calcitonin was identified 

post-randomization.  Exposure to dulaglutide was for less than six months.  Following 
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identification of the elevated calcitonin, additional evaluation led to a hemithyroidectomy with 

pathology findings consistent with medullary thyroid cancer.  Based on the elevated baseline 

calcitonin and short duration of exposure, it was assumed that this was a pre-existing 

malignancy.  Genetic testing revealed that the patient was a heterozygote for the RET proto-

oncogene, which is associated with multiple endocrine neoplasia and familial medullary 

thyroid cancer.  Dr. Balakrishnan states that this case is not concerning for treatment emergent 

medullary thyroid cancer, and I agree with this assessment.

I agree with Dr. Balakrishnan that from the available information there does not appear to be

an increased risk for medullary thyroid cancer.  Given the rarity of this malignancy, the 

development program may be insufficient to identify imbalances.  This risk should be further 

evaluated in the post-marketing setting.  Given the pre-clinical findings that are consistent with 

other GLP-1 agonists, the labeling with regards to this risk should be consistent with other 

labels (i.e. boxed warning, contraindication, etc.).

Renal impairment:

Due to the gastrointestinal effects of GLP-1 agonists, there has been concern that these agents 

may precipitate renal failure.  The dulaglutide development program excluded patients with 

renal impairment (as defined by serum creatinine ≥ 1.5 mg/dL [males] or ≥ 1.4 mg/dL 

[females], or estimated creatinine clearance < 60 ml/min) in the phase 2 and phase 3 studies.  

The majority of patients (88%) had normal renal function at baseline.  Additionally, there were 

discontinuation criteria if patients developed renal disease.  Thus there is limited information 

on the safety of dulaglutide in patients with moderate to severe renal impairment.

The effects of dulaglutide on renal function were primarily evaluated using estimated 

glomerular filtration rate as calculated by the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation1, and by measurement of albuminuria.  Estimated 

glomerular filtration rate as calculated by the Modification of Diet in Renal Disease Study 

(MDRD) equation2 and creatinine clearance as estimated by the Cockcroft-Gault equation3

were used in supportive analyses.

                                                
1 CKD-EPI equation: eGFR = 141 x [serum creatinine (in mg/dL)/(0.7 [female] or 0.9 [male]) or 1, whichever is 

smaller](-0 329 [females] or -0 411 [males]) x [serum creatinine (in mg/dL)/(0.7 [female] or 0.9 [male]) or 1, whichever is 

larger]-1 209 x 0.993age in years x 1.018 (if female) x 1.159 (if Black)
2 MDRD equation: eGFR = 186 x serum creatinine (in mg/dL)-1 154 x age in years-0 203 x 1.210 (if Black) x (0.742 

(if female)
3 Cockcroft-Gault equation: CrCl = [(140 – age in years) x mass in kilograms x 0.85 (if female)]/[72 x serum 

creatinine (in mg/dL)]

Reference ID: 3629991



Cross Discipline Team Leader Review

BLA-125469 (Dulalglutide)

William H. Chong, MD

Page 28 of 47

Data from the 26 week placebo controlled period of the phase 3 studies showed a trend toward 

a greater decrease in eGFR calculated by CKD-EPI with dulaglutide compared to placebo 

(Table 6).  Analyses using different estimating equations yielded similar results.  There was 

also a suggestion of dose dependency for these changes.

