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ABSTRACT

Background. To review and summarize all U.S. Food and Drug
Administration (FDA) approvals of programmed death (PD)-1
and PD-ligand 1 blocking antibodies (collectively referred to as
PD-[L]1 inhibitors) over a 6-year period and corresponding
companion/complementary diagnostic assays.
Materials and Methods. To determine the indications and piv-
otal trials eligible for inclusion, approval letters and package
inserts available on Drugs@FDA were evaluated for approved
PD-[L]1 inhibitors to identify all new indications granted from
the first approval of a PD-[L]1 inhibitor on September 4, 2014,
through September 3, 2020. The corresponding FDA drug and
device reviews from the marketing applications for the approved
indications were identified through FDA internal records. Two
reviewers independently extracted information for the end-
points, efficacy data, basis for approval, type of regulatory
approval, and corresponding in vitro diagnostic device test. The
results were organized by organ system and tumor type.
Results. Of 70 Biologic Licensing Application or supplement
approvals that resulted in new indications, 32 (46%) were

granted based on response rate (ORR) and durability of
response, 26 (37%) on overall survival, 9 (13%) on
progression-free survival, 2 (3%) on recurrence-free sur-
vival, and 1 (1%) on complete response rate. Most ORR-
based approvals were granted under the accelerated
approval provisions and were supported with prolonged
duration of response. Overall, 21% of approvals were
granted with a companion diagnostic. Efficacy results
according to tumor type are discussed.
Conclusion. PD-[L]1 inhibitors are an effective anticancer
therapy in a subset of patients. This class of drugs has pro-
vided new treatment options for patients with unmet need
across a wide variety of cancer types. Yet, the modest
response rates in several tumor types signal a lack of under-
standing of the biology of these diseases. Further preclinical
and clinical investigation may be required to identify a more
appropriate patient population, particularly as drug devel-
opment continues and additional treatment alternatives
become available. The Oncologist 2021;26:e1786–e1799

Implications for Practice: The number of PD-[L]1 inhibitors in drug development and the associated companion and com-
plementary diagnostics have led to regulatory challenges and questions regarding generalizability of trial results. The inter-
changeability of PD-L1 immunohistochemical assays between PD-1/PD-L1 drugs is unclear. Furthermore, robust responses in
some patients with low levels of PD-L1 expression have limited the use of PD-L1 as a predictive biomarker across all cancers,
particularly in the setting of diseases with few alternative treatment options. This review summarizes the biomarker thresh-
olds and assays approved as complementary and companion diagnostics and provides regulatory perspective on the role of
biomarkers in oncology drug development.
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INTRODUCTION

Immunotherapy is among the most active areas of oncology
drug development, yet several uncertainties remain on how
to realize the promise of maximizing immunotherapy bene-
fits to patients with cancer, including how to better select
patients who may benefit. This systematic review provides
a regulatory overview on the U.S. Food and Drug Adminis-
tration (FDA) approvals of programmed death-1– and
programmed death-ligand 1–blocking antibodies (herein
referred to collectively as PD-[L]1 inhibitors), and highlights
complementary and companion diagnostics within the con-
text of each disease and indication. In regulatory use, the
term complementary diagnostic denotes an in vitro diagnos-
tic test that identifies a subgroup(s) of the indicated popula-
tion that has a different benefit-risk profile than the
broader population for whom the corresponding therapeu-
tic product is indicated, whereas a companion diagnostic is
considered essential for the safe and effective use of the
corresponding drug [1]. As the number of treatment
options increases in each cancer setting, including the
choice between frontline monotherapy and combination
therapy, understanding the risk-benefit ratio for each
biomarker-selected population has become increasingly
important.

MATERIALS AND METHODS

We reviewed FDA records to identify Biologic Licensing
Applications (BLAs) for anti-PD-1– and anti-PD-L1–blocking
antibodies approved during a 6-year period from the first
PD-[L]1 inhibitor approval on September 4, 2014, through
September 3, 2020. To determine the indications and piv-
otal trials eligible for inclusion, two physician reviewers
independently abstracted all approved indications from the
package inserts available on Drugs@FDA. The corresponding
FDA reviews from the marketing applications for the
approved indications were identified through FDA internal
records. All studies that formed the primary basis for
approval in the FDA review were selected for inclusion. The
reviewers extracted the main efficacy data, type of regula-
tory approval (accelerated [2] vs. regular), and basis for the
approval, including endpoints and biomarkers used, from
FDA reviews and labels. We adhered to the principles pro-
vided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses report [3].

RESULTS

During the 6-year period, six PD-[L]1 inhibitors were
approved: nivolumab, pembrolizumab, and cemiplimab were
the approved anti-PD-1 blocking antibodies; atezolizumab,
avelumab, and durvalumab were the approved anti-PD-L1
blocking antibodies (see Fig. 1 for timeline). Of 70 BLA or sup-
plement approvals that resulted in new indications, 32 (46%)
were granted based on overall response rate (ORR), 26 (37%)
were based on overall survival (OS), 9 (13%) were based on
progression-free survival (PFS), 2 (3%) were based on
recurrence-free survival, and 1 (1%) was based on complete
response rate. Since the initial approvals in 2014, the pace of

marketing applications for PD-[L]1 inhibitors has not slowed
(Fig. 1). Most ORR-based approvals were accelerated, and all
were supported by a prolonged duration of response (DOR),
including 15 of 32 approvals demonstrating a 6-month dura-
bility for greater than 75% of patients (Fig. 2). Overall,
15 (21%) of approvals were granted with a companion diag-
nostic (Fig. 1).

