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Ipilimumab

• Brand name: Yervoy®
• IUPAC: Humanized monoclonal antibody 

against CTLA-4
• KEGG: D04603
• Formula: C6742H9972N1732O2004S40

• Molecular weight: 148 kDa



Ipilimumab (Trade name: Yervoy®) 
Product Profile

• U.S. Sponsor: Bristol-Myers Squibb, Inc.

• Indication:
– Treatment of unresectable or metastatic melanoma in adults 

and pediatric
– Adjuvant treatment of patients with cutaneous melanoma with 

pathologic involvement of regional lymph nodes of more than 
1 mm who have undergone complete resection, including 
total lymphadenectomy.

• DOSE : 3 mg/kg IV (metastatic melanoma), 
10 mg/kg IV(Adjuvant melanoma)

• NDA 125377
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In vitro

• The binding to activated CD4+ T cells was found at its peak at 
day 3 and declining by day 7.

• Ipilimumab does not have CDC activity in vitro, yet mediates low 
to moderate ADCC at higher concentrations on activated (but not 
on resting) T cells, with a stronger binding to FcγRⅠ (CD64) than 
to FcγRⅡ(CD32) or FcγRⅢ(CD16) receptors for the Fc portion of 
IgG.

• In peripheral blood of patients with melanoma, a mean increase 
of activated CD8+ (statistically significant) and of CD4+ T cells, 
together with a mean decrease in naive CD4+ and CD8+ T cells, 
was observed after treatment with ipilimumab.



In vivo





Toxicology

• Single dose toxicity 

– No acute toxicity was noted in monkeys following ipilimumab
doses up to 30 mg/kg in the repeat-dose toxicology studies.

– no adverse toxicities were observed in a single-dose 
exploratory comparative pharmacokinetics study in monkeys 
of ipilimumab at 10 mg/kg. 

– Overall, the results did not raise concerns for effects of 
ipilimumab on safety pharmacology parameters in 1 month, 
and 6 month study.(clinical signs, nervous system evaluation, 
body temperature, cardiovascular evaluation, respiratory 
evaluation, electrocardiogram)



– signs consistent with acute infusion reaction were observed in 
one monkey, approximately 5 minutes after ipilimumab
treatment(difficulty breathing, cyanosis, and muffled heart 
sounds)

– The animal was re-challenged 5 months later without toxicity

• FIH starting dose: 0.1mg/kg
– the basis of preclinical pharmacology data suggested a much 

lower MABEL than NOAEL.  (50 μg/ml is lower than the 
concentrations reached in human plasma after the 3mg/kg 
dose. (Cmax ~85 μg/ml))



• Repeat dose toxicity

Study ID
Number 

of monkey
Dose (mg/kg) Day of dosing

NOEL
(mg/kg/day)

Major findings

126-002 2 3 1,4,7 3

0919-128 4 3,10 1,4,7 10 Small increase CD3+ cells. 

7114-100 4 3,30 1,4,7 3
30: > leukocyte, WBC,
lymph, neutr, mono, 

ds06064 10 10 1,8,15,22 10

0992-128 4 10 1,29
> 10+ CpG:

lymphocyte count 

1416-128 12 1,10 1,29,59 10

1-3460 5 10 0,28,56,84,140
↓ organ weight (testes, thyroi

d)





Phase 1 clinical trial

• Pilot studies of ipilimumab were first reported in 2002, with a 
Phase I study showing two PR in a cohort of 17 patients with 
unresectable melanoma treated with a single dose of ipilimumab, 
dosed at 3 mg/kg

• Treatment was well-tolerated, with only a mild rash noted. 
Subsequent studies focused on establishing appropriate dosing 
and schedule of the drug.

• A schedule of dosing every 3 weeks was adopted in several early 
studies, and the first evidence of a unique toxicity profile 
emerged from these trials. 

• Collectively, these toxicities have been described as irAE, with the 
most common events including dermatitis, colitis, and hepatitis. 
These toxicities appeared to reflect a pattern of tissue-specific 
inflammation.



Population Design/schedule Conclusion

Untreated advanced melanoma, 
n = 36

Ipilimumab 0.1-3 mg/kg plus IL-2 720,000 IU/kg
No synergistic effect in combination; antitumor 

effects of ipilimumab result from T-cell activation

Prostate cancer, colon cancer, a
nd NHL, n = 11

Ipilimumab 3 mg/kg induction then 1.5 mg/kg main
tenance monthly for four cycles

Evidence of activity and well tolerated; 

Advanced melanoma and 
ovarian cancer, n = 9

Single dose-3 mg/kg (patients previously vaccinated
—GVAX)