Table 6: Change in estimates of renal function – Analysis of covariance, based on 26 

week data from studies GBCF, GBDA, and GBDN

Mean change

CKD-EPI (ml/min/1.73 m2)

Placebo -0.82

Dula 0.75 -1.37

Dula 1.5 -1.90

All Dula -1.64

MDRD (ml/min/1.73 m2)

Placebo -0.23

Dula 0.75 -1.43

Dula 1.5 -1.98

All Dula -1.70

Cockcroft-Gault (ml/min)

Placebo -0.79

Dula 0.75 -3.78

Dula 1.5 -5.99

All Dula -4.88

CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation; Dula = dulaglutide; 

MDRD = the Modification of Diet in Renal Disease Study (MDRD) equation

Source: Adapted from Table 2.7.4.89 from the Clinical Summary of Safety, and Table APP.2.7.4.325 and Table 

APP.2.7.4.339 of the Appendix to the Clinical Summary of Safety

Counter to this observed difference in change in renal function, there was no observed 

difference in the percent of patients with a post-baseline eGFR by CKD-EPI < 60 ml/min/1.73 

m2 (8.4% [dulaglutide] vs. 8.7% [placebo]).  Similarly, there was no apparent difference in the 

percent of patients with eGFR by CKD-EPI > 60 ml/min/1.73 m2 at baseline who had a post-

baseline eGFR < 60 ml/min/1.73 m2 (3.1% [dulaglutide] vs. 3.3% [placebo]).

Comparison of the effect of dulaglutide by dose in a larger pool of studies with a long duration 

of treatment was also performed to explore dose dependency.  While the Applicant notes that 

there was no statistically significant difference between doses, a similar suggestion of dose 

dependency as seen in Table 6 was seen in this pool (Table 7).  Similar to the comparison with 

placebo, there was no apparent difference between the two doses in the percent of patients with 

a post-baseline eGFR by CKD-EPI < 60 ml/min/1.73 m2 or in the percent of patients with 
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eGFR by CKD-EPI > 60 ml/min/1.73 m2 at baseline with a post-baseline eGFR < 60 

ml/min/1.73 m2.

Table 7: Change in estimates of renal function – repeated measures analysis, based on 52

and 104 week data from studies GBCF, GBDA, GBDB, GBDC, GBDD, and GBDN

Mean change

52 Weeks

CKD-EPI (ml/min/1.73 m2)

Dula 0.75 -2.46

Dula 1.5 -2.54

All Dula -2.50

MDRD (ml/min/1.73 m2)

Dula 0.75 -2.55

Dula 1.5 -2.55

All Dula -2.55

Cockcroft-Gault (ml/min)

Dula 0.75 -4.64

Dula 1.5 -5.91

All Dula -5.27

104 Weeks

CKD-EPI (ml/min/1.73 m2)

Dula 0.75 -2.19

Dula 1.5 -2.94

All Dula -2.56

MDRD (ml/min/1.73 m2)

Dula 0.75 -2.04

Dula 1.5 -2.71

All Dula -2.38

Cockcroft-Gault (ml/min)

Dula 0.75 -6.40

Dula 1.5 -7.89

All Dula -7.14

CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation; Dula = dulaglutide; 

MDRD = the Modification of Diet in Renal Disease Study (MDRD) equation

Source: Adapted from Table APP.2.7.4.334, Table APP.2.7.4.326 and Table APP.2.7.4.339 of the Appendix to 

the Clinical Summary of Safety

With regards to albuminuria, dulaglutide patients had a decrease in albuminuria compared to 

placebo.  The clinical significance of this is unclear, especially given the improved glycemic 

control achieved by the dulaglutide treated patients.  Additionally, though the Applicant has 

include albuminuria as a component in assigning stage of chronic kidney disease, the most 
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I agree with Dr. Balakrishnan that the overall effect of dulaglutide on renal function and renal 

adverse events does not appear concerning.  However, the safety of dulaglutide in patients with 

moderate to severe renal impairment has not been well characterized.  Due to the exclusion 

criteria and discontinuation criteria of the phase 2 and phase 3 studies, there were only a small 

number of patients with moderate to severe renal impairment which limits any conclusions that 

can be made for this population.  Though not statistically significantly different, there was 

some suggestion of dose dependency for changes in eGFR.  Taking this in combination with 

the general concerns for renal safety with GLP-1 agonists, it seems prudent to have the lower 

dose (i.e. 0.75 mg) available and to require completion of the ongoing study in patients with 

renal impairment.  This will hopefully provide additional insight into the safety of dulaglutide 

in patients with renal impairment.  Warnings with regard to use in patients with renal 

impairment consistent with what is labeled for other GLP-1 agonists also appear to be 

warranted.