DISEASE-SPECIFIC CONSIDERATIONS

Dermatologic Malignancies

Melanoma
Melanoma, along with renal cell carcinoma, had been well
known to be a tumor type responsive to immunotherapy
[4]. Following the approval of the first immune checkpoint
inhibitor targeting CTLA-4, ipilimumab, the first approvals of
PD-[L]1 inhibitors were also granted in melanoma in 2014
(Fig. 1), with ORRs of 24 and 32% with pembrolizumab and
nivolumab, respectively, in refractory melanoma (Fig. 2)
[5–7]. Duration of response provided supportive evidence
for approval: 86% and 87% of the responses were still ongo-
ing at data cutoff in KEYNOTE-001 and CheckMate
037, respectively, after most patients had at least 6 months
of follow-up at the time of submission [8, 9]. Both
pembrolizumab and nivolumab were later confirmed to
confer OS benefit in earlier line settings [10–13].

In 2020, the first combination regimen of PD-[L]1 inhibi-
tor with targeted therapy was approved: atezolizumab in
combination with vemurafenib and cobimetinib for patients
with treatment-naive melanoma positive for BRAF V600E/K
mutation. This indication was approved based on the
results of IMspire150 [14], which randomized patients to
cobimetinib and vemurafenib for the first 28-day cycle and
then added atezolizumab versus placebo starting with the
second cycle. The trial demonstrated an improvement in
PFS, the primary endpoint: median 15.1 months versus
10.6 months (hazard ratio [HR], 0.78; 95% confidence inter-
val [CI], 0.63–0.97) [15].

In addition to the success in the advanced metastatic
setting, studies in melanoma demonstrated that PD-[L]1
inhibitors also are effective in nonmetastatic disease set-
tings [16, 17]. The adjuvant immune checkpoint inhibitor
options are now ipilimumab, nivolumab, and pembrolizumab.
Both nivolumab and pembrolizumab were studied in large
randomized trials with 1 year as the duration of therapy per
protocol, but the optimal duration has not been studied in a
randomized setting.

Response criteria that best capture clinical benefit in
patients treated with immunotherapy is an area of active
research. Recent reports indicated that at least 7% [18, 19] of
patients with melanoma receiving PD-[L]1 inhibitors may have
delayed response. Identifying patients with pseudoprogression
or delayed response is challenging, even with novel and
more specific response metrics such as immune RECIST
(iRECIST). The RECIST working group published consensus
guidelines in 2017 which still recommended the use of
RECIST 1.1 as the primary criteria for response-based
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endpoints for registrational trials; iRECIST could be used as an
exploratory endpoint [20].

Other Cutaneous Malignancies
Metastatic Merkel cell carcinoma (mMCC) is an aggressive
disease with a high mortality rate exceeding that of mela-
noma [21]. FDA approved both avelumab and pembrolizumab
for mMCC on the basis of ORR with prolonged duration of
responses [22, 23]. ORR in the avelumab trial in which
patients who had received one or two prior lines of therapy
was 33% (95% CI, 23.3–43.8). ORR in the pembrolizumab trial
in which patients had not received prior systemic therapy was
56% (95% CI, 41–70). Merkel cell polyomavirus (MCPyV) can
be detected in most MCCs, and, although MCPyV-positive
MCCs carry extremely low tumor mutation burden (TMB),
MCPyV-positive and MCPyV-negative mMCCs were both
reportedly associated with high response rates (62% and 44%,
respectively, with pembrolizumab) [22] and durability (83%
and 80% with ≥1 year response, respectively, with avelumab)
[24]. Thus, MCC may serve as an example of a relatively
unique situation where patients have a high probability of
response despite low TMB.

Cemiplimab-rwlc and pembrolizumab are approved for
unresectable/metastatic cutaneous squamous cell carcinoma
(cSCC) [22, 25]. Prior to September 2018, cytotoxic chemo-
therapy was used but no systemic therapies were FDA
approved for locally advanced unresectable/metastatic cSCC
[26]. In the trials that led to approval of cemiplimab-rwlc and
pembrolizumab (R2810-ONC-1423/-1540 and KEYNOTE-629),
34%–47% of patients with advanced cSCC experienced an
objective responses, with a DOR of ≥6 months in 60%–69% of
responders [26, 27]. The location of disease is important in
considering the degree of clinical benefit for a response, and
photographic evidence of improvement in disfiguring lesions
was supportive in the FDA review of these indications.

