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MEMORANDUM

Date: March 15, 2017
From: Todd R. Palmby, PhD

Pharmacology/Toxicology Supervisor
Division of Hematology Oncology Toxicology (DHOT)
Office of Hematology and Oncology Products (OHOP)

To: File for BLA 761069 Imfinzi (durvalumab)
Re: Approvability for Pharmacology and Toxicology
Indication:  Imfinzi is indicated for the treatment of patients with locally 

advanced or metastatic urothelial carcinoma who:
 have disease progression during or following platinum-

containing chemotherapy.
 have disease progression within 12 months of neoadjuvant or 

adjuvant treatment with platinum-containing chemotherapy.

Non-clinical pharmacology and toxicology literature and original reports for 
studies to support BLA 761069 for Imfinzi (durvalumab) indicated for the 
treatment of patients with locally advanced or metastatic urothelial carcinoma 
who have disease progression during or following platinum-containing 
chemotherapy or have disease progression within 12 months of neoadjuvant or 
adjuvant treatment with platinum-containing chemotherapy were reviewed by 
Eias Zahalka, PhD, MBA.  Studies conducted by the Applicant with durvalumab, 
for which reports were submitted to this BLA include pharmacology, 
pharmacokinetics, general toxicology and developmental and reproductive 
toxicology.  A detailed evaluation of the nonclinical data submitted to the BLA can 
be found in Dr. Zahalka’s review.  

Durvalumab is a human IgG1 monoclonal antibody that binds to human PD-L1, 
thereby inhibiting the interaction of PD-L1 with PD-1 and B7-1 receptors.  In 
order to decrease antibody-dependent cell-mediated cytotoxicity (ADCC), the 
Applicant modified the heavy chain to eliminate binding to Fc receptors.  Based 
on the submitted pharmacology data, the Established Pharmacologic Class 
(EPC) of “programmed death-ligand 1 (PD-L1) blocking antibody” was 
determined to be both clinically meaningful and scientifically valid for 
durvalumab.  Durvalumab is not the first product in this class to be approved in 
the US.  
   
General toxicology studies included evaluation of durvalumab in Cynomolgus 
monkeys for up to 13 weeks.  Intravenous (IV) administration of durvalumab 
caused multi-organ arteritis/periarteritis and inflammatory cell infiltration.  The 
immune-mediated findings were consistent with the role of PD-L1 in regulating 
and maintaining peripheral tolerance.  No effects were observed on the 
cardiovascular system.  Administration of durvalumab to patients at the 
recommended dose of 10 mg/kg resulted in immune-related adverse events.  
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Since it is a monoclonal antibody and is not expected to interact with DNA, 
genetic toxicology studies were not conducted with durvalumab.

The Applicant submitted a report from an enhanced pre- and postnatal 
developmental (ePPND) toxicology study with durvalumab in Cynomolgus 
monkeys conducted to characterize the potential risk of reproductive and 
developmental toxicity.  Durvalumab administration once weekly by IV infusion 
from gestation to parturition resulted in decreases in the percent of females with 
normal delivery at ≥ 60/30 mg/kg (approximately 6 times the AUC0-14day at the 
recommended dose) and an increase in the percent of females with premature 
delivery (with live offspring) at 200/100 mg/kg (approximately 20 times the AUC0-

14 days at the recommended dose).  There was also a non-dose related decrease 
in live birth index, and an increase in the percent of neonatal deaths at 200/100 
mg/kg.  These data indicate a risk of adverse effects on pregnancy maintenance 
in animals receiving durvalumab when compared to the concurrent control group.  
Data in the scientific literature demonstrate that interference with PD-L1 leads to 
a loss of fetal tolerance and an increased risk of immune-mediated abortion.  
Therefore, the findings in the ePPND study were consistent with the mechanism 
of action of durvalumab and with the role of the PD-1/PD-L1 pathway in 
preserving pregnancy by maintaining maternal immune tolerance to the fetus as 
reported in published literature.   

Durvalumab maintains binding to the FcRn receptor, so fetal exposure may occur 
if a patient is treated during pregnancy, although it is not recommended.  
Durvalumab was present in infant monkey serum in the ePPND study indicating 
the presence of placental transfer.  It is unclear whether fetal exposure to 
durvalumab would occur at levels sufficient to cause adverse effects on the 
developing immune system.  Nevertheless, if a pregnant patient receives 
treatment with durvalumab that does not result in loss of the fetus, there is a 
potential risk of developing immune-mediated disorders or altering the normal 
immune response in the offspring due to the mechanism of action.  

Based on its mechanism of action, durvalumab treatment may increase the 
inflammatory response and enhance the severity of some infections in patients.  
Published reports of data in PD-1 deficient animal models of infection raise 
concern about the use of durvalumab in patients with chronic infections.  In order 
to characterize the effect of durvalumab on the immune response, T-cell 
dependent antibody response (TDAR) assays were incorporated into two 
monkey studies.  Male monkeys administered durvalumab were immunized 
subcutaneously with 10 mg keyhole limpet hemocyanin (KLH) following dosing 
on days 1 and 29 to assess the primary and secondary IgM and IgG antibody 
responses.  On days 11, 16, 22 and 29, durvalumab administration was 
associated with decreased anti-KLH IgM and IgG levels.  On day 36, anti-KLH 
IgG levels were similar in treated and control groups, suggesting there was no 
effect on the secondary anti-KLH antibody response.  In the ePPND study in 
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monkeys, offspring received two subcutaneous injections of KLH 21 days apart.  
There were no differences in anti-KLH IgM or IgG levels in infant serum in 
durvalumab treated groups compared to control following the first or second KLH 
injection.  These TDAR studies were sufficient to assess the effects of 
durvalumab on the magnitude of primary and recall antibody responses to 
antigen challenge.

Recommendation:  I concur with Dr. Zahalka’s conclusion that submitted 
pharmacology and toxicology data support the approval of BLA 761069 for 
Imfinzi (durvalumab) for the proposed indication.  There are no 
outstanding non-clinical issues that would preclude the approval of Imfinzi 
for the proposed indication.
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activity of durvalumab in mouse models of human cancers, it was demonstrated that 
durvalumab inhibited growth of human tumor cell line which express PD-L1 in the 
presence of human T-cells, but not when T-cells were absent, indicating that T-cells are 
required for the anticancer activity of durvalumab.  

The Applicant conducted GLP repeat-dose general toxicology studies in monkeys (4-
week and 13-week) with durvalumab administered intravenously by infusion once 
weekly.  Exposures at the highest dose levels in monkeys after repeat dosing (34900 
μg.day/mL) exceeded (19.6 X) the estimated AUC0-14 day of 1773.2 µg*day/mL in 
humans at the clinically recommended dose of 10 mg/kg every two weeks.  The 
predominant toxicities were associated with the thymus, lymph nodes and injection site, 
though findings in general were minimal to moderate in nature.  The majority of the 
lesions in both studies were either resolved or partially resolved.  The potential effect of 
durvalumab on antibody response to a T cell-dependent antigen was assessed in a 
dose-range finding study in monkeys. A decrease in primary, but not the secondary 
antibody response to KLH was reported. 

While data in monkeys suggest that durvalumab only affected the primary responses in 
the T-Cell Dependent Antibody Response (TDAR) assay, data in PD-1 deficient animal 
models raises concern about the use of durvalumab in patients with chronic infections.  
In animal models, inhibition of PD-L1/PD-1 signaling increased the severity of some 
infections and enhanced inflammatory responses. M. tuberculosis-infected PD-1 
knockout mice exhibit markedly decreased survival compared with wild-type controls, 
which correlated with increased bacterial proliferation and inflammatory responses in 
these animals (Lazar-Molnar et al. 2010). PD-L1 and PD-1 knockout mice have also 
shown decreased survival following infection with lymphocytic choriomeningitis virus 
(Mueller et al., 2010). Additionally, administration of PD-L1 blocking antibody to mice 
infected with lymphocytic choriomeningitis virus resulted in severe immunopathology in 
the spleen and in a marked decline in the efficacy of PD-L1 blockade to rescue 
exhausted CD8 T cells during advanced infection (Mueller et al., in 2007; Penaloza-
MacMaster et al. in 2015). Based on the above published literature and durvalumab’s 
mechanism of action, durvalumab may increase the inflammatory response and 
enhance the severity of some infections.

The potential effects of durvalumab on pregnancy outcome, embryo-fetal development, 
survival, and postnatal development of the offspring were evaluated in an enhanced 
pre-and postnatal development study in cynomolgus monkeys (ePPND study design). 
Monkeys were dosed intravenously once weekly from gestation day 20 to parturition, 
and offspring were evaluated to postpartum (PP) Day 180.  Durvalumab was present in 
maternal serum throughout the treatment period (gestation period) and then declined 
following cessation of treatment at gestation; levels were still detectable by PP Day 56.  
Additionally, durvalumab was present at low levels in breast milk collected on PP Day 
28. Likewise, durvalumab was present in infant serum starting on PP Day 1 indicating 
the presence of placental transfer of the test article in utero. Serum concentrations 
declined with time.  
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Durvalumab administration resulted in decreases in the percent of females with normal 
delivery at dose ≥ 60/30 mg/kg (approximately 6 times the AUC0-14 day at the 
recommended human dose) and an increase (20%) in the percent of females with 
premature delivery (with live offspring) at 200/100 mg/kg (approximately 19.6 times the 
AUC0-14 day at the recommended human dose). Additionally, durvalumab administration 
resulted in a non-dose related decrease in live birth index due to reported increase in 
pregnancy loss. Furthermore, there was a durvalumab-related increase in the percent of 
neonatal deaths (PP 0 to 9) at 200/100 mg/kg. Durvalumab did not affect the offspring’s 
ability to mount a T-cell-dependent antigen response (TDAR) to KLH during the 
postpartum period.  There were no morphological and functional developmental findings 
reported in surviving offspring. The reported increase in pregnancy loss was expected, 
due to the mechanism of action of durvalumab.  In the scientific literature it was 
demonstrated that a central function of the PD-1/PD-L1 pathway is to preserve 
pregnancy by maintaining maternal immune tolerance to the fetus. Blockade of PD-L1 
signaling has been shown in murine models of pregnancy to disrupt tolerance to the 
fetus and to increase fetal loss.  Based on these data, warnings for premature delivery 
and risks to the developing offspring are warranted. 