Hypoglycemia:

The potential for hypoglycemia is a concern with any anti-diabetic agent.  Other GLP-1 

agonists are known to be associated with an increased risk for hypoglycemia when used in 

combination with insulin or an insulin secretagogue.

In the placebo controlled comparison, background therapy did not include insulin or an insulin 

secretagogue.  Nevertheless, there was a slightly higher incidence/event-rate for documented 

hypoglycemia5 with dulaglutide which appeared to be dose-dependent (Table 9).  There were 

no cases of severe hypoglycemia6.  In the studies that included insulin or an insulin 

secretagogue as background therapy, there was no placebo comparator.  While this does not 

permit a clear evaluation for risk of hypoglycemia with this specific background, it is notable 

that the incidence and event rate in these studies was higher than that seen with the non-

insulin/non-insulin secretagogue studies.

                                                
5 Documented symptomatic hypoglycemia was defined as blood glucose below a threshold (e.g. < 70 mg/dL) with 

typical symptoms.
6 Severe hypoglycemia was defined as typical symptoms and requiring assistance (blood glucose could be below 

threshold, or missing).
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Table 9: Incidence and event-rate of documented symptomatic hypoglycemia and severe 

hypoglycemia in the phase 3 studies

Comparator Dula 0.75 Dula 1.5

% per pt-yr % per pt-yr % per pt-yr

Monotherapy, 52 weeks, metformin comparator

Documented symptomatic 4.9 0.09 5.9 0.45 6.3 0.62

Severe 0.0 0.00 0.0 0.00 0.0 0.00

Add-on to metformin, 26 weeks, placebo comparator

Documented symptomatic 1.1 0.08 2.6 0.13 5.6 0.26

Severe 0.0 0.00 0.0 0.00 0.0 0.00

Add-on to metformin, 104 weeks, sitagliptin comparator

Documented symptomatic 5.7 0.17 6.3 0.18 10.9 0.19

Severe 0.0 0.00 0.0 0.00 0.0 0.00

Add-on to metformin + pioglitazone, 26 weeks, placebo comparator

Documented symptomatic 1.4 0.06 4.6 0.18 5.0 0.22

Severe 0.0 0.00 0.0 0.00 0.0 0.00

Add-on to metformin + pioglitazone, 52 weeks, exenatide BID comparator

Documented symptomatic 13.4 0.75 6.1 0.14 6.5 0.19

Severe 0.7 0.01 0.0 0.00 0.0 0.00

Add-on to metformin + sulfonylurea, 78 weeks, insulin glargine comparator

Documented symptomatic 51.1 3.02 39.0 1.67 40.3 1.67

Severe 0.8 0.01 0.0 0.00 0.7 0.01

Add-on to insulin lispro +/- metformin, 52 weeks, insulin glargine comparator

Documented symptomatic 83.4 40.95 85.3 35.66 80.0 31.06

Severe 5.1 0.09 2.4 0.05 3.4 0.06

Dula = dulaglutide; per pt-yr = per patient-year; BID = twice daily

Source: Adapted from Table 2.7.4.46 of the Clinical Summary of Safety

I agree with Dr. Balakrishnan’s assessment that treatment with dulaglutide increases the risk 

for hypoglycemia, particularly when used with insulin or an insulin secretagogue.  From the 

available data, it appears that dulaglutide is similar to other GLP-1 agonists, and that there is 

an increased risk of hypoglycemia when used with insulin or insulin secretagogues.  Notably, 

there was a small increased incidence in hypoglycemia compared to placebo, but the overall 

incidence/event-rate was low.