Thoracic Malignancies
In contrast to melanoma and renal cell cancer (RCC), lung
cancer was previously not considered an immunogenic can-
cer type after a history of failed immunotherapy clinical tri-
als over decades. Between 2015 and 2017, four PD-[L]1
inhibitors were approved for non-small cell lung cancer
(NSCLC) [15, 22, 28, 29], and drug development in this area
has continued to be productive. Various combinations with

Figure 1. Timeline of PD-[L]1 inhibitor approvals. Notes : approvals for new indications are shown in the figure. Conversions from
accelerated to regular approval are not shown.
Abbreviations: CRC, colorectal cancer; cutaneous squamous cell carcinoma; ESCC, esophageal squamous cell carcinoma; GEJ, gastro-
esophageal junction; HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; HNSCC, head and neck squamous cell carcinoma; MSI-h,
microsatellite instability high; NSCLC, non-small cell lung cancer; PMBCL, primary mediastinal B cell lymphoma; RCC, renal cell carci-
noma; SCLC, extensive-stage small cell lung cancer; TMB, tumor mutation burden-high; TNBC, triple-negative breast cancer.
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vascular endothelial growth factor inhibitors and chemo-
therapy have been explored, and the first postchemoradiation
consolidation therapy was approved [29–34]. Patient selec-
tion to optimize risk-benefit ratio continues to be an area in
need of refinement. Until June 2020, the only biomarker
approved for patient selection of therapy in NSCLC was PD-
L1. This reflects the designs and statistical analysis plans of
the trials that led to approval in this setting. The statistical
testing hierarchies generally did not include other biomarker-
defined populations beyond PD-L1. FDA typically regards the
results of comparisons that are not prespecified as explor-
atory [35]. Since approvals for first-line combination
(pembrolizumab with chemotherapy, atezolizumab with che-
motherapy and bevacizumab, and nivolumab with ipilimumab
and two cycles of platinum doublet) regimens for patients
irrespective of PD-L1 expression have been granted, another
question has emerged: when would PD-L1–expressing (≥1%),
treatment-naive patients achieve the optimal risk-benefit
ratio with PD–[L]1 inhibitor monotherapy, and in which situa-
tions would the additional potential benefit of a PD–[L]1
inhibitor combined with chemotherapy outweigh the risks?
An ongoing SWOG trial (INSIGNA, NCT03793179) [36] may
provide data to guide this decision.

Over time, the need for other predictive biomarkers to
complement PD-L1 expression has become apparent. Corre-
lation between high levels of TMB and response to check-
point inhibitor therapy have been observed [37, 38], but

questions remain regarding the optimal thresholds to define
low and high mutation burden, the incremental value of
TMB to predict response over PD-L1 immunohistochemistry
(IHC), and how to address variation in TMB quantification
across diagnostic platforms (see Regulatory Challenges: Diag-
nostics and Biomarkers) [39].

Small Cell Lung Cancer
In extensive-stage small cell lung cancer (esSCLC) with dis-
ease progression on or after platinum-based chemotherapy
and at least one other line of therapy, both pembrolizumab
and nivolumab were granted accelerated approval as mon-
otherapy based on ORR [22, 28, 40]. Both indications have
subsequently been withdrawn in consultation with FDA in
late 2020 or early 2021 [41–45]. Atezolizumab was the first
approval of a PD-[L]1 inhibitor in the frontline setting. At
the time of its approval, the standard of care for frontline
therapy of esSCLC had not changed since the 1980s. The
approval of atezolizumab in combination with carboplatin and
etoposide was based on IMpower133 [46], which showed, at
the planned interim analysis, a 2-month median OS benefit
(12.3 vs. 10.3 months) with HR of 0.70 (95% CI, 0.54–0.91)
and 1-month median PFS benefit (5.2 vs. 4.3 months) with
HR of 0.77 (95% CI, 0.62–0.96). Durvalumab in combination
with carboplatin or cisplatin and etoposide was also approved
in the frontline; the CASPIAN trial showed a survival benefit
in durvalumab with chemotherapy over chemotherapy alone:

Figure 2. Response rate (RR) and duration of response in approvals based on RR. Red dots: proportion of responders with ≥6-month
duration of response. Note: data were not available for 4 indications (red dot is missing). Orange bars: partial responders; blue
bars: complete responders; black bars: 95% confidence interval.
Abbreviations: 1L-C, first line combination; 2L, second line; av, avelumab; at, atezolizumab; classic Hodgkin lymphoma; c,
cemiplimab; CRC, colorectal cancer; cSCC, cutaneous squamous cell carcinoma; d, durvalumab; dMMR/MSI-h, deficient mismatch
repair/microsatellite instability high; EC, endometrial carcinoma; esSCLC, extensive-stage small cell lung cancer; GEJ, gastroesopha-
geal junction; HCC, hepatocellular carcinoma; ICI, immune-checkpoint inhibitor naive; n, nivolumab; ni, nivolumab-ipilimumab com-
bination; NSCLC, non-small cell lung cancer; pi, cisplatin-ineligible; pl, pembrolizumab-lenvatinib combination; PMBCL, primary
mediastinal B cell lymphoma; pr, platinum-refractory; TMB, tumor mutation burden
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with OS median 13.0 versus 10.3 months and HR of 0.73
(95% CI, 0.59–0.91) [29].