The Division recommended that females of reproductive potential should use effective 
contraception during treatment and for 4 months after the last dose due to the potential 
risk to a fetus. The elimination half-life of durvalumab in patients receiving the 
recommended dose is 21 days. The duration of 4 months was determined based on 
approximately 5 half-lives of durvalumab, and rounded to the nearest whole month.
In addition, patients should not breastfeed during treatment and for 4 months after the 
last dose due to the potential for serious adverse effects in breastfed infants from 
durvalumab.

1.3 Recommendations

1.3.1 Approvability
There are no nonclinical findings that would preclude the approval of durvalumab for the 
proposed indication. 

1.3.2 Additional Non Clinical Recommendations
None

1.3.3 Labeling
See final label. A separate labeling review will be conducted if warranted.

This Pharmacology/Toxicology review contains the necessary content for labeling 
Durvalumab (MEDI4736). Based on pharmacology data submitted in the BLA, the 
established pharmacologic class of “programmed death-ligand 1 (PD-L1) blocking 
antibody” was determined to be both clinically meaningful and valid for Durvalumab. 
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In section 8.2 Lactation, the Division recommended that patients should not breastfeed 
during treatment and for 5 months after the last dose due to the potential for serious 
adverse effects in breastfed infants from durvalumab. 

In section 8.3 Females and Males of Reproductive Potential, the Division recommended 
that females of reproductive potential should use effective contraception during 
treatment and for 4 months after the last dose due to the potential risk to a fetus. The 
elimination half-life of durvalumab in patients receiving the recommended dose is 21 
days. The duration of 4 months was determined based on approximately 5 half-lives of 
durvalumab, and rounded to the nearest whole month. 

The following pharmacokinetic data was used to calculate the animal to human 
exposure multiples for durvalumab.

 Based on population analysis of a dose escalation clinical trial in patients with 
advanced solid tumors, the AUC0-14 is 17773.2 μg*day/mL at the recommended 
human dose of 10 mg/kg every 2 weeks. The elimination half-life in patients is 21 
days. 

 The Applicant estimated the AUC in repeat-dose toxicology study in monkeys 
that received doses up to 100 mg/kg to be 34900 μg.day/mL (Study No. 
VMM0033). 

 In addition, the AUC in pregnant monkeys in the ePPND, received doses 100 
mg/kg or 30 mg/kg from gestation day 20 to parturition was 34800 μg*day/mL 
and 10800 μg*day/mL, respectively (Study No. 8291365).

2 Drug Information

2.1 Drug
Name: Durvalumab
Code Name:  MEDI4736, C134, 01P009 
Chemical Abstract 
Service (CAS) name:

Immunoglobulin G1, anti-(human CD antigen CD274) (human 
monoclonal MEDI4736 heavy chain), disulfide with human 
monoclonal MEDI4736 k chain, dimer

Structure or 
Biochemical 
Description:

Durvalumab is a human IgG1κ monoclonal antibody of 
approximately 149 kDa. The antibody is composed of two 
identical heavy chains and two identical light chains. Durvalumab 
has primarily N-linked biantennary complex-type oligosaccharides 
attached to each heavy chain at Asn-301. The average size of the 
oligosaccharide moiety is approximately 1500 Da per heavy 
chain. 

Pharmacologic Class:  Programed death-ligand 1 (PD-L1) blocking antibody

2.2 Relevant INDs, NDAs, BLAs and DMFs
Applicant owned IND 112249 and IND 

Reference ID: 4065324

(b) (4)







BLA # 761069 Reviewer: Eias Zahalka, PhD, MBA

11

ONC4736-0001 Affinity for Binding of MEDI4736 to Recombinant 
Human and Recombinant Cynomolgus Monkey B7-H1 X1

ONC4736-0002 
Determination of the Ability of MEDI4736 to Inhibit 
Binding of Recombinant Human B7-H1 to Recombinant 
Human Programmed Death 1 and CD80

X

ONC4736-0003
Determination of the Ability of MEDI4736 to Overcome 
the B7-H1-mediated Inhibition of Primary Human T 
Cells In Vitro

X

ONC4736-0004 In Vitro Assessment of MEDI4736-mediated Cytokine 
Release in Human Whole Blood

X1

ONC4736-0005 Inhibition of Activity of Antigen-presenting Cells by 
MEDI4736

X1

ONC4736-0006 Activity of MEDI4736 in Mouse Models of Human 
Cancers

X

ONC4736-0007
Determination of the Binding Specificity of MEDI4736 
for Recombinant Human B7-H1 Compared to Related 
Human and Mouse Proteins

x

ONC4736-0008 Detection of Soluble B7-H1 in Matched Samples of 
Human Tumors and Plasma X

ONC4736-0009 Affinity of Binding of Anti-mouse B7-H1 Antibody 
10F.9G2 to Recombinant Mouse B7-H1

X

ONC4736-0010

Determination of the Ability of Anti-mouse B7-H1 
Antibody 10F.9G2 to Inhibit Binding of Recombinant 
Mouse B7-H1 to Recombinant Mouse Programmed 
Death 1 and CD80

X

ONC4736-0011
Combination of Anti-mouse B7-H1 Antibody with 
Oxaliplatin Inhibits the Growth of Mouse Colorectal 
Cancer in a Syngeneic Model

X

ONC4736-0012 Analysis of Sequence Homology of Human, Mouse, 
Rat, and Cynomolgus Monkey B7-H1 X1

ONC4736-0013 Assessment of Expression of B7-H1 in Cancerous 
Tissues X

ONC4736-0014 Binding of MEDI4736 to Recombinant Human B7-H1 
Depends on Arginine at Position 95 in B7-H1 X

ONC4736-0015 Determination of the Ability of MEDI4736 to Trigger 
Effector Function X1

ONC4736-0016 Assessment of Nonspecific Activation of Peripheral 
Blood Mononuclear Cells In Vitro by MEDI4736 X

ONC4 736-
0017

In Vitro Assessment of MEDl4736/tremelimumab-
mediated Cytokine Release in Human Whole Blood X

ONC4736-0018
Combination of Anti-mouse B7-H1 Antibody with Anti-
mouse CTLA- 4 Antibody Inhibits the Growth of Mouse 
Colorectal Cancer in a Syngeneic Model

X

ONC4736-0019
The Antitumor Activity of an Anti-mouse PD-L1 Antibody 
is Dependent on Dose Level in a Syngeneic Mouse 
Colorectal Cancer Model

X

ONC4736-0020 Evaluation of MEDI4736 In Vitro Potency in Primary 
Human T Cells X

Pharmacokinetic / ADME
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AR4008
Quantitative determination of MEDI4736 in cynomolgus 
monkey serum using an enzyme linked immunosorbent 
assay {ELISA)

X

AR6139
Quantitative determination of MEDI4736 in cynomolgus 
monkey breast milk using an enzyme-linked 
immunosorbent assay (ELISA)

X

V -BI-0060
Validation of an Electrochemiluminescent (ECL) based 
biomarker assay for relative quantitation of soluble B7-
Hl in cynomolgus monkey serum

X

V-IM-0056

Validation of an electrochemiluminescence (ECL) 
immunogenicity screening assay for the detection of 
anti-drug antibodies against MEDI4736 in cynomolgus 
monkey serum

X

Toxicology Studies

302833
MEDI4736: A Pharmacokinetic/ Pharmacodynamic and 
Dose Range Finding Intravenous Toxicity Study in 
Cynomolgus Monkeys (non-GLP)

summarized

VMM0008
MEDI4736: A 4 Week Intravenous Toxicity Study in the 
Cynomolgus Monkeys with an 8 Week Treatment-Free 
Period

X1

VMM0033
MEDI4736: A 13 Week Repeat Dose Intravenous 
Toxicity Study in the Cynomolgus Monkey Followed by 
an 8 Week Treatment-Free Period

X2

Reproductive Toxicology 

8291365 MEDI4736 An enhanced pre- and postnatal 
development study in cynomolgus monkeys X

Other Toxicology studies

20014789 A Tissue Cross-Reactivity Study of MEDI 4736 in 
Normal Human Tissues

X

20014791 A Tissue Cross-Reactivity Study of MEDI 4736 in 
Normal Cynomolgus Monkey Tissues

X

20019776
An Investigative Study to Evaluate Deposition of 
Immune Complexes in Select Tissues from Study 
HLSVMM0008

X

1Reviewed under IND 112249
2Reviewed under IND 

3.1 Previous Reviews Referenced
 IND 112249 was reviewed on 12 July 2012 by Alexander Putman, PhD 

(nonclinical reviewer)
 IND  was reviewed on 17 July 2015 by Eias Zahalka, PhD (nonclinical 

reviewer)
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4 Pharmacology

4.1 Primary Pharmacology
The following primary pharmacology studies were reviewed under the cross-referenced 
IND 112249 on 12 July 2012 (Dr. Alexander Putman) and the following key study 
conclusions were provided in this nonclinical review:

Study # ONC4736-0001: Affinity for Binding of MEDI4736 to Recombinant Human and 
Recombinant Cynomolgus Monkey B7-H1.

“In conclusion, the KD values for binding of MEDI4736 to rhB7-H1 and rcynoB7-H1 
were 22 and 78 pM, respectively. Thus, according to these measurements, MEDI4736 
interacts with rhB7-H1 approximately 3-times more strongly than with its cynomolgus 
monkey homolog.” 

Study # ONC4736-0004: In Vitro Assessment of MEDI4736-mediated Cytokine Release 
in Human Whole Blood

“MEDI4736 was tested at concentrations ranging from 3 to 300 μg/mL. MEDI4736 did 
not induce release of any cytokine (IFN-γ, interleukin [IL]-2, IL-6, and tumor necrosis 
factor alpha [TNF-α]) from any donor at any concentration, under the conditions tested.”

Study # ONC4736-0005: Inhibition of Activity of Antigen-presenting Cells (APC) by 
MEDI4736

“This result suggests that MEDI4736 did not affect the function of the APCs in the 
assay, under the conditions tested.” 