No serious toxicities and evidence of increased tumor 
immunity

Advanced melanoma, 
n = 11; ovarian cancer, 

n = 9

Single dose-3 mg/kg (retreatment permitted after 
2/3 months)— following GVAX

Ipilimumab following GVAX gives clinically meaningfu
l antitumor immunity without grade 3 or 4 toxicity

Advanced melanoma, 
n = 14

Ipilimumab 3 mg/kg Q3W 
plus peptide vaccine

Immune-related AEs and antitumor activity suggests 
a role for CTLA-4 in breaking tolerance to cancer anti

gens
CRPC, n = 14 (including 

pretreated patients)
Single dose-3 mg/kg

Single 3 mg/kg dose is safe; no significant autoimmu
nity

Untreated CRPC, n = 24
Dose escalation: Ipilimumab 0.5-3 mg/kg plus GM-C

SF 250 mg/m2/day

Evidence of activity and 3 mg/kg associated 
with frequent expansion of circulating cytotoxic T cell

s than lower doses

Metastatic CRPC n = 36

GM-CSF 250 mg/m2/day (days 1–14 of 28-day cycle) 
+ Ipilimumab at escalating doses (0.5–10 mg/kg) on 

day 1 
of each cycle 6

Combined with GM-CSF induced clinical responses in 
CRPC with the highest response proportion at the 3 

mg/kg dose level

Relapsed/refractory 
B-cell NHL n = 18

Ipilimumab 3 mg/kg, then monthly at 1 mg/kgⅹ3 
(dose level 1), 

then escalation to 3 mg/kg monthly

Ipilimumab has antitumor activity in patients with B-c
ell lymphoma

Abbreviation: IL-2, interleukin-2; GVAX, irradiated, autologous tumor cells engineered to secrete granulocyte macrophage colony-stimulating 
factor; PR, partial response; SD, stable disease; Q3W, every 3 weeks; CR, complete response; AEs, adverse events; CTLA-4, cytotoxic T 
lymphocyte antigen-4; CRPC, castrate-resistant prostate cancer; PSA, prostate-specific antigen; GM-CSF, granulocyte macrophage colony-
stimulating actor; TTP, time to progression; OS, overall survival; SEQ, sequential; Q3M, every 3 months; NHL, non-Hodgkin’s lymphoma.



Phase 2 clinical trial

• In a phase 2 trial (MDX010-08) of 72 patients with previously 
untreated advanced melanoma who were randomized to receive 
ipilimumab 3 mg/kg with or without DTIC, ipilimumab produced 
durable objective clinical responses and encouraging overall 
survival (OS) both alone and in combination.

• Analysis of the long-term survival of patients who received 
ipilimumab 10 mg/kg during the three key phase 2 trials (CA184-
007, CA184-008, and CA184-022) showed OS ranging from 10.2 
months in previously treated patients to 22.5 months in patients.

• The 12-month survival rates across these studies ranged from 
47.2% to 71.4% for previously treated patients,  corresponding 
18- month survival rates ranged from 34.5% to 39.4%.



• Long-term survival data for patients treated with ipilimumab in 
both MDX010-08 and MDX010-15, a phase 1/2 dose-ranging 
study in which 23 patients were treated with 10 mg/kg 
ipilimumab every 3 weeks, demonstrated a trend toward better 
survival with the higher dose (a 2-year survival rate of 36% vs. 
22% for 10 vs. 3 mg/kg).

• A dose-response relationship was clearly defined in a double-
blind Phase II study comparing ipilimumab at doses of 0.3, 3, and 
10 mg/kg every 3 weeks, followed by maintenance doses 
administered every 12 weeks But the rate of irAE was also higher 
with increased ipilimumab dose.



Patient population Design/schedule Conclusions

MDX10-08
Untreated advanced
melanoma, n = 72

Ipilimumab (3 mg/kg/month for 4 months) 
with or without DTIC (250 mg/m2 for 5 days mont

hly for 4 months)

Ipilimumab resulted in clinically meaningful respo
nses in advanced melanoma in combo. With DTIC
. Combination was well tolerated; AEs were medic

ally manageable

CA184-022
pretreated advanced 
melanoma, n = 217

0.3, 3, or 10 mg/kg Q3W for four doses then 
maintenance (Q12W)

Ipilimumab had a dose-dependent effect on effic
acy and safety, supporting further studies at a do

se of 10 mg/kg

CA184-008 
pretreated advanced 
melanoma, n = 155

10 mg/kg ipilimumab Q3W for four doses then 
maintenance (Q12W)

Ipilimumab has clinical activity with encouraging l
ong-term survival

CA184-007 
pretreated and treatment-
naive advanced melanoma

10 mg/kg Q3W for four doses and randomized to 
receive prophylactic budesonide (arm A; n = 58) 

or placebo (arm B; n = 57)