Head and Neck Squamous Cell Carcinoma
Nivolumab was approved for platinum-refractory or recur-
rent head and neck squamous cell carcinoma (HNSCC) in
2016. Pembrolizumab was initially granted accelerated
approval for the same indication in 2016 as well, which was
converted to regular approval with fulfillment of a post-
marketing requirement in 2019. The ORRs in this setting
have been consistently in the range of 13.3%–16% in clinical
trials (KEYNOTE-012, CheckMate 141) [22, 28, 47, 48].
Median DOR in the trial that led to accelerated approval of
pembrolizumab based on ORR and DOR (KEYNOTE-012) was
not reached and 82% of 28 responding patients had median
DOR >6 months (Fig. 2) [22], which was superior to median
DORs with standard-of-care chemotherapy (e.g., 4.4 months
in a single-arm docetaxel trial [49]). ORRs were higher in
human papillomavirus (HPV)-positive patients (CheckMate
141), but HPV status was not predictive of survival benefit in
another trial (KEYNOTE-040 [50]). In both CheckMate
141 and KEYNOTE-040, randomized trials of PD-1 inhibitor
compared with investigator’s choice (methotrexate, doce-
taxel, or cetuximab), the survival benefit for the overall pop-
ulation was statistically significant, with HRs of 0.7–0.8.

Pembrolizumab was the first PD-[L]1 inhibitor therapy
to be approved as first-line treatment of recurrent/meta-
static HNSCC. KEYNOTE-048 demonstrated OS benefit for
pembrolizumab in two populations: (a) in combination with
platinum and 5-fluoropyrimidine (5-FU) in a non–bio-
marker-selected population; and (b) as monotherapy in
patients with combined positive score (CPS; see biomarker
section) ≥1. In the non–biomarker-selected population,
patients who received pembrolizumab in combination with
platinum and 5-FU, in comparison with combination triple-
therapy platinum, 5-FU, and cetuximab, had a hazard ratio
for death of 0.77; median OS was 13.0 months and
10.7 months, respectively. In the population with CPS ≥1,
patients who received pembrolizumab monotherapy, in
comparison to the control arm, had a hazard ratio for death
of 0.78, median OS was 12.3 months and 10.3 months,
respectively [22, 51].

Genitourinary Malignancies

Urothelial Carcinoma
PD-[L]1 inhibitors have been approved for several different
disease and treatment settings within urothelial carcinoma
(UC). For platinum-relapsed/refractory metastatic UC, five
PD-[L]1 inhibitors (atezolizumab, avelumab, durvalumab,
nivolumab, and pembrolizumab) were initially approved.
None of these approvals included a companion diagnostic;
however, nivolumab and durvalumab were approved with
complementary diagnostics (see Table 1 and supplemental
online Table) [52, 53]. The durvalumab and atezolizumab
indications were withdrawn in consultation with FDA in
February and March 2021, respectively [44, 54–56]. The
ORRs with the PD-1 inhibitors (Checkmate-275 and
KEYNOTE-045) for patients with cisplatin-refractory disease
were 20%–21% [57, 58], whereas the ORRs with PD-L1

inhibitors were 13%–17% (atezolizumab [IMvigor210],
durvalumab [NCT01693562], avelumab [JAVELIN]) [59–61].

Many patients with UC are elderly or have had tobacco
exposure. Comorbidities such as renal or cardiac dysfunc-
tion limit the safe use of cisplatin-containing chemotherapy,
the standard first-line treatment [62]. Carboplatin was gen-
erally used for these patients in clinical practice prior to
2017. Therefore, PD-[L]1 inhibitor therapies represented a
new therapeutic option in 2017.

The accelerated approvals for the first-line indications
for cisplatin-ineligible [63] patients in atezolizumab and
pembrolizumab were based on data from IMvigor210
and KEYNOTE-052, respectively, and were initially not
restricted to any biomarker-defined population [64,65].
Durable responses across all subgroups based on PD-L1
expression supported the approval for all patients regard-
less of PD-L1 expression. However, in the ongoing confirma-
tory atezolizumab (IMvigor130) and pembrolizumab
(KEYNOTE-361) trials in the first-line setting, both of which
have a PD-[L]1 inhibitor monotherapy arm and a combina-
tion PD-[L]1 inhibitor with chemotherapy arm, early
unplanned Data Monitoring Committee reviews showed
that patients with PD-L1–low expression status in the PD-[L]
1 inhibitor monotherapy arms of both trials had decreased
survival compared with patients who received cisplatin- or
carboplatin-based chemotherapy [66]. In June 2018, the
labels of both drugs were revised to limit the indications in
cisplatin-ineligible patients, to those with PD-L1 immune
cells (ICs) ≥5% (atezolizumab) or CPS ≥10 (pembrolizumab)
[67]. No companion diagnostic is required for those patients
who are both cisplatin- and carboplatin-ineligible.

During 2020, two unique disease settings within UC
were granted approval. The first was Bacillus Calmette-
Guerin (BCG)-unresponsive high-risk nonmuscle invasive
bladder (NMIBC) with carcinoma in situ with or without
papillary tumors in patients who are ineligible for or have
elected not to undergo cystectomy. Among the 70 approvals
within the study period, this was the only one granted for
complete response (CR) rate and duration of response. This
was based on KEYNOTE-057, a single-arm trial in which
patients received pembrolizumab until disease progression,
up until 24 months. The CR rate was 41% (95% CI, 31–51)
among the 96 patients with high-risk BCG-unresponsive
NMIBC, and median response duration was 16.2 months
(0.0+, 30.4+). Almost half (46%) of responding patients
experienced a CR lasting at least 12 months [22].

