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ABSTRACT

Background. The programmed death 1 (PD-1) checkpoint
inhibitors (CKIs) can lead to immune-related adverse events
(irAEs). We sought to evaluate whether the development of
irAEs correlates with treatment response in non-melanoma
malignancies.
Materials and Methods. We conducted a retrospective study
of patients who received anti-PD-1 CKI monotherapy at Fox
Chase Cancer Center. Endpoints included overall response rate
(ORR), time to next therapy or death (TTNTD), and overall sur-
vival (OS). Fisher’s exact tests and logistic regression models
were used to determine the association between irAE incidence
and ORR, and Kaplan-Meier curves with log-rank tests and
Cox regression models were used for the comparison of TTNTD
and OS.
Results. Between November 2011 and November 2016, 160
patients were treated with >1 dose of an anti-PD-1 CKI.
Seventy-three (46%) were treated on a clinical trial. Immune-

related adverse events were noted in 64 patients (40%), with
steroids required in 36 (23%). Of the 142 patients evaluable for
clinical response, 28 patients (20%) achieved a partial response
at first scan. An association between irAEs and ORR was seen in
clinical trial patients (p 5 .007), but not in non-trial patients
(p 5 .13). When controlling for clinical trial participation and
cancer type using multivariate analysis, low-grade irAEs had
higher ORR (p 5 .017) and longer TTNTD (p 5 .008). No associa-
tion between irAE incidence and OS was seen (p 5 .827).
Immune-related adverse events that required steroid treat-
ment were marginally associated with increased TTNTD
(p 5 .05, hazard ratio 0.62) but were not associated with OS
(p 5 .13).
Conclusion. We demonstrate several positive associations
between the development of irAEs and clinical outcomes in
non-melanoma patients treated with PD-1 CKIs, for which fur-
ther validation is required.The Oncologist 2017;22:1232–1237

Implications for Practice: This study evaluated whether the development of immune-related adverse events in non-melanoma
patients treated with programmed cell death 1 checkpoint inhibitors correlates with improved clinical outcomes. The results
indicate that for a subset of patients, in particular those with low-grade immune-related adverse events, immune-related adverse
events predicted for an improved response rate and longer time to next therapy or death.

INTRODUCTION

Immune checkpoint inhibitors (CKI) are a novel class of immu-
notherapeutic agents now being used in clinical practice for
many advanced malignancies. Their mechanism of action is
based on relieving the immune system’s innate stop signal for
maintaining self-tolerance [1]. Checkpoint blockade targeting
the programmed cell death 1 (PD-1) receptor, or its primary
ligand PD-L1, with pembrolizumab, nivolumab, or atezolizu-
mab, has received U.S. Food and Drug Administration (FDA)
approval for the treatment of metastatic melanoma, non-small
cell lung cancer (NSCLC), renal cell carcinoma (RCC), Hodgkin’s

lymphoma, head and neck squamous cell carcinoma (HNSCC),
and urothelial carcinoma (UC) [2–7].

The biology and kinetics of response to immune CKIs can
differ from traditional anticancer therapies. Atypical responses
marked by initial tumor growth and appearance of new lesions,
followed by subsequent regression, have been well described
and may be a result of pseudoprogression from tumor-
infiltrating immune cells [8, 9]. Therefore, traditional measures
of tumor growth such as Response Evaluation Criteria in Solid
Tumors (RECIST) may underestimate the benefit provided by

Correspondence: Daniel M. Geynisman, M.D., Medical Oncology, Fox Chase Cancer Center, Temple Health, 333 Cottman Avenue, Philadelphia,
Pennsylvania 19111, USA. Telephone: 215-728-3889; e-mail: daniel.geynisman@fccc.edu Received March 17, 2017; accepted for publication
May 17, 2017; published Online First on June 26, 2017. http://dx.doi.org/10.1634/theoncologist.2017-0133

The Oncologist 2017;22:1232–1237 www.TheOncologist.com Oc AlphaMed Press 2017

Symptom Management and Supportive Care



immunotherapy. Novel measures of assessment such as the
immune-related response criteria (irRC) have been proposed
[10] and recent studies have shown subsequent tumor regres-
sion when patients with RCC continued treatment beyond first
RECIST disease progression in the setting of clinical benefit [11].
However, irRC are difficult to implement in daily practice; thus,
additional predictive markers of clinical benefit would be useful
to guide decision-making and mitigate premature treatment
termination.