Study # ONC4736-0012: Analysis of Sequence Homology of Human, Mouse, Rat, and 
Cynomolgus Monkey B7-H1

“The amino acid sequence of the hB7-H1 (human) was 96, 74, and 74% homologous to 
cynoB7- H1 (cynomolgus monkey), rB7-H1 (rhesus monkey), and mB7-H1 (mouse), 
respectively.  
In conclusion, the highly similar (96%) amino acid sequence between human and 
cynomolgus monkey B7-H1 including conservation of the arginine at position 95, critical 
for the binding of MEDI4736 to recombinant hB7-H1, suggests that MEDI4736 will bind 
to cynomolgus monkey B7-H1.”

Study # ONC4736-0015: Determination of the Ability of MEDI4736 to Trigger Effector 
Function

“In conclusion, these data demonstrate that MEDI4736 does not trigger antibody-
dependent cellular cytotoxicity (ADCC) or complement-dependent Cytotoxicity (CDC), 
under the conditions tested.”  
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Study no.: ONC4736-0003
Conducting laboratory and location: MedImmune, 

Granta Park, Cambridge, UK
Report date: 24 January, 2012
Compliance: Non-GLP

Objective: to determine the ability of MEDI4736 to overcome the inhibition of T-
cell activation mediated by B7-H1
Methods:
Test and control articles

 Test article: MEDI4736 (Isotype-IgG1 kappa triple mutant)
 Control: CAT254 (Isotype-IgG1 kappa triple mutant)
 Control Article: CAT004 (Isotype-irrelevant mouse IgG1 added as a 

protein loading control)  

T-cell activation assay: Antibody-capture beads coated with anti-CD3, anti-
CD28, CAT004 antibodies or recombinant human PD-L1 (rhPD-L1) were added 
to cultures of primary human T cells.  Additionally, T-cell proliferation (thymidine 
incorporation) and release of IFN-γ were measured in the presence and absence 
of MEDI4736 (at 0.2, 2 and 20 µg/mL). 
Results/Conclusion

 Culture of T-cells with beads that were coated with anti-CD3, anti-CD28, 
and CAT004 antibodies, resulted in an increase of T-cell proliferation and 
release of IFN-γ.

 Culture of T cells with beads that were coated with anti-CD3, anti-CD28, 
and rhPD-L1 resulted in significant decrease in proliferation of T cells and 
release of IFN-γ, indicating that PD-L1 provided an inhibitory signal. 

 MEDI4736 significantly increased the proliferation of T cells and the 
release of IFN-γ in a concentration dependent manner.  At the highest 
concentration (20 µg/mL), the levels of T-cell proliferation and release of 
IFN-γ were comparable to those reported at CD3/CD28/CAT004 group. 

Figure 2: MEDI4736 – T cell proliferation and IFN-γ release
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Study no.: ONC4736-0006
Conducting laboratory and location: MedImmune, 

Granta Park, Cambridge, UK
Report date: 7 February, 2012
Compliance: Non-GLP

Objective: 
 to determine the anticancer activity of MEDI4736 in xenograft mouse 

models of human melanoma and pancreatic cancer.
 to investigate the impact of presence of alloreactive human T-cells on 

anticancer activity of MEDI4736 in mouse models of human cancers
Methods:
Test and control articles

 Test article: MEDI4736
 Control: CAT254 (irrelevant mouse IgG1)
 Human melanoma cell line expressing B7-H1 (A375) and human 

pancreatic cancerous cell line expressing B7-H1 (HPAC). 
 Subsequently, cancerous cells were mixed with CD4+ and CD8+ T cell 

lines alloreactive to A375 or HPAC tumor cell lines before implanted 
subcutaneously into female NOD-SCID mice. 

 Animals were randomized into groups of 6 mice per group.
 All animals received 200 µL of MEDI4736 by intraperitoneal (IP) injection 

on Days 1, 3, 5, 8 and/or 10, at doses between 0.0001 to 10 mg/kg. 
 Positive control to enhance alloreactivity: rhIL-2 (105 U/dose) was 

administered IP daily on Days 1 to 5.
 Tumors were measured and volumes were calculated.  
 Anticancer effects were expressed as percent tumor growth inhibition (% 

TGI).
Results/Conclusion

MEDI4736 significantly inhibited growth of HPAC (Fig 5) and A375 (Fig 6) cells 
by up to 74% and 95%, respectively, as compared to the control group 
(CAT254). 

Figure 5: MEDI4736 – Effects on HPAC tumor cell line

                           (Excerpted from Applicant’s report)

MEDI4736 inhibited growth of A375 cells in the presence of human T cells (Fig 6 
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B), but not when T cells were absent (Fig 6 A), indicating that T cells may be 
required for the anticancer activity of MEDI4736.

Figure 6: MEDI4736 – Effects on A375 tumor cell line 

                     (Excerpted from Applicant’s report)

In the A375 cells mouse model, tumor volume was smaller in animals 
administered 1 or 2 doses of MEDI4736 than animals administered more than 2 
doses (Fig 7).  

Figure 7: MEDI4736 – Effects of single vs multiple doses on A375 tumor 
cell line

                 (Excerpted from Applicant’s report)

4.2 Secondary Pharmacology
Not conducted

4.3 Safety Pharmacology
No independent in vivo safety pharmacology studies were reported. Safety 
pharmacology endpoints were integrated into the GLP-compliant repeat-dose toxicology 
study in monkeys.
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Report date: Not available
Compliance: Non-GLP

Objective: to determine the pharmacokinetic/pharmacodynamic (PK/PD) 
relationship and potential toxicity of MEDI4736
Methods:
Test article: MEDI4736
Batch #: SP10-235
Vehicle: 50 mM sodium acetate, 100 mM sodium chloride, pH 5.5
Route: IV bolus
Species/strain: Cynomolgus monkeys
# Groups: 3 groups (one control, two treatment groups) 
Sex: males
Dose Volume: 2 mL/kg

Table 2: Dose range monkey study- Study design

                            (Excerpted from Applicant’s report)

End points collected/measured: 
Mortalities, clinical observations, body weights, food consumption, clinical 
pathology, PK, immunogenicity, cytokine release, sB7-H1 assay, B7-H1 (PD-L1) 
receptor occupancy. 

T-Cell Dependent Antibody Response (TDAR) Analyses: all animals were 
immunized subcutaneously with 10 mg of keyhole limpet hemocyanin (KLH) 
following dosing on days 1 and 29 (3 hours post control and test article 
administration). The primary and secondary IgM and IgG antibody response to a 
T-cell dependent antigen (KLH) was assessed in all animals. Anti-KLH IgM (Day 
1, then Days 11, 16, 22 and 29) and anti-KLH IgG (Day 1, then Days 11, 16, 22, 
29 and 36) antibodies were measured using a semi-quantitative ELISA method. 

Necropsy: On Day 39 with macro- and microscopic evaluations.

Results/Conclusion

Mortality:  At 10 mg/kg, one monkey (#203) was found dead on Day 22 (30 
minutes post dose). Prior to death, clinical signs included hypoactivity, labored 
breathing and lying on the side. Animal was ADA-positive with high concentrations 
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of IgE at the time of death. Macroscopic findings included dark discoloration, and 
frothy dark opaque fluid in the trachea. Microscopic findings included minimal 
pulmonary edema and hemorrhage.  The Applicant concluded that the cause of 
death was an acute anaphylaxis reaction to the test article. 

Clinical sings, body weight and clinical pathology 
Unremarkable

Toxicokinetics 
o AUC0-t and Cmax increased in a more than a dose-proportional manner. 
o Accumulation was reported following the repeat-dose administration. 

 

Table 3: Dose range monkey- Toxicokinetics parameters for Days 1 and 29

                                            (Excerpted from Applicant’s report)

Immunogenicity 
All animals (5/5) and 4/5 monkeys at 0 and 100 mg/kg, respectively, were positive to 
ADA. 

Immunophenotyping
Unremarkable

T-Cell Dependent Antibody Response (TDAR)
o At Days 11, 16, 22 and 29, there was test article-related decrease in mean 

anti-KLH IgM and anti-KLH IgG antibody levels at doses ≥10 mg/kg. 
o At Day 36 (after the second dose of KLH), anti-KLH IgG antibody levels 

were similar in all groups, suggesting that anti-B7-H1 antibody 
administration did not have an effect on the secondary anti-KLH IgG 
antibody response. 

Table 4: Dose range monkey study- mean anti-KLH IgM and anti-KLH IgG 
levels
Dose Day 

1
Day 
11

Day 16 Day 22 Day 29 Day 36
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Anti-KLH IgG (x103U/mL)
Control 7 540 566 399 363 708
0.1/10 mg/kg 6 106 133 162 115 727
1/100 mg/kg 4 127 125 163 223 690

Anti-KLH IgM (x103U/mL)
Control 18 505 296 180 129 --
0.1/10 mg/kg 17 142 90 94 50 --
1/100 mg/kg 16 197 121 91 71 --

--= Anti-KLH IgM antibodies were not determined on Day 36
n= 4 to 5/group

Cytokine Release
o MEDI4736 at doses ≥10 mg/kg did not induce release of Eotaxin, IL-4, IL-8, 

IL-12/23, IFN-γ, TNF-α or MIP-1β.
o MEDI4736 at doses ≥10 mg/kg induced release of IL-1β, IL-2, IL-5, IL-6, IL-

10 and MCP-1 relative to the control group.  The increases occurred at 
various timepoints (day and time) for each cytokine with no clear pattern. 

Total IgE Analysis
Unremarkable

Soluble B7-H1 (PD-L1)
Soluble B7-H1 concentrations reached maximum suppression at ~24 hours post-
1st dose of MEDI4736.  The suppression was dose dependent and was more 
pronounced at the highest dose following the 2nd, 3rd and 4th dose.

Figure 8: Dose range monkey study – Soluble B7-H1 profile

                       (Excerpted from Applicant’s report)

B7-H1 Receptor Occupancy
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Average membrane B7-H1 (membrane B7-H1 on CD4+ lymphocytes, CD8+ 
lymphocytes and CD14+ monocytes) occupancy was reduced following treatment 
with MEDI4736. 

