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ABSTRACT
◥

Purpose: Unleashing the immune system by PD-1 and/or
CTLA-4 blockade can cause severe immune-related toxicity neces-
sitating immunosuppressive treatment. Whether immunosuppres-
sion for toxicity impacts survival is largely unknown.

Experimental Design:Using data from the prospective nation-
wide Dutch Melanoma Treatment Registry (DMTR), we analyzed
the association between severe toxicity and overall survival (OS)
in 1,250 patients with advanced melanoma who were treated with
immune checkpoint inhibitors (ICI) in first line between 2012
and 2017. Furthermore, we analyzed whether toxicity manage-
ment affected survival in these patients.

Results: A total of 1,250 patients were included, of whom 589
received anti-PD1 monotherapy, 576 ipilimumab, and 85 com-
bination therapy. A total of 312 patients (25%) developed severe
(grade ≥3) toxicity. Patients experiencing severe ICI toxicity had a

significantly prolonged survival with a median OS of 23 months
compared with 15 months for patients without severe toxicity
[hazard ratio (HRadj) ¼ 0.77; 95% confidence interval (CI),
0.63–0.93]. Among patients experiencing severe toxicity, survival
was significantly decreased in patients who received anti-TNF �
steroids for steroid-refractory toxicity compared with patients
whoweremanagedwith steroids only (HRadj¼ 1.61; 95%CI, 1.03–
2.51), with a median OS of 17 and 27 months, respectively.

Conclusions: Patients experiencing severe ICI toxicity have a
prolonged OS. However, this survival advantage is abrogated
when anti-TNF is administered for steroid-refractory toxicity.
Further prospective studies are needed to assess the effect of
different immunosuppressive regimens on checkpoint inhibitor
efficacy.

See related commentary by Weber and Postow, p. 2085

Introduction
The immune checkpoint inhibitors (ICI) ipilimumab, pembrolizu-

mab, and nivolumab have improved the prognosis of a wide range of
advanced stage malignancies (1–3). Blocking CTL-associated protein
(CTLA-4) with ipilimumab and/or programmed cell-death 1 (PD-1)
with nivolumab or pembrolizumab reinvigorates tumor-specific T cells,
potentially resulting in long-lasting antitumor immune response (4, 5).

Blocking these immunologic checkpoints may come with immune-
related adverse events (irAE) ranging from mild (grade 1–2) to severe
(grade 3–4) and even fatal (6). Toxicity of any grade occurs in

approximately 60% to 85% of patients treated with ipilimumab,
57% to 85% of patients treated with anti-PD1 therapy, and 95% of
patients who received combined anti-PD1 and anti-CTLA4 thera-
pies (3). Furthermore, 10% to 27%, 2% to 20%, and 55% of patients
treated with anti-CTLA4, anti-PD1, or combined ICI develop grade 3
or higher toxicity, respectively (3, 7).

If considering ICI toxicity the reflection of immune-activation
resulting from effective checkpoint blockade, one would anticipate
a correlation between toxicity and efficacy in checkpoint inhibitor
patients. Nevertheless, data on the correlation between ICI toxicity and
efficacy have been conflicting (8–11).

1Department of Medical Oncology, University Medical Center Utrecht Cancer
Center, Utrecht, The Netherlands. 2Department of Epidemiology, Julius Center
for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht
University, Utrecht, The Netherlands. 3Department of Medical and Surgical Oncol-
ogy, Netherlands Cancer Institute, Amsterdam, The Netherlands. 4Department of
MedicalOncology,Maastricht UniversityMedical Centerþ, Maastricht, TheNether-
lands. 5Department of Medical Oncology, Zuyderland Medical Center, Sittard-
Geleen, The Netherlands. 6Department of Medical Oncology, Cancer Center
Amsterdam, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The
Netherlands. 7Oncology Center Isala, Isala, Zwolle, The Netherlands. 8Department
of Medical Oncology, Radboud University Medical Center, Nijmegen, The Nether-
lands. 9Department of Medical Oncology, University Medical Center Groningen,
Groningen, The Netherlands. 10Department of Internal Medicine, Medisch Spec-
trum Twente, Enschede, The Netherlands. 11Department of Internal Medicine,
Medical Center Leeuwarden, Leeuwarden, The Netherlands. 12Department of
Internal Medicine, Amphia Hospital, Breda, The Netherlands. 13Departments of
MedicalOncologyandRadiology&NuclearMedicine, ErasmusMCCancer Institute,

Rotterdam, The Netherlands. 14Department of Internal Medicine, Maxima Medical
Center, Eindhoven, The Netherlands. 15Dutch Institute for Clinical Auditing, Leiden,
The Netherlands; Department of Medical Oncology, Leiden University Medical
Center, Leiden, The Netherlands. 16Department of Medical Oncology, Netherlands
Cancer Institute,Amsterdam, TheNetherlands. 17DepartmentofMedicalOncology,
Leiden University Medical Center, Leiden, The Netherlands.