The other approval in 2020 was for the maintenance
treatment of advanced UC that has not progressed with
first-line platinum-containing chemotherapy, in response to
the results of JAVELIN Bladder 100 [23, 68]. Within 4–
10 weeks of completion of first-line platinum-containing
chemotherapy, patients were randomized to avelumab plus
best supportive care (BSC) or BSC alone. The primary end-
point of OS was improved in the avelumab arm (median
21.4 months) over the BSC alone arm (14.3 months), with
HR 0.69 (95% CI, 0.40–0.79).

Renal Cell Cancer
The treatment landscape for RCC is evolving rapidly. Within
the 6-year study period, three combination regimens were
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approved for frontline therapy with a PD-[L]1 inhibitor. The
first approval, nivolumab with ipilimumab, was the first
time the nivolumab 3 mg/kg until progression with
ipilimumab 1 mg/kg for 4 weeks dosing regimen was
approved, and it is the only combination regimen for RCC
incorporating two checkpoint inhibitors. It is also the only
combination regimen whose indication is limited to a spe-
cific International Metastatic RCC Database Consortium
prognostic score risk group. The nivolumab-ipilimumab
combination regimen resulted in an improved OS with HR
of 0.63 (99.8% CI, 0.44–0.89) over sunitinib for patients
with poor-/intermediate-risk disease [69]. In 2019,
KEYNOTE-426 led to the approval of pembrolizumab/
axitinib, also based on OS benefit with HR of 0.53 (95% CI,
0.38–0.74) [70]. JAVELIN Renal 100 led to the approval of
avelumab/axitinib based on PFS benefit [71].

No biomarkers were approved as complementary or
companion diagnostics for any of the RCC indications. PD-
L1 tumor cell (TC) expression has long been known to be a
poor prognostic factor [72]. However, PD-L1 TC expression
has not been shown to be a strong predictive marker of PD-
[L]1 inhibitor response. Several factors have been proposed
to explain the relative lack of predictive value of PD-L1
staining, including intratumoral heterogeneity [73]; PD-L1
expression discordance between the primary tumor (from
where most biopsies are taken) and metastatic lesions [74];
and a tumor microenvironment that may be driven by other
immune checkpoint receptors (B7-H3, TIM-3, LAG-3,
etc.) [75].

Gastrointestinal Malignancies

Hepatocellular Carcinoma, Gastric/Gastroesophageal
Junction, and Esophageal SCC
Nivolumab and pembrolizumab monotherapy were both
approved for hepatocellular carcinoma (HCC; in 2017 and
2018, respectively) based on single-arm trials with relatively
modest response rates (14.3%–17.0%) [22, 28]. However,
results were in the context of available therapies such as
tyrosine kinase inhibitors associated with single-digit
response rates with poor durability. Furthermore, half of
anti-PD-[L]1 responding patients experienced a > 1-year
duration of response (Fig. 2) [75-77] for this subset of
patients with few alternative options. In 2020, the combina-
tion of nivolumab and ipilimumab was approved for
patients with HCC who have been previously treated with
sorafenib based on patients in the combination therapy
cohort of CheckMate 040. Patients received nivolumab
1 mg/kg in combination with ipilimumab 3 mg/kg every
3 weeks for four doses, followed by single-agent nivolumab
240 mg every 2 weeks until disease progression or unac-
ceptable toxicity. This trial demonstrated an ORR of 33%
(n = 16; 95% CI, 20–48), with 31% of the responders having
a response lasting at least 24 months.

Impacting first-line standard-of-care therapy for HCC,
atezolizumab in combination with bevacizumab was
approved in May 2020 for patients with unresectable or
metastatic HCC who have not received prior systemic ther-
apy based on the IMbrave150 trial. IMbrave150 was a ran-
domized trial in patients with locally advanced unresectable

or metastatic HCC who had not received prior systemic
therapy [78]. The primary endpoint was OS, which was sig-
nificantly improved in patients who received atezolizumab
plus bevacizumab (median not reached vs. 13.2 months; HR
0.58 [95% CI, 0.42–0.79]).

In gastric/gastroesophageal junction adenocarcinoma,
pembrolizumab was approved for patients refractory to
two lines of therapy and PD-L1 CPS ≥10 after KEYNOTE-059
demonstrated an ORR of 13% by blinded review, but dura-
tion of response was more than 6 months in the majority of
responders [79, 80].

Pembrolizumab was also approved for esophageal squa-
mous cell carcinoma (ESCC) with PD-L1 CPS ≥10 in the sec-
ond line [81]. This approval was based on KEYNOTE-180 and
KEYNOTE-181. KEYNOTE-180 was a single-arm trial in third-
line whereas KEYNOTE-181 was a randomized trial in the
second line [82, 83]. In KEYNOTE-181, patients were ran-
domized to pembrolizumab monotherapy to physician’s
choice chemotherapy. The OS HR for patients with ESCC
and PD-L1 CPS ≥10 was 0.64 (95% CI, 0.46–0.90) [83]. Also,
in patients with ESCC, ATTRACTION-3 enrolled patients with
unresectable advanced, recurrent, or metastatic ESCC that
was refractory or intolerant to at least one fluoropyrimidine-
and platinum-based regimen. Patients were randomized to
nivolumab versus investigator’s choice of paclitaxel or doce-
taxel and demonstrated an improvement in OS, with medians
of 10.9 months versus 8.4 months (HR, 0.77 [95% CI, 0.62–
0.96]), regardless of tumor PD-L1 expression level [28].