Figure 9: Dose range monkey study – B7-H1 receptor occupancy

    (Excerpted from Applicant’s report)

Organ Weights, Macro and Microscopic Findings
Unremarkable

Conclusion
Mortality was reported at 10 mg/kg, possibly due to an acute anaphylaxis reaction 
to the test article. Cytokine release (IL-1β, IL-2, IL-5, IL-6, IL-10 and MCP) was 
reported at doses ≥10 mg/kg. The increases occurred at various timepoints (day 
and time) for each cytokine with no clear pattern.  A decrease in KLH-specific IgM 
and IgG antibody responses were reported after primary immunization. However, 
no effect of MEDI4736 was reported on the antibody response to a secondary 
immunization with KLH, with regard to an antigen specific IgG response. Data was 
not reported for IgM on Day 36.

The 13-week repeat dose toxicology study was reviewed on 17 July 2015 (Eias 
Zahalka, PhD) under the cross-referenced IND  (Applicant-owned):
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Study Title: MEDI4736: A 13-Week Repeat Dose Intravenous Toxicity Study in
the Cynomolgus Monkey Followed by an 8 Week Treatment-Free
Period

Study no.: VMM0033
Conducting 

laboratory and 
location:

Date of study 
initiation: 10 June 2013

GLP 
compliance: Yes (OECD)

QA statement: Yes
Drug and lot #: MEDI4736; Lot # SP13-252

        Key Study Findings:

 The highest dose tested of 200/100 mg/kg (2400/1200mg/m2) corresponded to 
an AUC of 18750/34900 µg.day/mL.

 There were no mortalities or severe toxicities at any dose level tested.

 The predominant target organs of toxicity were lymph nodes (lumbar, mesenteric 
and mandibular), thymus and right saphenous vein (injection site). Lesions were 
either resolved or decreased in severity and/or incidence by the end of the 
recovery period. 

 Suppression of soluble PD-L1 in serum was reported in all MEDI4736 treated 
animals, from 24 hours after dosing on Day 1 up to Day 85. 
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Menstrual cycle daily
ECG and 

Neurologic 
Examination

(cage side 
observations and 
restrained for the 
remainder of the 

exam):

Table 6: 13-Week Repeat Dose- ECG and neurological 
examination

(excerpted from sponsor’s report)

Respiration rate 
(visual 

assessment), 
Blood pressure 
and pulse rate

Same schedule as ECG and neurological examination. 

Ophthalmoscopy  Once Predose and week 13. 
Clinical 

pathology, and 
urinalysis  

Table 7: 13-Week Repeat Dose- Clinical pathology and urinalysis

Additionally, blood for clinical chemistry was collected on week 9 from females only
(excerpted from sponsor’s report)

Bone marrow 
cytology At necropsy for main study animals and at recovery

Immunopheno-
typing of 

peripheral blood 
leucocytes

Table 8: 13-Week Repeat Dose- Immunophenotyping

(excerpted from sponsor’s report)
Toxicokinetics, 
Pharmacodynamic
 and 
Anti-therapeutic 
Antibody (ADA):

Table 9: 13-Week Repeat Dose- Blood collection schedule for 
Toxicokinetics analysis
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(excerpted from sponsor’s report)

Table 10: 13-Week Repeat Dose- Blood collection for 
Pharmacodynamic (PD) analysis-soluble PD-L1

(excerpted from sponsor’s report)

Table 11: 13-Week Repeat Dose- Blood collection for Anti-
therapeutic Antibody (ADA) 

(excerpted from sponsor’s report)
 

Terminal 
procedures 
(organ
weight, macro-
microscopic
evaluations):

Scheduled necropsies were conducted on Day 95 (4/sex/group), 3 
days following the final dose, and following an 8-Week treatment-free 
period (Day 152, 2/sex/group). 

Microscopic evaluations were performed for all animals from all 
groups.

Evaluation of the 
lymphoid system: Was performed per ICHS8 Guideline. 

Results:

Mortality
There were no mortalities reported at all dose levels.  
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Clinical Observations
Findings were unremarkable

Body Weights 
Findings were unremarkable

Ophthalmoscopy
Findings were unremarkable

Neurologic Examinations
Findings were unremarkable

Respiration Rate 
Findings were unremarkable

Electrocardiographic, Heart Rate and Pulse Rate
Findings were unremarkable

Blood Pressure (systolic)
Findings were unremarkable
Hematology and Coagulation
Findings were unremarkable

Clinical Chemistry
Findings were unremarkable

Urinalysis
Findings were unremarkable

Organ Weights
Findings were unremarkable

Gross Pathology
Findings were unremarkable

An increase in lung adhesions was reported at doses ≥30/15 mg/kg.  The Sponsor stated that 
the finding (22%) was in the range of the laboratory historical control data (0-67% in males 
and 0-75% in females).
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Table 12: 13-Week Repeat Dose- Gross pathology

(excerpted from sponsor’s report)

Histopathology
Adequate Battery – Yes
Signed Pathology Report – Yes
All tissues analyzed in all dose/recovery groups.
Peer Reviewed- No

The predominant target organs of toxicity were lymph nodes (lumbar, mesenteric and 
mandibular), thymus and right saphenous vein (injection site).  
The thymus was identified as a target organ of toxicity in a previous 4-week toxicology study 
of MEDI4736 in monkeys.  

 MEDI4736-related microscopic findings were reported:

 At doses ≥30/15 mg/kg in the following organs:  epididymides, right saphenous vein 
(injection site), lung and bronchi, lymph nodes (lumbar, mesenteric and mandibular) 
and thymus. 

 At doses ≥60/30 mg/kg in the following organs: uterine cervix and uterus.
  

 In the recovery animals, lesions were either resolved or decreased in severity and/or 
incidence. 

Table 13: 13-Week Repeat Dose- Histopathology (terminal sacrifice)
No. of animals affected

Gender Males Females
Dose (mg/kg)

0
30/1

5/ 60/
30

200/
100 0 30/

15
60/
30

200/
100

No. examined 4 4 4 4 4 4 4 4

Treatment-related Findings:
EPIDIDYMIDES
Infiltration, Inflammatory 
Cel s
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No. of animals affected
Gender Males Females
Dose (mg/kg)

0
30/1

5/ 60/
30

200/
100 0 30/

15
60/
30

200/
100

No. examined 4 4 4 4 4 4 4 4

Treatment-related Findings:
 Minimal
 Slight

0
0

3
0

0
1

4
0

0
0

0
0

0
0

0
0

UTERINE CERVIX
Mucoid change, mucosal
 Slight 0 0 0 0 0 0 1 1
UTERUS
Infiltration, Inflammatory cells
 Minimal 0 0 0 0 0 0 1 1

RIGHT SAPHENOUS VEINS
Arteritis/Peri-arteritis
 Minimal
 Slight

0
0

2
0

2
0

1
0

0
0

0
2

2
1

2
2

LUNG AND BRONCHI
Infiltration, Inflammatory 
cells, Alveoli
 Minimal 0 1 1 1 1 3 2 2

Alveo itis, Fibrosing
 Minimal 0 1 1 1 0 0 1 0

LYMPH NODE, LUMBAR
Erythrocytosis/Erythrophago
c tosis, Sinuses
 Minimal
 Slight
 Moderate

0
0
0

1
1
0

2
1
0

1
0
0

0
0
0

0
0
0

0
0
0

2
1
1

LYMPH NODE, MESENTERIC
Erythrocytosis/Erythrophago
c tosis, Sinuses
 Minimal 0 0 0 0 0 1 1 0

Germinal Center 
Development, Decreased
 Minimal
 Slight

0
0

0
0

0
0

2
0

0
1

1
0

1
0

1
0
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No. of animals affected
Gender Males Females
Dose (mg/kg)

0
30/1

5/ 60/
30

200/
100 0 30/

15
60/
30

200/
100

No. examined 4 4 4 4 4 4 4 4

Treatment-related Findings:

LYMPH NODE, MANDIBULAR
Erythrocytosis/Erythrophago
c tosis, Sinuses
 Minimal
 Slight

0
0

0
1

1
0

0
0

0
0

0
0

0
0

2
0

THYMUS
Cyst(s) 1 1 2 2 0 2 0 1
Involution/Atrophy, Cortex
 Minimal
 Slight
 Moderate

0
1
2

0
1
1

0
1
0

2
0
0

1
0
0

2
0
0

0
1
0

1
1
0

Involution/Atrophy, Cortex 
and Medulla
 Slight
 Moderate
 Marked

1
0
0

1
1
0

0
1
2

0
1
1

1
0
0

0
0
0

1
0
0

0
1
0

Toxicokinetics
 AUC increased in an approximately dose proportional manner from 30/15 to 

200/100 mg/kg. 
 Mean terminal elimination half-life ranged from 4 to 13 days. 
 Accumulation was reported following repeat dosing. 
 No gender differences were reported.
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Table 14: 13-Week Repeat Dose- Toxicokinetics (Day 1)

   

Table 15: 13-Week Repeat Dose- Toxicokinetics (Days 36 and 85)

    (excerpted from sponsor’s report)

Anti-drug antibodies (ADA)
ADAs were detected in the majority of the animals by Day 15.  
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Table 16: 13-Week Repeat Dose- Summary of ADA results

(excerpted from sponsor’s report)

Pharmacodynamics (PD): Soluble PD-L1 
Suppression of soluble PD-L1 in serum was reported in all MEDI4736 treated animals 
from 24 hours after dosing on Day 1.  On Day 85, 9/12, 9/12 and 12/12 animals at 
30/15, 60/30 or 200/100 mg/kg, respectively, reported to have soluble PD-L1 
suppression in serum.

Correlation between ADA formation, effects on PK/PD during the dosing period:
Exposure was affected in 3 of 12 receiving 15/30 mg/kg and 3 of 12 receiving 30/60 
mg/kg.
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Table 17: 13-Week Repeat Dose- Correlation between ADA formation and PK/PD

(excerpted from sponsor’s report)

 Stability and Dosing Formulation Analysis
 Samples obtained for concentration verification analysis were within 2% of 

nominal concentrations.
 The stability was not provided by the Sponsor in this report.  The Sponsor stated 

that the homogeneity and stability of the formulations at 1 and 13.33 mg/mL were 
reported as part of  Study Number VMM0008.  Stability 
was confirmed for 8 days at nominally 4°C and 6 hours at ambient temperature.