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).

Corresponding Author: Karijn P.M. Suijkerbuijk, University Medical Center
Utrecht, Heidelberglaan 100, Utrecht 3584 CX, The Netherlands. Phone:
31655234706; E-mail: K.Suijkerbuijk@umcutrecht.nl

Clin Cancer Res 2020;26:2268–74

doi: 10.1158/1078-0432.CCR-19-3322

�2020 American Association for Cancer Research.

AACRJournals.org | 2268

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/26/9/2268/2065129/2268.pdf by guest on 14 D

ecem
ber 2024

http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-19-3322&domain=pdf&date_stamp=2020-4-9
http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-19-3322&domain=pdf&date_stamp=2020-4-9


Despite their widespread use, ICI toxicity guidelines are largely
expert opinion-based and data on the effect of immunosuppressive
treatment on tumor control are lacking. Horvat and colleagues showed
no difference in overall survival (OS) between ipilimumab-treated
patients with melanoma who received steroids to treat toxicity com-
pared with those who did not (8). Although steroids are mostly used as
first-line immunosuppression, early administration of themonoclonal
anti-TNF antibody infliximab has increasingly been propagated,
especially for colitis, due to its fast and frequent efficacy (12).

Here, we assessed whether severe ICI toxicity is associated with
prolonged OS in patients with advanced melanoma in what to our
knowledge is the largest cohort described thus far. Furthermore, we
analyzed how immunosuppressive treatment of toxicity affects sur-
vival in this population.

Materials and Methods
Patients

All patients who started first-line ipilimumab, nivolumab, or
pembrolizumab registered in the Dutch Melanoma Treatment
Registry (DMTR) from July 1, 2012, to December 31, 2017, were
included. As registration in the DMTR is mandatory for reimburse-
ment, this registry encompasses clinical data from all patients with
unresectable stage III and stage IV melanoma in the Netherlands
since 2012. Data from July 2012 to July 2013 were retrospectively
retrieved from medical records. From July 2013 onwards, data were
prospectively registered by trained data managers and checked by
the treating physician (13). In compliance with Dutch regulations,
the DMTR was approved by the medical ethical committee and was
not subject to the Medical Research Involving Human Subjects Act.
Patients of whom toxicity data were missing were excluded (n ¼
35). Additional information on type of second-line immunosup-
pressive medication was retrieved from patient records. Toxicities
were graded according to the Common Terminology Criteria of
Adverse Events (CTCAE) 4.03. In the DMTR, only severe irAEs
(defined as CTC grade ≥3 toxicity) were reported. OS was defined as
the absence of reported death of any cause until and including the
last registered doctors contact. Reintroduction was defined as start
of a new treatment episode with the same or another checkpoint
inhibitor after ICI therapy, with exception of immediate nivolumab
continuation after combination therapy.

Statistical analyses
Correlation of severe toxicity with OS was tested using Cox pro-

portional hazard regression and Kaplan–Meier curves for the three
types of ICI together and separately. Multivariable Cox proportional
hazard regression was performed to adjust for age, sex, WHO per-
formance status, number of comorbidities, stage of disease (according
to AJCC v8), total number of metastases, and lactate dehydrogenases
(LDH). Because on average 3.9% of data per covariate were missing
which would lead to a drop-out of 289 of 1,250 patients (23%) in this

multivariable analyses, missing covariate data were imputed togeth-
er with data on lymph node metastases, radiotherapy, and date of
diagnosis. The mice package in R was used, creating 23 multiple
imputations through five iterations, corresponding to the percent-
age of patients of whom covariate data were missing (14). We
repeated our analysis after excluding patients who died in the first
9 weeks of treatment to minimalize bias resulting from the time-
dependency of irAEs. This cutoff was chosen based on the median
time to treatment discontinuation for adverse events reported
previously (15).

