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Background: A nivolumab dosage regimen of 480mg intravenously (i.v.) every 4weeks (Q4W) was approved by FDA for the
majority of the approved indications for nivolumab.

Methods: The proposed new dosage regimen was supported by pharmacokinetic modeling and simulation, dose/exposure–
response relationships for efficacy and safety in the indicated patient populations, and the clinical safety data with the 480mg
Q4W dosage regimen. Pharmacokinetic exposures achieved with 480mg Q4W were predicted for 4166 patients in 21 clinical
studies with various types of solid and hematological tumors. Exposure–response analyses were conducted to predict 480mg
Q4W safety and efficacy across all FDA-approved indications for nivolumab.

Results: For the overall population, the geometric mean exposure achieved with 480mg i.v. Q4W was 5.2% higher for steady
state Cavg and 15.6% lower for Ctrough than those with 3mg/kg i.v. Q2W, the approved dosage regimen. The simulated
concentration–time course achieved with 480mg Q4W regimen was below the median concentration achieved with 10mg/kg
i.v. Q2W that was also studied in clinical trials. The predicted probability of adverse events was similar between 480mg Q4W and
that observed with the 3mg/kg Q2W regimen. Efficacy results were found to be similar between Q2W and Q3W dosage
regimens in patients with renal cell carcinoma. The predicted efficacy for each indication suggested that the efficacy with
480mg Q4W is unlikely to be compromised compared with that observed with 3mg/kg Q2W.

Conclusions: The model-informed analyses of predicted exposure, efficacy and safety based on data from extensive clinical
experience with nivolumab suggest that the benefit–risk profile of 480mg Q4W regimen is comparable to the approved 3mg/
kg Q2W regimen, thus providing the regulatory basis for the approval of 480mg Q4W regimen in the absence of clinical efficacy
data with this new dosage regimen.
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Introduction

Opdivo (nivolumab; Bristol-Myers Squibb) is a human immuno-

globulin subtype G4 (IgG4) monoclonal antibody that blocks the

PD-1 pathway-mediated inhibition of the antitumor immune

response by binding to the PD-1 receptor on T cells and blocking

the interaction with its ligands PD-L1 and PD-L2 [1].

The US Food and Drug Administration (FDA) has approved

Opdivo for the treatment of patients with the cancers: metastatic
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melanoma, post-surgical resection of melanoma, metastatic non-

small-cell lung cancer (NSCLC), advanced renal cell carcinoma

(RCC), urothelial carcinoma (UC), classical Hodgkin’s lymph-

oma (cHL), squamous (SQ) cell carcinoma of the head and neck

(SCCHN) and hepatocellular carcinoma (HCC). The first

approved dosage regimen of nivolumab was 3mg/kg adminis-

tered via intravenous (i.v.) infusion over 60min once every

2weeks (Q2W) [2, 3]. Subsequently, the FDA approved the dos-

age regimen of nivolumab 240mg i.v. Q2W for all approved indi-

cations based on bridging the exposure, safety and efficacy

achieved by 240mg Q2W to those observed with the nivolumab

3mg/kg Q2W dosage regimen. Clinical studies have shown that

nivolumab is also tolerated at 10mg/kg i.v. Q2W in patients with

solid tumors [4].

On 5 March 2018, the FDA added a 480mg i.v. every 4weeks

(Q4W) new dosage regimen for the majority of the approved

nivolumab indications [5]. The applicant sought this new dosage

regimen to provide healthcare providers and patients additional

flexibility. The proposed new dosage regimen was only supported

by the pharmacokinetic (PK) modeling and simulation, dose and

exposure–response (E–R) relationships for efficacy and safety in

the indicated patient population, and clinical safety data with the

480mg Q4W dosage regimen. No clinical efficacy data with the

nivolumab Q4W dosage regimen was available at the time of this

approval. This article explains the regulatory perspectives for the

approval of the nivolumab 480mg i.v. Q4Wdosage regimen.