7 Genetic Toxicology
Not conducted

8 Carcinogenicity
Not conducted
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9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
Not conducted

9.2 Prenatal and Postnatal Development
Study title:  MEDI4736 (Durvalumab) An enhanced pre- and postnatal 
development study in cynomolgus monkeys

Study no.: 8291365
Conducting laboratory and location:

Date of study initiation: 14 March 2014
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: MEDI4736, 95160-040 and 99.6%

Key Study Findings
 A maternal NOAEL was not established, and the postnatal NOAEL was 60/30 

mg/kg. 
 MEDI4736 was detected in the maternal serum, breast milk (low levels) and in 

infant serum. 
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       Observations and Results 
F0 Dams

Survival: Twice daily starting on GD 20
Clinical signs: Twice daily starting on GD 20 immediately after dosing and 1 to 

2 hours postdose
Body weight: Weekly starting on GD 20 until delivery.  After delivery, body 

weight (maternal) was recorded on Post-Partum (PP) Days 1, 7, 
14, 21, and 28; and then at 28-day intervals for up to six months.

Confirmation of 
mating:

Pregnancy was determined by ultrasonographic examination, 
starting on GD 18 to 20.  If the lumen of the uterus was 
detectable as an echo-less gap, the female was considered to 
be pregnant. The day after the start of mating was designated 
as GD 0.

Uterine content: Ultrasonographic examination was conducted once every 2 
weeks until delivery. Vaginal smears were examined daily until 
delivery.

Toxicokinetics- 
breast milk 

samples:
Collected (~ 1 mL) on PP Day 28 

Toxicokinetics – 
blood samples:

Blood was collected from maternal animals: GD 20, 34, 48, 76, 
104, 132 and 146 (predose, 1, 24, 72/168 hours post dose) and 
PP Day 28 and 56. 
Blood was collected from offspring: PP Day 1, 90 and 180

Pharmacodynamics Free sPD-L1 (not bound by MEDI4736):
Blood was collected from maternal animals: GD 20, 34, 48, 76, 
104, 132 and 146 (predose, 1/24 hours post dose) and PP Day 
28 and 56 
Blood was collected from offspring: PP Day 1, 90 and 180

Anti-Drug Antibody: Blood was collected from maternal animals: GD 20, 34, 48, 76, 
104, 132 and 146 (predose) and PP Day 28 and 56 
Blood was collected from offspring: PP Day 1, 90 and 180

Dosing solution 
analysis:

Homogeneity analysis was not conducted.  Formulation was a 
clear solution.
Concentration analysis was conducted for the first and last 
doses.

Stability was assessed under study # 8299038: the Applicant 
stated that the formulation was stable for 8 days at ±5OC.

Necropsy 
observation: PP Day 180. 

Organs examined: Heart, kidneys, lung, liver, spleen and injection sites.

F1 Generation
Day of birth: Defined as Day 0 PP

Survival: Sexed and examined externally weekly until PP 28 
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and then every 28 days for six months.
Clinical signs: Twice daily
Body weight: Weekly until PP 28 and then every 28 days for six 

months.
Physical development: On PP Days 1, 21, 56, 84, and 168

Endpoints evaluated: Head circumference, distance 
between the eyes, crown-rump length, crown heel 
length, tail length, chest circumference, length of 
upper and lower extremities and anogenital distance.

Neurological assessment 
(neurobehavioral test 

battery):

PP Days 1 and 7.
Endpoints evaluated: postural tonus (observed and 
elicited), dorsiflexion, grasp support, righting reflex, 
pone progression, clasp support, buildup, following 
of eyes, lipsmack orient, sucking, rooting, snout 
reflex, nystagmus, moro reflex and buildup.

Grip strength: PP Day 28.
The ability of infants to hold for at least 30 seconds 
and to climb was assessed. 

Skeletal Development: PP Day 100±5

Reviewer comment
X-ray was conducted under non-GLP conditions

Clinical pathology: PP Days 28 (hematology), 35 (coagulation and 
clinical chemistry) and 178.

Immunophenotyping: PP Days 28 and 178.
T-cells (T-helper-cells and cytotoxic T-cells), B-cells, 
and natural killer (NK)-cells.

Analysis of anti-KLH IgG 
and IgM for the 

assessment of T-cell 
dependent antibody 

response (TDAR):

On PP Days 137 and 158 all offspring received a 
subcutaneous injection of 1 mL KLH.

Blood was collected on PP Days 137 (prior to KLH 
injection), 151, 158 (prior to 2nd KLH injection), 171 
and 178 for analysis of anti-KLH specific IgG and 
IgM by ELISA.

Necropsy observation 
and organ weights: PP Day 180

Histopathology 
examination (limited 

tissue list):

Axillar lymph nodes, bone marrow (femur), gross 
lesions,  inguinal lymph nodes, mandibular lymph 
nodes, mesenteric lymph nodes, Peyer’s patches, 
spleen, thymus and tonsils

Histopathology peer 
review: Yes
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Results:
Dosing Solution Analysis

Samples obtained for concentration verification analysis were within the acceptable 
limits of ±10% error.

Toxicokinetics and Anti-Drug Antibodies  
Maternal (F0) 

o AUC0-7d and Cmax increased in approximate dose proportional manner at doses 
≥60/30 mg/kg. 

o MEDI4736 serum levels were detected throughout the treatment period 
(gestation period) and then declined following cessation of treatment (during 
parturition), however, levels were still detectable during the post-partum period. 

o Accumulation was reported following the administration of the maintenance dose. 
o Tmax was reported at approximately 1 hour post end-of-infusion for all doses.

Figure 10: ePPND – MEDI4736 maternal serum concentration during GD and PP 
periods

Mean Serum Concentration-time Profiles from 
Maternal Animals during the Gestation and post-partum periods
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Table 19: ePPND- Toxicokinetics parameters from maternal animals

                     (Excerpted from Applicant’s Report)

o ADA’s were reported starting on GD34 through PP 28 at doses ≥ 60/30 mg/kg. 
Three ADA positive animals showed corresponding decreases in serum 
MEDI4736 concentrations. Animal # 17677 delivered offspring that was ADA 
positive.

Table 20: ePPND- Summary of ADA results for maternal animals

                              (Excerpted from Applicant’s Report)

Breast milk
o MEDI4736 was reported in breast milk of lactating animals in a dose dependent 

manner.  
o The levels of MEDI4736 in the breast milk were a small fraction of the levels 

reported in the maternal serum (approximately 0.15% in milk compared to 
serum).
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Table 21: ePPND- Breast milk MEDI4736 concentration 
Concentration (µg/mL)PP Day 28

0 60a/30b 200a/100b

Breast milk NA 0.453±0.250 1.95±0.860
Maternal serum NA 305±142 1090±374
a= Dose administered on Day GD20 (60 and 200 mg/kg)
b=Dose administered from GD27 to birth (30 and 100 mg/kg)

Offspring (F1) 
o MEDI4736 concentrations were reported in infant’s serum on PP Day 1 at doses 

≥ 60/30 mg/kg, indicating the presence of placental transfer of the test article in 
utero.  Serum concentrations declined over time.  MEDI4736 concentrations 
were evident on PP Day 90 but no test article was reported in infant serum by PP 
Day 180. 

o MEDI4736 concentrations in the maternal and offspring serum (on GD 28 and PP 
Day 1, respectively) were approximately similar.  

Table 22: ePPND- Maternal and offspring MEDI4736 concentration during PP days

                                         (Excerpted from Applicant’s Report)
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o ADA’s were reported in 2 offspring at 60/30 mg/kg.  One positive offspring 
(#17677-1) showed corresponding decreases in serum MEDI4736 
concentrations.

Table 23: ePPND- Summary of ADA results for offspring

                               (Excerpted from Applicant’s Report)

Pharmacodynamics (free sPD-L1 not bound by MEDI4736):
Suppression of sPD-L1 levels in serum was reported in the maternal animals starting 
after the administration of the first dose through gestation (GD 146) and lactation (PP 
Day 56). In infant serum, sPD-L1 levels on PP day 1 and 90 were significantly lower 
than the control group, but were comparable by PP Day 180.

Table 24: ePPND- Maternal mean serum concentration of sPD-L1

                            (Excerpted from Applicant’s Report)
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F0 Maternal Mortality 
There were no mortalities reported.

F0 Female In-Life Animal Observations (during gestation and lactation)
Unremarkable 

F0 Female Body Weights (gestation and lactation periods)
Unremarkable 

F0 Menstrual Cycles
The Applicant stated that there were no treatment-related effects reported.  

F0 Necropsy Observations
Unremarkable.
Fetal Examinations by Ultrasound (fetal heart beat)
Unremarkable.

F0 Pregnancy Outcome
 A MEDI4736-related decrease in the number of females with normal delivery was 

reported at doses ≥60/30 mg/kg. Furthermore, an increase (20%) in early delivery was 
reported at 200/100 mg/kg relative to the control group (5%).  

Table 25: ePPND- Pregnancy outcome summary
F0 Females

Control 60/30
mg/kg

200/100
mg/kg

Number of F0 females/group 20 21 20
Number of females not-pregnant 0 1 (GD 30) 0
Mortality 0 0 0
Pregnancy Loss
Number of females aborted 
#female (abortion date)

1 
#17482 (GD34)

3 
#17635 (GD40) 
#18151 (GD48)
#18575 (GD 57)

0

Number of females with stillbirth 0 1
#18476 (GD149)

0

Number of females with unscheduled 
cesarean section (UCS) 

#female (UCS date/fetus or offspring fate)

0 1 

#18038 (GD 156, 
no heartbeat; 
GD157- UCS dead 
fetus removed )

     2

#18569 (GD129/dead fetus)
#17620* (GD 169/ offspring 
alive)

Total (%) pregnancy Loss 
(included aborted, stillbirth and dead)

1 (5%) 5 (25%) 1 (5%)

Live birth index 

(number of females with live offspring on day of 
birth /pregnancies)

19/20 (95%) 15/20 (75%) 19/20 (95%)
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Number (%) of females with early 
delivery 

#female (delivery date/Day of offspring loss 
after birth)

1 (5%)

#18036 (GD137/ 
offspring survived)

0 4 (20%)

#18580 (GD133/PP Day 1)
#17713** (GD136/PP Day 0)
#18064 (GD139/PP Day 9)
#18059 (GD141/PP Day 1)

Number (%) of females with normal 
delivery 

18 (90%) 15 (75%) 14 (70%)

Duration of gestation (mean of normal 
delivery and stillbirth)

161±7 160±8 154±10

#17620*:  The Applicant stated that the animal was found in labor but needed a cesarean section due to 
problems  during the delivery on GD 169.  
PP Day 0: day of birth. 
#17713**: infant was born alive and died on the same day (PP Day 0).