Next, we evaluated the effect of immunosuppressive treatment on
survival, comparing OS for patients who received steroids only, anti-
TNF (either in addition to steroids or as monotherapy) or no immu-
nosuppressive medication for severe toxicity using Kaplan–Meier
estimates and multivariable Cox regression. All analyses were done
using two-sided tests. P values <0.05 were considered significant. SPSS
version 26 and R version 3.5.1 were used including mice, survival, and
survminer packages.

Results
A total of 1,250 patients were included, of whom 576 patients were

treated with ipilimumab, 589 with anti-PD1 therapy (pembrolizumab
or nivolumab), and 85 with combined ipilimumab plus nivolumab
therapy, all as their first-line of treatment. Patient characteristics are
shown in Table 1. Although baseline characteristics were roughly
similar for ipilimumab and anti-PD1 therapy, patients treated with
combination therapy had on average a lower age and less comorbid-
ities, but worse prognostic parameters (e.g., WHO-performance score

Translational Relevance

Our results suggest that ICI efficacy is compromised when
anti-TNF is given for steroid-refractory toxicity. More data on
the effect of immunosuppressive therapy on survival of ICI-
treated patients are needed to provide guidance on optimal ICI
toxicity management.

Table 1. Baseline characteristics of patients with melanoma
treated with first-line checkpoint inhibitors.

All
therapies Ipilimumab Anti-PD1

Ipilimumabþ
nivolumab

Number of
patients

1,250 576 589 85

Male gender, n (%) 757 (60.0) 361 (62.7) 346 (58.8) 50 (58.8)
Age, median (SD) 63 (13) 62 (12) 65 (13) 56 (13)
WHO-performance, n (%)
0 773 (66.1) 383 (71.1) 350 (63.8) 40 (48.8)
1 358 (30.6) 143 (26.5) 175 (31.9) 40 (48.8)
2 35 (3.0) 11 (2.0) 22 (4.0) 2 (2.4)
3 4 (0.3) 2 (0.4) 2 (0.4) 0 (0.0)
Number of comorbidities, n (%)
0 443 (35.8) 210 (36.9) 191 (32.6) 42 (51.9)
1–2 611 (49.4) 286 (50.3) 288 (49.1) 37 (45.7)
≥3 182 (14.7) 73 (12.8) 107 (18.3) 2 (2.5)
Stage, n (%)
Unresectable
stage III

65 (5.4) 17 (3.1) 42 (7.3) 6 (7.2)

IV, M1a 128 (10.6) 66 (11.9) 59 (10.3) 3 (3.6)
IV, M1b 197 (16.3) 91 (16.4) 97 (16.9) 9 (10.8)
IV, M1c 597 (49.3) 289 (52.2) 261 (45.4) 47 (56.6)
IV, M1d 225 (18.6) 91 (16.4) 116 (20.2) 18 (21.7)
Number of metastases, n (%)
<5 194 (18.3) 89 (17.7) 96 (19.7) 9 (13.2)
≥5 866 (81.7) 415 (82.3) 392 (80.3) 59 (86.8)
LDH > ULN, n (%) 370 (30.0) 135 (23.9) 193 (33.1) 42 (50.0)

Note: Age in years; Stage, according to AJCC v8.
Abbreviation: ULN, upper limit of normal.
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≥1, higher stage of disease, number of metastases, and LDH). Median
follow-up time fromstart of ICI until deathor censoringwas 11months
for all patients and 13, 11, and 9 months for patients treated with
ipilimumab, anti-PD1 therapy, and combination therapy, respectively.
Among 1,250 patients, 6 patients died because of ICI toxicity, which
was related to ipilimumab in 3 patients and to anti-PD1 in 3 other
patients.

Toxicity and survival
In total, 312 of 1,250 patients (25%) developed severe toxicity during

follow-up. Severe toxicity occurred in 175 patients treated with
ipilimumab (30%), 79 patients treated with anti-PD1 therapy
(13%), and 58 patients during combination therapy (68%). In the
three ICI groups together, survival was significantly longer in patients
who experienced severe toxicity (medianOS¼ 23months; 95%CI, 19–
33) compared with those who did not (median OS¼ 15 months; 95%
CI, 14–17; Fig. 1). The hazard ratio (HR) for death for patients
experiencing severe irAEs versus patients without was 0.76 (95% CI,
0.63–0.91). Multivariable analysis demonstrated that this correlation
was independent of gender, age, performance status, number of
comorbidities, number of metastases, and LDH (HRadj ¼ 0.77; 95%
CI, 0.63–0.93; Supplementary Table S1). Furthermore, when excluding
deaths before 9 weeks, the correlation persisted (HR ¼ 0.82; 95% CI,
0.67–0.99). When evaluating the three therapies separately in univar-
iate analyses, survival was significantly higher in patients with severe
toxicity in both ipilimumab (median OS ¼ 19 vs. 12 months; HR ¼
0.79; 95%CI 0.63–0.98) and anti-PD1 treatment groups [medianOS¼
not reached (NR) vs. 19 months; HR ¼ 0.57; 95% CI, 0.37–0.88] and
nonsignificantly higher in the combination therapy group (medians¼
NR; HR ¼ 0.48; 95% CI, 0.23–1.03; Fig. 2). In multivariable analyses,
OS for patients with severe toxicity was nonsignificantly improved in
ipilimumab-treated patients (HRadj ¼ 0.90; 95% CI, 0.72–1.13) and

