
Establishing a complementary diagnostic
for anti-PD-1 immune checkpoint
inhibitor therapy

New therapies targeting the programmed death receptor-1 (PD-1)
are changing the outcomes of patients with advanced cancers, with
randomized trials reporting improvements in overall survival (OS)
compared with standard treatment [1–6]. However, there is debate
about whether patients should be selected for treatment with these
agents based on expression of the PD-1 ligand, PD-L1. The US
Food and Drug Administration (FDA) has approved nivolumab
for the treatment of advanced melanoma, non-small-cell lung
cancer (NSCLC), renal cell carcinoma (RCC), and relapsed
Hodgkin lymphoma regardless of PD-L1 expression; pembrolizu-
mab for advanced NSCLC in tumors expressing PD-L1, as deter-
mined by an FDA-approved test, and for advanced melanoma;
and atezolizumab for previously treated locally advanced or meta-
static urothelial carcinoma, regardless of PD-L1 expression. The
European Medicines Agency has approved nivolumab and pem-
brolizumab for advanced melanoma, and nivolumab for advanced
NSCLC and RCC. The FDA also approved the combination of
nivolumab and ipilimumab for advanced melanoma. In addition,
the FDA has approved companion (pembrolizumab) and comple-
mentary (nivolumab and atezolizumab) PD-L1 assays.
Key questions to inform the role of PD-L1 in patient selection

include:

• Does tumor PD-L1 expression identify a population deriving
greater benefit from PD-1 inhibition than tumors not expres-
sing PD-L1?

• Do patients with low or no tumor PD-L1 expression benefit
from PD-1-targeted therapy compared with the current
standard of care?

• Can tumor PD-L1 expression be reliably and consistently
measured?

• What threshold should be used to define tumor PD-L1-
positive expression?

Across the clinical development program of nivolumab for mul-
tiple tumor indications, Bristol-Myers Squibb addressed these key
questions as part of a comprehensive, prospective PD-L1 diagnos-
tic strategy.

immunological control of tumor growth
and role of PD-1 and PD-1 ligands
Tumor cells can up-regulate negative signals to block T-cell
activation in their local microenvironment, avoiding elimination

by the immune system [7]. PD-1 is a key inhibitory co-receptor
expressed on activated T cells and on other immune cells, includ-
ing B cells, natural killer cells, tumor-infiltrating lymphocytes,
and activated T regulatory cells [8, 9]. There are two identified
ligands for PD-1, PD-L1 and PD-L2. Expressed by immune cells
and other cell types, PD-L1 is involved in protecting tissues from
excessive inflammation and autoimmune conditions [8, 10]. PD-
L2 is primarily expressed on antigen-presenting cells [8].
Tumor cells may express PD-L1, and possibly PD-L2. Both

ligands bind to PD-1 on T cells in the tumor microenvironment,
inhibiting the T-cell response and facilitating tumor escape
from the immune system. The aim of PD-1-directed therapy is
to block this interaction, preventing or disrupting these inhibi-
tory signals, and increase the ability of the immune system to
eliminate tumor cells. PD-L1 has been shown to be expressed by
different tumor cell types, including melanoma, NSCLC, RCC,
glioblastoma, and multiple myeloma [9, 10]. Across studies and
tumor types, tumor PD-L1 expression has variably been asso-
ciated with poor or favorable prognosis, or had no association
with prognosis [9]. In some tumor types, tumor PD-L1 expres-
sion may be a surrogate for the extent to which tumors can sup-
press immune-mediated elimination.

