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Abstract
Background. Immune checkpoint inhibitors (ICI) have been a breakthrough for selected cancer patients, including 
those with brain metastases (BMs). Likewise, steroids have been an integral component of symptomatic man-
agement of BM patients. However, clinical evidence on the interaction between ICI and steroids in BM patients is 
conflicting and has not adequately been summarized thus far. Hence, the aim of this study was to perform a sys-
tematic literature review and meta-analysis on the association between steroid use and overall survival (OS) in BM 
patients receiving ICI.
Methods. A systematic literature search was performed. Pooled effect estimates were calculated using random-
effects models across included studies.
Results. After screening 1145 abstracts, 15 observational studies were included. Fourteen studies reported suffi-
cient data for meta-analysis, comprising 1102 BM patients of which 32.1% received steroids. In the steroid group, 
median OS ranged from 2.9 to 10.2 months. In the nonsteroid group, median OS ranged from 4.9 to 25.1 months. 
Pooled results demonstrated significantly worse OS (HR = 1.84, 95% CI 1.22-2.77) and systemic progression-free 
survival (PFS; HR = 2.00, 95% CI 1.37-2.91) in the steroid group. Stratified analysis showed a consistent effect across 
the melanoma subgroup; not in the lung cancer subgroup. No significant association was shown between steroid 
use and intracranial PFS (HR = 1.31, 95% CI 0.42-4.07).
Conclusions. Administration of steroids was associated with significantly worse OS and PFS in BM patients re-
ceiving ICI. Further research on dose, timing, and duration of steroids is needed to elucidate the cause of this asso-
ciation and optimize outcomes in BM patients receiving ICI.
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Key Points

1.  Steroid use is associated with shorter OS in brain metastases patients receiving 
ICI.

2. Steroid use is associated with worse systemic PFS, but not with intracranial PFS.

The introduction of immune checkpoint inhibitors (ICI) in the 
treatment of different cancers including melanoma and non-
small cell lung cancer (NSCLC) has been a breakthrough in 
oncology. These ICI target cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) and programmed death (ligand) 1(PD-
(L)1) molecules on T cells, resulting in prolonged activation 
of T-cell responses and subsequent stimulation of antitumor 
activity.1 In brain metastasis (BM) patients, intracranial re-
sponse rates have been reported to range from 16% to 25% 
in melanoma BMs treated with ICI monotherapy,2–5 57% in 
melanoma BMs treated with combined anti-CTLA-4 and 
anti-PD-1 ICI, and 33% in NSCLC BMs treated with anti-PD-1.6 
Moreover, the use of ICI in combination with stereotactic 
radiosurgery (SRS) in BM patients showed higher intracra-
nial response rates and improved survival when compared 
to ICI alone.7–10

As a result of these ongoing advances in immuno-
therapy for BMs, the potential risks vs benefits of the 
concurrent use of ICI and steroids are becoming increas-
ingly relevant. The immunosuppressive effects of steroids 
might counteract the working mechanism of ICIs; preclin-
ical evidence suggested that a combination of these ther-
apies might lead to diminished survival benefits.11 In part 
due to these concerns, 40% of ICI trials considered chronic 
steroid use as an exclusion criterion.12 This is problematic 
for BM patients because steroids such as dexamethasone 
have been an integral component of symptomatic treat-
ment in this population since their introduction more than 
half a century ago.13,14 To date, the implications of these 
concerns for the treatment of BM patients are unclear, and 
studies reporting on an association between steroid use 
and survival in this population have produced conflicting 
results.

To shed light on this question, we performed a system-
atic review and meta-analysis of the current literature 

reporting on the association between the use of steroids 
and overall survival (OS) in BM patients treated with ICI.

Materials and Methods

Study Design and Search Strategy

A systematic literature search was performed in PubMed, 
Embase, Web of Science, Cochrane, Academic Search 
Premier, and PsycINFO on July 2, 2020. The complete search 
can be found in Supplementary Table S1. References of in-
cluded studies were checked to identify additional relevant 
publications. Study screening and data extraction were con-
ducted by two independent reviewers (C.A.C.J. and A.E.W.) 
according to the PRISMA checklist. In case of disagreement, a 
third reviewer (A.F.C.H.) was consulted.

