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ABSTRACT
Background  Management of immune-related adverse 
events (irAEs) is important as they cause treatment 
interruption or discontinuation, more often seen with 
combination immune checkpoint inhibitor (ICI) therapy. 
Here, we retrospectively evaluated the safety and 
effectiveness of anti-interleukin-6 receptor (anti-IL-6R) as 
therapy for irAEs.
Methods  We performed a retrospective multicenter study 
evaluating patients diagnosed with de novo irAEs or flare 
of pre-existing autoimmune disease following ICI and were 
treated with anti-IL-6R. Our objectives were to assess 
the improvement of irAEs as well as the overall tumor 
response rate (ORR) before and after anti-IL-6R treatment.
Results  We identified a total of 92 patients who 
received therapeutic anti-IL-6R antibodies (tocilizumab 
or sarilumab). Median age was 61 years, 63% were men, 
69% received anti-programmed cell death protein-1 (PD-
1) antibodies alone, and 26% patients were treated with 
the combination of anti-cytotoxic T lymphocyte antigen-4 
and anti-PD-1 antibodies. Cancer types were primarily 
melanoma (46%), genitourinary cancer (35%), and lung 
cancer (8%). Indications for using anti-IL-6R antibodies 
included inflammatory arthritis (73%), hepatitis/cholangitis 
(7%), myositis/myocarditis/myasthenia gravis (5%), 
polymyalgia rheumatica (4%), and one patient each with 
autoimmune scleroderma, nephritis, colitis, pneumonitis 
and central nervous system vasculitis. Notably, 88% of 
patients had received corticosteroids, and 36% received 
other disease-modifying antirheumatic drugs (DMARDs) 
as first-line therapies, but without adequate improvement. 
After initiation of anti-IL-6R (as first-line or post-
corticosteroids and DMARDs), 73% of patients showed 
resolution or change to ≤grade 1 of irAEs after a median 
of 2.0 months from initiation of anti-IL-6R therapy. Six 
patients (7%) stopped anti-IL-6R due to adverse events. 
Of 70 evaluable patients by RECIST (Response Evaluation 
Criteria in Solid Tumors) V.1.1 criteria; the ORR was 66% 
prior versus 66% after anti-IL-6R (95% CI, 54% to 77%), 

with 8% higher complete response rate. Of 34 evaluable 
patients with melanoma, the ORR was 56% prior and 
increased to 68% after anti-IL-6R (p=0.04).
Conclusion  Targeting IL-6R could be an effective 
approach to treat several irAE types without hindering 
antitumor immunity. This study supports ongoing clinical 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Immune checkpoint inhibitors (ICIs) have been associat-
ed with immune-related adverse events (irAEs), causing 
significant morbidity and impacting the development of 
combination ICI approaches. Corticosteroids remain the 
standard of care therapy for irAEs; however, high doses 
and prolonged duration might dampen antitumor immu-
nity and cause morbid adverse events. Thus, selective 
immune modulation strategies that attenuate immuno-
toxicity and preserve antitumor immunity are an unmet 
need.

WHAT THIS STUDY ADDS
	⇒ This is the largest study assessing the impact of anti-
interleukin-6 receptor (anti-IL-6R) therapy on irAE and 
antitumor immune response. Selective immunosup-
pression using anti-IL-6R has shown promising results 
in improving several irAEs, including patients with cor-
ticosteroid refractory irAEs and autoimmune disease 
flare-ups; however, further studies are needed to de-
termine the efficacy of this approach in life-threatening 
irAEs.

	⇒ Early introduction of anti-IL-6R therapy resulted in a rap-
id irAE improvement compared with delayed treatment 
as a second line of therapy. Also, comparable efficacy 
was achieved with subcutaneous and intravenous ad-
ministrations of anti-IL-6R therapy in the largest irAE 
subgroup of patients with ICI-induced arthritis.