Cardiac effects:

Major adverse cardiovascular events (MACE) will be discussed separately (see section 8.2 

below).  This section will focus on the non-MACE cardiac effects seen with dulaglutide.  

Similar to other GLP-1 agonists, there was suggestion of a small dose-dependent increase in 
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heart rate with dulaglutide (Table 10).  A small decrease in systolic blood pressure was also 

seen.  No evident change in diastolic blood pressure was seen.

Table 10: Mean sitting vital signs at baseline and at week 26 – based on 26 week data 

from studies GBCF, GBDA, and GBDN

Placebo Dula 0.75 Dula 1.5

Number of patients 568 836 834

Mean sitting heart rate (beats per minute)

Baseline 74.5 74.3 74.7

Week 26 74.4 76.4 77.9

Mean sitting systolic blood pressure (mmHg)

Baseline 126.9 127.3 127.6

Week 26 128.1 126.2 125.9

Mean sitting diastolic blood pressure (mmHg)

Baseline 76.7 76.8 77.1

Week 26 77.3 77.0 77.4

Dula = dulaglutide

Source: Adapted from Table 2.7.4.68 and Table 2.7.4.72 of the Clinical Summary of Safety, and Table 

APP.2.7.4.209 from the Appendix for the Clinical Summary of Safety

To explore the clinical meaning of these observed changes, the treatment emergent adverse 

events were reviewed.

The SMQs for “supraventricular arrhythmia”, “ventricular tachyarrhythmia”, and “bradycardic 

arrhythmia” were used to better understand the clinical significance of the change in heart rate.  

Electrocardiograms were also reviewed.

In the 26 week placebo controlled period from studies GBCF, GBDA and GBDN, there was 

no notable difference in the incidence of any of the SMQs between placebo and dulaglutide.  

Comparison of dose in a larger pool of studies (study GBCF, GBDA, GBDB, GBDC, GBDD, 

and GBDN) with longer exposures (up to 104 weeks) showed a slightly higher incidence of 

events in the “supraventricular arrhythmia” SMQ with the 1.5 mg dose compared to the 0.75 

mg dose (1.0% vs. 0.2%, respectively).  This difference was due to supraventricular 

tachyarrhythmias.  There was no apparent difference by dose for the “ventricular 

tachyarrhythmia” or “bradycardic arrhythmia” SMQs.  Looking across all of the phase 2 and 

phase 3 studies, it appears that there is no increase in the incidence or event rate for 

supraventricular arrhythmias versus various comparators (Table 11), though these events were 

clearly more frequent in the 1.5 mg dose than the 0.75 mg dose.
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Table 11: Incidence and event-rate for supraventricular arrhythmias – all phase 2 and 

phase 3 studies

Treatment N Pt-yrs n % per 1000

Placebo 703 283.9 4 0.6 14.1

Metformin 268 226.7 1 0.4 4.4

Sitagliptin 439 637.3 5 1.1 7.8

Exenatide BID 276 236.3 5 1.8 21.2

Insulin glargine 558 621.2 5 0.9 8.0

Dula 0.75 1765 1724.2 5 0.3 2.9

Dula 1.5 1762 1683.1 17 1.0 10.1

N = total number of patients exposed; pt-yrs = patient-years of exposure; n = number with supraventricular 

arrhythmia; per 1000 = events per 1000 patient-years; BID = twice daily; Dula = dulaglutide

Source: Adapted from Table 2.7.4.80 of the Clinical Safety Summary

With regard to the electrocardiograms, there was more sinus tachycardia with dulaglutide than 

with placebo (1.8% [dulaglutide] vs. 0.4% [placebo]).  Tachyarrhythmias were comparable 

between dulaglutide and placebo.  There were no differences in the QRS complex between the 

dulaglutide treated patients and the placebo treated patients.  PR interval prolongation was 

seen, but the clinical impact of this is unclear.  The Applicant has hypothesized that the PR 

interval changes are related to increased vagal stimulation.  Assessment of the potential 

clinical impact of the PR interval prolongation included comparison of the incidence of 

conduction disorders.  From the placebo controlled pool at 26 weeks, it was noted that more 

dulaglutide treated patients had some form of treatment emergent conduction abnormality