was significantly higher in patients treated with anti-PD1 (HRadj ¼
0.54; 95% CI, 0.35–0.84) or combined therapy (HRadj ¼ 0.31; 95% CI,
0.13–0.74) when compared with patients without severe toxicity.

Management of toxicity
Management strategy of toxicity was registered for 264 patients

(85%). Sixteen patients (6%) did not receive any systemic immuno-
suppressive treatment for toxicity, whereas 157 patients (59%) received
steroids only. Ninety-one patients (34%) received immunosuppres-
sion other than steroids, consisting of a TNF-inhibitor in 65 patients
and other or unknown second-line immunosuppression in the
remaining 26 patients; whereas 61 patients received anti-TNF in
addition to steroids, four patients received anti-TNF only. Of anti-
TNF–treated patients, 45 received, ipilimumab, 8 received anti-PD1,
and 12 received combined ipilimumabþ nivolumab. Among steroid-
treated patients, 77 received ipilimumab, 46 anti-PD1, and 34 com-
bined therapy. Sixty-one of 65 anti-TNF–treated patients experienced
ICI-induced colitis, 38 experienced endocrine toxicity, 5 hepatitis, 4
dermatitis, 3 pneumonitis, and 7 experienced other toxicities. For
which type of toxicity anti-TNF was indicated was not registered.
Baseline characteristics of the anti-TNF � steroid and steroid only
treated patients were similar for known prognostic factors of advanced
stage melanoma, including serum LDH, age, gender, WHO perfor-
mance status, and tumor stage.

Immunosuppression and survival
The 26 patients who received second-line immunosuppression

other than anti-TNF or of unknown therapeutic were excluded from
survival analyses. Among patients with toxicity, survival was signif-
icantly decreased in 65 patients treated with anti-TNF � steroids
(median OS ¼ 17 months) compared with 157 patients whose
toxicity was managed with steroids only (median OS ¼ 27 months;

Figure 1.

Kaplan–Meier estimates for OS in
patients with melanoma treated with
any checkpoint inhibitor in first-line with
severe irAEs vs. those without. Dotted
lines indicating <10 patients at risk in
toxicity arm (43 months).

Verheijden et al.

Clin Cancer Res; 26(9) May 1, 2020 CLINICAL CANCER RESEARCH2270

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/26/9/2268/2065129/2268.pdf by guest on 14 D

ecem
ber 2024



HR ¼ 1.50; 95% CI, 1.00–2.24; Fig. 3). This correlation remained
significant in multivariable analysis corrected for age, gender, WHO
performance status, number of comorbidities, stage of disease,
number of metastases, serum (LDH) level, and checkpoint inhibitor
regimen (HRadj ¼ 1.61; 95% CI, 1.03–2.51; Supplementary
Table S2). When analyzing melanoma specific mortality, this was
also significantly increased in anti-TNF � steroids versus steroid
only treated patients (HRadj ¼ 1.77; 95% CI, 1.08–2.88). When
compared with patients without severe toxicity, patients treated
with corticosteroids for toxicity management had a significantly
decreased risk of dying (HRadj ¼ 0.65; 95% CI, 0.50–0.85), whereas
in patients treated with anti-TNF � steroids, the risk of dying was
not significantly different from patients without severe toxicity
(HRadj ¼ 0.93; 95% CI, 0.66–1.31). Risk of dying was decreased
in patients with nonimmunosuppression treated toxicity compared
with patients without toxicity (HRadj ¼ 0.36; 95% CI, 0.13–0.96),
whereas OS was not significantly different between patients who did
not receive immunosuppression for toxicity management compared
with those who did (HRadj ¼ 0.48; 95% CI, 0.17–1.36).