	⇒ Anti-IL-6R therapy did not seem to compromise the 
ICI-induced tumor response.
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trials evaluating the safety and efficacy of tocilizumab (anti-IL-6R 
antibody) in combination with ICIs (NCT04940299, NCT03999749).

INTRODUCTION
The use of immune checkpoint inhibitors (ICIs) has 
expanded exponentially, due to their impressive survival 
benefit in a broad spectrum of cancer types. ICIs block 
the checkpoint proteins that downregulate T-cell acti-
vation like cytotoxic T lymphocyte antigen-4 (CTLA-4), 
programmed cell death protein-1 (PD-1), thereby reinvig-
orating the antitumor immune surveillance.1–8 However, 
‘taking the breaks off’ the immune system may often 
result in collateral inflammatory and immune-related 
adverse events (irAEs) in any organ. The likelihood of 
these toxicities increases with combination ICI regimens, 
leading to treatment interruption or discontinuation as 
well as morbidity, mortality and burden to healthcare 
systems.9–13 Therefore, identification of strategies that 
can effectively manage the immune toxicities without 
blunting the tumor response to ICIs is imperative.

The current treatment guidelines for irAEs recommend 
corticosteroids as a first line of therapy.14–17 However, the 
best initial corticosteroid dose and optimal treatment 
duration, risk of corticosteroid toxicity, and its impact on 
cancer outcomes remain to be further determined.18–20 
Conventional synthetic disease-modifying anti-rheumatic 
drugs (DMARDs) and/or certain biologics such as anti-
tumor necrosis factor-alpha (anti-TNF-α), and anti-
interleukin-6 receptor (anti-IL-6R) are recommended 
only for steroid-refractory irAEs.14–17 These recommen-
dations were based on existing treatment strategies of 
autoimmune diseases and available data on the manage-
ment of ICI-induced irAEs comes primarily from case 
reports and small series where corticosteroids showed 
effectiveness in treating most irAEs.21 To date, random-
ized controlled trials have not been published that could 
provide information on what treatment might be supe-
rior in minimizing the deleterious effects of ICIs without 
affecting the ICI-induced tumor immunity.

Currently, the use of anti-IL-6R therapy for irAEs 
management has been primarily reported in case reports 
and small series which mainly included patients with cyto-
kine release syndrome and lacked information on tumor 
response to ICI prior to anti-IL-6R, making it difficult to 
interpret its impact on ICI tumor immunity.22–25 Indeed, 
IL-6 is a key cytokine for differentiating naïve CD4 T cells 
into T helper 17 (TH17) cells, which are implicated in 
the pathogenesis of several autoimmune diseases and 
could similarly play a role in irAEs.26 Therefore, we 

recently studied the role of IL-6/TH17 axis in ICI-related 
immunity, and through gene expression analysis, we have 
demonstrated its role in multiple irAEs and tumor resis-
tance.27 Herein, we report the results from a retrospective, 
multicenter study that evaluated the use of anti-IL-6R for 
irAE management and assessed its impact on the tumor 
response to ICIs and overall survival (OS).

METHODS
Cohort selection
After obtaining Institutional Review Board (IRB) 
approval, we searched The University of Texas MD 
Anderson (MD Anderson) databases (eg, pharmacy 
records, tumor registries, oncology clinics, and/or 
specialty clinics for diagnosis and management of irAEs) 
to identify patients who had received (1) a Food and 
Drug Administration-approved ICI therapy (ipilimumab, 
pembrolizumab, nivolumab, cemiplimab, atezolizumab, 
avelumab, durvalumab) between January 1, 2014, and 
March 31, 2021; and (2) an anti-IL-6R agent (tocilizumab 
or sarilumab) at or after initiation of ICIs. Subsequently, 
the patients’ medical records were thoroughly reviewed to 
identify the patients who had received anti-IL-6R specifi-
cally for management of ICI-induced irAEs or flares of 
pre-existing autoimmune diseases, and those patients 
were then followed-up until September 30, 2021. Patients 
who received anti-IL-6R for cytokine release syndrome, 
occurring as an isolated toxicity following ICIs, were 
excluded. Eligible patients were also identified at Mass 
General Brigham/Dana-Farber Cancer Institute, Mayo 
Clinic, University of Washington School of Medicine, 
and NYU Langone/Laura and Isaac Perlmutter Cancer 
Center after IRB approval was obtained.