Methods

The assessment of the benefit–risk profile of nivolumab 480mg i.v. Q4W

was based upon the comparison of nivolumab exposures predicted for

480mg Q4W, 240mg i.v. Q2W and 3mg/kg i.v. Q2W dosage regimens

pooling the results of clinical trials across all tumor types, the safety

evaluation of nivolumab 480mg Q4W predicted in E–R analyses, and

bridging the efficacy of nivolumab from clinical trials using the model-

predicted exposures for 480mg Q4W. A summary of data included for

population PKs (popPK), efficacy and safety assessment is provided in

supplementary Table S1, available atAnnals of Oncology online.

Comparison of nivolumab exposures at 480mg
Q4W, 240mg Q2W and 3mg/kg Q2W

A previously developed popPK model was applied to predict the nivolu-

mab exposure produced by 480mg Q4W dosage regimen [6]. The model

was built based on data from 4166 patients across tumor types with dos-

age regimen ranged from 0.1 to 10mg/kg Q2W and from 0.3 to 10mg/kg

Q3W. No PK data were available for nivolumab 480mg Q4W dosage

regimen.

The predicted individual exposure metrics including time-averaged

concentration (Cavg1st), peak concentration (Cmax1st) and trough concen-

tration (Ctrough1st) after the first dose, during the first 28-day cycle

(Cavg28d, Cmax28d and Ctrough28d) and at steady state (Cavgss, Cmaxss and

Ctroughss) in these patients were generated based on individual post hoc

PK parameters. These nivolumab exposure metrics predicted at 480mg

Q4W were compared with those achieved at 3mg/kg Q2W and 240mg

Q2W.

Evaluation of safety of nivolumab 480mg Q4W

Safety for 480mg Q4W were bridged by comparison of predicted expo-

sures with 480mg Q4W relative to that observed with 10mg/kg Q2W,

which is known to be reasonably safe and tolerable in clinical trials.

Additional safety assessment was conducted by evaluating the nivolumab

dose/exposure–safety relationship in 2560 patients with melanoma, SQ

NSCLC, nonsquamous (NSQ) NSCLC, RCC, SCCHN, UC and cHL

from 13 clinical trials across doses ranging from 0.3mg/kg Q3W to

10mg/kg Q2W. The evaluated safety end points were adverse events (AE)

leading to discontinuation or death (AE-DC/D), grade 3þ AE (AE-grade

3þ) and grade 2þ immune-mediated AE (AE-IM grade 2þ).

Efficacy bridging of nivolumab 480mg Q4W

The dose–response (D–R) relationships for overall survival (OS) and

overall response rate (ORR) were evaluated across tumor types (melan-

oma, RCC, SQ NSCLC and NSQ NSCLC) whenever efficacy data were

available across a dose range. The analysis population for D–R of OS

included 399 patients with melanoma, 354 patients with NSQ NSCLC,

293 patients with SQNSCLC and 607 patients with RCC.

The E–R relationships for efficacy were characterized based on primary

end points in the clinical trials supporting new or expanded indications:

OS, recurrence-free survival and ORR. The model-predicted average

(Cavg28d) and trough (Ctrough28d) concentrations over the first 28 days

(42 days for Q3W)were selected for the primary analyses of E–R. The effi-

cacy of nivolumab 3mg/kg Q2W, 240mg Q2W and 480mg Q4W based

on the clinical end points supporting approval were predicted and com-

pared using the established E–R models with Ctrough28d. For additional

details on patient population, safety and efficacy bridging analyses, see

the supplementary methods, available at Annals of Oncology online.