Ipilimumab has activity with encouraging survival 
and manageable AEs

CA184-042 
melanoma with brain meta
stases, steroid-free (n = 51; 
arm A) or requiring steroid

s (n = 21; arm B)

10 mg/kg Q3W for four doses; responding or 
stable patients could receive maintenance 

10 mg/kg Q12W

Ipilimumab had similar activity in brain and non-C
NS lesions

CA184-041 
chemo-naive recurrent/ me

tastatic NSCLC

Randomized, double-blind study of first-line
ipilimumab (10 mg/ kg Q3W) + CON P/C (175 m

g/m2 AUC = 6 Q3W, (n = 70); or SEQ P/C 
(n = 68), or PBO, (n = 66); after P/C, ipilimumab
maintenance therapy Q12W until toxicity or PD

Ipilimumab addition to P/C in a SEQ regimen exte
nded PFS and irPFS in NSCLC patients compared 

with P/C alone

Abbreviation: DTIC, dacarbazine; DCR, disease control rate (CR + PR + SD/n); Q12W, every 12 weeks; BORR, best objective response rate; 
CNS, central nervous system; PFS, progression-free survival; NSCLC, nonsmall cell lung cancer; CON, consecutive; PBO, 
paclitaxel/carboplatin only; irPFS, immune-related progression-free survival; P/C, paclitaxel/carboplatin; PD, progressive disease.





Phase 3 clinical trial
• MDX010-20

– A Randomized, Double-blind, Multicenter Study, MDX-010 in 
Combination with a Melanoma Peptide Vaccine, and 
Melanoma, Vaccine Monotherapy

– began in 2003 with ipilimumab treatment at 3 mg/kg based 
on evidence of safety and activity in early clinical trials.

– Primary outcome was Overall Survival (OS) (Time-to-Death) 
Difference Between MDX-010 in Combination With gp100 VS 
gp100

– Previously treated patients who received ipilimumab, with or 
without gp100 as an active control, had significantly improved 
OS compared with those who received gp100 alone



– 6 protocol amendments: (Study design was adapted to 1 
stage for subject enrollment instead of 2 stages, Laboratory 
results were to be reviewed prior to study drug infusion, The 
primary endpoint was changed from best overall response 
rate (BORR) to overall survival (OS).)

– A near doubling of 1- and 2-year survival rates with 
ipilimumab compared to gp100 was observed









• CA184‐024
– A Multi-center, Randomized, Double-Blind, Two-Arm, Phase III 

Study in Patients With Untreated Stage III (Unresectable) or IV 
Melanoma Receiving Dacarbazine Plus 10 mg/kg Ipilimumab 
(MDX-010) vs. Dacarbazine With Placebo.

– Primary outcome: overall survival rate.

– Patients were randomly assigned 1:1 to receive either 
ipilimumab (10 mg/kg) plus DTIC (850 mg/m2) or DTIC plus 
placebo (control arm)

– ipilimumab can also significantly improve survival when used 
in treatment‐naive patients with advanced melanoma.

– The OS was significantly longer in the ipilimumab plus DTIC 
group than in the DTIC plus placebo group and there was a 
24% reduction in the risk of disease progression with the 
addition of ipilimumab to DTIC.





Medical Review
• irAE : Immune-related Adverse Reactions



• Immune-mediated enterocolitis
– Across all YERVOY-treated patients (n=511), 5 (1 %) patients 

developed intestinal perforation, 4 (0.8%) patients died as a 
result of complications, and 26 (5%) were hospitalized for 
severe enterocolitis.

• Immune-mediated Hepatitis
– subjects, liver function tests continued to rise despite 

introduction of corticosteroids.

• Immune-mediated Dermatitis:
– Severe, life-threatening or fatal immune-mediated dermatitis 

occurred in 13 (2.5%) YERVOY-treated patients in clinical trial 
MDX010-20.

• Immune-mediated neuropathies, Immune-mediated 
Endocrinopathies. 









– Ipilimumab treatment was associated with immune-related 
adverse events (irAEs) including skin and subcutaneous tissue, 
gastrointestinal, endocrine, and hepatobiliary disorders. An 
increase in irAEs was seen with increasing exposure. 
Pharmacogenomic analyses showed that a missense mutation 
in CD86 (rs2681417) was associated with increased risk of 
immune-related gastrointestinal adverse events in the Phase II 
trials.

– Other associations between immune-related gene variants and 
skin, hepatobiliary, and gastrointestinal events were also seen. 

– However, methodological limitations precluded definitive 
conclusions regarding the strength of the associations.



REMS

• Risk Evaluation and Mitigation Strategies

– A drug safety program that the U.S. Food and Drug 
Administration (FDA) can require for certain medications with 
serious safety concerns to help ensure the benefits of the 
medication outweigh its risks.

– REMS are designed to reinforce medication use behaviors and 
actions that support the safe use of that medication.