Data collection
A universal data collection protocol was established to 
harmonize data collection across all centers, and data were 
abstracted by two independent physician-investigators. 
We extracted data on patient demographics; cancer 
type; ICI type; prior autoimmune disease if any; sero-
logical autoimmune tests including rheumatoid factor, 
anti-citric citrullinated peptide, antinuclear antibodies, 
anti-Sjogren’s Syndrome A and B, human leukocyte anti-
gen-B27, IL-6, TNF-α, and interferon gamma when avail-
able; type of irAEs for which anti-IL-6R was administered 
and time until irAEs onset; first-line of therapy used for de 
novo irAEs and flare of pre-existing autoimmune disease 
if any; type, dose, time until initiation of and duration of 
anti-IL-6R treatment as well as concomitant immunosup-
pressive therapy if any; C-reactive protein (CRP) levels at 
onset of irAEs, at initiation of anti-IL-6R, and within 8–12 
weeks of treatment; reason for anti-IL-6R discontinua-
tion (side effects or treatment failure); median duration 
of follow-up, and the tumor response to ICI as per the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
V.1.1 criteria.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ The findings of this study provide a safety signal and proof of con-
cept support testing this therapeutic strategy in prospective trials 
for patients who develop irAEs and even as a preventive strategy 
concomitantly with ICI combination therapy.
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For patients identified from MD Anderson, three inde-
pendent radiologists (MOA; NHT; KME) reviewed all the 
imaging since the initiation of ICIs until the last avail-
able follow-up to characterize the tumor response using 
RECIST V.1.1. For patients identified from other centers, 
tumor response to ICIs was characterized based on the 
treating oncologists’ notes in the electronic medical 
records.

Outcome assessment
Our primary objective was evaluating the effectiveness 
of anti-IL-6R blockade for management of ICI-related 
AEs in terms of (1) clinical improvement of AEs (reso-
lution or change to ≤grade 1 of irAEs or autoimmune 
disease flares), as documented in the medical records by 
the treating oncologist and/or subspecialist. For those 
patients who were evaluated by autoimmune disease 
specialists, we also took into consideration the disease 
activity measures to provide an objective assessment 
of irAEs improvement when data were available, while 
remaining cognizant that these outcome measures are 
adapted from primary autoimmune diseases and are 
yet to be validated for irAEs (detailed in online supple-
mental table S1); (2) normalization of CRP levels within 
8–12 weeks of anti-IL-6R treatment when available; and 
(3) other diagnostic testing as required for diagnosis and 
management of each irAE.

Our secondary objectives were assessing the safety of 
anti-IL-6R treatment in terms of (1) anti-IL-6R-related 
AEs; (2) determining the best overall response rate 
(ORR) to ICI therapy as per RECIST V.1.1. For that, we 
evaluated the best ORR to ICI before the initiation of, or 
early on anti-IL-6R therapy (within 8–12 weeks) compared 
with the best ORR after anti-IL-6R administration per last 
available follow-up for each individual patient. Subgroup 
analyses were performed for patients (a) who received 
concomitant therapy after irAE development with both 
anti-IL-6R and ICI agents for a minimum of 15 days, (b) 
who started anti-IL-6R therapy within the first 3 months 
of ICI initiation (excluding those who initiated therapy 
later during their ICI treatment course), (c) patients with 
melanoma, and (d) those with pre-existing autoimmune 
disease. Of note, patients switched to other line of cancer 
therapies before anti-IL-6R initiation were excluded from 
the tumor response analysis; and (3) OS calculated from 
the first ICI dose until death for any reason.