Results

Comparison of nivolumab exposures achieved by
480mg Q4W, 240mg Q2W and 3mg/kg Q2W

The exposure metrics for nivolumab 480mg Q4W versus 240mg

Q2W and 3mg/kg Q2Wwere summarized in Table 1. The Cavg of

the 480 Q4W regimen was in general similar to that of the 3mg/

kg Q2W; however, the Ctrough was lower for 480mg Q4W

(Figure 1A). For the overall population, the geometric means of

steady state Ctrough achieved with 480mg Q4W was 15.6% lower

compared with that with 3mg/kg Q2W. The differences in steady

state Ctrough between that predicted with 480mg Q4W and that

observed with 3mg/kg Q2W were within 20% for melanoma,

resected melanoma, NSCLC, cHL, UC and HCC and within 25%

for RCC and SCCHN. The steady state Ctrough with nivolumab

480mg Q4W relative to 240mg Q2W was �20% lower for all

relevant tumor types.

Evaluation of safety of nivolumab 480mg Q4W

The simulated concentration–time course achieved with 480mg

Q4W was well below the median concentration achieved with

10mg/kg Q2W (Figure 1B), which is known to be reasonably safe

and tolerable in clinical trials.

In Study CA209003, 130 patients with various tumor types

including melanoma, NSCLC and RCC were tested with 10mg/

kg Q2W dosage regimen [4]. The duration of treatment with

10mg/kg ranged from 2 to 122weeks, with a median of

15.9 weeks and a mean of 26.8 weeks. In this trial, treatment with

nivolumab 10mg/kg was tolerable with manageable toxicities.

The dose–response analyses for AE-DC/D, AE-grade 3þ and AE-

IM grade 2þ also indicated no evident difference between 10mg/

kg Q2W and 3mg/kg Q2W regimens. In addition, no consistent
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Table 1. Comparison of exposure among nivolumab 3mg/kg Q2W, 240 mg Q2W or 480 mg Q4W in overall population

Summary
exposure

3 mg/kg Q2W
GM, lg/ml (%CV)

240 mg Q2W
GM, lg/ml (%CV)

480 mg Q4W GM,
lg/ml (%CV)

%Diff GM
480-3 mg/kg

%Diff GM
480-240 mg

Ctrough1st 18.55 (28.89) 19.52 (32.35) 23.86 (39.97) 28.6 22.2
Cavg1st 28.43 (24.17) 29.92 (26.78) 45.81 (29) 61.1 53.1
Cmax1st 59.53 (86.05) 62.65 (86.69) 125.68 (90.8) 111.1 100.6
Cavg28 35.89 (25.16) 37.77 (28.07) 44.17 (28.75) 23.1 16.9
Ctrough28 30.14 (31.26) 31.72 (34.74) 23.86 (39.97) �20.8 �24.8
Cmax28 78.57 (68.03) 82.68 (69.29) 125.68 (90.8) 60 52
Ctroughss 69.44 (50.28) 73.08 (52.99) 58.62 (60.47) �15.6 �19.8
Cmaxss 132.23 (50.11) 139.16 (52.65) 189.71 (66.62) 43.5 36.3
Cavgss 89.18 (42.44) 93.86 (45.26) 93.86 (45.26) 5.2 0

CV, coefficient of variation; GM, geometric mean; Cavg1st, time-averaged concentration after the first dose (the first dose for 480 Q4W is twofold increase
compared with 240mg or 3mg/kg Q2W); Ctrough28, trough concentration at day 28; Cmaxss, peak concentration at steady state.

Figure 1. (A) Boxplots of predicted steady-state exposure for nivolumab 3mg/kg Q2W, 240mg Q2W and 480mg Q4W in subjects with mel-
anoma, adjuvant melanoma, NSCLC, RCC, SCCHN, UC, CHL or HCC. (B) Simulated nivolumab concentration–time profile in patients given
240mg Q2W, 480mg Q4W or 10mg/kg Q2W. The dashed (green online), solid (blue online) and dotdash (gold online) lines and shaded
bands represent the simulation-based median, 5th and 95th percentile of concentration–time profiles in patients given 240mg Q2W,
480mg Q4W or 10mg/kg Q2W.
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associations were found between nivolumab early exposure and

event rates of AE-DC/D and grade 3þAE (Figure 2).

