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Willeke A. M. Blokx, MD, PhD; Michel J. M. Wouters, MD, PhD; Karijn P. M. Suijkerbuijk, MD, PhD

IMPORTANCE Management of checkpoint inhibitor–induced immune-related adverse events
(irAEs) is primarily based on expert opinion. Recent studies have suggested detrimental
effects of anti–tumor necrosis factor on checkpoint-inhibitor efficacy.

OBJECTIVE To determine the association of toxic effect management with progression-free
survival (PFS), overall survival (OS), and melanoma-specific survival (MSS) in patients with
advanced melanoma treated with first-line ipilimumab-nivolumab combination therapy.

DESIGN, SETTING, AND PARTICIPANTS This population-based, multicenter cohort study
included patients with advanced melanoma experiencing grade 3 and higher irAEs after
treatment with first-line ipilimumab and nivolumab between 2015 and 2021. Data were
collected from the Dutch Melanoma Treatment Registry. Median follow-up was 23.6 months.

MAIN OUTCOMES AND MEASURES The PFS, OS, and MSS were analyzed according to toxic
effect management regimen. Cox proportional hazard regression was used to assess factors
associated with PFS and OS.

RESULTS Of 771 patients treated with ipilimumab and nivolumab, 350 patients (median [IQR]
age, 60.0 [51.0-68.0] years; 206 [58.9%] male) were treated with immunosuppression for
severe irAEs. Of these patients, 235 received steroids alone, and 115 received steroids with
second-line immunosuppressants. Colitis and hepatitis were the most frequently reported
types of toxic effects. Except for type of toxic effect, no statistically significant differences
existed at baseline. Median PFS was statistically significantly longer for patients treated
with steroids alone compared with patients treated with steroids plus second-line
immunosuppressants (11.3 [95% CI, 9.6-19.6] months vs 5.4 [95% CI, 4.5-12.4] months;
P = .01). Median OS was also statistically significantly longer for the group receiving steroids
alone compared with those receiving steroids plus second-line immunosuppressants (46.1
months [95% CI, 39.0 months-not reached (NR)] vs 22.5 months [95% CI, 36.5 months-NR];
P = .04). Median MSS was also better in the group receiving steroids alone compared with
the group receiving steroids plus second-line immunosuppressants (NR [95% CI, 46.1
months-NR] vs 28.8 months [95% CI, 20.5 months-NR]; P = .006). After adjustment for
potential confounders, patients treated with steroids plus second-line immunosuppressants
showed a trend toward a higher risk of progression (adjusted hazard ratio, 1.40 [95% CI,
1.00-1.97]; P = .05) and had a higher risk of death (adjusted hazard ratio, 1.54 [95% CI,
1.03-2.30]; P = .04) compared with those receiving steroids alone.

CONCLUSIONS AND RELEVANCE In this cohort study, second-line immunosuppression for irAEs
was associated with impaired PFS, OS, and MSS in patients with advanced melanoma treated
with first-line ipilimumab and nivolumab. These findings stress the importance of assessing
the effects of differential irAE management strategies, not only in patients with melanoma
but also other tumor types.
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T he introduction of immune checkpoint inhibitors (ICIs)
has greatly improved the prognosis of patients diag-
nosed with advanced melanoma.1,2 However, blocking

immunological checkpoints, such as cytotoxic T-lymphocyte–
associated protein 4 (CTLA-4) or programmed cell death 1
(PD-1), may lead to immune-related adverse events (irAEs). In
the phase 3 CheckMate 067 trial,3 96% of patients experienced
any irAE, and 59% experienced grade 3 or higher irAEs when
treated with a combination of CTLA-4 and PD-1 antibodies.