OS did not differ significantly between patients with colitis com-
pared with patients with other toxicities in both unadjusted analyses
(HR ¼ 1.30; 95% CI, 0.97–1.79) and when adjusted for type of ICI
(HRadj ¼ 1.15; 95% CI, 0.82–1.60). Ninety-five steroid-only treated
patients (61%) did not receive any subsequent systemic anticancer
therapy compared with 38 anti-TNF� steroid treated patients (59%).
ICI was reintroduced as often in anti-TNF–treated patients as in
patients whose toxicity was managed without immunosuppression
or with steroids only [univariable risk ratio (RR) 1.24; 95% CI, 0.79–
1.94]. Two out of 65 anti-TNF–treated patients died due to toxicity
compared with 3 of 173 steroid- or nonimmunosuppressant-treated
patients.

Discussion
Here we show, in the largest nationwide cohort to date, that patients

with advanced melanoma who experience severe toxicity during
checkpoint blockade have a significantly prolonged survival compared
with patients who do not. These results are consistent when corrected

Figure 2.

Kaplan–Meier estimates for OS in patients with melanoma with severe irAEs versus those without for ipilimumab (A), anti-PD1 (B), or combined ipilimumab þ
nivolumab (C). Dotted lines indicating <10 patients at risk in toxicity arm.
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for potential confounders, when stratified for distinct therapies and
when assumedly corrected for bias resulting of time-dependency of
toxicity. In addition, within the group of patients experiencing severe
toxicity, anti-TNF treatment for steroid-refractory toxicity was asso-
ciated with decreased survival.

Studies reporting on the association between toxicity and survival
have shown conflicting results. In patients with non–small cell
lung cancer (NSCLC), several studies have shown an increased PFS
and OS for patients experiencing nivolumab-associated toxicity
(10, 11, 17). Contrarily, in patients with melanoma treated with
nivolumab, ipilimumab, or combined checkpoint inhibition, no
significant survival benefit has been found for patients with any or
severe toxicity (8, 9, 16, 18). Interpretation is complicated as most
studies lack adjustment for probable confounders or do not correct
for bias resulting of toxicity's time-dependency. Furthermore, many
studies report on all toxicities, including low-grade toxicities that are
less reliably reproduced (3).

Analyzing survival according to immunosuppressive regimen, we
showed that patients who were treated with anti-TNF for severe
toxicity either as monotherapy or in addition to steroids had a
significantly shorter survival than patients whose toxicity was man-
aged with steroids only. Although the number of patients in our cohort
is too small to present survival for each therapy separately, the
association between anti-TNF use and survival remained unchanged
when adjusted for ICI regimen in multivariable analyses. Therefore, it
is unlikely that decreased survival in the anti-TNF group is explained
by an overrepresentation of ipilimumab-treated patients. Although in
our cohort anti-TNFwasmostly prescribed in the context of colitis, the
increased mortality in anti-TNF–treated patients was not linked to
colitis, as survival did not significantly differ between patients
experiencing colitis and patients experiencing other severe toxicities.
ICI was reintroduced as often in patients who received anti-TNF as in

patients who did not, so hesitation of physicians to reintroduce ICI in
patients who received second-line immunosuppressants does not
explain the difference in survival. Toxicity-related mortality was also
an improbable cause of the decreased survival, because only 2 of 6
patients who died from toxicity were anti-TNF treated andmelanoma-
specific mortality was significantly different between anti-TNF- and
steroid-treated patients.

Two recent smaller studies have reported outcomes in patients
receiving anti-TNF for ICI toxicity, comparing survival to historical
controls. Lesage and colleagues found amedian OS of 12 months in 27
ICI-treated patients with melanoma who received anti-TNF for tox-
icity (19), which is lower than the median OS for anti-TNF–treated
patients in our cohort and compares unfavorable to recent studies (15).
Burdett and colleagues found an even lower median OS of 9 months in
16 patients with advanced melanoma and 3 patients with NSCLC
receiving second-line immunosuppressive treatment, of whom the
majority received infliximab (20).

Recently Perez-Ruiz and colleagues showed that mice that
received anti-TNF added to combined CTLA-4- and PD-1-blockade
had a higher rate of tumor control and survival than mice that were
treated with CTLA-4- and PD-1-blockade only (21). These findings
were in line with other mouse data from Bertrand and colleagues
who demonstrated that combining anti-TNF and anti-PD1 led to
more tumor regression and improved survival as compared with
anti-PD1 alone (22). Our data seem to be in contrast to these mouse
studies. However, timing of anti-TNF is different in our cohort and
most of our anti-TNF–treated patients also received high-
dose steroids, which was not the case in the mouse studies. A
phase Ib clinical trial is currently ongoing, examining the safety and
efficacy of anti-TNF given concurrently with nivolumab and ipi-
limumab in patients with advanced melanoma (NCT03293784,
clinicaltrials.gov).