Consistent with dose/exposure–safety relationships, the tox-

icity profile of 142 patients with unresectable or metastatic mel-

anoma treated with 480mg Q4W in Study CA209511 also

appeared similar to the safety profile observed with nivolumab

(240mg Q2W or 3mg/kg Q2W administered i.v. over 60min);

no new safety signals were identified.

Efficacy bridging of nivolumab 480mg Q4W

Extensive dose/E–R analyses were conducted to bridge the effi-

cacy of nivolumab 480mg Q4W with that observed with the

3mg/kg Q2W dosage regimen.

Dose–efficacy profiles were available for melanoma, HCC and

NSCLC with nivolumab 0.1–10mg/kg Q2W regimens, and for

RCC with 1–10mg/kg Q2W and 0.3–10mg/kg Q3W regimens.

Flat dose–efficacy relationships were found for HCC, melanoma

and RCC (Figure 3). Efficacy results were found to be similar be-

tween nivolumab Q2W and Q3W dosage regimens in patients

with RCC. For NSCLC, there appeared to be a trend of additional

benefit (especially in ORR) at 3mg/kg Q2W when compared

with 1mg/kg Q2W. However, the efficacy data in patients with

NSCLC at the 1mg/kg Q2W dosage regimen was based on a small

sample size in a dose-finding study and consistent additional

benefit at 10mg/kg over 1mg/kg was not observed.

The exposure–efficacy relationship for nivolumab was likely to

be positively biased based on data submitted to FDA for nivolu-

mab and other PD-1/PD-L1 products, especially if based on a sin-

gle arm trial with one dose level [7, 8]. These analyses were

conducted using the Ctrough28d in order to predict efficacy as the

worst-case scenario for the potential loss of efficacy. No signifi-

cant associations were identified between Ctrough28d and OS for

patients treated for metastatic or resected melanoma or between

Ctrough28d and ORR for UC, HCC or cHL after adjusting for base-

line covariates. The predicted efficacy for those tumor types based

on the final E–R models was similar between 3mg/kg Q2W and

480mg Q4W. Positive associations were identified between nivo-

lumab exposure and time to OS for RCC and NSQ-NSCLC, but

the predicted OS was similar between 3mg/kg Q2W and 480mg

Q4W (supplementary Tables S2 and S3, available at Annals of

Oncology online). For SQ-NSCLC and SCCHN, the predicted OS

were slightly lower for 480mg Q4W (median OS: 8.3months for

SQ-NSCLC and 8.8months for SCCHN) compared with 3mg/kg

Q2W (median OS: 9.2months for SQ-NSCLC and 9.3months

for SCCHN); however, they were much higher than the

Figure 2. (A) Safety event rates of AE-DC/D, AE-grade 3þ and AE-IM grade 2þ in different tested doses in 2560 patients with melanoma, SQ
NSCLC, NSQ NSCLC, RCC, SCCHN, UC and cHL. (B) Model predicted proportion of AE-IM grade 2þ events for 3mg/kg Q2W, 240mg Q2W
and 480mg Q4W by tumor type.
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Figure 3. (A) The Kaplan–Meier (KM) curve of overall survival (OS) for doses ranging from 0.1 to 10mg/kg in patients with melanoma, RCC,
SQ and NSQ NSCLC. (B) Overall response rates (ORR) across different tested doses ranging from 0.1 to 10mg/kg for patients with melanoma,
RCC, SQ-NSCLC, NSQ-NSCLC and HCC.

Original article Annals of Oncology

648 | Bi et al. Volume 30 | Issue 4 | 2019



comparator arms in the pivotal trials (supplementary Table S2,

available at Annals of Oncology online). The hazard ratios (HRs)

of different nivolumab dosage regimens relative to the control

arm in the pivotal trials predicted based on the established E–R

relationships were shown in Figure 4. The predicted HR of nivo-

lumab 3mg/kg Q2W versus the control matched the observed

HR reasonably well. The predicted HRs with nivolumab 480mg

Q4W treatment relative to the control arm were comparable to

3mg/kg Q2W for melanoma, adjuvant melanoma, NSQ-NSCLC

and RCC, and the predicted HRs of 480mg Q4W relative to the

control arm were higher than the 3mg/kg Q2W for SQ-NSCLC

(0.68 versus 0.61) and SCCHN (0.55 versus 0.48).