Several prior reports have suggested that the development
of immune-related adverse events (irAEs) in patients with mel-
anoma treated with CKIs may correlate with clinical response
[12–17]. For example, the development of any irAE in a popula-
tion of patients with melanoma being treated with ipilimumab,
with or without peptide vaccinations, was associated with a
statistically significant increase in the probability of antitumor
response, and all patients with a complete response (CR) had
grade 3/4 irAEs [12]. In another study, the development of cuta-
neous irAEs in a population of predominantly melanoma
patients being treated with pembrolizumab correlated with a
statistically significant improvement in progression free survival
[14]. However, in a recent study in which 85% of patients with
melanoma treated with ipilimumab developed an irAE of any
grade, there was no association between irAEs or steroid use
and overall survival (OS) or time to treatment failure [18]. These
studies included patients with melanoma, a highly mutated dis-
ease with strong immunogenic potential. Given that checkpoint
blockade treatments now extend to tumor types beyond mela-
noma, we sought to evaluate whether the development of
irAEs correlates with treatment response in other cancer
subtypes.

MATERIALS AND METHODS

We conducted a retrospective study of advanced stage non-
melanoma patients who initiated PD-1 inhibitor monotherapy
at Fox Chase Cancer Center. Thirteen patients who only
received 1 dose of the drug were excluded. Patients treated
both on and off clinical trials were included. Electronic medical
records were reviewed to obtain patient-specific information
including the following: (a) patient demographics, (b) cancer
type, (c) prior systemic therapy, (d) number of anti-PD-1 drug
doses received, (e) any irAEs (including endocrinopathies, der-
matitis, colitis, pneumonitis, and transaminitis), (f) use of corti-
costeroids, (g) response at first and second restaging scans, (h)
date of progression, and (i) start of new treatment or death.
The precise irAE grade for clinical trial patients was extracted
from patient research files. The irAE grade for non-clinical trial
patients was categorized as high-grade (corresponding to Com-
mon Terminology Criteria for Adverse Events [CTCAE] grades
3–5 and defined as the use of high dose steroids at �1 mg/kg
per day prednisone equivalent, use of intravenous steroids,
hospitalization, death or discontinuation of therapy) or low-
grade (corresponding to CTCAE grades 1 and 2 and defined as
all irAEs that did not meet the high-grade definition) because
exact grade could not always be precisely determined from
chart review. The primary objective was to correlate the devel-
opment of low- or high-grade irAEs with clinical response. We
also sought to examine the correlation of steroid use as a surro-
gate marker for high-grade irAEs with outcomes in this patient
population. Our hypothesis was that patients who develop an

irAE are more likely to derive benefit from CKI treatment.
Response was recorded at first restaging scan, and endpoints
included overall response rate (ORR) per RECIST, overall survival
(OS), and time to next therapy or death (TTNTD). This study
was approved by the Fox Chase Cancer Center Institutional
Review Board (IRB 15–9055). The need for informed consent
was waived by the Fox Chase Cancer center IRB for the purpose
of this study. The study was performed in accordance with the
Declaration of Helsinski.