Because irAEs result from immune activation, the occur-
rence of irAEs has been hypothesized to be associated with im-
proved ICI efficacy. Data on this toxicity-efficacy relationship
are inconsistent, prone to immortal time bias, and heteroge-
neous in cancer type, ICI regimen, and severity of toxic ef-
fects. Nevertheless, an increasing body of evidence seems to
support this hypothesis.4-9

The management of irAEs is based mainly on expert
opinion,10 and data on the effect of immunosuppressive
therapy on ICI efficacy are limited. Although administration
of steroids for irAEs has generally been considered safe,11,12 a
more recent study questions this to be the case for early high-
dose steroids.13 The effect of tumor necrosis factor (TNF) block-
ade on the survival of patients with advanced melanoma has
been a matter of debate.14-16 A recent study by our group9

showed an association between the use of TNF blockade for
irAEs and impaired survival in a mixed population of patients
with advanced melanoma treated with ipilimumab, anti–
PD-1 therapy, or combination ipilimumab and nivolumab. An
important remaining question is if a potentially harmful ef-
fect could be attributed to anti-TNF specifically or regarded as
the result of escalated and long-term immunosuppression. In
this cohort study, we investigated the association among dif-
ferent immunosuppressive regimens for grade 3 and higher
irAEs with overall survival (OS) and progression-free survival
(PFS) in a more homogeneous cohort of patients with ad-
vanced melanoma, all treated with first-line ipilimumab
and nivolumab.

Methods
Study Design
For this study, we used data from the Dutch Melanoma Treat-
ment Registry (DMTR). The DMTR has prospectively regis-
tered data of all patients with unresectable stage IIIc and IV
melanoma in the Netherlands since 2012. The data in the DMTR
are registered by independent data managers who are trained
annually. To further ensure the data quality, patients’ data are
checked by their treating physicians.17

All patients with advanced cutaneous melanoma treated
with first-line ipilimumab-nivolumab combination therapy reg-
istered in the DMTR between April 2015 and December 2021
were included in this study, with survival analyses focusing
on patients who experienced severe irAEs. We stratified pa-
tients according to their management of toxic effects: ste-
roids alone vs steroids with any second-line immunosuppres-
sant. For the second analysis, the latter group of patients
receiving steroids with any second-line immunosuppressant

was further divided into those receiving steroids with anti-
TNF vs those receiving steroids with other second-line immu-
nosuppressants (excluding anti-TNF). Other immunomodu-
lating medications consisted of mycophenolic acid, tacrolimus,
and other nonspecified immunosuppressants.

Baseline characteristics, reasons for treatment discontinu-
ation, and survival outcomes were compared between the dif-
ferent groups. For this study, the data set cutoff date was
December 14, 2021. Research using DMTR data was approved
by the medical ethical committee and was not deemed sub-
ject to the Medical Research Involving Human Subjects Act
in compliance with Dutch regulations, thus patient informed
consent was not required.

Patient Characteristics
The registered patient and tumor characteristics at diagnosis
that were used for this analysis included (1) age at diagnosis,
(2) sex, (3) Eastern Cooperative Oncology Group Performance
Status, (4) lactate dehydrogenase levels, (5) liver metastasis,
(6) brain metastasis, (7) stage according to the American Joint
Committee on Cancer, 8th edition,18 and (8) BRAF, NRAS,
and KIT variation status. Furthermore, data on the type of
toxic effects and treatments used to manage toxic effects
were registered.

Response evaluation was determined by the treating phy-
sician and was based on the Response Evaluation Criteria in
Solid Tumors, version 1.1.19 Progression-free survival was cal-
culated from the start of systemic therapy until progression
or death by any cause. Overall survival was calculated from
the start of systemic therapy until death by any cause or last
moment of follow-up. Patients not reaching the end point were
censored at the date of the last contact. Melanoma-specific sur-
vival was calculated from the start of systemic therapy until
melanoma-related death. Patients dying of other causes were
censored.

Statistical Analysis
Baseline characteristics were analyzed using descriptive sta-
tistics. Pearson χ2 test was used to compare categorical vari-

Key Points
Question Is there an association among different
immunosuppressive treatments for grade 3 and higher
immune-related adverse events (irAEs) and progression-free
survival or overall survival in patients with advanced melanoma
treated with first-line ipilimumab-nivolumab combination
therapy?