Microsatellite Instability High/Deficient Mismatch
Repair-Positive Colorectal Cancer
PD-1 inhibitors were approved for both refractory and
treatment-naive deficient mismatch repair (dMMR) or
microsatellite instability high (MSI-H) colorectal cancer
(CRC) [22, 28]. Following the tissue agnostic approval of
pembrolizumab (see section below), in 2017, nivolumab
was approved for dMMR/MSI-H CRC that had progressed
following treatment with a fluoropyrimidine, oxaliplatin,
and irinotecan. This approval was based on a nivolumab
monotherapy cohort in CheckMate 142 that demonstrated
an ORR of 28%, with ≥6-month DOR in 67% [28, 84]. His-
torically, response rates of other drugs approved in this
setting (TAS-102 or regorafenib) were less than 5%
[85, 86].

In 2018, based on a combination therapy cohort of
CheckMate 142, nivolumab and ipilimumab was approved
for dMMR/MSI-H CRC that had progressed following treat-
ment with a fluoropyrimidine, oxaliplatin, and irinotecan.
This approval was based on a 46% ORR, with ≥6-month
DOR in 89% of responders [28, 87]. Because of overlapping
confidence intervals of the monotherapy and combination
therapy cohorts, and limited ability to isolate contribute of
effect without a randomized design, the postmarketing
requirement is demonstration of PFS benefit in patients
randomized to nivolumab + ipilimumab compared with
nivolumab monotherapy in CheckMate 8HW. The dMMR/
MSI-H CRC indication was extended to pediatric patients
aged ≥12 years for both nivolumab monotherapy and
nivolumab combination with ipilimumab largely based on
pharmacokinetic data and safety data from clinical trials
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involving pediatric patients receiving nivolumab and/or
ipilimumab. In July 2020, based on the KEYNOTE-177 trial,
pembrolizumab was approved for the first-line treatment of
patients with unresectable or metastatic dMMR/MSI-H
colorectal cancer. In KEYNOTE-177 [88], patients with previ-
ously untreated, unresectable or metastatic MSI-H or
dMMR CRC were randomized to pembrolizumab versus
investigator’s choice of mFOLFOX6 or FOLFIRI with or with-
out bevacizumab or cetuximab. The primary endpoint of
PFS was significantly improved in the pembrolizumab arm
(median 16.5 months versus 8.2 months; HR, 0.60 [95% CI,
0.45–0.80]) [22].

Gynecologic and Breast

Cervical Cancer
The approval for pembrolizumab for refractory cervical can-
cer was granted based on ORR in a single-arm trial.
Although the ORR was in the range of single-agent chemo-
therapy, 14% among patients with PD-L1 CPS ≥1 (0 of
16 patients with PD-L1 unknown or negative responded),
almost half of responders had a DOR ≥15 months [22, 89].
This constituted an improvement in the context of the avail-
able therapies: generally single-agent chemotherapies with
high toxicity and single-digit response rates with very short
durations of response.

Endometrial Cancer
Patients with advanced endometrial carcinoma that is not
MSI-H or dMMR and with disease progression following
prior systemic therapy and not candidates for curative sur-
gery or radiation had no systemic therapy options prior to the
approval of pembrolizumab in combination with lenvatinib in
2019. It was for this population that the pembrolizumab-
lenvatinib combination was granted accelerated approval after
a collaborative review with the regulatory agencies of
Australia and Canada of KEYNOTE-146, based on the ORR of
38%, with median DOR not reached and 69% of responders
achieving a ≥ 6-month DOR [22, 81]. Data supporting contri-
bution of effect from pembrolizumab and lenvatinib came
from single-arm monotherapy studies including Study
204 (lenvatinib) and KEYNOTE-158 and KEYNOTE-028
(pembrolizumab).

Triple-Negative Breast Cancer
Atezolizumab was granted accelerated approval in 2019,
after IMpassion130 [15, 90] demonstrated an improvement
in PFS (median 7.5 months vs. 5.0 months; HR, 0.60 [95%
CI, 0.48–0.77]) with the addition of atezolizumab to nab-
paclitaxel compared with nab-paclitaxel alone for
treatment-naive patients with triple-negative breast cancer
(TNBC) and PD-L1 IC ≥1%. This approval used the acceler-
ated approval pathway, and therefore, continued approval
may be contingent upon a confirmatory trial(s) [91]. In
September 2020, FDA issued an alert regarding efficacy and
potential safety concerns based on the results of IMpas-
sion131 in which [92] the addition of atezolizumab to pacli-
taxel for treatment-naive patients with TNBC did not
improve PFS (the primary endpoint) over paclitaxel + pla-
cebo, even in patients with PD-L1 IC ≥1%. Importantly,

interim overall survival results favored paclitaxel + placebo.
FDA’s announcement served to warn providers against
replacing nab-paclitaxel with paclitaxel.