STATISTICAL ANALYSIS

Overall response rate was determined at first scan before 14
weeks as clinical complete or partial response (PR) per RECIST
1.1. Patients who did not undergo a scan and died before 14
weeks were considered to have progressive disease. Overall
survival was defined as time from initiation of PD-1 inhibitor
treatment until death. Time to next therapy or death was
defined as time from initiation of PD-1 inhibitor until initiation
of another systemic agent or death. Any irAEs and subsequent
treatment with systemic corticosteroids were recorded. No
patients received additional immunomodulatory medications
such as infiliximab for treatment of irAEs. Fisher’s exact tests
were used to determine the association between irAE inci-
dence and ORR. Multivariate analysis via logistic regression was
also performed to determine the association between irAE inci-
dence and ORR, adjusting for clinical trial participation and dis-
ease site. Survival outcomes (TTNTD and OS) were analyzed
using Kaplan-Meier curves with log-rank tests, and also using
Cox proportional hazards regression, again adjusting for clinical
trial status and disease site. We also conducted a sensitivity
analysis where we did not exclude patients who only received
1 dose of a PD-1 inhibitor.We repeated all the analyses (model-
ing ORR, TTNTD, and OS) in this expanded patient population.

RESULTS

Between November 2011 and November 2016, we identified
173 non-melanoma patients treated with nivolumab or pem-
brolizumab.We excluded 13 patients who received just 1 dose
of the drug. A total of 160 patients were evaluable for any out-
come (159 evaluable for survival, 142 evaluable for response).
Of these patients, 73 (46%) were treated on a clinical trial. The
average age was 65 years, and 101 (64%) were male. The
majority of patients received nivolumab (123, 77%). Most of
the patients treated with nivolumab were not on a clinical trial
(84, 68%) while the majority of patients treated with pembroli-
zumab were on a clinical trial (34, 92%). The number of patients
included by cancer subtype was as follows: NSCLC (71, 44%),
RCC (43, 27%), HNSCC (23, 14%), UC (20, 13%), other (3, 2%).
When comparing patients treated on versus patients treated
off clinical trials, there was an imbalance in baseline characteris-
tics with respect to which PD-1 inhibitor was administered, can-
cer subtype, prior systemic therapy, and gender. There was no
difference in the number of PD-1 inhibitor doses received, irAEs
observed, treatment response at first scan, patient age, or ste-
roid use (Table 1).

Overall, irAEs were noted in 64 patients (40%). Steroids
were used to treat an irAE in 36 patients (23%). An additional
12 patients were prescribed steroids to treat other conditions
(e.g., chronic obstructive pulmonary disease exacerbation or
cerebral edema due to brain metastases), but not for a
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documented irAE. Endocrinopathies, dermatitis, and colitis
were the most common, occurring in 23%, 11%, and 6% of
patients, respectively (Table 1). Of the 142 patients evaluable
for clinical response at first scan, 28 patients (20%) achieved PR
(no CRs were observed). The ORR was 14% in patients with no
irAEs, 32% in patients with low-grade irAEs, and 20% in patients
with high-grade irAEs. Although this was not statistically signifi-
cant overall, (p 5 .09), there was a statistically significant

association in the clinical trial patient subgroup, with any irAE
associated with improved ORR (p 5 .007; Table 2). There also
was a statistically significant association between low-grade
irAEs and improved ORR when controlling for trial participation
status and cancer type using multivariate analysis (p 5 .017;
Table 3). In addition, when controlling for trial participation sta-
tus and cancer type, there was a statistically significant relation-
ship between any irAEs and TTNTD (p 5 .006; Fig. 1A). The

Table 1. Comparison of clinical trial patients versus non-clinical trial patients

Category Subcategory On trial (n 5 73), n (%) Off trial (n 5 87), n (%) p value

Gender Male 53 (73%) 48 (55%) .032

Female 20 (27%) 39 (45%)

Age Mean 65 65 .81

PD-1 inhibitor Nivolumab 39 (53%) 84 (97%) <.001

Pembrolizumab 34 (47%) 3 (3%)

Number of doses 2–3 20 (27%) 26 (30%) .718

4–5 15 (21%) 15 (17%)