Statistical analysis
Patient demographics and baseline characteristics, irAE 
characteristics, IL-6 treatment characteristics (type, 
dose, duration, and outcome of anti-IL-6R therapy) were 
summarized using descriptive statistics, mean (SD) or 
median (IQR) for continuous variables and frequency 
(%) for categorical variables. We estimated the propor-
tion of patients who achieved complete response (CR) 
or partial response as the best response after ICI treat-
ment along with the 95% CI. McNemar’s test was used 
to test marginal homogeneity of best response before 

the initiation or early on anti-IL-6R therapy and after 
anti-IL-6R treatment. We then used the univariate and 
multivariable logistic regression models to estimate the 
correlative factors associated with irAEs improvement 
within 1 month of anti-IL-6R therapy as well as with 
achieving best ORR to ICI in anti-IL-6R treated patients. 
Kaplan-Meier curve was used to estimate the OS. A p 
value of less than 0.05 indicated a statistical significance. 
SAS V.9.4 (SAS Institute, Cary, North Carolina, USA) was 
used for data analysis.

RESULTS
After excluding 3 patients who received anti-IL-6R as a 
preventative therapy, 92 patients were included in the 
final analysis, 69 from MD Anderson and 23 from other 
sites (online supplemental figure S1).

Patient characteristics
Patient characteristics are summarized in table 1. Their 
median age at ICI initiation was 61 years and 58 (63%) 
were men. Most patients had melanoma (46%). ICIs were 
mainly given as a single anti-PD-1 agent in 63 patients 
(69%) and used in the metastatic setting in 80 (89%) 
(online supplemental table S2). The median duration of 
ICI treatment was 8.6 months (range, 0.03–53.9 months), 
and the median duration of follow-up since ICIs initiation 
was 23 months (95% CI, 20 to 27 months) and since anti-
IL-6R initiation was 12 months (95% CI, 8 to 15 months). 
Twenty-two patients (24%) had a pre-existing autoim-
mune disease, predominantly rheumatoid arthritis. 
Serological autoimmune testing was performed for 60 
patients (excluding patients with pre-existing autoim-
mune disease) before initiation of anti-IL-6R; at least one 
autoimmune biomarker was positive in 37 (62%), and 
elevated IL-6 level was detected in 23/32 patients (72%).

The main indications for using anti-IL-6R were inflam-
matory arthritis in 67 patients (73%); 50 had de novo 
inflammatory arthritis and 17 had flare-up of pre-existing 
arthritis (table 1). The median CRP level at irAE onset 
was 37.3 mg/L (range 0.4–301 mg/L). The median time 
to anti-IL-6R initiation from onset of irAE for which it was 
administered as a treatment was 3 months (range 0.03–
51.0 months). Only eight patients (9%) received anti-
IL-6R as the first-line therapy, primarily for inflammatory 
arthritis (n=7) and encephalitis (n=1) as recommended 
by the treating physician. However, the remaining 84 
(91%) patients received it after failure of at least one 
immunosuppressant; 81 (88%) received prior corticoste-
roids (median dose of 40 mg/daily (range 7.5–1250 mg/
daily) prednisone equivalent), and 33 (36%) received 
DMARDs (methotrexate, hydroxychloroquine, sulfasal-
azine, azathioprine, apremilast, mycophenolate mofetil, 
tacrolimus, rituximab, vedolizumab, anakinra, infliximab, 
etanercept, and adalimumab) without adequate improve-
ment. Tocilizumab was the most frequently used anti-
IL-6R in 88 patients (96%). The mode of administration 
varied widely depending on the irAEs type; tocilizumab 

https://dx.doi.org/10.1136/jitc-2023-006814
https://dx.doi.org/10.1136/jitc-2023-006814
https://dx.doi.org/10.1136/jitc-2023-006814
https://dx.doi.org/10.1136/jitc-2023-006814