nivolumab clinical development:
establishing the hypotheses
Nivolumab is a fully human IgG4 antibody that blocks the
interaction of PD-1 with PD-L1 and PD-L2. In a phase I study
in patients with advanced solid tumors, durable objective
responses (OR; RECIST v1.0) were reported in patients with
melanoma, NSCLC, and RCC [11]. The association between
PD-L1 status and response was investigated in a subgroup of 42
patients; all patients in this subgroup who had an OR had at
least one pretreatment tumor sample that stained positive for
PD-L1 expression (defined as ≥5% of tumor cells having expres-
sion on the cell membrane as detected using the mouse mono-
clonal anti-PD-L1 antibody 5H1). In other phase I studies,
lower frequencies of ORs were also observed in PD-L1 non-
expressing tumors. These early data suggested an association
between tumor cell PD-L1 expression and OR to nivolumab,
meriting further investigation into the relationship between
tumor PD-L1 expression and efficacy outcomes.
We hypothesized that in phase III registration trials in

melanoma, NSCLC, and RCC, nivolumab would demonstrate
superior OS to the standard of care in populations unselected
for PD-L1 expression. However, in order to establish the rela-
tionship between tumor PD-L1 expression and clinical efficacy,
we fully implemented an immunohistochemistry (IHC) assay
for PD-L1 into the clinical development program. The trials
required tumor tissue samples for all patients, and tumor PD-L1
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expression was determined using the analytically validated Dako
PD-L1 IHC 28-8 pharmDx assay [12, 13]. Efficacy outcomes
were determined across predefined ranges of 1%, 5%, and 10%
expression levels with a predetermined significance level of
P <0.2 for a treatment–marker interaction. To establish the vali-
dated PD-L1 assay, we consulted academic and industry experts
to gain their experience with the PD-L1 biomarker and assay
technology. Evaluation of PD-L1 antibodies started early in the
nivolumab development program, with the aim of expediting
development of a sensitive, specific, and reproducible prototype
IHC assay (Figure 1). We partnered with an experienced in vitro
diagnostic company (Dako) to provide a high-quality IHC test
for the clinical studies, and to optimize development, manufac-
turing, approval, and commercialization as required. We also
began discussions with the FDA Center for Devices and
Regulatory Health before analytical validation to ensure that our
plans were consistent with a premarket approval application
pathway that would be adequate for regulatory approval.

nivolumab benefit across tumor PD-L1
expression subgroups
The nivolumab phase III data demonstrated superior OS to the
standard of care in populations unselected for tumor PD-L1 ex-
pression. Nivolumab showed a consistent OS benefit in popula-
tions unselected for tumor PD-L1 expression in BRAF wild-type
melanoma compared with dacarbazine [5], in squamous [2] and
non-squamous [1] NSCLC compared with docetaxel, and in

RCC compared with everolimus [4]. Survival benefit was seen
across tumor PD-L1 expression groups in all tumor types, with
the exception of non-squamous NSCLC [1, 2, 4, 5]. Data in
non-squamous NSCLC suggested a predictive interaction
between tumor PD-L1 expression and outcome for all efficacy
end points (Figure 2) [1, 2, 14]. While this study showed no dif-
ference in OS between nivolumab and docetaxel among patients
whose tumors did not express PD-L1, the improved safety
profile and durability of ORs (median duration of response:
nivolumab, 18.3 months; docetaxel, 5.6 months) with nivolu-
mab suggest that it might be a reasonable option for patients re-
gardless of tumor PD-L1 expression [1].
The efficacy and safety of nivolumab (alone or in combination

with ipilimumab) versus ipilimumab alone were evaluated in pre-
viously untreated patients with advanced melanoma [15]. In
patients with tumor PD-L1 expression ≥5%, the median progres-
sion-free survival (PFS) was 14.0 months for both combination
therapy and nivolumab and 3.9 months for ipilimumab; the
median PFS in patients with tumor PD-L1 expression <5% was
11.2 months for the combination, 5.3 months for nivolumab, and
2.8 months for ipilimumab. However, OR rates were numerically
higher for the combination than either agent alone regardless of
tumor PD-L1 expression. OS data remain immature, but based
on current evidence, nivolumab in combination with ipilimumab
may provide better efficacy outcomes than either agent alone, par-
ticularly for patients with tumor PD-L1 expression <5%.
The safety and efficacy of nivolumab monotherapy was com-

pared with everolimus in patients with advanced RCC
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Figure 1. Co-development of a companion diagnostic for tumor PD-L1, fully integrated into the clinical development of nivolumab. Ab = antibody;
CDRH = Center for Devices and Radiological Health; IDE = investigational device exemption (application); IHC = immunohistochemistry; mAb =monoclonal
antibody; NSCLC = non-small cell lung cancer; PD-L1 = programmed death ligand 1; Ph3 = phase III; PMA = Premarket Approval Application; RCC = renal
cell carcinoma; SQ = squamous.
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previously treated with ≥1 antiangiogenic therapy [4]. There
was quantifiable tumor PD-L1 expression in 92% of patients;
90% in the nivolumab group and 94% in the everolimus group.
The median OS was higher for patients treated with nivolumab
regardless of tumor PD-L1 expression.