6–9 14 (19%) 22 (25%)

101 24 (33%) 24 (28%)

Prior systemic therapy Yes 64 (88%) 87 (100%) .001

No 9 (12%) 0 (0%)

Cancer type RCC 13 (18%) 30 (35%) <.001

UC 18 (25%) 2 (2%)

NSCLC 18 (25%) 53 (61%)

HNSCC 23 (32%) 0 (0%)

Other 1 (0%) 2 (2%)

Any irAE No irAE 43 (59%) 53 (61%) .972

Low-grade 22 (30%) 24 (28%)

High-grade 8 (11%) 10 (11%)

Endocrinopathy 19 (26%) 17 (20%) .348

Colitis 5 (7%) 5 (6%) .99

Dermatitis 12 (16%) 5 (6%) .04

Systemic steroids required 23 (32%) 25 (29%) .732

Response CR/PR 13 (19%) 15 (22%) .505

SD 15 (22%) 20 (29%)

PD 40 (59%) 34 (49%)

Abbreviations: CR, complete response; HNSCC, head and neck squamous cell carcinoma; irAE, immune-related adverse event; NSCLC, non-small
cell lung cancer; PD, progressive disease; PD-1, programmed death 1; PR, partial response; RCC, renal cell carcinoma; SD, stable disease; UC, uro-
thelial carcinoma.

Table 2. Univariate analysis of the association between irAEs and treatment response in clinical trial patients versus non-
clinical trial patients

Trial status irAE category
PR
n (%)

SD
n (%)

PD
n (%) Total p value

On trial No irAE 3 (7%) 8 (20%) 30 (73%) 41

Low-grade 9 (43%) 5 (24%) 7 (33%) 21

High-grade 1 (14%) 2 (29%) 4 (57%) 7

Total 13 15 41 69 .007

Off trial No irAE 9 (20%) 14 (31%) 22 (49%) 45

Low-grade 4 (20%) 2 (10%) 14 (70%) 20

High-grade 2 (25%) 4 (50%) 2 (25%) 8

Total 15 20 38 73 .13

Abbreviations: irAE, immune-related adverse event; PD, progressive disease; PR, partial response; SD, stable disease.
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hazard ratios (HR) for low- and high-grade irAEs were similar
(0.529 and 0.629, respectively); however, only the relationship
with low-grade irAEs was statistically significant (p 5 .008 and
p 5 .184, respectively). There was no significant association
between irAE incidence and OS when controlling for trial status
and cancer type (p 5 .827; Fig. 1B). There was an association
between steroid use and severity of irAE (p< .001). Two
patients may have had unconfirmed treatment-related deaths
from pneumonitis. Immune-related adverse events that
required steroid treatment were marginally associated with
TTNTD when controlling for trial participation status and cancer

type (p 5 .05, HR 0.62), but were not associated with OS
(p 5 .13). In the sensitivity analysis, including patients who only
received 1 dose of the PD-1 inhibitor, the above results were
consistent in direction and significance. The adjusted OR for
CR/PR for low-grade irAE5 3.17 (p 5 .014); adjusted HR for
TTNTD for low-grade irAE5 0.49 (p 5 .002); and adjusted HR
for OS for low-grade irAE5 0.48 (p 5 .055).

DISCUSSION

We retrospectively analyzed 160 non-melanoma patients who
received nivolumab or pembrolizumab over a period of 5 years,
of which 142 were evaluable for clinical response at first scan.
Sensitivity analysis determined that the patients excluded from
the study, based on having received only 1 PD-1 inhibitor dose,
did not change ORR, TTNTD, or OS results. The ORR in this
mixed cohort was comparable to prior studies of single-agent
PD-1 inhibitors in these individual diseases. In addition, the per-
centage of patients who required systemic steroids to treat
irAEs is comparable to recently reported studies with single
agent PD-1 inhibitors [19, 20].