In- and Exclusion Criteria

Studies were included if they (1) reported on at least five 
participants per group in any study design; (2) reported on 
BM patients as the entire study population or included a 
subgroup of BM patients with sufficient data for analysis; 
and (3) reported on the use of steroids in patients receiving 
ICI in relation to primary or secondary outcomes. The pri-
mary outcome of this study was median OS in months, 
whereas secondary outcomes were systemic progression-
free survival (PFS) in months, intracranial PFS (IC-PFS) in 
months, and treatment response according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) 1.1,15 the 
Response Assessment in Neuro-Oncology Brain Metastases 
(RANO-BM) or the immune-related response criteria (irRC),16 

Importance of the Study

Immune checkpoint inhibitors (ICI) are increasingly 
being administered to cancer patients, including those 
with brain metastases (BMs). As steroids are prescribed 
routinely in many BM patients, there is an urgent need 
for a better understanding of the interaction with the ef-
fects of ICIs. Pharmacologically, ICIs and steroids exert 
opposite effects on the immune system. Preclinical 
evidence has indicated that a combination of steroids 
and ICI may diminish survival benefits, and 40% of ICI 
trials excluded patients on steroids. This systematic 

review and meta-analysis investigated the association 
between steroids and overall and progression-free sur-
vival (OS/PFS) in BM patients receiving ICI and demon-
strated that steroids were associated with worse OS 
and systemic PFS. While a causal mechanism cannot 
be inferred from this study, our findings highlight the 
importance of further research into this question. Such 
investigations can help tailor steroid timing and dosing 
in ICI patients in the future.
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reporting on the association between the use of steroids 
and overall survival (OS) in BM patients treated with ICI.

Materials and Methods

Study Design and Search Strategy

A systematic literature search was performed in PubMed, 
Embase, Web of Science, Cochrane, Academic Search 
Premier, and PsycINFO on July 2, 2020. The complete search 
can be found in Supplementary Table S1. References of in-
cluded studies were checked to identify additional relevant 
publications. Study screening and data extraction were con-
ducted by two independent reviewers (C.A.C.J. and A.E.W.) 
according to the PRISMA checklist. In case of disagreement, a 
third reviewer (A.F.C.H.) was consulted.

In- and Exclusion Criteria

Studies were included if they (1) reported on at least five 
participants per group in any study design; (2) reported on 
BM patients as the entire study population or included a 
subgroup of BM patients with sufficient data for analysis; 
and (3) reported on the use of steroids in patients receiving 
ICI in relation to primary or secondary outcomes. The pri-
mary outcome of this study was median OS in months, 
whereas secondary outcomes were systemic progression-
free survival (PFS) in months, intracranial PFS (IC-PFS) in 
months, and treatment response according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) 1.1,15 the 
Response Assessment in Neuro-Oncology Brain Metastases 
(RANO-BM) or the immune-related response criteria (irRC),16 

and occurrence of immunotherapy-related adverse events 
(IRAEs). Systemic PFS reflects time to death or progression 
at any intra- or extracranial location in the body, whereas 
IC-PFS is time to death or intracranial progression. Exclusion 
criteria were: (1) studies performed in animals, (2) studies 
including patients with primary brain tumors, (3) studies 
reporting exclusively on leptomeningeal disease in the ab-
sence of parenchymal BMs, (4) studies in which steroid use 
was supplied only for management of IRAEs, (5) studies with 
no full text available, and (6) non-English publications.

Data Extraction

The following information was extracted: study charac-
teristics including study design and sample size; patient 
characteristics including sex, age, baseline Karnofsky 
Performance Status (KPS), and primary tumor site; treat-
ment characteristics including previous craniotomy and/or 
radiation therapy and type of immunotherapy and steroids 
and clinical outcomes. Authors of the studies were con-
tacted to obtain additional unpublished data if these were 
necessary for quantitative analysis.

Risk of Bias Assessment

A quality assessment of the cohort studies was performed 
based on the Newcastle-Ottawa Scale (NOS) grading 
studies with stars on selection, comparability, and outcome 
categories.17 The highest quality studies were awarded up 
to nine stars (the minimum is 0 stars). For case series, a 
modified NOS was used leaving out the comparability cat-
egory and question 2 of the selection category (selection 
of the nonexposed cohort), resulting in a maximum of six 
stars that could be awarded.

Statistical Analysis

Data analysis was performed using R v 3.5.0 (R Core Team, 
Vienna, Austria). The random-effects model that used 
the DerSimonian-Laird method and Jackson method18 
to account for variation between studies was used to ob-
tain the overall hazard ratio (HR) and incidence rate ratio 
(IRR) estimates and 95% confidence intervals (CI).18 If the 
standard error was not reported in the studies, it was calcu-
lated using the number of deaths,19 the CI, or the P value.20 
Heterogeneity among studies was assessed using Higgin’s 
and Thompson’s I2; >50% was considered to be high het-
erogeneity.21 The Cochrane Q test was used to assess the 
P value for heterogeneity (significant P value < .1). Pooled 
analysis was performed, both unstratified and stratified by 
primary tumor type and by receipt of concurrent SRS and ICI. 
Moreover, a leave-one-out analysis was performed to assess 
how each individual study affected the overall estimate of 
the rest of the studies. A sensitivity analysis was performed 
including only the studies that adjusted for confounders. 
A  random-effects meta-regression analysis on different 
covariates that were reported by at least eight studies (age, 
% previous surgery, % previous upfront radiation therapy, 
type of immunotherapy, and mutational status) was used to 
explore sources of heterogeneity. To assess potential publi-
cation bias, funnel plots and Egger’s linear regression tests22 