Hematologic Malignancies

Classic Hodgkin Lymphoma
Nivolumab was approved in 2016 and pembrolizumab in
2017 based on ORRs in Classic Hodgkin lymphoma (cHL) of
65%–69% [93, 94]. Some attribute the high response rates
in cHL to the nearly universal genetic alterations in 9p24.1,
resulting in constitutive expression of PD-1 ligands. As in all
cancer trials that led to approval of PD-[L]1 inhibitors, no
patients younger than age 18 participated in the clinical tri-
als on which the approvals for cHL were based, but
pembrolizumab was approved in pediatric populations with
supportive safety data from KEYNOTE-051, a phase I/II trial
enrolling patients aged 6 months to <18 years. Efficacy data
were extrapolated to pediatric patients based on the ratio-
nale that the biology of cHL in adolescents is comparable to
the pathobiology in adults [95]. Additionally, the results of
KEYNOTE-051 will be submitted to the FDA as part of a
pediatric postmarketing requirement. In the future, given
that the age distribution of cHL is bimodal, and cHL is in fact
the most common childhood cancer in the 15- to 19-year-
old age group, consideration for lowering the age for
eligibility for trials would likely provide a path to better
understand safe and effective use of novel agents in adoles-
cents and young adults and to study long-term survivorship
and effects of cancer therapy in this age group [96].

Primary Mediastinal B Cell Lymphoma
Because primary mediastinal B cell lymphoma (PMBCL) is a
rare disease, the ORR of 45% with median DOR ≥6 months
in a single-arm trial of 53 patients (KEYNOTE-170) [97] was
considered sufficient evidence as the basis for accelerated
approval of pembrolizumab. Given the similarities between
PMBCL and Hodgkin lymphoma, the postmarketing require-
ment was to report the efficacy and safety data from
KEYNOTE-204, a phase III trial comparing pembrolizumab with
brentuximab in refractory Classic Hodgkin lymphoma, which
was fulfilled in October 2020 [98].

Tissue Site-Agnostic: dMMR or MSI-high; TMB-high
Pembrolizumab is the only PD-[L]1 inhibitor approved for a
tumor site-agnostic solid tumor indication [99]. The FDA
approval processes for dMMR/MSI-high and TMB-high were
propelled by a strong biological rationale. Microsatellite
instability (MSI) is found in more than 20 cancer types and
is often associated with histopathologic hallmarks such as
somatic hypermutation and increased neoantigens and
tumor infiltrating lymphocytes, suggesting that MSI is a gen-
eralized cancer phenotype [99–101]. Although the large
majority of MSI-high tumors will have high TMB, the over-
lap of either TMB or MSI with PD-L1 is modest [102]. Alter-
native genetic mechanisms are also known to generate high
TMB, such as POLE and POLD1 mutations, particularly in
endometrial cancer [103–105].

The pembrolizumab dMMR/MSI-high indication was
defined by biomarker, but no companion diagnostics have
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yet been approved, which will be developed as a post-
marketing commitment. The benefits of pembrolizumab
were felt to outweigh the risks for patients who had already
progressed on available therapy, considering the totality of
the evidence with an ORR of 40%, durability of response,
and no new safety signals [22].

The pembrolizumab TMB-high indication with Foundation-
One CDx was based on the results of a prospectively planned
retrospective analysis of 10 cohorts of patients with previ-
ously treated unresectable or metastatic solid tumors of vari-
ous primary sites with high TMB (KEYNOTE-158). By the time
that FDA was involved in discussions on this approach to a
tumor site–agnostic TMB-defined indication, studies across
multiple tumor types had already reported improved ORR
and survival in patients with high TMB [106]. The statistical
analysis plan using KEYNOTE-158 data prespecified ≥10
and ≥ 13 mutations per megabase (mut/Mb) as cutpoints to
assess TMB, and ORR and DOR as the major efficacy out-
comes. Of 790 patients with adequate tissue for TMB testing,
102 (13%) had TMB ≥10 mut/Mb, representing several tumor
types: small cell lung cancer (n = 34), cervical cancer (n = 16),
endometrial cancer (n = 15), anal cancer (n = 14), vulvar can-
cer (n = 12), neuroendocrine cancer (n = 5), salivary cancer
(n = 3), thyroid cancer (n = 2), and mesothelioma (n = 1).
Among these 102 patients, the ORR was 29% (95% CI, 21–39),
including 4 patients with CR. Among the 30 responding
patients, 57% had a duration of response ≥12 months and
50% had a response ≥24 months. In an exploratory analysis of
the 32 patients whose cancers had TMB ≥10 mut/Mb
and < 13 mut/Mb, the ORR was 13%, including two complete
responses and two partial responses [22].

REGULATORY CHALLENGES

Endpoints
One challenge in regulatory science is identifying appropri-
ate endpoints that may lead to marketing approval for each
unique disease setting. Guidances have been published that
describe general principles [107]. For example, time-to-
event endpoints such as overall survival and progression-
free survival should be evaluated in randomized controlled
studies. However, in rare diseases such as Merkel cell carci-
noma, adequately powered randomized trials may not be
feasible in the setting of unprecedented drug effects on
durable ORR. Additionally, in tissue-agnostic situations, a
randomized design may not be practical as both the patient
population and control arm treatments would be heteroge-
neous. For single-arm trials, ORR can be attributed to the
therapy under study, as tumors do not typically regress on
their own, and this direct measure of treatment effect may
support either traditional or accelerated approval, depending
on the context. For example, ORR supported traditional
approval for cSCC because of the direct observable impact
on disfiguring cutaneous lesions, which was felt to represent
additional direct clinical benefit.