In the years considered for this study, rates of treatment on
or off trial differed by cancer type. The majority of urothelial
carcinoma and HNSCC patients were treated on trial, while the
majority of NSCLC patients were treated off trial, which could
be expected based on the lag in FDA approval of PD-1 inhibitor
treatment across cancer subtypes. Similarly, pembrolizumab
was primarily used to treat clinical trial patients, while nivolu-
mab was mostly used to treat patients off trial, consistent with
the commercial availability of these drugs in the diseases ana-
lyzed. In addition, more patients off clinical trial had received
previous systemic therapy, which can be explained by the
approval of nivolumab as second-line therapy for NSCLC and
RCC when the majority of data were collected. There was an
increased incidence of dermatitis in trial patients, which may
be due to more rigorous reporting of clinically benign irAEs that
required no treatment in the trial setting versus the non-trial
setting.

We did find a statistically significant association between
low-grade irAEs and improved ORR, with the difference primar-
ily driven by clinical trial patients. We also found a statistically
significant relationship between irAEs and TTNTD when con-
trolling for trial status and cancer subtype.

The lack of strong effect in non-trial patients may have
been due to factors such as sampling error, differences in
tumor type, and varying rates and intensity of follow up and
response determination between trial and non-trial patients.
However, rates of irAEs and response rates were very similar in
trial versus non-trial patients. Therefore, the lack of association
and differences in outcomes could be in part due to selection
for better performance status and overall health, as well as
closer follow-up and monitoring for on-trial patients. As such,
the association between irAEs and outcomes needs to be veri-
fied in a larger and more homogeneous population. It is also
possible that irAEs are a clinical indicator of response to treat-
ment with PD-1 inhibitors in some cancer subtypes but not in
others.

Surprisingly, we found stronger associations between clini-
cal outcomes and low- grade irAEs than with high-grade irAEs.
As the incidence of high-grade irAEs is lower, our study may not
have had adequate power to detect an association. Addition-
ally, severe irAEs can be dangerous and even life-threatening
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Figure 1. Kaplan-Meier survival estimates. (A): Time to next ther-
apy or death (TTNTD) for patients with low-grade, high-grade, or
no irAEs. There is a statistically significant relationship between
irAEs and TTNTD when controlling for trial status and cancer sub-
type (p 5 .006). (B): Overall survival (OS) for patients with low-
grade, high-grade, or no irAEs. There is no relationship between
irAEs and OS when controlling for trial status and cancer subtype
(p 5 .827).
Abbreviation: irAE, immune-related adverse event.

Table 3. Multivariate analysis of the association between
irAEs and treatment response controlled for cancer type
and clinical trial participation

irAE category Odds ratio p value Confidence interval

Low-grade 3.072 .017 1.220–7.734

High-grade 1.454 .614 0.339–6.235

Abbreviation: irAE, immune-related adverse event.
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despite immunosuppressive treatment and may prevent clini-
cians from adequately assessing tumor response.These findings
are supported by a recent, large, retrospective analysis of mela-
noma patients who received nivolumab monotherapy as part
of a clinical trial, which found a significantly better ORR in
patients who experience any grade irAEs, but no significant dif-
ference in patients with grade 3 or 4 irAEs [17].

Immune-related adverse events that required steroid treat-
ment were marginally associated with TTNTD when controlling
for trial participation status and cancer type (p 5 .05, HR 0.62),
but were not associated with OS (p 5 .13). There was a statisti-
cally significant association between need for systemic steroid
treatment and irAE grade (p< .001), as would be expected
based on irAE management algorithms. Thus, the association
between steroid use and TTNTD may be explained in part by
patients stopping immunotherapy in the face of irAEs, but not
necessitating further treatment. Alternatively, use of steroids
could be an indicator of grade 2 or higher irAEs. Most of the
irAEs we observed required medical intervention at grade 2 by
CTCAE, and grade 2 irAEs appear to be the driver behind the
association between low-grade irAEs and ORR as well as
TTNTD.