4 Fa'ak F, et al. J Immunother Cancer 2023;11:e006814. doi:10.1136/jitc-2023-006814

Open access�

Table 1  Patient demographics and baseline characteristics

Patient characteristics N=92

Mean age at ICI initiation (±SD) 60.4±12.66

Sex, n (%)

 � Female 34 (37)

 � Male 58 (63)

Cancer type, n (%)

 � Melanoma 42 (46)

 � Renal cell carcinoma 19 (21)

 � Bladder 11 (12)

 � Non-small cell lung cancer 7 (8)

 � Breast 2 (2)

 � Prostate 2 (2)

 � Squamous cell carcinoma of the head and neck 2 (2)

 � Others* 7 (8)

Immune checkpoint inhibitor type, n (%)

 � Anti-PD-1 63 (69)

 � Anti-CTLA-4+anti-PD-1 24 (26)

 � Anti-PD-L1 3 (3)

 � Anti-CTLA-4 2 (2)

Cancer stage, n (%)†

 � IV 80 (87)

 � III 10 (11)

Immune checkpoint inhibitor setting, n (%)‡

 � Metastatic 80 (89)

 � Adjuvant 10 (11)

History of pre-existing autoimmune disease, n (%) 22 (24)

 � Rheumatoid arthritis§ 14 (15)

 � Psoriasis with/without psoriatic arthritis 4 (4)

 � Undifferentiated arthritis 2 (2)

 � Polymyalgia rheumatica 1 (1)

 � Sjogren’s syndrome 1 (1)

Positive autoimmune markers, n (%)

 � Positive at least one autoimmune marker 48/78 (62)

 � IL-6 25/37 (68)

 � TNF-α 13/28 (46)

 � IFN-γ 8/29 (28)

 � ANA 13/57 (23)

 � RF 13/58 (22)

 � Anti-CCP 8/55 (15)

 � Anti-SSA 2/17 (12)

 � Anti-SSB 2/42 (5)

 � HLA-B27 1/31 (3)

Types of irAEs treated with anti-IL-6R, n (%)

 � Arthritis (new-onset or flare-ups of pre-existing 
arthritis)

67 (73)

  �  Rheumatoid arthritis-like 46 (50)

  �  Inflammatory polyarthritis 11 (12)

  �  Oligoarthritis of large joints 5 (5)

Continued

Patient characteristics N=92

  �  Spondyloarthropathy-like (SPA-like) 2 (2)

  �  Psoriatic arthritis 2 (2)

  �  Polymyalgia rheumatica with peripheral synovitis 1 (1)

 � Cholangitis/hepatitis 6 (7)

 � Encephalitis 5 (5)

 � Myositis/myasthenia gravis/myocarditis 5 (5)

  �  Myositis, myasthenia gravis and myocarditis 2 (2)

  �  Myositis and myasthenia gravis 2 (2)

  �  Myositis and myocarditis 1 (1)

 � Polymyalgia rheumatica 4 (4)

 � Pneumonitis 1 (1)

 � Nephritis 1 (1)

 � Colitis 1 (1)

 � Systemic sclerosis 1 (1)

 � CNS vasculitis 1 (1)

First-line therapy for irAEs

 � Corticosteroids 81 (88)

 � Corticosteroid-sparing agents¶ 33 (36)

 � Anti-IL-6R 8 (9)

 � Pyridostigmine 2 (2)

 � Plasmapheresis 2 (2)

 � Intravenous immunoglobulin 1 (1)

Anti-IL-6R type, dose/frequency, route, n (%)

 � Sarilumab, 200 mg/2 weeks, subcutaneous 4 (4)

 � Tocilizumab, 162 mg/2 weeks, subcutaneous 31 (34)

 � Tocilizumab, 4 mg/kg/4 weeks, intravenous 21 (23)

 � Tocilizumab, 8 mg/kg/4 weeks, intravenous 10 (11)