(4.4% [dulaglutide] vs. 2.6% [placebo]; Table 12).  There was suggestion of dose dependency, 

which was also seen in the larger pool of studies with longer exposures.  This imbalance was 

also seen in evaluation of treatment emergent atrioventricular (AV) block (2.0% [dulaglutide] 

vs. 0.9% [placebo]), with 1st degree AV block as the main form of AV block.

Table 12: Incidence of post-baseline conduction abnormalities – based only on patients 

with normal baseline conduction

Placebo Dula 0.75 Dula 1.5 All Dula

n/N % n/N % n/N % n/N %

AS1 12/460 2.6 27/693 3.9 34/683 5.0 61/1374 4.4

- AV Block 5/535 0.9 14/795 1.8 18/786 2.3 32/1581 2.0

- 1st degree 5/530 0.9 13/787 1.7 18/775 2.3 31/1562 2.0
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Figure 2: Time of onset of nausea

Source: Excerpted from Figure 2.7.4.6 of the Clinical Safety Summary

Given the evident dose-dependency of these events with patients from the 1.5 mg dose having

nearly twice the incidence of nausea and vomiting events, the effect of dose titration was 

explored.  Though there was no dose titration in the phase 3 studies, there was a phase 2 study 

(study GBCJ) which explored dose titration after four weeks.  The findings of this study are 

discussed as part of Dr. Chung’s and Dr. Ma’s Clinical Pharmacology review.

In study GBCJ, patients were randomized to one of four different treatment sequences: 

placeboplacebo, dulaglutide 0.5dulaglutide 1.0, dulaglutide 1.0dulaglutide 1.0, and 

dulaglutide 1.0dulaglutide 2.0.  The first treatment in each sequence was administered for 

four weeks followed by a switch to the second treatment.  While this study was conducted 

primarily to examine glycemic effects, adverse events were also collected.  As shown in Table 

62 of Dr. Chung’s and Dr. Ma’s review (see below), there was a higher incidence of nausea at 

four weeks for patients treated with higher doses of dulaglutide.  Additional modeling was 

performed to estimate the incidence of nausea and vomiting based on the time of dose titration 

(see Figure 57 of Dr. Chung’s and Dr. Ma’s review, included below).
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Based in part on this data/modeling, Dr. Chung and Dr. Ma have concluded that up-titration 

after four weeks will improve the incidence of these events.

While reducing the incidence of these events is worthwhile, a perhaps more important finding 

is the discontinuation rates due to gastrointestinal events.  Discontinuation due to a 

gastrointestinal disorder was more frequent in the dulaglutide patients with nausea being the 
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primary endpoint of the meta-analysis was the composite endpoint MACE+7.  All of the 

cardiovascular events were adjudicated by an independent Clinical Event Committee.  The 

treatment groups (all pooled doses of dulaglutide) were compared with all comparators 

(placebo and active controls).

The Applicant stated in the BLA submission that the first meta-analysis satisfied the pre-

specified 1.8 risk margin.  As a result, the planned second meta-analysis was not performed 

and no data from the ongoing CVOT was included in the analysis.

In the meta-analysis for cardiovascular risk, there were 3,885 patients randomized to 

dulaglutide and 2,125 patient randomized to a comparator.  There were a total of 51 MACE+ 

events (26 [0.7%] from dulaglutide, 25 [1.2%] from comparators).  From these numbers, the 

estimated hazard ratio for MACE+ was 0.57 with an upper limit to the 98.02% confidence 

interval of 1.10.  Analysis for MACE8 yielded similar results (see Table 1 of Dr. Charles’ 

review, included below).