were used for outcomes that had at least 8 studies. Meta-
analysis was conducted using the metagen function of the 
meta package in R.23 Unless specified otherwise, a P value of 
less than 5% was considered significant.

Results

Study Selection and Baseline Characteristics

Of 1145 publications identified by systematic search, 15 
studies met the inclusion criteria (see Supplementary 
Figure S1 for flow chart). No additional studies were iden-
tified by reference check. The selected studies described a 
total of 1113 BM patients. One study reported insufficient 
outcome metrics for inclusion into quantitative analysis.24 
Thus, 14 studies were ultimately included into the meta-
analysis comprising a total of 1102 BM patients.2,4,25–32 For 
one study,25 additional data were obtained by directly con-
tacting the authors.

Of the 15 included studies, 2 studies were case series,28,30 
1 study was a prospective cohort,2 2 studies were both pro-
spective and retrospective cohorts,26,27 and 12 were retro-
spective cohorts.4,24,25,28–36 Only one study25 reported on 
the use of corticosteroids and immunotherapy as the pri-
mary objective of the study, the rest of the studies reported 
this as a secondary outcome. Eight studies reported exclu-
sively on BM patients,2,4,28,30–33,35 whereas seven included 
BM patients as a subgroup within a broader metastatic 
cancer cohort.24–27,29,34,36 Five out of 15 studies adjusted for 
potential confounders of which three adjusted for the pres-
ence of symptomatic BM (Table 1).26,29,32,33,36

Regarding patients’ and treatments’ characteristics, six 
studies reported on NSCLC BMs,24–27,33,36 eight on melanoma 
BMs,2,4,28–31,34,35 and one on BMs with various primaries in-
cluding NSCLC and melanoma.32 In total, 354 patients re-
ceived steroids, 328 patients received anti-CTLA-4 therapy, 
769 patients received anti-PD1/PD-L1 therapy, and 13 pa-
tients received a combination of anti-CTLA-4 and anti-
PD-(L)1 therapy. Some studies included patients that had 
also received local therapy including craniotomy and 
SRS.2,4,26–28,30,31,34,35 For the type of steroids, 10 studies did 
not specify the type of steroids2,24,30,33–35 or only described 
a specific dose of dexamethasone4 or prednisolone equiva-
lent,25,26,36 three studies reported on dexamethasone,28,31,32 
and two studies reported on (methyl)prednisolone or pred-
nisone.27,29 Eight studies did not report on the indication 
for steroid use, 24–27,31–33,36 the rest mostly reported sympto-
matic BM as indication for steroid use.2,4,28–30,34,35 Regarding 
the timing of steroid use, seven studies reported on steroid 
use at the start of ICI treatment,2,4,24,26,27,29,35 two studies 
reported on steroid use within 30  days of start ICI treat-
ment,25,36 two studies reported on steroid use overlapping 
ICI treatment,28,32 two studies reported on steroid use at a 
time around the start of ICI treatment,30,33 and two studies 
did not specify an exact time (Table 2).33,34

Overall Survival

In the steroid group, median OS ranged from 2.9 months 
to 10.2  months across studies. In the nonsteroid group, 
median OS ranged from 4.9 to 25.1 months (Table 3).2,4,25–32 
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One study was not included in the meta-analysis, because 
no survival data were reported.