 � Tocilizumab, 162 mg/1 week, subcutaneous 9 (10)

 � Tocilizumab, 8 mg/kg once, intravenous 8 (9)

 � Tocilizumab, 4 mg/kg once, intravenous 7 (8)

 � Tocilizumab, 4 mg/kg/3 weeks, intravenous 1 (1)

 � Tocilizumab, 162 mg once, subcutaneous 1 (1)

Numbers are rounded to the nearest whole number.
*Others: One patient each with acute myeloid leukemia, central 
nervous system lymphoma, cecal cancer, cervical cancer, Merkel cell, 
sarcoma, adrenal cancer.
†One patient had leukemia and one CNS lymphoma.
‡Information on ICI setting was not available for two patients.
§One patient had associated Sjogren’s Syndrome.
¶Corticosteroid-sparing agents used as a first-line treatment and 
varied widely according to the irAEs type including methotrexate, 
hydroxychloroquine, sulfasalazine, azathioprine, apremilast, 
mycophenolate, tacrolimus, rituximab, vedolizumab, anakinra, 
infliximab, etanercept, and adalimumab.
ANA, antinuclear antibodies; anti-CCP, anti-citric citrullinated peptide; 
anti-SSA, anti-Sjogren’s Syndrome A; anti-SSB, anti-Sjogren’s 
Syndrome B; CNS, central nervous system; CTLA-4, cytotoxic 
T lymphocyte-associated protein 4; HLA-B27, human leukocyte 
antigen-B27; ICI, immune checkpoint inhibitor; IFN-γ, interferon 
gamma; IL-6, interleukin-6; IL-6RA, interleukin-6 receptor antagonist; 
irAE, immune-related adverse event; PD-1, programmed cell death 
protein 1; PD-L1, programmed cell death ligand 1; RF, rheumatoid 
factor; SC, subcutaneous; TNF-α, tumor necrosis factor-alpha.

Table 1  Continued
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162 mg was administered subcutaneously (SC) every 2 
weeks in 31 patients (34%), and 4–8 mg/kg intravenously 
every 4 weeks in 31 patients (34%), and the median dura-
tion of treatment was 4 months (range, 0.5–59 months). 
Anti-IL-6R was administered alone in 15 patients (16%), 
and in combination with corticosteroids in 72 patients 
(78%), and with other corticosteroid-sparing agents in 
20 patients (22%). Of note, anti-IL-6R was administered 
concomitantly with ICI therapy in 36 patients after irAE 
development for a median of 4.4 months (range, 0.5–37.1 
months).

Effectiveness of anti-IL-6R therapy for management of irAEs
In the overall study sample, treatment with anti-IL-6R 
led to improvement of irAEs in 67 patients (73%) after 
a median of 2 months (range, 0.03–23.0 months), along 
with discontinuation of corticosteroids in 14 (17%) on 
initiation of therapy and corticosteroid taper in addi-
tional 49 patients (60%) to a median dose of 10 mg/daily 
(IQR, 5–12 mg daily) prednisone equivalent within 2 
months. The median CRP level at initiation of anti-IL-6R 
was 55.2 mg/L (IQR, 1.2–321 mg/L) and dropped to 
1 mg/L (IQR, 0.1–84 mg/L) within 10 weeks of therapy 
(p<0.0001) in 20 patients with both CRP measurements. 
Subgroup analyses of the patients who had elevated IL-6 
levels (n=23) and those who had normal levels (n=7) 
before anti-IL-6R initiation showed similar median time 
to irAE improvement after therapy (1 month each). Of 
note, receipt of anti-CTLA-4 and anti-PD-1 combination 
therapy was associated with irAE improvement within 
1 month of anti-IL-6R therapy (adjusted OR (aOR) 4.4, 
95% CI 1.34 to 14.44, p=0.01) (table  2). Conversely, 
history of pre-existing autoimmune disease (aOR 0.11, 
95% CI 0.01 to 1.01, p=0.05), and use of corticosteroid-
sparing agents as first-line therapy for irAEs (aOR 0.17, 
95% CI 0.04 to 0.76, p=0.02) were associated with a lower 
odds of irAEs improvement.