• Total 4 meetings(2010-12-13, 2011-02-15, 2011-03-23, 2011-03-
24)

• Addition of the safety related labeling



• Considerations

A. The estimated size of the population likely to use the drug 
involved

B. The seriousness of the disease or condition that is to be 
treated with the drug

C. The expected benefit of the drug with respect to such 
disease or condition

D. The expected or actual duration of treatment with the drug,
E. The seriousness of any known or potential events that may 

be related to the drug 
F. Whether the drug is a new molecular entity



• Immunogenecity:

– Approximately 1.1 % of the patients treated with ipilimumab
were positive for binding anti-ipilimumab antibodies, none 
had neutralizing activity. 

– However, the presence of ipilimumab in patient Samples 
interfered with the detection of antiipilimumab antibodies. 
Thus, a more sensitive assay for anti-ipilimumab antibody 
detection and evaluation of response is requested to 
accurately assess the incidence of immunogenicity.



• Pharmacokinetics

– From 84 patients enrolled into 3 clinical trials and sparse 
PK data is available from 499 patients across 4 clinical 
trials. 

– elimination half life: 
t1/2 = 203 ± 63 hours (following a single 10 mg/kg IV)
t1/2 = 339 ± 112 hours (9 weeks after the final dose)

– Steady-state volume of distribution (Vss) was variable, 
but indicates that ipilimumab was confined to the 
plasma space (approximately 40 to 70 ml/kg)
Vss = 44 ± 6 ml/kg
Vss = 81 ± 14 ml/kg



– Ipilimumab exhibited linear PK over a dose range of 0.3 to 10 
mg/kg with a mean elimination half-life of 15 days. The inter-
individual variability for clearance was approximately 35%

– Accumulation was observed with frequent dosing.

– Population PK analyses were performed for the sparse PK data 
from 499 patients in trials CA184004, CA184007, CA184008, 
and CAI 84022. No studies were performed in healthy 
volunteers.







• Review of Efficacy

– The demonstration of efficacy of ipilimumab is primarily 
based on improvement in overall survival observed in 
Study MDX010-20.

– Having reviewed the top line survival results from that 
study, this reviewer is comfortable with the validity of 
the results of the Study MDX010-20 contained in this 
application.

– Since there is no first-line treatment for advanced 
melanoma that has been shown to improve survival, the 
approved indication for ipilimumab will be all subjects 
with advanced melanoma.



• Efficacy: A single registration trial(MDX010-20)



• The modified primary efficacy endpoint was overall survival (OS).

• The primary analysis was a stratified log-rank test to compare OS 
between the ipilimumab+gpl 100 arm and the gpl100 arm. 

• The secondary analyses were to compare OS between the 
ipilimumab+gpl100 arm and the ipilimumab monotherapy arm, 
and between the ipilimumab monotherapy and the gp100 arm.



• Exposure response
– An exploratory exposure-response (E-R) rεlationship for OS in 

patients with unresectable stage III or IV melanoma based on 
the results from phase II studies has been performed.

– These studies utilized doses of 0.3, 3 and 10 mg/kg.

– A time-to-event analysis for OS was performed with patients 
stratified into four groups according to their Cmin (0.61-19.4, 
19.5-43.7, 44-65.3, >65.3-155.3 μg/ml)





Post-marketing Requirements(PMRs)

• To develop a validated, sensitive, and accurate assay for the 
detection of a immune response (binding antibodies) to 
ipilimumab, including procedures for accurate detection of 
antibodies in Ipilimumab

• To develop a validated, sensitive, and accurate assay for the 
detection of neutralizing antibodies to ipilimumab.

• To conduct an assessment of anti-drug antibody(ADA) response 
to ipilimumab with a validated assay. 



Post-marketing Commitments(PMC)

• To identify genetic determinants of immune related adverse 
reactions caused by ipilimumab, you will obtain 95% complete 
DNA sample acquisition from the required post-marketing study 
comparing 3mg/kg vs 10mg/kb ipilimumab monotherapy and 
then conduct genome wide association analyses and specific 
candidate gene(CD86, HLA family) analyses on these samples. 

• To perform pharmacogenomics reanalysis of your dataset from 
study MDX010-20 using the adjudicated cases based on the FDA 
agreed upon case definitions of immune-related adverse reactions.



FDA Question

• Based upon what is known about exposure-response relationships 
and their variability and the groups studied, healthy volunteers vs. 
patients vs. specific

– Elderly patients: The PopPK analysis shows that age does not 
significantly affect the PK of ipilimumab.



– Gender: Gender doεs not significantly affect the PK of 
ipilimumab based on the PopPK analysis.

– Renal impairment: The PopPK analysis suggests that 
there is no effect of renal impairment on the PK of 
ipilimumab.
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