Four studies2,32,35,36 reported a significantly worse 
survival in the steroid group vs the no steroid group; 
whereas the remaining 104,25–31,33 reported no signifi-
cant difference. Pooling the results, however, demon-
strated a statistically significant mortality disadvantage 
of the use of steroids vs no steroids (HR = 1.84, 95% CI 
1.22-2.77, P  =  .007; Figure 1). According to the Higgin’s 
and Thompson’s I2 value (I2  =  49.9%) and Cochrane Q 
test (P =  .02), a significant heterogeneity was observed. 
Stratified analysis by primary tumor type indicated sim-
ilar effect sizes for melanoma BM patients (HR = 1.67, 95% 
CI 1.49-1.87; Supplementary Figure S2) and BM patients 
with mixed primary tumors (HR = 2.46, 95% CI 1.44-4.20). 
For NSCLC BM patients, no significant association was 
seen between the use of steroids and OS (HR  =  2.43, 
95% CI 0.38-15.77; Supplementary Figure S2). Stratified 
analysis by receipt of concurrent ICI and SRS indicated 
similar effect sizes for BM patients receiving only ICI 
(HR = 1.97, 05% CI 1.28-3.05; Supplementary Figure S3); 
no significant association was seen between the use of 
steroids and OS in BM patients receiving concurrent ICI 
and SRS (HR  =  1.30, 95% CI 0.11-14.77; Supplementary 
Figure S3). Additionally, leave-one-out analysis showed 
that the results were not driven by any single study 
(Supplementary Figure S4A). According to Egger’s 
test,22 no significant publication bias was identified for 
OS (P  =  .75), however, the funnel plot (Supplementary 
Figure S5) suggested the possibility of publication bias, 
knowing that the asymmetry could be due to reasons 
other than publication bias.

Sensitivity analysis only including the studies that ad-
justed for confounders26,29,32,33,36 showed no statistically 
significant difference for OS between the steroid and no 
steroid group. However, a trend was seen in disadvan-
tage of the use of steroids (HR = 2.27, 95% CI 0.35-14.57; 
I2 = 89.5%; P-heterogeneity < .01).

Meta-regression did not show a significant effect modi-
fication by age, previous surgery, radiotherapy, or type of 
ICI therapy (all P values > .05; Supplementary Table S1). No 
meta-regression was performed for molecular alterations, 
ie, BRAF mutation, ALK rearrangement, or EGFR mutation, 
due to insufficient studies.

Systemic and Intracranial PFS

Eight studies reported on systemic and/or IC-
PFS.2,4,25–27,31,33,34 In the steroid group, median systemic PFS 
ranged from 1.3 months to 2.0 months across studies and 
IC-PFS ranged from 1.2 to 3.2  months. In the nonsteroid 
group, median systemic PFS ranged from 1.9  months to 
3.5 months and IC-PFS from 1.9 to 7.4 months. Pooling re-
sults of the five studies reporting on systemic PFS showed 
a statistically significant association between worse sys-
temic PFS and the use of steroids in comparison with the 
nonsteroid group (HR  =  2.00, 95% CI 1.37-2.91, P  =  .007; 
Figure 2A); no significant heterogeneity was observed ac-
cording to the Higgin’s and Thompson I2 value (I2 = 0%) and 
Cochrane Q test (P =  .75). There was no significant asso-
ciation between the use of steroids and IC-PFS (HR = 1.31, 
95% CI 0.42-4.07, P = .50; Figure 2B). However, high heter-
ogeneity was observed (I2 = 53%, P-heterogeneity =  .09); 

  
Study Sample size Hazard ratio HR 95%-CI Weight

72
146
23
12
66

154
12
36
14

255
150
80
50
32

Margolin (2012)
Queirolo (2014)
Chasset (2015)
Jones (2015)
Parakh (2017)
Arbour (2018)
Banks (2019)
Galli (2019)

Hendriks (2019a)
Hendriks (2019b)
Kotecha (2019)
Minniti (2019)
Carron (2020)
Zhang (2020)

1.89
1.69
1.75
0.86
2.06
2.67
1.18
1.50
1.89
2.37
2.46
1.74
0.35

25.29

11.4%
15.9%

4.7%
4.1%
3.3%
4.4%
2.0%

11.3%
5.4%
5.9%

11.8%
10.4%

5.5%
3.9%

(1.08; 3.30)
(1.29; 2.22)
(0.51; 5.98)
(0.22; 3.31)
(0.44; 9.56)
(0.73; 9.74)
(0.15; 9.44)
(0.85; 2.64)
(0.62; 5.78)
(0.83; 6.74)
(1.44; 4.20)
(0.93; 3.27)
(0.12; 1.06)

(6.21; 102.97)

0.01
Heterogeneity: I2 = 50, P = 0.02

0.1 1

Favors steroids Favors no steroids

10 100

1.84Random effects model (1.22; 2.77) 100.0%

Fig. 1 Forest plot of hazard ratios (HR) of overall survival (OS) comparing the steroid and nonsteroid group of patients with brain metastases. The 
gray squares represent the point estimate of each study; the size of the squares is proportional to the weight of the study; horizontal lines show 
the 95% confidence intervals (CIs); the black diamond represents the pooled estimate for OS. The pooled HR for OS of all studies included in meta-
analysis was 1.84 (95% CI: 1.22-2.77; I2 = 50%, P-heterogeneity > .01).
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leave-one-out revealed that results were driven by a single 
study (n = 50),33 exclusion of which would result in a sig-
nificant association between steroid use and worse IC-PFS 
(Supplementary Figure S4C). Publication bias assessment 
was not feasible due to the paucity of the studies (<8) for 
each outcome.