Findings In this cohort study including 771 patients with
advanced melanoma who were treated with ipilimumab and
nivolumab, 350 patients were treated with immunosuppression
for severe irAEs. Use of second-line immunosuppression,
irrespective of the type, was associated with impaired
progression-free survival and overall survival.

Meaning These results suggest harmful effects of escalated
immunosuppression for irAEs, which warrants further
investigation to identify detrimental factors within current
irAE management approaches.
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ables, and the Wilcoxon test was used for continuous vari-
ables. Median follow-up time was estimated from the date
of the first visit using the reversed Kaplan-Meier method.20 Me-
dian PFS and OS were calculated using the Kaplan-Meier
method. A Cox proportional hazards model was used to per-
form a multivariable regression analysis to assess factors as-
sociated with PFS and OS. Comparisons were considered sta-
tistically significant for 2-sided P < .05. Data handling and
statistical analyses were performed using Rstudio, version 4.0.2
(R Foundation),21 packages survival,22 and survminer.23

Results
Patient Characteristics
Of 771 patients treated with first-line combination ipilim-
umab and nivolumab, 385 patients (49.9%) experienced grade
3 or higher irAEs. Eighty-five percent (n = 327) of these pa-
tients were not included in our previous study.9 Of the
patients experiencing grade 3 or higher irAEs, 235 received ste-
roids alone, and 115 received steroids plus any second-line
immunosuppressant. Patients treated with steroids plus any
second-line immunosuppressant more often experienced coli-
tis than patients who received steroids only (80 [69.6%] vs
66 [28.1%]; P < .001), which was the opposite for hepatitis
(36 [31.3%] vs 103 [43.8%]; P = .03), and endocrine-related toxic
effects (6 [5.2%] vs 37 [15.7%]; P = .008). Colitis (n = 146) and
hepatitis (n = 139) were the most frequently reported toxic ef-
fects. There were no other statistically significant differences
at baseline between the 2 groups (Table). Of the 115 patients
treated for their irAE(s) with any second-line immunosuppres-
sant, 67 received steroids plus anti-TNF and 35 received ste-
roids plus other second-line immunosuppressants excluding
anti-TNF.

Patient characteristics of these groups are summarized in
eTable 1 in the Supplement. Specification of the irAE manage-
ment strategy of the group receiving steroids plus other second-
line immunosuppressants excluding anti-TNF is summarized
in eTable 2 in the Supplement. Thirteen patients were ex-
cluded from this last analysis because they received both anti-
TNF and other second-line immunosuppressants. Manage-
ment strategies for these patients are summarized in eTable 3
in the Supplement. Median follow-up was 23.6 months.

Progression-Free Survival
Patients treated with steroids alone had a statistically signifi-
cant longer median PFS (11.3 [95% CI, 9.6-19.5] months) com-
pared with patients treated with steroids plus any second-
line immunosuppressant (5.4 [95% CI, 4.5-12.4] months; hazard
ratio [HR], 1.43 [95% CI, 1.07-1.90]; P = .01; Figure 1A). In mul-
tivariable analysis, there was a strong trend of a higher risk of
progression or death for patients receiving any second-line im-
munosuppressant next to steroids (adjusted HR [aHR], 1.40
[95% CI, 1.00-1.97]; P = .05; Figure 2A).

Progression-free survival was statistically significantly lon-
ger in the steroids-only group compared with the groups re-
ceiving steroids plus anti-TNF (median PFS, 5.4 [95% CI, 4.7-
13.1] months; HR, 1.44 [95% CI, 1.02-2.02]; P = .04) and steroids

plus other immunosuppressants excluding anti-TNF
(median PFS, 4.3 [95% CI, 2.5-13.2] months; HR, 1.65 [95% CI,
1.07-2.56]; P = .02). No statistically significant difference in
PFS existed between the groups receiving steroids plus anti-
TNF and steroids plus other second-line immunosuppres-
sants excluding anti-TNF (HR, 1.17 [95% CI, 0.71-1.92]; P = .54;
eFigure 1A in the Supplement). Multivariable analysis showed
no statistically significantly higher risk of progression or death
for patients receiving steroids plus anti-TNF (aHR, 1.44 [95%
CI, 0.92-2.26]; P = .11) but did show a higher risk of progres-
sion or death for patients receiving steroids plus other second-
line immunosuppressants excluding anti-TNF compared
with steroids only (aHR, 1.62 [95% CI, 1.02-2.57]; P = .04;
eFigure 2A in the Supplement).