PD-L1: a challenging biomarker
With over 13 000 clinical samples tested with the analytically
validated PD-L1 assay, the nivolumab clinical development
program has provided considerable evidence regarding the
association between nivolumab efficacy and tumor PD-L1 ex-
pression. OS benefit has been demonstrated in NSCLC, melan-
oma, and RCC, regardless of tumor PD-L1 expression. For both
non-squamous NSCLC and melanoma, tumor PD-L1 expres-
sion ≥1%, as measured with the Dako PD-L1 IHC 28-8
pharmDx assay [12, 13], is informative regarding the magnitude
of treatment effect. Therefore, the assay was approved by the
FDA and may be considered a ‘complementary diagnostic’, in
contrast to a companion diagnostic that would be required for
the safe and effective use of nivolumab.
Two ongoing phase III trials include patients with advanced

NSCLC selected based on tumor PD-L1 expression. CheckMate
026 (NCT02041533) includes an enrichment design to investi-
gate the role of nivolumab in first-line treatment among patients
whose tumors express PD-L1. CheckMate 227 (NCT02477826)
is evaluating the benefit of nivolumab monotherapy, nivolumab
combined with ipilimumab, and nivolumab combined with
chemotherapy compared with standard chemotherapy among
patients stratified by PD-L1 tumor expression.

Beyond the relationship of tumor PD-L1 expression to nivolu-
mab efficacy, questions regarding reliability, consistency, feasibility,
and selection of an expression threshold remain controversial.
Tumor PD-L1 expression is inducible, heterogeneous, and subject
to pre-analytical variables. Furthermore, tumor PD-L1 expression
is continuously distributed, in contrast to activating mutations that
may define distinct tumor populations with different biology.
Therefore, it may not be feasible to select an expression threshold
that can identify biologically relevant subpopulations who may
receive therapeutic benefit versus those who do not.
Further challenges stem from the development by multiple

sponsors of PD-L1 assays using different monoclonal IHC anti-
body clones, scoring systems, and platforms in conjunction with
different PD-1/PD-L1 therapeutics and the availability of several
laboratory development tests [16, 17]. Efforts by industry colla-
borations and professional societies to compare analytical per-
formance and standardize testing are underway [18, 19].

conclusions
The role of PD-L1 expression in association with PD-1/PD-L1
checkpoint-directed therapy is rapidly evolving. Assay method-
ology, currently limited to IHC in vitro diagnostics, must be
rigorously validated for analytical performance to provide for
the clinical validation and utility of PD-L1 expression to be
determined through adequately controlled phase III trials com-
paring the checkpoint inhibitor to standard of care. In all
studies to date, patients with tumors that do not express PD-L1
may also receive OS and OR benefit from nivolumab; therefore,
tumor PD-L1 expression testing is not required to select patients
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Figure 2. Overall survival hazard ratios by tumor PD-L1 expression at baseline in nivolumab non-small-cell lung cancer phase III trials. aInteraction P-values
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for nivolumab therapy when alternative second-line therapies
are unavailable. Multiple phase III nivolumab clinical trials have
demonstrated that the role of tumor PD-L1 expression is dif-
ferent across tumors and lines of therapy. In studies of non-
squamous NSCLC and melanoma, tumor PD-L1 expression was
associated with greater nivolumab treatment effect. In melan-
oma, tumor PD-L1 expression may inform which patients have
a favorable risk to benefit profile with nivolumab monotherapy
compared with combination therapy with ipilimumab. For these
tumors, the Dako PD-L1 IHC 28-8 pharmDx assay has been
established as a reliable complementary and informative test.
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