Local Treatment Response

Five studies reported on treatment response of which two 
studies used the irRC, one study the RECIST 1.1, one study 
the RANO criteria, and in one study treatment response 
was defined by the investigator/local radiologist-assessed 
(Table 3).2,24,28,32,35

Complete and partial response was seen in 6.7% of 
patients receiving steroids vs 13.6% of patients not re-
ceiving steroids. A stable treatment response was seen 
in 11.7% of patients receiving steroids and 14.7% of pa-
tients not receiving steroids. Lastly, progressive disease 
was seen in 78.3% of the patients receiving steroids and 
71.8% of the patients not receiving steroids. Pooling re-
sults of four studies showed no statistically significant 
association between the use of corticosteroids on com-
plete response/partial response (IRR 0.46, 95% CI 0.21-
1.02, P = .05, Figure 3A), stable disease (IRR 0.62, 95% CI 
0.22-1.72, P = .23, Figure 3B) or progressive disease (IRR 

1.17, 95% CI 0.97-1.42, P  =  .08, Figure 3C) (P-interaction 
comparing treatment response groups < .01).2,24,28,35 One 
study could not be included in meta-analysis due to in-
sufficient data.32 No meta-regression or subgroup anal-
ysis by treatment response criteria was possible due to 
insufficient data.

Immunotherapy-Related Adverse Events

Only one study reported on the effect of corticosteroid 
use in patients receiving immunotherapy and the occur-
rence of IRAEs (Table 3).2 In this study, patients with vs 
without steroids experienced rash (28.6% vs 33.3%), pru-
ritus (23.8% vs 31.4%), diarrhea (38.1% vs 43.1%), and el-
evated aspartate transaminase (19.0% vs 5.9%) (P value 
not reported).

Discussion

The present study aimed to investigate available liter-
ature on the association between the use of cortico-
steroids and OS in BM patients receiving ICI. While no 
study has previously addressed this issue as a primary 
research question, pooling of secondary and subset ana-
lyses allowed for quantitative meta-analysis, indicating 

  
Study Sample size Hazard ratio HR 95%-CI Weight

0.2
Heterogeneity: I2 = 0%, P = 0.75

0.5 1

Favors steroids Favors no steroids

2 5

2.00Random effects model (1.37; 2.91) 100.0%

0.2
Heterogeneity: I2 = 53%, P = 0.09

0.5 1

Favors steroids Favors no steroids

2 5

1.31Random effects model (0.42; 4.07) 100.0%

Margolin (2012)
Parakh (2017)
Minniti (2019)
Carron (2020)

72
66
80
50

1.58
1.72
1.97
0.35

72
154
36
14

255

A

Study Sample size Hazard ratio HR 95%-CI WeightB

2.08
2.55
1.75
1.06
2.78

(1.19; 3.62)
(0.91; 7.14)
(0.62; 4.98)
(0.35; 3.23)
(0.93; 8.27)

48.0%
14.0%
13.6%
11.9%
12.5%

(1.91; 2.75)
(0.56; 5.27)
(0.94; 4.15)
(0.11; 1.14)

35.1%
18.8%
28.5%
17.6%

Margolin (2012)
Arbour (2018)
Gallli (2019)

Hendriks (2019a)
Hendriks (2019b)

Fig. 2 Forest plot of hazard ratios (HR) of (A) systemic progression-free survival (PFS) and (B) intracranial progression-free survival (IC-PFS) 
comparing the steroid and nonsteroid group of patients with brain metastases. The gray squares represent the point estimate of each study; 
the size of the squares is proportional to the weight of the study; horizontal lines show the 95% confidence intervals (CIs); the black diamond 
represents the pooled estimate for each subgroup. (A) The pooled HR for PFS of all studies included in this meta-analysis is 2.00 (95% CI 1.37-
2.91; I2 = 0%, P-heterogeneity = .75). (B) The pooled HR for IC-PFS of all studies included in this meta-analysis is 1.31 (95% CI 0.42-4.07; I2 = 53%, 
P-heterogeneity = .09). A P value for heterogeneity < 10% was considered significant.
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that use of steroids was associated with a significantly 
worse OS and systemic PFS in BM patients receiving ICI. 
No significant association was seen between steroid use 
and IC-PFS.