Overall Survival
Patients treated with steroids alone had a statistically signifi-
cant longer median OS (46.1 months [95% CI, 39.0 months-
not reached [NR]) compared with patients receiving steroids
plus any second-line immunosuppressant (median OS, 22.5
months [95% CI, 36.5 months-NR]; HR, 1.64 [95% CI,
1.16-2.32]; P = .005; Figure 1B). After adjusting for potential
confounders, the risk of death remained statistically signifi-
cantly higher for patients receiving any second-line immuno-
suppressant next to steroids (aHR, 1.54 [95% CI, 1.03-2.30];
P = .04; Figure 2B).

Median OS was also statistically significantly longer for
patients receiving steroids alone compared with steroids plus
anti-TNF (median OS, 28.7 months [95% CI, 12.2 months-
NR]; HR, 1.62 [95% CI, 1.07-2.46]; P = .02), but not compared
with steroids plus other second-line immunosuppressants
excluding anti-TNF (median OS, 22.4 months [95% CI, 13.2
months-NR]; HR, 1.59 [95% CI, 0.95-2.65]; P = .08). No statis-
tically significant difference in OS was found between pa-
tients receiving steroids plus anti-TNF and steroids plus other
second-line immunosuppressants excluding anti-TNF (HR,
0.99 [95% CI, 0.56-1.76]; P = .97; eFigure 1B in the Supple-
ment). After adjusting for potential confounders, the differ-
ences in risk of death between these subgroups were no lon-
ger statistically significant (eFigure 2B in the Supplement). The
observed trends in OS were also seen for melanoma-specific
survival (eFigures 3 and 4 in the Supplement).

Treatment Duration and Discontinuation
In the group receiving steroids plus any second-line immuno-
suppression, median (IQR) treatment duration (TD) was 44 (21-
102) days. This was not statistically significantly different from
patients treated with steroids plus any second-line immuno-
suppressants (median [IQR] TD, 40 [21-63] days). Patients
treated with steroids plus anti-TNF had a median (IQR) TD of
42 (21-63) days, and patients treated with steroids plus other
second-line immunosuppressants excluding anti-TNF had a
median (IQR) TD of 21 (21-44) days.

Statistically significantly more patients discontinued
treatment due to toxic effects in the group receiving steroids
plus any second-line immunosuppressants (n = 102 [88.7%])
compared with patients receiving steroids only (n = 171
[72.8%]) (P = .02; eTable 4 in the Supplement). There were
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no statistically significant differences in reasons for treat-
ment discontinuation among patients receiving steroids
alone, steroids with anti-TNF, or steroids with other second-

line immunosuppressants excluding anti-TNF, but this could
be a consequence of small patient numbers (eTable 5 in the
Supplement).

Table. Patient Characteristics Stratified by Management of Toxic Effects in Patients
With Advanced Melanoma Treated With First-line Ipilimumab and Nivolumab

Characteristic

Treatment, No. (%)

P value
Steroids
(n = 235)

Steroids + any second-line
immunosuppressant
(n = 115)

Age, y

<70 187 (79.6) 84 (73.0)
.22

≥70 48 (20.4) 31 (27.0)

Age, median (IQR), y 60.0 (52.0-68.0) 60.0 (50.0-70.0) .95

Sex

Female 101 (43.0) 43 (37.4)
.38

Male 134 (57.0) 72 (62.6)

ECOG PS

0 129 (54.9) 53 (46.1)

.391 82 (34.9) 49 (42.6)

≥2 14 (6.0) 6 (5.2)