Dr. Charles also performed analysis of the individual components that comprise MACE+ (see 

Figure 4 from Dr. Charles’ review, included below).

                                                
7 MACE+ is comprised of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, and 

hospitalization for unstable angina
8 MACE is comprised of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke
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For the individual components, the estimated hazard ratio was > 1.0 for the event of non-fatal 

stroke.  The upper limit of the confidence interval for cardiovascular death and for non-fatal 

stroke exceeded the 1.8 margin, but both confidence intervals were wide and include 1.0.  The 

events of non-fatal myocardial infarction and hospitalization for unstable angina did not have 

an upper limit of the confidence interval > 1.8.  Due to the small number of events for each 

individual component, the confidence intervals are wide and conclusions should not be made 

with regards to the risk for the individual components that make up MACE+.

Additional analyses were performed to examine the two doses studied in the phase 3 studies.  

Neither of the individual doses resulted in an upper limit to the 95% confidence interval being 

≥ 1.8 (see Table 10 of Dr. Charles’s review, included below).
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From the cardiovascular meta-analysis, dulaglutide does not appear to be associated with 

increased cardiovascular risk compared to the pooled comparators (placebo plus active 

comparators) based on exclusion of the 1.8 upper limit of the confidence interval.  It should be 

noted that the comparator group contained active comparators.  This limits the ability to 

evaluate the risk associated with dulaglutide, which would be more clearly seen with 

comparison to placebo.  This is sufficient for approval, but definitive conclusions regarding 

cardiovascular risk should not be made from this data.  Findings from the ongoing CVOT

(which is placebo-controlled) will further inform conclusions regarding the cardiovascular risk 

associated with dulaglutide, and will be assessed using a 1.3 risk margin and a primary 

endpoint of MACE.

8 Advisory Committee Meeting 

Not applicable.  No Advisory Committee meeting was held to discuss this application.

9 Pediatrics

No pediatric patients were studied as part of the dulaglutide development program.  The 

Applicant has submitted a proposed pediatric study plan which was reviewed and discussed 

the Pediatric Review Committee on July 16, 2014.  The proposed pediatric study plans include 

a waiver for patients < 10, and deferred pediatric studies.  While the initial pediatric study plan 

proposed a PK/PD study and a safety and efficacy study, due to prior experience with other 

GLP-1 agonists we do not feel that a PK/PD study is needed.  As such, the Applicant will be 

required to perform a safety and efficacy study in patients ages 10 to < 18 which will include 

sparse population PK sampling.  The proposed dates from the pediatric study plan will be 

moved forward.  The study can begin once the nonclinical juvenile toxicity study is completed.

10 Other Relevant Regulatory Issues

A clinical inspection summary was completed by Dr. Cynthia Kleppinger on June 6, 2014.  

Seven principal investigators were investigated.  No significant deviations from regulations or 

concerns with data reliability were identified.  An additional investigator had a previous for 

cause inspection.  No significant deviations from regulations or concerns with data reliability 

were identified.

11 Labeling

The proposed proprietary name for dulaglutide is Trulicity.  This was reviewed and deemed 

acceptable by the Office of Medication Error Prevention and Risk Management.  A letter

stating this was issued to the Applicant on January 11, 2014.
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The Applicant has proposed to market only the 1.5 mg dose, and the initially submitted 

labeling reflects this.  Based on my review of the completed primary reviews, I feel that both 

of the doses studied in the phase 3 studies are approvable and should be approved.  Both the 

0.75 mg and 1.5 mg dose have shown efficacy in reducing HbA1c with the 1.5 mg dose 

demonstrating a numerically greater reduction in HbA1c than the 0.75 mg dose.  Though the 

Applicant has argued that marketing of the higher dose alone is warranted given the suggestion 

of greater efficacy and avoidance of clinical inertia in dose titration, there is a suggestion of 

dose dependent adverse events and discontinuations related to adverse events.  Specifically, 

there were more gastrointestinal events and discontinuations due to gastrointestinal events with 

the 1.5 mg dose compared to the 0.75 mg dose.  Other clinical findings that appear dose 

related include changes in pancreatic enzymes, change in eGFR, and changes in vital signs

(particularly heart rate).  Whether these are clinically important is unclear at this time.  