A recent meta-analysis reported on the association be-
tween corticosteroid use and survival in metastatic cancer 
patients, predominantly melanoma and NSCLC, treated 
with ICI.37 The authors showed that patients using steroids 
had a significantly worse OS (HR = 1.54, 95% CI: 1.24-1.91) 
and PFS (HR = 1.34, 95% CI: 1.02-1.76). BMs as a reason for 
receiving corticosteroids were associated with worse OS 
(HR = 1.51, 95% CI 1.22-1.87). Because BMs, in general, are 
associated with worse survival,3,38 this begs the question 
whether this effect is due to the administration of steroids 
or merely due to the presence of BMs. A logical follow-up 
question, therefore, is whether steroids are still associ-
ated with worse survival within the BM population. The 

results of our meta-analysis answered this question in the 
affirmative.

Still, the question remains whether this was due to 
a causal effect of steroids. It could be argued that pa-
tients receiving steroids were more likely to have large, 
symptomatic BM and were therefore susceptible to 
a worse prognosis. A  recent study by Ricciuti et  al.39 
showed that NSCLC patients receiving corticosteroids 
had worse outcomes than patients who received no or 
low-dose corticosteroids, but this difference seemed 
to be driven by a poor-prognosis subgroup of patients 
who received corticosteroids for palliative indications 
including symptomatic BM. In contrast, the study by 
Queirolo et  al. included in this meta-analysis35 only re-
ported on asymptomatic BM patients but did show a 
significant association between corticosteroid use and 
poorer OS. Moreover, three studies adjusted for the 

  

Study Sample size
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(0.02; 50.40)

26.1%
51.8%

14.7%
7.3%
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Heterogeneity: I2 = 0%, P = 0.76

0.5 1 2 10

Random effect

Margolin (2012)
Queirolo (2014)
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Dumenil (2018)

72
146

12
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0.62 (0.22; 1.72) 100.0%

0.49
0.46

0.75
3.00

(0.06; 4.16)
(0.11; 1.96)

(0.08; 7.21)
(0.12; 73.64)

22.1%
48.1%

9.9%
19.9%

Study Sample size
Incidence rate

ratio IRR 95%-CI Weight
C

0.1
Heterogeneity: I2 = 0%, P = 0.95

0.5 1 2 10

Random effect

Margolin (2012)
Queirolo (2014)

Banks (2019)
Dumenil (2018)

72
146

12
11

1.17 (0.97; 1.42) 100.0%

1.21
1.20

1.25
0.80

(0.70; 2.11)
(0.75; 1.92)

(0.06; 26.04)
(0.21; 2.98)

38.7%
53.3%

1.3%
6.8%

Fig. 3 Forestplot of the incidence rate ratio (IRR) of treatment response comparing the steroid and nonsteroid group of patients with brain me-
tastases. The gray squares represent the point estimate of each study; the size of the squares is proportional to the weight of the study; horizontal 
lines show the 95% confidence intervals (CIs); the black diamond represents the pooled estimate for each subgroup. (A) The pooled IRR for com-
plete/partial treatment response is 0.46 (95% CI 0.21-1.02; I2 = 0%, P-heterogeneity = .89). (B) The pooled IRR for stable disease is 0.62 (95% CI 0.22-
1.72; I2 = 0%, P-heterogeneity = .76). (C) The pooled IRR for progressive disease is 1.17 (95% 0.97-1.42; I2 = 0%, P-heterogeneity = .95). A P value for 
heterogeneity <10% was considered significant.
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presence of symptomatic BM as a potential confounding 
variable. When considering other types of brain tumors, 
a glioblastoma study demonstrated that dexamethasone 
administration was an independent indicator of poor out-
come in human patients. The investigators subsequently 
demonstrated that in mice treated with radiotherapy 
for glioblastoma, randomization to pretreatment with 
dexamethasone led to a decreased survival time, sup-
porting a causal mechanism.40 However, ICIs were not 
administered in this experiment. Prospectively studying 
the causality of steroids in BM patients receiving ICI on 
survival would be difficult due to the essential role of 
steroids in symptom management and the paucity of al-
ternatives, highlighting the need for studies such as the 
meta-analysis we performed and the studies included in 
this meta-analysis. A possible study design could involve 
bevacizumab, a vascular endothelial growth factor in-
hibitor which has shown benefit in patients with steroid-
refractory edema/radionecrosis after irradiation of BMs 
and other brain tumors.41 Randomizing symptomatic BM 
patients on ICI between dexamethasone or bevacizumab 
could shed light on any causal detrimental effect of ster-
oids on survival. However, this would first require more 
study on the safety of combining bevacizumab with ICI.