Liver metastases

No 157 (66.8) 74 (64.3)
.52

Yes 76 (32.3) 41 (35.7)

Brain metastases

No 142 (60.4) 61 (53.0)

.47Yes (asymptomatic) 61 (26.0) 34 (29.6)

Yes (symptomatic) 31 (13.2) 20 (17.4)

Organ sites

<3 112 (47.7) 47 (40.9)

.37≥3 122 (51.9) 68 (59.1)

Unknown 1 (0.4) 0

AJCC, 8th edition, stage

IIIc unresectable 12 (5.1) 5 (4.3)

.32

IV-M1a 3 (1.3) 4 (3.5)

IV-M1b 20 (8.5) 5 (4.3)

IV-M1c 107 (45.5) 47 (40.9)

IV-M1d 92 (39.1) 54 (47.0)

LDH levels

Normal 119 (50.6) 60 (52.2)

.72250-500 U/L 80 (34.0) 39 (33.9)

>500 U/L 31 (13.2) 14 (12.2)

Gene variation

BRAF 90 (38.3) 54 (47.0) .15

NRAS 70 (29.8) 33 (28.7) .93

KIT 3 (1.3) 1 (0.9) >.99

Toxic effect typea

Colitis 66 (28.1) 80 (69.6) <.001

Hepatitis 103 (43.8) 36 (31.3) .03

CNS toxic effect or neuropathy 15 (6.4) 7 (6.1) >.99

Nephritis 17 (7.2) 3 (2.6) .13

Pneumonitis 21 (8.9) 4 (3.5) .10

Endocrine related 37 (15.7) 6 (5.2) .008

Dermatitis 32 (13.6) 7 (6.1) .06

Cardiac toxic effect 2 (0.9) 0 (0.0) .81

Otherb 10 (4.3) 2 (1.7) .37

Abbreviations: AJCC, American Joint
Committee on Cancer; CNS, central
nervous system; ECOG PS, Eastern
Cooperative Oncology Group
Performance Status; LDH, lactate
dehydrogenase.

SI conversion factor: To convert
LDH to microkatals per liter, multiply
by 0.0167.
a Patients may experience multiple

toxic effects.
b Other consisted of any toxic effects

outside the categories mentioned.
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Discussion

In this nationwide cohort study, we showed that patients with
melanoma who received second-line immunosuppressants for
toxic effects had a shorter PFS and OS than those whose irAEs
were managed with steroids only. While we previously dem-
onstrated the detrimental effects of anti-TNF in this setting,9

the current data demonstrate inferior survival for all patients
receiving second-line immunosuppressants. Because the size
of the subgroups of patients receiving anti-TNF or other im-
munosuppressants (excluding anti-TNF) were small, the pre-
sent data are inconclusive on whether this impaired survival
is associated with the use of anti-TNF specifically or acceler-
ated immunosuppression in general.

Controversy exists regarding the effect of TNF inhibition
as irAE treatment on ICI efficacy. Our previous study showed
that patients with melanoma and severe irAEs treated with TNF
inhibition had worse OS than patients who only received
steroids.9 Analyzing 1250 patients with melanoma treated with
first-line ICIs, we showed that the 312 patients who experi-
enced severe ICI-related toxic effects had a statistically sig-
nificantly prolonged survival. The median OS of patients ex-
periencing grade 3 or higher irAEs was 23 months compared
with 15 months for patients without severe toxic effects (aHR,
0.77; 95% CI, 0.63-0.93). Among patients with severe toxic ef-
fects, median OS was 17 months in patients who were treated
with anti-TNF plus steroids compared with 27 months in pa-
tients who received steroids only (aHR, 1.61; 95% CI, 1.03-
2.51). In contrast with the present current homogeneous co-
hort, our previous study contained a mix of ICI treatments, with
most patients receiving anti–CTLA-4 or anti–PD-1 mono-
therapy, which raised concerns about residual confounding.24

The homogeneous cohort of patients treated with first-line ipi-
limumab and nivolumab allowed us to evaluate differences in
PFS. Comparing patients with and without irAEs was not the
focus of the current study. However, we once more found that
patients with severe irAEs treated with steroids only had a sta-
tistically significant better PFS and OS than patients not ex-

periencing severe irAEs. This survival benefit was not found
for patients whose irAEs were managed with second-line im-
munosuppressants (eFigure 5 in the Supplement).