Additionally, the safety of dulaglutide in patients with moderate to severe renal impairment 

has not been well characterized.  Given concerns for effects on renal function from GLP-1 

agonists and the suggestion of dose dependent effects on eGFR, starting with the 0.75 mg dose 

seems prudent.

Following the Late Cycle Meeting, the Applicant has submitted proposed labeling language 

which includes both the 0.75 mg dose and the 1.5 mg dose.  The proposed language is for 

section 2 of the label (Dosage and Administration) follows:

“Administer TRULICITY once weekly, any time of day, with or without food. TRULICITY 

 injected subcutaneously in the abdomen, thigh, or upper arm.

The maximum recommended dose is 1.5 mg once weekly.

For the reasons discussed above, I feel that this is not appropriate.  Though there appears to be 

better efficacy with the 1.5 mg dose and the effect of titration for additional glycemic control 

were not studied in the phase 3 studies, I agree with Dr. Balakrishnan who suggests initiating 

with the 0.75 mg dose and increasing the dose if tolerated for additional glycemic control.

Additional labeling changes which I would recommend include use of  placebo for the 

comparator in the presented tables of adverse events, addition of hypersensitivity in the 
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highlights and Warnings and Precautions, addition of language about cautious use in patients 

with renal impairment, and removal of  

Agreement on the final labeling language has not been reached at the time this review was 

completed.

12 Recommendations/Risk Benefit Assessment

 Recommended Regulatory Action

I recommend approval of dulaglutide for the use as an adjunct to diet and exercise to improve 

glycemic control in adults with type 2 diabetes mellitus pending agreement on the final 

labeling language.

 Risk Benefit Assessment

The data submitted in support of dulaglutide provides sufficient information to conclude that 

the benefits of use in patients with type 2 diabetes mellitus outweigh the risk associated with 

the drug.

Benefit:

Dulaglutide has demonstrated an ability to improve glycemic control as measured by change in 

HbA1c.  This should translate into improved clinical outcomes.  The efficacy was 

demonstrated as monotherapy and in combination with a variety of anti-diabetic agents.  

Studies included in the development program were designed with the primary objective of 

demonstrating superiority to placebo and non-inferiority to active comparator.  In the placebo-

controlled studies, it has demonstrated superiority in reduction of HbA1c with the placebo-

adjusted change ranging from -0.84% to -1.04% with the 0.75 mg dose and from -1.05% to -

1.23% with the 1.5mg dose.  In the active comparator studies, both dulaglutide doses were 

shown to be non-inferior, and in many of the comparison were found to be superior.  This 

improvement in glycemic control was not associated with weight gain, which is a concern with 

anti-diabetic agents.
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Risk:

As with any therapeutic product, there are some safety concerns, but I do not feel that they 

generate sufficient concern to outweigh the expected benefit.  Safety concerns identified 

during review of the Application include:

 There were more injection site reactions in dulaglutide treated patients, particularly 

those with anti-drug antibodies.  None of these were serious.

 Increases in pancreatic enzymes were seen in the dulaglutide treated patients, but 

this did not translate into an increase in acute or serious pancreatitis events.

 Increases in serum calcitonin were seen in the dulaglutide treated patients, but this 

did not translate into events of medullary thyroid cancer.  Due to the rarity of this 

malignancy and the relative short duration of the studies compared to the typical 

time for the development of a malignancy, it is not possible to confidently exclude 

this potential risk.  Further post-marketing evaluation of this risk is being 

performed for all GLP-1 agonists and should also be performed for dulaglutide.  