Detailed information on the effectiveness of anti-IL-6R 
for various organ-specific toxicities is summarized below 
and in table 3.

Inflammatory arthritis (n=67)
Most patients were treated with tocilizumab 162 mg/SC 
every 1–2 weeks as approved for rheumatoid arthritis. 
Fifty-six (84%) experienced clinical improvement of their 
joint symptoms after a median of 2.4 months (figure 1) 
since anti-IL-6R initiation, which was given subcutane-
ously every 1–2 weeks in 32 (57%) patients. Forty-three 
patients were evaluated by rheumatologists; the median 
Clinical Disease Activity Index (CDAI) score at onset 
of anti-IL-6R was 24 indicating high disease activity and 
dropped to 6 after treatment indicating low disease 
activity. The improvement was seen in 84% (n=32/38) 
who were treated with SC anti-IL-6R and 83% (n=24/29) 
who received intravenous anti-IL-6R. The median CRP 
level measured for 17 patients at anti-IL-6R initiation 
was 49 mg/L (normal range <10 mg/L) but dropped to 
1 mg/L within 10 weeks of treatment. Of note, 58 (86%) 

patients initially failed to respond to first-line cortico-
steroid therapy at a median dose of 30 mg/day, and 22 
patients failed to respond to other treatments including 
methotrexate, hydroxychloroquine, sulfasalazine, adalim-
umab, etanercept, golimumab, apremilast, vedolizumab, 
anakinra, rituximab, and infliximab.

Hepatitis/cholangitis (n=6)
Five patients received intravenous tocilizumab 8 mg/kg 
administered once for three patients and every 4 weeks 
for two others. Four (67%) had improvement after a 
median of 12 days; the median aspartate aminotrans-
ferase level was 221 IU/L (range, 11–678) and alanine 
transaminase level was 174 IU/L (range, 8–315) at initi-
ation of anti-IL-6R and dropped to 96 IU/L (range, 
14–517) and 45 IU/L (range, 10–178), respectively, 
within 12 days (figure 2). The CRP level was measured for 
only one patient at anti-IL-6R initiation and was 109 mg/L 
but dropped to 12.4 mg/L within 10 weeks of treatment. 
Of note, one patient with hepatitis was treated with tocili-
zumab 162 mg SC every 1 week but did not improve. All 
six patients initially failed to respond to first-line cortico-
steroid therapy at a median dose of 72 mg/day, and two 
of them also failed to respond to mycophenolate and 
azathioprine.

Myositis with myasthenia gravis and/or myocarditis overlap 
(n=5)
Three patients with those conditions were treated with 
intravenous tocilizumab at 4 mg/kg (once, every 3 
and 4 weeks respectively), one patient received 8 mg/
kg every 4 weeks, and another patient received SC 
tocilizumab 162 mg every 2 weeks; duration of therapy 
varied widely with three patients that received a total of 
two doses, one received a single dose and another one 
received four doses of therapy, however, none had clin-
ical improvement in spite of the improvement in chem-
ical parameters. The median creatine kinase level was 
2439 U/L (range 1050–3194) at initiation of anti-IL-6R 
and dropped to 98 U/L (range 41–104), median aldo-
lase level dropped from 29 U/L (range, 26.8–33.6) to 
10.8 U/L (range 5.7–19.1), and median troponin-T level 
dropped from 485 ng/mL (range 346–810) to 381 ng/
mL (range 222–670). The CRP level was not measured 
for any of those patients at anti-IL-6R initiation but was 
measured in three patients within 10 weeks of treatment 
and the median CRP level was 0.38 mg/L. Of note, all 
five patients initially failed to respond to first-line treat-
ment with high dose corticosteroid at a median dose of 
225 mg/daily (range, 175–1250 mg/daily) prednisone 
or equivalent, and three of those patients also failed to 
respond to other treatments including plasmapheresis, 
pyridostigmine, mycophenolate mofetil, rituximab, intra-
venous immunoglobulin, tacrolimus, and infliximab that 
were administered as second-line treatments due to not 
achieving the anticipated response with corticosteroids 
alone.
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Table 2  Univariate and multivariable ORs for improvement of immune-related adverse events within 1 month of anti-IL-6R 
therapy