While several prior studies have suggested an association
between the development of irAEs and clinical response in mel-
anoma patients treated with checkpoint blockade, most were
with the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
inhibitor ipilimumab. For example, a recent study showed that
melanoma patients who developed grade 3 toxicities requiring
steroid treatment while being treated with ipilimumab had
higher response rates and a longer median duration of
response [21]. Two other studies in melanoma patients treated
with PD-1 inhibitors have had similar results demonstrating
that cutaneous irAEs were associated with a better treatment
response [14, 22]. In a study of metastatic RCC patients treated
with ipilimumab, 33% of patients had grade 3–4 irAEs, and
these patients had an ORR of 30%, compared with 0% in those
without irAEs [23]. However, compared with anti-PD-1 therapy,
ipilimumab is associated with a higher incidence of irAEs and a
lower ORR, which could impact the potential correlation [24]. It
is interesting that Michot et al. found improved ORR with
severe irAEs, which differs from our results [24]. The target site
could account for differences, as CTLA-4 inhibitors act primarily
at lymphoid organs, while PD-1 inhibitors are believed to act
predominantly in the tumor microenvironment. It is conceiva-
ble that this difference could impact the spectrum of T-cell tol-
erance and self-antigens encountered, which could in turn alter
the specificity of the immune response. The more recently
reported retrospective study in melanoma patients receiving
nivolumab by Weber et al. seems to more closely align with
our findings, albeit with a stronger association of irAEs with
response, perhaps owing to the higher ORR in melanoma-only
patients all treated as part of a clinical trial [17].

Our study is not without limitations. The abovementioned
studies were performed in a homogenous disease population,
unlike our heterogeneous sample. We may have lost possible
associations with individual cancer types due to lack of power,
necessitating studies in larger, disease-specific populations.
While the total sample size analyzed may lack power to detect
associations, this is, to our knowledge, the largest cohort
assessed for an association between irAEs and efficacy in a
non-melanoma population, and it can serve as a hypothesis-

generating finding. Another limitation of our study is our defini-
tion of response, which was based on the first scan (before 14
weeks). Response to immunotherapy agents may be delayed;
we saw three delayed responses in our patient population.
However, based on the large proportion of patients without
subsequent scans (50%), we were unable to reliably measure
“best response.” To overcome this issue, we confirmed our
findings using the alternative measure of TTNTD. Finally, we
acknowledge that there are complex interrelationships
between the irAEs, number of doses of immunotherapy
received, and clinical outcomes. While irAEs are not the cause
of better responses, the relationship between outcomes and
irAEs may indicate an as-of-yet unknown biological mechanism
that predisposes patients to both outcomes. We therefore did
not require irAEs to happen at a specific timepoint. However,
to ensure that the relationship was not simply an artifact of the
length of treatment, we reran the analysis in the clinical trial
subgroup where there were the most precise data in regard to
the timing of irAEs, including only irAEs that occurred early
(before the first scan), and found a similarly strong relationship
between irAEs and ORR using this stricter definition.

CONCLUSION
Our study shows an association between low-grade irAEs and
improved ORR as well as a statistically significant relationship
between irAEs and TTNTD. It is conceivable that development
of irAEs in non-melanoma patients treated with anti-PD-1
agents may correlate with a more robust immune response
against the targeted cancer. Differences in the lack of a positive
effect seen in patients with high-grade irAEs may reflect under-
lying tumor biology or limitations of the power and retrospec-
tive nature of our study. Further study, either prospectively or
via retrospective analysis of ongoing or recently completed
large phase II and III trials, could help answer this question. As
CKIs continue to gather clinical indications across disease types
and settings, understanding associations, or lack thereof,
between irAEs and outcomes is important. The possibility of
unconventional responses and pseudoprogression complicates
clinical decisions, and if early indicators of treatment response
could be identified, it would help clinicians determine the most
effective treatment course.
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