Figure 3.

Kaplan–Meier estimates for OS in first-
line immune checkpoint inhibitor treated
patients with melanoma with severe
irAEs receiving anti-TNF � steroids
compared with patients receiving ster-
oids only or no immunosuppression for
irAEmanagement. Dotted line indicating
<10 patients at risk in no immunosup-
pression arm. IS, immunosuppression.
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Obviously, this study has some limitations. First, no data on time to
first toxicity are available in the DMTR, prohibiting a proper landmark
analysis. Nevertheless, our results did not change when we excluded all
deaths before nine weeks to compensate for bias due to toxicity's time-
dependency. Second, the type of second-line immunosuppressive reg-
imen is missing for 26 of the 91 patients who received more than
steroids for toxicity management. Although we think that the majority
of these patients has been treated with other immunosuppressants such
asmycophenolic acid, we cannot completely rule out that some of these
patients did receive anti-TNF. Although limited by small numbers, the
survival for the 26 patients treated with other/unknown second-line
immunosuppressants was not significantly different from survival of
patients treated with no immunosuppression or steroids (HRadj¼ 0.93;
95%CI, 0.50–1.75). Although this could suggest that the effect observed
is related to TNF-inhibition, we cannot rule out a general effect of
escalated immunosuppression due to limited data. Notably, when
comparing patients with severe toxicity who were not treated with
immunosuppressants to patients who were steroid and/or anti-TNF
treated, there was a trend for improved survival. Although the number
of patients in this group is low and the difference not statistically
significant, this could indicate that the difference is explained by the
detrimental effect of cumulative immunosuppression on survival
instead of an anti-TNF–specific effect. Unfortunately, timing and dose
of immunosuppressants were not registered in the DMTR. Therefore, it
is possible that extended duration of high-dose steroids prior to anti-
TNF could have negatively impacted survival in these patients.

In conclusion, we showed that patients with advanced melanoma
who experience severe ICI toxicity have a prolonged overall survival.
Strikingly, within the group of patients experiencing severe ICI
toxicity, survival was significantly reduced for patients with steroid-
refractory toxicities treated with anti-TNF. Further studies are needed
to prospectively assess the potential detrimental effect of immuno-
suppressants on ICI efficacy.

Disclosure of Potential Conflicts of Interest
C.U. Blank reports receiving commercial research grants from Novartis, Bristol-

Myers Squibb, and NanoString; is a paid advisory board member for Bristol-Myers
Squibb,MSD, Roche,Novartis, GlaxoSmithKline, AstraZeneca, Pfizer, Lilly, GenMab,
and Pierre Fabre; and holds ownership interest in Uniti Cars, Neon Therapeutics, and
Forty Seven. A.J.M. van den Eertwegh reports receiving commercial research grants
fromBristol-Myers Squibb; reports receiving speakers bureau honoraria fromBristol-
Myers Squibb and Novartis; and is an unpaid consultant/advisory board member for
Bristol-Myers Squibb, Novartis, MSD, Pierre Fabre, and AMGEN. J.W. de Groot is a
paid consultant for Bristol-Myers Squibb and MSD. G.A. Hospers is an unpaid
consultant/advisory board member for Bristol-Myers Squibb, MSD, Roche, and
Novartis. A.A.M. van der Veldt is a paid consultant for Bristol-Myers Squibb, MSD,
Novartis, Roche, Pfizer, Eisai, Ipsen, Pierre Fabre, Sanofi, and Bayer. J.B.A.G. Haanen

is a paid consultant for AIMM, Neon Therapeutics, Immunocore, Vaximm, and
Neogene Therapeutics, and reports receiving commercial research grants from
Bristol-Myers Squibb, MSD, Novartis, and Neon Therapeutics. E. Kapiteijn is a paid
advisory board member for Bristol-Myers Squibb, Novartis, Merck/MSD, and Pierre
Fabre, and reports receiving commercial research grants from Bristol-Myers Squibb.
K.P.M. Suijkerbuijk reports receiving speakers bureau honoraria from Novartis and
Roche, and is an unpaid consultant/advisory board member for Novartis, Roche,
MSD, Pierre Fabre, and Bristol-Myers Squibb. No potential conflicts of interest were
disclosed by the other authors.