Discussion

Per the FDA exposure–response guidance [9], the dose and ‘E–R in-

formation is at the heart of any determination of the safety and ef-

fectiveness of drugs’ can support, or in some cases provide primary

evidence for, approval of different doses, dosage regimens, or dosage

forms, or use of a drug in different populations, when effectiveness

is already well-established in other settings. The nivolumab 3mg/kg

Q2W regimen has been extensively studied in patients across mul-

tiple solid tumors and one hematological malignancy. Robust dose/

E–R relationships for nivolumab were established to support an al-

ternative dosage regimen of 480mgQ4W.

The clinical experience and understanding of the safety profile

of nivolumab at doses ranging from 0.1 to 10mg/kg Q2W or

Q3W as well as the predicted exposures for the 480mgQ4W regi-

men provided confidence that the 480mg Q4W regimen would

be reasonably safe and tolerable. The extensive dose/E–R analyses

of multiple AEs predicted that the safety profile of nivolumab

480mg Q4W would be similar to the established safety profile at

3mg/kg Q2W. This was further supported by the observed safety

profile with nivolumab 480mgQ4W in Study CA209511.

The efficacy profiles observed across doses ranging from 0.1 to

10mg/kg Q2W for melanoma and from 0.3 to 10mg/kg Q3W for

RCC provided primary evidence for efficacy bridging. The expos-

ure–efficacy relationship for nivolumab was likely to be positively

biased, especially if it was based on a single arm trial with one dose

level. This bias is likely due to the decreased clearance of monoclo-

nal antibodies over time in responders [7, 8]. Based on the effect

of nivolumab early exposure (Ctrough over first 28 days) on OS in

patients with RCC shown in supplementary Figure S1, available at

Annals of Oncology online, the slope of exposure on efficacy for a

3mg/kg single dose from Study CA209025 was much steeper than

the slope for the multiple doses. This inconsistency has been iden-

tified previously in the E–R analyses for melanoma [10].

Efficacy with nivolumab 480mg Q4W was predicted based on

positively biased E–R analyses using Ctrough28d as the worst-case

scenario. The comparable efficacy prediction for melanoma, ad-

juvant melanoma, RCC, cHL, UC, NSQ-NSCLC and HCC, and

slightly lower efficacy prediction for SQ-NSCLC and SCCHN

with 480mg Q4W compared with 3mg/kg Q2W provided fur-

ther evidence that survival benefit for 480mg Q4W is unlikely to

be compromised. It is worth noting that the above efficacy pre-

diction based on potentially biased E–R relationships probably

overpredicted the efficacy loss for the 480mg Q4W over the

3mg/kg Q2W for SQ-NSCLC and SCCHN. The difference in

nivolumab exposure (Cavg and Ctrough) between low body-weight

and high body-weight patients with 3mg/kg Q2W was larger

than that caused by the dosage regimen change. However, body

weight was not identified as a significant covariate that affects ef-

ficacy, which indicated that a 20% difference in Ctrough between

the 480mgQ4W and 3mg/kg Q2W is unlikely to have any mean-

ingful impact on the clinical outcome of nivolumab treatment.

Figure 4. Predicted hazard ratios (HRs) of nivolumab 3mg/kg Q2W, 240mg Q2W and 480mg Q4W relative to comparator arm in pivotal tri-
als across tumor types of melanoma, RCC, NSCLC, SCCHN and adjuvant melanoma. Note: First row in each of the plots represents the
observed HR of nivolumab 3mg/kg Q2W relative to comparator arm. The dot represents the median and the error bar represents the 95%
confidence interval.
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Furthermore, the difference in Ctrough between 480mg Q4W

and 3mg/kg Q2W does not represent the exposure difference for

the entire dosing interval as the Cavg between the two dosage regi-

mens was similar. The similar efficacy between Q2W and Q3W

dosage regimen and across 0.3–10mg/kg Q3W regimens for RCC

provided additional confidence that decreasing dose frequency

from Q2W to Q4W while maintaining total monthly dose was

unlikely to compromise the efficacy. Multiple efficacy trials (e.g.