Although ORR may be an imperfect endpoint, it remains
the most important clinical endpoint in the single-arm setting,
and a large (durable) ORR result in a rare disease or context
where tumor location is likely to cause significant morbidity or

disfigurement may be considered an endpoint with its own clin-
ical benefit in and of itself. In a randomized trial setting, overall
survival remains an important endpoint as it encompasses both
efficacy and safety information to inform benefit-risk analyses.
Indeed, effects of PD-[L]1 inhibitors on overall survival have
supported marketing approvals across multiple diseases based
on improvements in OS and, rarely, labeling revisions related to
safety (e.g., observation of an increased risk of mortality) in sev-
eral clinical trials of PD-[L]1 inhibitors when added to a thalido-
mide analog plus dexamethasone) [107–110].

Diagnostics and Biomarkers
The three biomarkers that dominate clinical use are PD-L1
immunohistochemistry, TMB, and mismatch repair/MSI. Mul-
tiplex biomarkers are now also under study. Although each
individual biomarker can guide treatment in the appropriate
setting, currently, no single unifying biomarker or predictive
model has been validated across clinical contexts.

Many of the early PD-1 inhibitor approvals, mostly for
NSCLC, focused on tumor cell staining of PD-L1, whereas the
biomarkers in more recent years attempted to incorporate
the presence of immune cell infiltration and PD-L1 staining of
immune cells. Indeed, all pembrolizumab approvals for non-
NSCLC indications use CPS (combined positive score = 100 *
number of PD-L1 staining cells [tumor cells, lymphocytes,
macrophages]/number of viable tumor cells). Yet, scoring TC
membranes is more routinely performed for PD-L1 IHC, is
more standardized, and represents a more transferable skill
for pathologists experienced with other assays in the real
world [111].

An ongoing question is whether the different PD-L1
IHC assays are comparable. The Blueprint PD-L1 IHC
Assay Comparison Project [111] published results com-
paring the four PD-L1 assays in 39 NSCLC tumors. Ven-
tana SP142 was the only assay that exhibited fewer
stained tumor cells compared with the other three,
whose results were aligned. Ventana SP142 is also the
only assay for NSCLC that includes IC staining as part of
the scoring guideline.

Beyond inconsistencies in the analytical aspects of
assays, the ability of PD-L1 expression to predict which
patients derive the most benefit from PD-[L]1 inhibitors is
limited. PD-L1 expression appears to be correlated with
improved response rate, progression-free survival, and
overall survival in many tumor types [4, 6, 35, 112, 113].
However, some patients with low PD-L1 expression have
robust or durable responses, whereas some patients with
high PD-L1 expression have little to no response [112]. In
some settings, PD-L1 expression appears to be more of a
prognostic rather than predictive biomarker, as described in
the RCC section earlier.

Additionally, the use of TMB as a patient selection tool
for therapy in real-world practice and clinical trial enrich-
ment continues to be refined. Although 10 mut/Mb was
selected based on the data submitted in the pembrolizumab
application, because TMB is a continuum, the potential exists
for responses to increase if the TMB is set higher and like-
wise decrease if the TMB is set lower. Additionally, there
may be specific situations in which a patient may benefit
with lower TMBs (e.g., certain viral mediated tumors such as
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Merkel cell carcinoma or when used in combination with
chemotherapy). Multiple next-generation sequencing plat-
forms are available to measure TMB, and a harmonization
effort is underway [39, 114]. The best way to measure TMB
has not been defined: static (a single pretreatment tumor
biopsy) versus dynamic (change in tumor burden during the
course of therapy), and tumor biopsy versus circulating cell-
free tumor DNA (ctDNA) [115]. Tumor types with higher
TMB generally have higher response rates [116], and individ-
uals with higher TMB treated with checkpoint inhibitors tend
to have favorable overall survival in most tumor types, with
a few notable exceptions including RCC and Merkel cell carci-
noma [115–118]. Most studies have been based on pre-
treatment formalin-fixed paraffin embedded tumor biopsy.
Sensitivity and specificity improve with dynamic TMB com-
pared with static, but multiple biopsies to evaluate TMB in a
single patient would be invasive and burdensome [115].
Thus, the utility of ctDNA to quantify dynamic TMB and vali-
date it as a predictor of clinical benefit is an area of active
investigation [119].

Future
PD-[L]1 inhibitors are an effective anticancer therapy in a sub-
set of patients across an increasingly broad range of cancer
types. Yet, the low response rates in several tumor types sig-
nal a lack of understanding of the immunobiology of these
diseases and the mechanisms of response and resistance to
guide optimal patient selection for treatment with PD-[L]1
inhibitors. Further preclinical and clinical investigation may be
required to identify a more appropriate patient population,
particularly as drug development continues and the treat-
ment landscape for several cancers becomes increasingly

abound with new therapeutic options. However, biomarker-
driven prospective studies require codevelopment of in vitro
diagnostic tests, which brings challenges. For example, the
cutoffs (thresholds for positivity) should be prespecified prior
to trial enrollment for hypothesis-testing studies. The useful-
ness of a biomarker strategy for one tumor type may not
translate to other tumor types. FDA encourages the discus-
sion of development plans for each drug and biomarker, as
unique risk-benefit considerations must be carefully weighed
for each situation.
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