Authors’ Contributions
Conception and design: R.J. Verheijden, A.M. May, J.J.M. van der Hoeven,
D. Piersma, J.B.A.G. Haanen, E. Kapiteijn, K.P.M. Suijkerbuijk
Development of methodology: R.J. Verheijden, A.M. May, J.J.M. van der Hoeven,
D. Piersma, E. Kapiteijn, K.P.M. Suijkerbuijk
Acquisition of data (provided animals, acquired and managed patients, provided
facilities, etc.):C.U. Blank,M.J.B. Aarts, F.W.P.J. van den Berkmortel, A.J.M. van den
Eertwegh, J.W.B. de Groot, M.J. Boers-Sonderen, J.J.M. van der Hoeven,
G.A. Hospers, D. Piersma, R.S. van Rijn, A.J. ten Tije, A.A.M. van der Veldt,
M.W.J.M. Wouters, E. Kapiteijn, K.P.M. Suijkerbuijk
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): R.J. Verheijden, A.M. May, C.U. Blank, A.J.M. van den
Eertwegh, J.J.M. van der Hoeven, A.A.M. van der Veldt, M.W.J.M. Wouters,
E. Kapiteijn
Writing, review, and/or revision of the manuscript: R.J. Verheijden, A.M. May,
C.U. Blank, M.J.B. Aarts, F.W.P.J. van den Berkmortel, A.J.M. van den Eertwegh,
J.W.B. de Groot, M.J. Boers-Sonderen, J.J.M. van der Hoeven, G.A. Hospers,
D. Piersma, R.S. van Rijn, A.J. ten Tije, A.A.M. van der Veldt, G. Vreugdenhil,
M.C.T. van Zeijl, M.W.J.M. Wouters, J.B.A.G. Haanen, E. Kapiteijn,
K.P.M. Suijkerbuijk
Administrative, technical, or material support (i.e., reporting or organizing data,
constructing databases): M.J. Boers-Sonderen, A.J. ten Tije, A.A.M. van der Veldt,
M.W.J.M. Wouters, K.P.M. Suijkerbuijk
Study supervision: M.W.J.M. Wouters, K.P.M. Suijkerbuijk

Acknowledgments
R.J. Verheijden is a medical student participating in the Honours programme of

the Faculty ofMedicine, UMCUtrecht. This specific research manuscript received no
external funding. The Netherlands Organization for Health Research and Develop-
ment funded the start-up of theDutchMelanomaTreatment Registry (DMTR).Grant
number: 836002002. This grant was awarded under the effectiveness research for
high-cost medicine programme. From its foundation, the DMTR has been sponsored
by BMS, Novartis, Roche Nederland B.V., MSD, and Pierre Fabre via the Dutch
Institute for Clinical Auditing (DICA).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received October 9, 2019; revised December 3, 2019; accepted January 22, 2020;
published first January 27, 2020.

References
1. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.

Combined nivolumab and ipilimumab ormonotherapy in untreatedmelanoma.
N Engl J Med 2015;373:23–34.

2. Brahmer J, Reckamp KL, Baas P, Crin�o L, EberhardtWEE, Poddubskaya E, et al.
Nivolumab versus docetaxel in advanced squamous-cell non-small-cell lung
cancer. N Engl J Med 2015;373:123.

3. Haanen JBAG, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al.
Management of toxicities from immunotherapy: ESMO clinical practice guide-
lines for diagnosis, treatment and follow-up. Ann Oncol 2017;28(suppl_4):
iv119–42.

4. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer 2012;12:252–64.

5. Topalian S, Drake C, Pardoll D. Targeting the PD-1/B7-H1(PD-L1) pathway to
activate anti-tumor immunity. Curr Opin Immunol 2012;24:207–12.

6. Wang DY, Salem J-E, Cohen JV, Chandra S, Menzer C, Ye F, et al. Fatal toxic
effects associated with immune checkpoint inhibitors: a systematic review and
meta-analysis. JAMA Oncol 2018;4:1721–8.

7. Naidoo J, Page DB, Li BT, Connell LC, Schindler K, Lacouture ME, et al.
Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies.
Ann Oncol 2015;26:2375–91.