The results of the present study did not allow us to make 
statements about the cause for the association between ster-
oids and survival. Steroid pharmacodynamics and preclinical 
studies may give some insight into this question. Steroids 
exert anti-inflammatory effects by influencing transcription 
of pro- and anti-inflammatory genes and inhibiting secretion 
of inflammatory cytokines.42,43 Exogenous corticosteroids 
have shown to be toxic to immature T cells and suppress 
interleukin-2-mediated T-cell proliferation, however, it is un-
clear if corticosteroids prevent T-cell differentiation or deplete 
already differentiated tumor-reactive lymphocytes. A study 
by Maxwell et al. demonstrated that mice bearing peripheral 
tumors had a diminished efficacy of anti-PD-1 therapy while 
receiving corticosteroids.11 However, the anti-PD-1-mediated 
antitumor immune responses remained intact after steroid 
administration in a murine glioma model. The authors sug-
gested that anti-PD-1 responses might be influenced differ-
entially depending on the location of the tumor within or 
outside the central nervous system. Potentially, the central 
nervous system plays a protective role against the immuno-
suppressive effect of corticosteroids. In patients with BMs, 
steroids might have different effects on intra- and extracra-
nial cancer burden. According to another murine glioma 
study by Giles et al., naïve T cells were especially sensitive 
to dexamethasone-mediated suppression, as opposed to 
memory T cells.44 This suggests that negative corticosteroid 
effects may be diminished after developing a successful 
antitumor immune response. This could be an explanation 
for the observation that corticosteroids used in the treatment 
of IRAEs did not seem to influence the efficacy of ICI; for in-
stance, ipilimumab was demonstrated to have persisting 
antitumor effects in melanoma patients receiving steroids 
for IRAEs.45–47 This meta-analysis did not allow us to make a 
statement about the timing of steroids and ICI therapy.

An interesting secondary finding of this study is that 
the use of steroids was not associated with IC-PFS, al-
though the leave-one-out for IC-PFS revealed that these 
results were driven by only one study that adjusted for 

confounders and even found an opposite trend toward a 
benefit of steroid use for IC-PFS.33 A possible explanation 
of this outlier is that all patients received ICI in combination 
with SRS, which has been shown to have survival bene-
fits and improved intracranial control compared with ICI 
alone.7–9 However, other studies in our meta-analysis that 
included patients receiving ICI in combination with SRS 
showed a trend toward a disadvantage of steroid use.2,4,26,31

Regarding the assessment of treatment response fol-
lowing immunotherapy, an important challenge merits 
discussion. Differentiating treatment response from 
tumor progression on anatomical contrast-enhanced 
magnetic resonance imaging (MRI) following ICI can be 
difficult in comparison with other treatment modalities 
like chemotherapy or targeted therapy.48 Unique radio-
logical response patterns such as pseudoprogression 
are not adequately captured by traditional response 
criteria.49 Response criteria describing all patterns of 
antitumor activity associated with immunotherapy are 
lacking, however immune-related response criteria in-
cluding the irRC, irRECIST, iRECIST, and immunotherapy 
RANO (iRANO) take into account pseudoprogression.48,50 
Advanced MRI and positron emission tomography (PET) 
techniques can potentially assess the molecular, cellular, 
and structural components of the tumor and its microen-
vironment, resulting in valuable information for the dif-
ferentiation of treatment response after immunotherapy 
and targeted therapy, either alone or in combination 
with radiotherapy.48 A curious secondary finding of this 
meta-analysis is that although not statistically significant 
(possibly due to lack of power), patients on steroids ac-
tually trended toward a higher complete/partial response 
rate than the patients that did not receive steroids. This 
counterintuitive effect might be explained by the ob-
servation that the anti-inflammatory effects of steroids 
might suppress the aforementioned response patterns. 
Unlike RECIST 1.1 and the irRC, RANO includes the use 
of steroids as a criterion, however, only one of the in-
cluded studies reported on treatment response using the 
RANO criteria.32

The findings of this meta-analysis suggest that where 
possible, the administration of steroids in BM should be 
avoided. The immunosuppressive effects of corticosteroids 
are considered to be dose-dependent.44,51 Unfortunately, in-
sufficient data were available to analyze a dose-response re-
lationship between steroids and OS. There is relatively little 
evidence available regarding the optimal dosing scheme 
of corticosteroids in brain tumor patients.52 In BM patients, 
lower doses might be non-inferior to higher doses.53