 MEDI4736 administration resulted in a non-dose related decrease in live birth index 
(75% and 95% at 60/30 mg/kg and 200/100 mg/kg, respectively, vs. 95% at the control) 
due to an increase in total pregnancy loss (25% and 5% at 60/30 mg/kg and 200/100 
mg/kg, respectively, vs. 5% at the control). The increases in pregnancy losses during 
the first (GD20-50; 10%), second (GD51-100; 5%) and third (GD101-160; 5%) trimester 
of pregnancy at 60/30 mg/kg were higher than the incidence reported in the concurrent 
control group (5%, 0% and 0%, respectively). 
The scientific literature demonstrates that a central function of the PD-1/PD-L1 pathway 
is to preserve pregnancy by maintaining maternal immune tolerance to the fetus. 
Blockade of PD-L1 signaling has been shown in murine models of pregnancy to disrupt 
tolerance to the fetus and to increase fetal loss (D'Addio et al. 2011, Guleria et al. 2005, 
Taglauer et al. 2009). As such, collectively based on the study results and the scientific 
literature, this effect was considered to be MEDI4736-related.

 It is unclear why the Applicant chose to use historical data rather than concurrent 
control data to draw study conclusions; the N in this study was sufficient and no study 
findings in the control group rendered these data unreliable. Concurrent control groups 
provide a means to control for study environmental conditions and genetic drift and 
should be used to interpret study findings, unless otherwise justified.  The concurrent 
control data was used to derive conclusions for the DART datasets.

F1 Infant Mortality
There was MEDI4736-related increase in percent of offspring mortality reported at 200/100 
mg/kg during the early postpartum period (Days 0 to 9).  No clear cause of death was identified.  
The dead neonates were born to females that delivered early, between GD 133 to 141.  Fetal 
examination of the heart beats by ultrasound and postmortem macro- and microscopic findings 
did not provide a cause of death. 
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Table 26: ePPND- Offspring survival index

In addition, one stillborn (group 2 male, see below) 

Table 27: ePPND- Summary of offspring animal fate (during maturation)

                                   (Excerpted from Applicant’s Report)
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Table 28: ePPND- Clinical observations reported prior to offspring death

Infant # (Sex) Dose
Mortality 
PP Day Clinical Observations

18344-1 (M) 60/30 
mg/kg

6 Moribund sacrificed

Terminal body weight loss (12%); 
discolored (red) eyes, skin and head; 
sunken chest, rapid respiration; ↓TBIL, 
↑CREA, ↑BU, ↑ALT, ↑Chol; 

Macroscopic findings: abnormal contents 
(gas) in the cecum, colon, ileum, jejunum 
and stomach; marked vomiting; lung 
discoloration (red); ↓ size axillary lymph 
node; discoloration of the head skin (blue); 
↓ size thymus.

Microscopic findings: hemorrhage and 
acute severe multifocal inflammation in the 
lung; thymus atrophy.

The Applicant stated that severe acute 
pulmonary inflammation (associated with 
numerous intra aveolar bacteria and slight 
hemorrhage) was considered as cause of 
the moribund condition of infant. The 
animal vomited in the days before death, 
indicating aspiration of gastric contents as 
possible reason of pulmonary changes.

18476 (F) 60/30 
mg/kg

GD149 Stillbirth based on negative lung floating 
test.
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Infant # (Sex) Dose
Mortality 
PP Day Clinical Observations

17713-1 (F) 200/100 
mg/kg

0

Found dead (floating test of the lung 
confirmed that the offspring was born live); 

Decrease body weight (4%). 
Macroscopic findings: marked head and 
brain tissue damage. The Applicant stated 
that the cause of death was injury of the 
infant by the mother. 

No data was provided to support the 
statement that the mother caused the head 
injury and subsequently the death of the 
infant.  In the absence of data, one cannot 
rule out other equally plausible scenarios 
(e.g. postmortem damage, infanticide, etc.).  

18059-1 (M) 200/100 
mg/kg

1 Found dead
Macroscopic findings: minimal autolysis 
Microscopic findings: moderate decreased 
lymphocytes in the spleen.
Decrease body weight (5%). 

The Applicant stated that no cause of death 
could be identified.

18580-1 (M) 200/100 
mg/kg

1 Found dead
Macroscopic findings: marked autolysis 
Decrease body weight (35%).

The Applicant stated that no cause of death 
could be identified.
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Infant # (Sex) Dose
Mortality 
PP Day Clinical Observations

18064-1 (F) 200/100 
mg/kg

9 Moribund sacrificed
Low body temperature; swelling back and 
trunk, eyes, nasal wings; diarrhea; 
prostrate; discolored eye and head skin 
(blue); severe skin squamous of the genital 
area; vomiting and body weight decrease 
(32%).
Macroscopic findings: 

- Minimal cachexia 
- Slight scabby skin-whole body
- Facial crusts 
- Thymus marked decreased size

Microscopic findings: 
- Decreased lymphocytes in the 

spleen
- Thymus marked atrophy
- Skin/subcutis slight multifocal 

epidermis hyperplasia; marked 
multifocal seropurulent crust

The Applicant stated that the offspring was 
killed moribund due to facial crusts, scabby 
skin and cachexia.

The cause of death was not definitive.  The 
possibility exists that facial crusts, scabby 
skin and cachexia may be associative, but 
not causative.

         PP Day 0: day of birth 

F1 Infant Clinical Observations
Unremarkable. 
F1 Infant Body Weights 
Unremarkable. 
F1 Infant External Examination and Morphology Measurements
Unremarkable. 
F1 Infant Neurobehavioral Evaluations and Grip Strength
Unremarkable. 
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F1 Infant Skeletal Development (X-ray)
Unremarkable. 
F1 Infant Clinical Pathology
Unremarkable. 
F1 Infant Immunophenotyping
In male infants on PP Day 28, CD3+CD4+T-helper cells were increased by 13% and 26% at 
60/30 mg/kg and 200/100 mg/kg, respectively.  Additionally, on PP Day 178, 16% increase 
was reported at 200/100 mg/kg.  The increase at 200/100 mg/kg on PP Day 28 was 
statistically significant (p≤0.01).
F1 Infant TDAR
There were no statistically significant differences in the mean anti-KLH IgG or anti-KLH IgM 
between the control and the MEDI4736 treated groups, on PP Days 137 to 158 post the first 
and the second KLH injections, respectively.

Figure 11: ePPND – Offspring mean anti-KLH IgG and IgM titres

 
                                      (Excerpted from Applicant’s Report)

F1 Infant Organ Weights
MEDI4736-related decreases in female thyroid/parathyroid relative weight were reported at 
doses ≥60/30 mg/kg.  
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The Applicant stated that microscopic evaluation was not conducted on this organ, because 
there were no macroscopic correlates reported. 

Table 29: ePPND- Offspring relative organ weight changes (% change over 
controls)

Dose
Group

(mg/kg) Sex
60/30

(mg/kg)
200/100
(mg/kg)

M -- --Thyroid/Para-
thyroid F -25 -35*
-- not meaningfully different than controls
* ≤0.05

F1 Infant Macroscopic Findings
Unremarkable.
F1 Infant Microscopic Findings

   There were no adverse test article-related effects reported.

Table 30: ePPND- Offspring microscopic findings
No. of infants affected

Gender Males Females
Dose (mg/kg) 0 60/30 200/100 0 60/30 200/100
No. examined 11 11 8 8 5 11
Treatment-related Findings:
Cecum
Crypt microabscess
 minimal 0 0 0 0 0 1
Hemorrhage
 minimal 0 1 0 0 0 3
Hyperplasia, GALT(gut 
associated lymphoid tissue)
 moderate
 marked
 severe

1
0
0

0
4
0

0
0
0

1
0
1

0
2
0

2
2
0

Skin/Subcutis
Hyperplasia, epithelium
 s ig t 0 0 1 0 0 1*
Parakeratosis
 s ig t 0 0 1 0 0 0
Seropurulent crust
 marked 0 0 0 0 0 1*
Ulcer
 marked 0 0 1 0 0 0
Spleen
Decrease lymphocytes 0 0 0 0 0 1*
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No. of infants affected
Gender Males Females
Dose (mg/kg) 0 60/30 200/100 0 60/30 200/100
No. examined 11 11 8 8 5 11
Treatment-related Findings:
 slight
 moderate

0 0 1* 0 0 0

Stomach 
Hemorrhage
 minimal 0 0 1 0 0 0
Inflammation 
 minimal 0 0 1 0 0 0
Thymus
Atrophy
 minimal
 marked

0
0

1*
0

0
0

0
0

0
0

0
1*

 *found dead or moribund sacrifice

10 Special Toxicology Studies

Study title:  A Tissue Cross-Reactivity Study of MEDI 4736 in Normal Human 
Tissues 

Study no.: 20014789
Conducting laboratory

 and location:
 

Date of study 
initiation: 25 August 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #: MEDI4736, CNF5186.134, Antibody No. A21925
Observations and Results

The potential of MEDI4736 to bind to B7H1 or cross-react with other endogenous 
proteins was assessed.  Thirty-five tissues from three unrelated donors were incubated 
with MEDI4736 or NIP 228 (control article) at two test concentrations (0.5 and 5 μg/mL) 
and further processed using a validated immunohistochemical staining method. The 
positive and negative controls used in this study were the cryosections of human 
placenta, trophoblastic epithelium, and the human cryosections of human cerebellum, 
neurons, respectively.   

 Positive Control: Specific MEDI4736 binding was reported at 0.5 and 5 μg/mL in all 
positive controls cells.   

 Negative Control: No specific MEDI4736 binding was reported at 0.5 and 5 μg/mL in 
any of the negative control cells. 
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 Control Article (NIP 228): No specific binding was reported with either the positive or 
negative control tissues in the control slides. 