CheckMate 384) [11] using the nivolumab 480mg Q4W dosage

regimen as one of the treatment arms are ongoing. Results from

these clinical trials will provide further clinical experience with

nivolumab 480mgQ4W dosage regimen.

The potential to use a less frequent dosage regimen for PD-1 or

PD-L1 inhibitors could provide healthcare providers and patients

additional flexibility to individualize treatment as well as allowing

investigators/pharmaceutical companies flexibility in the design of

future clinical trials for PD-1/PD-L1 inhibitors, especially in the

setting of combination therapy. The approach to approval of a new

dosage regimen described here may inform the dosage regimen

change of other anti-PD-1/PD-L1 mAbs and possibly other mAbs.

A comprehensive clinical understanding of the drug products and

availability of the efficacy and safety data from a wide range of dos-

age regimens are essential to support the bridging. Available PK

data and established E–R relationships in all pivotal trials facilitate

the efficacy and safety bridging of an untested dosage regimen.

However, one should be cautious when interpreting and applying

the E–R relationship for mAbs if the relationship is based on data

from a single dose, because exposure can be confounded by target-

mediated clearance or interaction between disease response and

clearance. Inconsistent results between D–R and E–R relationships

for nivolumab and between E–R relationships based on single dose

and multiple doses in patients with RCC serves as an example. A

well-controlled dose-ranging trial with randomized arms can cir-

cumvent the potential confounded E–R relationship.

A well-understood dose–efficacy profile at a lower efficacious

nivolumab dose in several tumor types (melanoma, NSCLC and

RCC) provides the pivotal evidence for the approval of the 480mg

Q4W dosage regimen. However, for other anti-PD-1 or PD-L1

mAbs or anticancermAbs, a dose–efficacy profile at a lower effica-

cious dose with exposure equal to or lower than the exposure with

the proposed dosage regimen may not be available. Given that

anti-PD-1 or PD-L1 mAbs are generally not with a narrow thera-

peutic range, the Clinical Pharmacology-based ‘exposure-match-

ing’ approach leveraging the bioequivalence principle to bridge

efficacy in support of an untested dosage regimen (assuming

safety is covered) might be reasonable. The details of the ‘expos-

ure-matching’ approach is currently under extensive evaluation.

Discussion

Conclusion

Overall, the approval of the 480mg Q4W dosage regimen for

nivolumab was supported by the population PK simulations, flat

dose–response relationships for efficacy and safety in the patient

populations across clinical studies supporting all approved nivo-

lumab indications, and the available clinical safety data with the

480mg Q4W and 10mg/kg Q2W dosage regimens. The similar

OS across 0.3, 2 and 10mg/kg Q3W dosage in 167 patients with

RCC in Study CA209010 provided reassurance that decreasing

dosing frequency from Q2W to Q4W while maintaining similar

exposure was unlikely to compromise the efficacy. Predictions

based on E–R relationships across the various tumor types indi-

cated that the efficacy with 480mg Q4W is unlikely to be com-

promised. Multiple efficacy trials using the nivolumab 480mg

Q4W dosage regimen as one of the treatment arms are ongoing.

The model-informed analyses of predicted exposure, efficacy

and safety based on extensive clinical experience of nivolumab

provided the regulatory basis for the approval of the 480mg

Q4W new dosage regimen in the absence of the empirical clinical

efficacy data, since the model has been shown to be robust for

prediction of safety, efficacy, and PKs. Where exposure or Cmax

with a new dosage regimen is appreciably higher than that previ-

ously studied, additional safety data may be required. With the

passage of PUDFA VI, the FDA is committed to advancing

model-informed drug development, which will ultimately facili-

tate drug development and approval of alternative dosage

regimens.
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