This meta-analysis has some limitations. All included 
studies were observational studies, with only three 
studies adjusting for symptomatic BM as a possible 
confounder, which might have resulted in confounding by 
indication and residual confounding in the original studies 
included in this meta-analysis. Important covariates in-
cluding the presence of symptomatic BM and KPS could 
not be included in meta-regression due to missing data. 
Because of this, independent and—ultimately—causal as-
sociations should not be concluded from our investiga-
tion and further research is needed in this area. Several 
studies reported BM as a subgroup of the entire study 
population; in some cases, reporting of BM-specific 
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confounders and even found an opposite trend toward a 
benefit of steroid use for IC-PFS.33 A possible explanation 
of this outlier is that all patients received ICI in combination 
with SRS, which has been shown to have survival bene-
fits and improved intracranial control compared with ICI 
alone.7–9 However, other studies in our meta-analysis that 
included patients receiving ICI in combination with SRS 
showed a trend toward a disadvantage of steroid use.2,4,26,31

Regarding the assessment of treatment response fol-
lowing immunotherapy, an important challenge merits 
discussion. Differentiating treatment response from 
tumor progression on anatomical contrast-enhanced 
magnetic resonance imaging (MRI) following ICI can be 
difficult in comparison with other treatment modalities 
like chemotherapy or targeted therapy.48 Unique radio-
logical response patterns such as pseudoprogression 
are not adequately captured by traditional response 
criteria.49 Response criteria describing all patterns of 
antitumor activity associated with immunotherapy are 
lacking, however immune-related response criteria in-
cluding the irRC, irRECIST, iRECIST, and immunotherapy 
RANO (iRANO) take into account pseudoprogression.48,50 
Advanced MRI and positron emission tomography (PET) 
techniques can potentially assess the molecular, cellular, 
and structural components of the tumor and its microen-
vironment, resulting in valuable information for the dif-
ferentiation of treatment response after immunotherapy 
and targeted therapy, either alone or in combination 
with radiotherapy.48 A curious secondary finding of this 
meta-analysis is that although not statistically significant 
(possibly due to lack of power), patients on steroids ac-
tually trended toward a higher complete/partial response 
rate than the patients that did not receive steroids. This 
counterintuitive effect might be explained by the ob-
servation that the anti-inflammatory effects of steroids 
might suppress the aforementioned response patterns. 
Unlike RECIST 1.1 and the irRC, RANO includes the use 
of steroids as a criterion, however, only one of the in-
cluded studies reported on treatment response using the 
RANO criteria.32

The findings of this meta-analysis suggest that where 
possible, the administration of steroids in BM should be 
avoided. The immunosuppressive effects of corticosteroids 
are considered to be dose-dependent.44,51 Unfortunately, in-
sufficient data were available to analyze a dose-response re-
lationship between steroids and OS. There is relatively little 
evidence available regarding the optimal dosing scheme 
of corticosteroids in brain tumor patients.52 In BM patients, 
lower doses might be non-inferior to higher doses.53

This meta-analysis has some limitations. All included 
studies were observational studies, with only three 
studies adjusting for symptomatic BM as a possible 
confounder, which might have resulted in confounding by 
indication and residual confounding in the original studies 
included in this meta-analysis. Important covariates in-
cluding the presence of symptomatic BM and KPS could 
not be included in meta-regression due to missing data. 
Because of this, independent and—ultimately—causal as-
sociations should not be concluded from our investiga-
tion and further research is needed in this area. Several 
studies reported BM as a subgroup of the entire study 
population; in some cases, reporting of BM-specific 

baseline characteristics was limited or absent, precluding 
meta-regression on these variables. Lastly, a significant 
statistical heterogeneity between studies was identified.

On the other hand, a major strength of our study is that, 
to our knowledge, it was the first in the literature that spe-
cifically assessed the question of ICI and steroids in BMs 
as a primary research question. Only 1 out of 13 included 
studies25 reported on the use of steroids and ICI as the pri-
mary objective of the study, including BM patients as a 
subgroup. The rest of the studies reported the impact of 
steroids as a secondary outcome. Moreover, a relatively 
large sample size strengthened our study.

There is a need for future investigation into the use of 
concurrent ICI therapy and corticosteroids in BM patients. 
Observational studies should aim to study these inter-
actions taking into account confounding variables including 
the presence of symptomatic BM, and focus on the effect of 
dose and duration of steroid administration, as well as the 
optimal timing of ICI, steroids, and local treatments such as 
neurosurgery and radiosurgery in BMs. Finally, more pre-
clinical research conducted specifically in BM models could 
help further elucidate the question of causality.

Conclusion

In this meta-analysis, the use of steroids was associated 
with significantly shorter OS and worse systemic PFS in 
BM patients receiving ICI. Further investigations on dose, 
timing, and duration of steroids are needed to elucidate 
this increasingly relevant question.
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