8. Horvat TZ, Adel NG, Dang T-O, Momtaz P, Postow MA, Callahan MK, et al.
Immune-related adverse events, need for systemic immunosuppression, and
effects on survival and time to treatment failure in patients with melanoma
treated with ipilimumab atmemorial Sloan Kettering cancer center. J Clin Oncol
2015;33:3193–8.

9. Weber JS, Hodi FS, Wolchok JD, Topalian SL, Schadendorf D, Larkin J, et al.
Safety profile of nivolumab monotherapy: a pooled analysis of patients with
advanced melanoma. J Clin Oncol 2017;35:785–92.

AACRJournals.org Clin Cancer Res; 26(9) May 1, 2020 2273

Toxicity Management Affects Checkpoint Inhibitor Efficacy

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/26/9/2268/2065129/2268.pdf by guest on 14 D

ecem
ber 2024



10. FujimotoD,YoshiokaH,KataokaY,MorimotoT,KimYH,TomiiK, et al.Efficacy
and safety of nivolumab in previously treated patients with non-small cell lung
cancer: a multicenter retrospective cohort study. Lung Cancer 2018;119:14–20.

11. Ricciuti B, Genova C, De Giglio A, Bassanelli M, Dal Bello MG, Metro G, et al.
Impact of immune-related adverse events on survival in patients with advanced
non-small cell lung cancer treated with nivolumab: long-term outcomes from a
multi-institutional analysis. J Cancer Res Clin Oncol 2019;145:479–85.

12. Johnson DH, Zobniw CM, Trinh VA, Ma J, Bassett RL, Abdel-Wahab N, et al.
Infliximab associated with faster symptom resolution compared with corti-
costeroids alone for the management of immune-related enterocolitis.
J Immunother Cancer 2018;6:103–8.

13. Jochems A, Schouwenburg MG, Leeneman B, Franken MG, van den Eertwegh
AJM,Haanen JBAG, et al. Dutchmelanoma treatment registry: quality assurance
in the care of patientswithmetastaticmelanoma in theNetherlands. Eur J Cancer
2017;72:156–65.

14. von Hippel PT. How to impute interactions, squares, and other transformed
variables. Sociol Methodol 2009;39:265–91.

15. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob J-J, Cowey CL,
et al. Overall survival with combined nivolumab and ipilimumab in advanced
melanoma. N Engl J Med 2017;377:1345–56.

16. Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber J. Nivo-
lumab in resected and unresectable metastatic melanoma: characteristics of
immune-related adverse events and association with outcomes. Clin Cancer Res
2016;22:886–94.

17. Haratani K, Hayashi H, Chiba Y, Kudo K, Yonesaka K, Kato R, et al. Association
of immune-related adverse events with nivolumab efficacy in non-small-cell lung
cancer. JAMA Oncol 2018;4:374–8.

18. Schadendorf D,Wolchok JD,Hodi FS, Chiarion-SileniV,Gonzalez R, Rutkowski
P, et al. Efficacy and safety outcomes in patients with advanced melanoma who
discontinued treatment with nivolumab and ipilimumab because of adverse
events: a pooled analysis of randomized phase II and III trials. J Clin Oncol 2017;
35:3807–14.

19. Lesage C, Longvert C, Prey S, Maanaoui S, Dr�eno B, Machet L, et al. Incidence
and clinical impact of anti-TNFalpha treatment of severe immune checkpoint
inhibitor-induced colitis in advanced melanoma: the Mecolit survey.
J Immunother 2019;42:175–9.

20. Burdett N,HsuK,Xiong L, Tapia-RicoG, BeckmannK, Karapetis C, et al. Cancer
outcomes in patients requiring immunosuppression in addition to corticoster-
oids for immune-related adverse events after immune checkpoint inhibitor
therapy. Asia Pacific J Clin Oncol 2019;1–7. Available from: https://doi.org/
10.1111/ajco.13177.

21. Perez-Ruiz E, Minute L, Otano I, Alvarez M, Ochoa MC, Belsue V, et al.
Prophylactic TNF blockade uncouples efficacy and toxicity in dual CTLA-4
and PD-1 immunotherapy. Nature 2019;569:428–32.

22. Bertrand F, Montfort A, Marcheteau E, Imbert C, Gilhodes J, Filleron T, et al.
TNFa blockade overcomes resistance to anti-PD-1 in experimental melanoma.
Nat Commun 2017;8:1–13.

Clin Cancer Res; 26(9) May 1, 2020 CLINICAL CANCER RESEARCH2274

Verheijden et al.

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/26/9/2268/2065129/2268.pdf by guest on 14 D

ecem
ber 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