Labeling consistent with other members of the class (including a Boxed Warning) 

should be included in the final label.

 Decreases in estimates of renal function with suggestion of dose dependency were 

seen in the dulaglutide treated patients, but this did not appear to translate into 

meaningful clinical events.  However, the population of patients with baseline renal 

impairment (i.e. those who might be at greater risk for renal events) was small.  

This is being further evaluated in an ongoing dedicated study in patients with 

varying degrees of renal impairment.

 Hypoglycemia (particularly when used in combination with insulin or an insulin 

secretagogue) was seen with dulaglutide treatment.  This is consistent with other 

GLP-1 agonists and other anti-diabetic agents.

 Increases in heart rate and events of supraventricular tachyarrhythmias were seen in 

the dulaglutide treated patients.  This observation appeared to be dose dependent.  

While the overall incidence was low, the studied population of patients may not be 

the optimal population to evaluate the clinical impact of this observation.  Older 

patients and patients with underlying heart disease may be more useful in 

delineating if there is a risk of clinically significant events as a result of dulaglutide 

treatment.  The cardiovascular outcomes study should be useful in further exploring 

this concern.

 As with all other GLP-1 agonists, dulaglutide was associated with gastrointestinal 

events.  These events were dose dependent, and typically improved over time.  

Importantly, these events led to a higher incidence of discontinuations than was 

seen with placebo.  Starting with the lower dose (i.e. 0.75 mg) should be beneficial 
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in reducing discontinuations, and minimizing the incidence of gastrointestinal 

events.

 The meta-analysis to assess cardiovascular risk did not demonstrate increased 

cardiovascular risk with dulaglutide.  There were only a small number of events 

(n=51), and the comparator arm included many active comparators.  The 

conclusion of the meta-analysis might be more accurately stated as there is no 

increased risk with dulaglutide compared to other anti-diabetic agents.  The 

cardiovascular outcomes study (which is placebo-controlled) will more definitively 

evaluate this safety concern.

Overall, the safety concerns identified in the review of dulaglutide were consistent with other 

members of the GLP-1 agonist class.  Importantly, there were no new safety signals identified 

and the incidence of the known safety concerns was not dramatically increased versus 

comparator.

 Recommendation for Postmarketing Risk Evaluation and Management Strategies

As with other GLP-1 agonists, a Risk Evaluation and Management Strategy consisting of a 

communication plan to inform healthcare providers of the potential risk for pancreatitis and 

medullary thyroid cancer is recommended for dulaglutide.  

 Recommendation for other Postmarketing Requirements and Commitments

Proposed post-marketing requirements for dulaglutide include:

1. A juvenile animal toxicity study

2. Study of the safety and efficacy of dulaglutide in pediatric patients with type 2 diabetes 

mellitus.

3. A cardiovascular outcomes study to evaluate the incidence of major cardiovascular 

events (i.e. cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke).

4. Study of the safety and efficacy of dulaglutide in patients with renal impairment

5. A registry to further assess the risk of medullary thyroid cancer with dulaglutide.

Proposed post-marketing commitments include:

1. Submission of data from one additional batch manufactured at the  

 site to support the  hour hold time .

2. Summary data from performance qualification shipping studies in the summer and 

winter
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3. Exploration of alternative test methods and development of a more suitable endotoxin 

release test.

4.  

5. Submission of additional data to support the endotoxin control strategy.

6. Re-evaluation of drug substance lot release and stability specifications after 

manufacture of 30 lots.

7. Re-evaluation of drug product lot release and stability specifications after manufacture 

of 30 lots.

8. Re-evaluation of the  for the  used in the drug 

substance and drug product manufacturing to include a product specific extractable and 

leachable study.

9. Submission of a summary report updating the control strategy assessment with regards 

to the Fc region modifications and the impact on PK.
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