 Positive staining with MEDI4736 was reported in the membrane and cytoplasm of 
mononuclear cells in several tissues (colon, esophagus, small intestine, kidney 
[glomerulus, tubule], liver, lymph node, pituitary, spleen, thymus, and tonsil) and 
trophoblastic epithelium (placenta) at all test concentrations. In the placenta, MEDI 
4736 stained extracellular proteinaceous material. The staining intensity of 
MEDI4736 varied from weak to strong and the response was concentration-
dependent. In addition, cytoplasmic staining (weak to moderate) was reported in the 
pituitary epithelium at the 5 μg/mL and was reduced or absent at 0.5 μg/mL.  Since 
MEDI4736 is not expected to access the cytoplasm of the cells following systemic 
administration, the clinical significance of this type of binding is minimal.  

Study title:  A Tissue Cross-Reactivity Study of MEDI 4736 in Normal 
Cynomolgus Monkey Tissues

Study no.: 20014791
Conducting laboratory

 and location:
 

Date of study 
initiation: 25 August 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #: MEDI4736, CNF5186.134, Antibody No. A21925

Observations and Results

The potential of MEDI4736 to bind to B7H1 or cross-react with other endogenous 
proteins was assessed.  Thirty-five tissues from three unrelated normal 
cynomolgus monkey tissues were incubated with MEDI4736 or NIP 228 (control 
article) at two test concentrations (0.5 and 5 μg/mL) and further processed using 
a validated immunohistochemical staining method. The positive and negative 
controls used in this study were the cryosections of human placenta, trophoblastic 
epithelium and the human cryosections of human cerebellum, neurons, 
respectively.   

 Positive Control: Specific MEDI4736 binding was reported at 0.5 and 5 μg/mL 
in all positive controls cells.   

 Negative Control: No specific MEDI4736 binding was reported at 0.5 and 5 
μg/mL in any of the negative control cells. 

 Control Article (NIP 228): No specific binding was reported with either the 
positive or negative control tissues in control slides. 

 Positive staining with MEDI4736 was reported in the membrane and 
cytoplasm of mononuclear cells (resident, migrating, infiltrating, and/or 
intravascular) in several tissues (colon, esophagus, small intestine, stomach, 
heart, lung, lymph node, ovary, pancreas, peripheral nerve, spleen, thymus 
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and tonsil) and trophoblastic epithelium (placenta) at all test concentrations. 
The staining intensity of MEDI4736 varied from weak to strong and the 
response was concentration-dependent. In addition, membrane and 
cytoplasmic staining (weak) was reported in the fallopian tube (oviduct) 
epithelium at the 5 μg/mL and was absent at 0.5 μg/mL.  Since the test article 
is not expected to access the cytoplasm of the cells following systemic 
administration, the clinical significance of this type of binding is minimal.

Conclusion 
Cytoplasmic and membrane specific staining was observed in multiple human and 
monkey tissues.  In general, cytoplasmic and membrane staining reported in 
monkey were consistent with the staining pattern reported in normal human 
tissues (mononuclear cells and trophoblastic epithelium). As such, these data 
support species relevancy.
Membrane and cytoplasmic staining was reported in the fallopian tube (oviduct) 
epithelium in monkeys, but not humans and cytoplasmic staining was reported in 
the pituitary epithelium in human but not in the monkey.  As such, the animal data 
will likely not be predictive of potential human toxicity for the fallopian tube tissue.  
Since MEDI4736 is not expected to access the cytoplasm of the cells following 
systemic administration, the clinical significance of this type of binding is minimal.

11   Integrated Summary and Safety Evaluation 

Pharmacology
The nonclinical pharmacology of durvalumab was characterized in vitro (biochemical 
and primary human immune cell based assays) and in vivo in mouse models of human 
cancer.  
Durvalumab is a human IgG1 kappa monoclonal antibody (mAb) that targets human 
PD-L1 (hPDL-1 or alternatively designated hB7-H1). The specificity of durvalumab for 
hPD-L1 relative to mouse PD-L1 and human proteins of related amino acid sequence or 
function (hPD-L2, hPD-L3, hPD-L2, hCD28, hCTLA-4, hPD-1, and CAT002) was 
assessed by ELISA.  Durvalumab bound to hPD-L1with high specificity, but did not bind 
to any of the other tested proteins and mPD-L1. The binding affinity of durvalumab to 
recombinant human PD-L1 (rhPD-L1) was approximately 3-fold that of the cynomolgus 
monkey homolog (22 and 78 pM, respectively). As such, the possibility exists that the 
animal data may underrepresent the potential toxicity in human.  In a competitive 
binding assay, it was demonstrated that durvalumab inhibited binding of the rhPD-L1 to 
rhPD-1 and rhCD80 with an IC50 of 0.1 nM and 0.04 nM, respectively.  Subsequently, 
blockade of PD-L1 by durvalumab in a cell based in vitro T-cell activation assay, 
resulted in a concentration dependent increase in the proliferation of T-cells and the 
release of interferon gamma (IFN-γ) to levels reported in cultures without PD-L1, 
suggesting that durvalumab restored T-cell activation is mediated by PD-L1. In a 
primary human T cell activation assay, human CD3+ T cells were isolated from human 
PBMCs obtained from 8 healthy donors, and the addition of durvalumab to cultures 
increased T-cell proliferation in a concentration-dependent manner.  At a concentration 
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of 3 µg/mL, 100% of the donors achieved 90% of the maximal response.  In an in vitro 
antigen-recall assay, however, durvalumab had no effect on the function of antigen 
presentation cells (APCs) through PD-L1. In a human whole blood assay, durvalumab 
did not induce the release of any cytokine (IFN-γ, interleukin [IL]-2, IL-6, and tumor 
necrosis factor alpha [TNF-α]) at concentrations that ranged from 3 to 300 μg/mL. 
Similarly, cytokine release was not reported in the 4-week toxicology study in monkeys 
treated with durvalumab. Furthermore, data from cell-based functional assays 
demonstrated that durvalumab did not trigger antibody-dependent cellular cytotoxicity 
(ADCC) or complement-dependent cytotoxicity (CDC).  In an in vivo study designed to 
investigate the impact of the presence of alloreactive human T- cells on anticancer 
activity of durvalumab in NOD/SCID mouse models of human cancers (human 
melanoma [A375] or human pancreatic adenocarcinoma [HPAC]), it was demonstrated 
that durvalumab inhibited growth of human tumor cell lines which express PD-L1 in the 
presence of human T-cells, but not when T-cells were absent.  These data suggest that 
T-cells are required for the anticancer activity of durvalumab.  

Relevant Species for the Toxicology studies
The cynomolgus monkey was a relevant nonclinical species for evaluation the potential 
toxicity of durvalumab, while rodents were not.  This conclusion was based on: 

1) the amino acid sequence homology of human PD-L1 to cynomolgus monkey PD-
L1 (96%) relative to mouse and rat (74%) 
2) in the tissue cross-reactivity study, the cytoplasmic and membrane staining 
reported in monkey were consistent with the staining pattern reported in normal 
human tissues
3) the comparable affinity for binding of durvalumab to rcynoPD-L1 and rhPD-L1 
(durvalumab interacts with rhPD-L1 approximately 3-times more strongly than with 
its cynomolgus monkey homolog)
4) the lack of binding of durvalumab to recombinant mouse PD-L1 (mPD-L1) 

Toxicology 
The safety of durvalumab was characterized in a non-GLP dose range-finding study and 
in GLP 28-day and 13-week toxicology studies in monkeys.  The exposures in the 
monkey GLP studies were up to 19.7-fold higher than the clinical AUC of 1773.2 
μg*hr/mL (at the clinically recommended dose of 10 mg/kg every two weeks). Safety 
pharmacology endpoints were incorporated into the repeat-dose toxicology studies 
(neurologic, respiratory, and electrocardiographic). No adverse durvalumab-related 
effects were reported for these study endpoints.  
  
In the non-GLP dose range study, monkeys were dosed IV (bolus) on Day 1 with 0.1 or 
1 mg/kg durvalumab, followed by 3 doses of 10 or 100 mg/kg on Day 15, 22 and 29, 
respectively. Monkeys were immunized with KLH on Days 1 and 29 to assess the 
potential effects of durvalumab on antibody response to a T cell-dependent antigen. 
One mortality was reported on Day 22 (following dosing) at 0.1/10 mg/kg possibly due 
to acute anaphylaxis reaction to durvalumab. Prior to death, clinical signs included 
hypoactivity, labored breathing and lying on the side. This animal was ADA-positive and 
high concentrations of IgE were found at the time of death. Macroscopic findings 
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included dark discoloration, uncollapsed lungs and frothy dark opaque fluid in the 
trachea. While an increase in cytokine release (IL-1β, IL-2, IL-5, IL-6, IL-10 and MCP) 
was reported at doses ≥0.1/10 mg/kg, no effect was reported at doses ranging from 
30/15 to 200/100 mg/kg in the GLP 4-week study. A decrease in KLH-specific IgM and 
IgG antibody responses were reported in both groups treated with durvalumab after 
primary immunization. However, no effect of durvalumab was reported on the antibody 
response to a secondary immunization with KLH, with regard to an antigen specific IgG 
response. 

While data in monkeys suggest that durvalumab only affected the primary responses in 
the TDAR assay, data in PD-1 deficient animal models raises concern about the use of 
durvalumab in patients with chronic infections.  In a publication by Lazar-Molnar et al., 
2010 it was suggested that PD-1 was required to control infection and inflammatory 
response in mice.  PD-1 deficient mice infected with Mycobacterium tuberculosis 
showed markedly decreased survival compared with wild-type mice; with marked lung 
inflammatory response and bacterial loads, and an increase in circulating pro-
inflammatory cytokines.  In a study by Mueller et al., 2010 comparing the survival of 
bone marrow (BM) chimeric mice used to examine the effects of PD-L1 deficiency in 
hematopoietic or nonhematopoietic cells during lymphocytic choriomeningitis virus clone 
13 (LCMV CL-13) infection, mice  lacking PD-L1 on non-BM cells demonstrated early 
mortality after infection (in 7-10 days).  Additionally, mice lacking PD-L1 on 
hematopoietic cells also died in 11 to 13 days after infection. The mice that lacked PD-
L1 expression displayed higher levels of cytokines IL-6 and TNF-α in the circulation 
compared with wild type mice, which may have contributed to their mortality.  The 
authors concluded that the inhibitory PD-1/PD-L1 pathway may be critical for controlling 
virus-induced immunopathology. 