Two small retrospective studies did not show a differ-
ence in survival or time to treatment failure between patients
with advanced cancer and ICI-induced colitis treated with ste-
roids alone or steroids plus TNF inhibition.25,26 However, with
only 35 and 36 patients treated with anti-TNF, respectively,
these studies were underpowered to observe meaningful ef-
fects of immunosuppressants on ICI efficacy. Two other small
studies have described the effects of anti-TNF for ICI-related
colitis in 27 and 19 patients, respectively.27,28 Although the
authors concluded that compared with historical controls,
anti-TNF did not appear to negatively influence survival, their
median OS of 9 and 12 months, respectively, compared unfa-
vorably with OS in recent studies.2

Zou and colleagues29 conducted a retrospective compari-
son in a heterogeneous cohort of patients with cancer who re-
ceived TNF inhibition (infliximab), vedolizumab (an integrin
inhibitor), or both as second-line immunosuppressants for
colitis or diarrhea induced by anti–PD-1, anti–CTLA-4, or com-
bined ICIs. They found an inferior response and OS of pa-
tients treated with infliximab compared with vedolizumab. As
the authors acknowledge, survival and tumor response were
not the primary end points of this study.

The present results suggest that escalated immunosup-
pression for toxic effects compromises ICI efficacy. Although
a link with the use of second-line immunosuppressants
seems likely, we cannot completely rule out the effects of pro-
tracted high-dose steroid treatment in the patients receiving
second-line immunosuppressants. Indeed, early high dosage
of steroids and prolonged steroid treatment have been corre-
lated with worse survival.8,13 Unfortunately, data on steroid
dosage and duration have not been registered in the DMTR.
Of note, steroid titration was previously shown to commence
earlier in patients receiving second-line anti-TNF, with nu-
merically shorter steroid duration.26

More severe irAEs tend to occur earlier.30,31 Because ICIs
are generally discontinued in case of severe irAEs,10,32 a shorter

Figure 1. Survival Stratified by Management of Toxic Effects in Patients With Advanced Melanoma Treated With First-line Ipilimumab and Nivolumab
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ICI exposure in patients with more severe irAEs could theo-
retically explain survival differences. However, in this study,
no relevant difference in ICI treatment duration existed be-
tween patients with and without second-line immunosup-
pression. In the present cohort, second-line immunosuppres-
sion was highly associated with the type of toxic effect. In line
with what was previously shown by Bai et al,13 we did not find

a survival difference according to the type of irAE. Moreover,
adjustment for the type of toxic effect in the multivariable
analysis did not change the results.

Limitations
This study has several limitations. First, although we know the
types of severe irAEs patients had, it was not registered which

Figure 2. Cox Proportional Hazard Model of Survival Stratified by Management of Toxic Effects in Patients
With Advanced Melanoma Treated With First-line Ipilimumab and Nivolumab
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immunosuppressants were given for treatment of which irAE.
Second, the lack of data on duration and dosage of immuno-
suppressants prohibits strong conclusions about a causal link
between the use of second-line immunosuppressants and
patient outcomes.

Conclusions
In this cohort study, data showed that survival was worse in
patients with irAEs treated with escalated immunosuppres-

sion compared with those managed with only steroids. The cur-
rent results suggest harmful effects of escalated immunosup-
pression rather than a specific anti–TNF-related effect.

A randomized clinical trial comparing treatment with in-
fliximab vs the gut-specific vedolizumab in patients with
ICI-induced colitis is currently being conducted33 but unfor-
tunately is not powered on ICI-efficacy end points. With up
to 40% of patients with advanced cancer currently being
eligible for ICIs,34 the relevance of this research reaches be-
yond the melanoma field and urges more randomized stud-
ies, also in other tumor types.
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