A study that compared the effect of PD-L1 blockade by 10F.9G2 (BioXCell) during early 
and late stages of chronic LCMV infection in mice was published by Penaloza-
MacMaster et al. in 2015.  Approximately 60 days after the establishment of chronic 
LCMV infection, PD-L1 blockade resulted in a 9.6-fold rescue of exhausted virus-
specific CD8 T cells and a 2.4-fold decrease in viremia. However, by day 600 (late 
phase of a chronic LCMV infection), PD-L1 blockade resulted in negligible rescue of 
exhausted virus-specific CD8 T cell responses and no detectable reduction of viral 
loads were reported. In other study, Mueller et al. in 2007 infected mice with LCMV CL-
13 and  treated them with anti-PD-L1 blocking antibody (rat anti-mouse PD-L1 
monoclonal antibody [10F:9G2]) on day 5.  Mice were terminated two days after and the 
spleens were collected for immunohistochemistry evaluation and for flow cytometric 
analysis. PD-L1 blockage induced severe immunopathology in the spleen. 

Based on the above published literature and durvalumab’s mechanism of action, 
durvalumab may increase the inflammatory response and enhance the severity of some 
infections. The Applicant did not conduct infection animal model studies with 
durvalumab.  The clinical trial with durvalumab excluded patients with HIV; active 
tuberculosis, or hepatitis B or C infection.
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To mitigate the high incidence of immunogenicity and ADA-mediated adverse effects 
reported previously in the dose range study, the Applicant administered an IV infusion of 
durvalumab in the 4 and 13-week studies at higher initial loading doses of 30, 60, or 200 
mg/kg durvalumab on Day 1 (vs 0.1 and 1 mg/kg in the dose range study), followed by 4 
or 13 weekly doses of 15, 30, or 100 mg/kg, respectively. Exposure levels were 
approximately dose-proportional. By Day 15 in both studies, the majority of animals at 
all dose levels were ADA-positive, however, exposure was affected in only a small 
percentage of the animals. Suppression of soluble PD-L1 in serum was reported in the 
majority of durvalumab treated animals within 24 hours after dosing on Day 1 and 
continued for the duration of the dosing and throughout the recovery phase.  

No mortalities were reported in both studies. These data suggest that the higher initial 
loading doses administered on Day 1 (30 to 200 mg/kg in the pivotal studies vs 0.1 to 1 
mg/kg in the dose range) and the change in dose regimen (bolus vs infusion over 30 
minutes) may have mitigated the immunogenicity and ADA-mediated death reported in 
the dose range study. In the 4-week study, one male receiving 200/100 mg/kg/week of 
durvalumab had a rash on the legs, ears, arms, ocular regions and on the head 
approximately 6 hours after dosing on Day 29, which persisted until Day 30/31. Red 
stained urine was reported on Day 29 and 30. These findings may be attributed to 
immune-mediated response. In humans, administration of durvalumab at the 
recommended dose of 10 mg/kg (study #1108,214) resulted in immune-related adverse 
events (dermatitis or rash). No other clinical observations were reported in the 4-week 
and 13-week toxicology studies. There were no reported adverse effects of durvalumab 
on body weights, ophthalmoscopy and clinical pathology parameters. The thymus was 
identified as a target organ of toxicity in both repeat-dose studies. In the 4-week 
toxicology study, a treatment-related decrease in thymus size and weight correlated 
with a histopathological decrease in cellularity of the cortex (slight to moderate). In the 
13-week study, findings in the thymus included minimal to moderate cortex and medulla 
involution and/or atrophy. 

Other target organs of toxicity reported in the 13-week study, but not in the 4-week 
study, included effects on the lymph nodes (lumbar, mesenteric and mandibular) and 
injection site (right saphenous veins). The microscopic findings in the lymph nodes 
included minimal to moderate sinus erythrocytosis/erythrophagocytosis and decreased 
germinal center development. The microscopic findings at the injection site included 
minimal to slight arteritis/peri-arteritis. Severe infusion-related reactions were reported in 
patients (up to 1.3%) receiving durvalumab. The majority of the lesions in both monkey 
studies were either resolved or partially resolved by the end of the recovery period, 
except for choroid plexus inflammation reported in 33% of male monkeys following 
administration of 200/100 mg/kg/week of durvalumab in the 4-week study. In the 4-week 
toxicology study, the NOAEL was 60/30 mg/kg/week and the NOAEL for the 13-week 
study was the highest dose tested (200/100 mg/kg/week). 

Special Toxicology Studies
Cross-reactivity of durvalumab was evaluated in a panel of normal human and 
cynomolgus monkey tissues. Cytoplasmic and membrane specific staining were 
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reported in multiple human and monkey tissues. In general, cytoplasmic and membrane 
staining reported in monkey were consistent with the staining pattern reported in normal 
human tissues (mononuclear cells and trophoblastic epithelium). As such, these data 
support species relevancy. Additionally, membrane and cytoplasmic staining were 
reported in the fallopian tube (oviduct) epithelium in monkeys, but not humans; and 
cytoplasmic staining was reported in the pituitary epithelium in humans but not in the 
monkey. Since durvalumab is not expected to access the cytoplasm of the cells 
following systemic administration, the clinical significance of this type of the latter 
binding is minimal.

Reproductive Toxicology
The potential effects of durvalumab on reproduction and fertility were evaluated by the 
organ weights and histopathology of the male and female reproductive systems in the 
13-week repeat-dose toxicity study in monkeys (sexually mature). No adverse 
durvalumab-related findings were reported in sex organs. 

The potential effects of durvalumab on pregnancy outcome, embryo-fetal development 
and survival and postnatal development of the offspring were evaluated in an enhanced 
pre-and postnatal development study in cynomolgus monkeys (ePPND).  Upon 
confirmation of pregnancy on Gestation Day (GD) 20 a loading dose of 60 or 200 mg/kg 
durvalumab was administered. This was followed by weekly intravenous infusion doses 
of 30 or 100 mg/kg durvalumab from GD27 until natural delivery. Surviving offspring 
were observed to Post-Partum (PP) Day 180, and ADA was assessed during gestation 
and once in the post-partum period (PP Day 28).  Exposure was affected in only a small 
percent of the animals that were ADA positive. 

Durvalumab concentrations in the maternal serum were increased in an approximately 
dose-proportional manner, and durvalumab was detected throughout the treatment 
period (gestation).  While durvalumab concentrations declined following the cessation of 
treatment at parturition, levels were still detectable by PP Day 56. Additionally, 
durvalumab was detected in the breast milk of lactating mothers collected on PP Day 
28, but only at small fraction of the levels reported in the maternal serum. Likewise, 
durvalumab concentrations were reported in offspring serum on PP Day 1, indicating 
placental transfer of durvalumab in utero. Durvalumab serum concentrations in offspring 
declined over time, and by PP Day 180 there were no detectable levels reported. 
Soluble B7-H1 (sPD-L1) levels were negatively correlated to durvalumab serum 
concentrations in the maternal and offspring serum. sPD-L1 levels in the maternal 
serum showed complete suppression following the administration of the first dose of 
durvalumab.  Levels continued to be suppressed throughout gestation (GD 146) and the 
postpartum periods (PP Day 56).  The reported gradual decline of serum durvalumab 
concentrations in offspring resulted in corresponding increases in sPD-L1, and by PP 
Day 180 sPD-L1 levels were comparable to the control group. ADAs were reported in 2 
offspring at 60/30 mg/kg group. 

There were no durvalumab effects reported on maternal body weights, clinical 
observations and macroscopic findings.  Durvalumab administration resulted in 
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decreases in the percent of females with normal delivery (70% to 75% vs. 90% at the 
control).  Moreover, an increase (20%) in the percent of females with early delivery at 
200/100 mg/kg was reported relative to the control group (5%). 

Durvalumab administration resulted in a non-dose related decrease in live birth index 
due to an increase pregnancy loss. The increases in pregnancy loss during the first 
(10%), second (5%) and third-trimester (5%) of pregnancy at 60/30 mg/kg were higher 
than the incidence reported in the concurrent control (5%, 0% and 0%, respectively). 
The scientific literature demonstrates that PD-L1 is expressed in the human placenta at 
the fetal/maternal interface throughout pregnancy (Holets et al. 2006, Petroff et al. 
2003) and that a central function of the PD-1/PD-L1 pathway is to preserve pregnancy 
by maintaining maternal immune tolerance to the fetus. Blockade of PD-L1 signaling 
has been shown in murine models of pregnancy to disrupt tolerance to the fetus and to 
increase fetal loss (D'Addio et al. 2011, Guleria et al. 2005, Taglauer et al. 2009). As 
such, collectively based on the study results and the scientific literature, the effect on 
pregnancy loss was considered to be related to durvalumab.

Furthermore, there was an increase in neonatal deaths during the early postpartum 
period (days 0 to 9) reported at 200/100 mg/kg (21% vs 0% control).  No clear cause of 
death was identified. The deceased neonates were born to females that delivered early 
between GD 133 to 141. Fetal examination of the heart beats by ultrasound and 
postmortem macro-and microscopic findings did not provide a cause of death (i.e. no 
apparent dysfunction, structural anomaly or developmental delay that would account for 
mortality).   As such, the neonatal death were considered related to durvalumab.  

Consistent with these findings, durvalumab concentrations were reported in offspring 
serum during the postpartum period as early as PP Day 1, indicating the presence of 
placental transfer of the test article in utero. The maternal and offspring serum 
concentrations on GD 28 and PP Day 1 were similar. No other effects on postnatal 
development of the developing offspring were reported (neurobehavioral, external, 
morphology, immunological, skeletal development, clinical pathology and macro-
microscopic findings). In addition, durvalumab did not affect the offspring’s ability to 
mount a T-cell-dependent antigen response (TDAR) to KLH during the postpartum 
period. A maternal NOAEL was not established, but the offspring NOAEL was 60/30 
mg/kg. 
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