Covariate

Univariate model Multivariable model (n=84)

OR (95% CI) P value aOR (95% CI) P value

Age

 � ≤50 years 1.00 (Ref)

 � >50 years 1.17 (0.37 to 3.71) 0.78

Sex

 � Male 1.00 (Ref)

 � Female 0.9 (0.31 to 2.56) 0.84

Cancer type

 � Melanoma 1.00 (Ref)

 � Bladder 1.49 (0.27 to 8.22) 0.65

 � Breast 1.42 (0.01 to 148.72) 0.88

 � Non-small cell lung cancer 2.03 (0.34 to 12.14) 0.44

 � Prostate 4.47 (0.25 to 80.00) 0.31

 � Renal cell carcinoma 2.53 (0.71 to 9.02) 0.15

 � Squamous cell carcinoma of the head and neck 0.89 (0.02 to 40.10) 0.95

 � Others 2.48 (0.39 to 15.82) 0.34

Checkpoint inhibitor monotherapy versus combination therapy

 � Monotherapy 1.00 (Ref) 1.00 (Ref)

 � Combination ICIs 3.67 (1.29 to 10.45) 0.02 4.40 (1.34 to 14.44) 0.01

Checkpoint inhibitor type

 � Anti-PD-1/PD-L1 1.00 (Ref)

 � Anti-CTLA-4 based therapy (anti-CTLA-4 single agent or anti-
CTLA-4 + anti-PD-1)

2.92 (1.01 to 8.45) 0.05

History of prior autoimmune disease

 � No 1.00 (Ref) 1.00 (Ref)

 � Yes 0.12 (0.01 to 0.93) 0.04 0.11 (0.01 to 1.01) 0.05

Positive autoimmune markers

 � No 1.00 (Ref)

 � Yes 0.95 (0.31 to 2.94) 0.93

Type of irAEs treated with anti-IL-6R

 � Arthritis 1.00 (Ref)

 � Non-arthritis 1.68 (0.54 to 5.23) 0.37

Corticosteroids as first-line therapy for irAEs

 � No 1.00 (Ref)

 � Yes 3.52 (0.42 to 29.31) 0.25

Corticosteroid sparing agents as first-line therapy for irAEs

 � No 1.00 (Ref) 1.00 (Ref)

 � Yes 0.23 (0.06 to 0.85) 0.03 0.17 (0.04 to 0.76) 0.02

Anti-IL-6R dose

 � 162 mg 1.00 (Ref)

 � 200 mg 4.86 (0.58 to 40.55) 0.14

 � 4 mg/kg 1.62 (0.47 to 5.55) 0.44

 � 8 mg/kg 2.43 (0.63 to 9.34) 0.20

Corticosteroid use with anti-IL-6R

 � No 1.00 (Ref)

Continued
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Encephalitis (n=5)
All five patients with encephalitis were treated with intra-
venous tocilizumab of which four received 8 mg/kg intra-
venously once, leading to improvement within a day in 
one patient in addition to mild improvement (grade 4 to 
grade 3) in three others. The CRP level was measured for 
only one patient and was 321 mg/L before and dropped 
to 18 mg/L within 10 weeks of tocilizumab initiation. 
Tocilizumab was given for an additional patient as 4 mg/
kg intravenously once, but remained intubated and never 
regained consciousness. Of note, two patients initially 
failed to respond to first-line corticosteroid therapy at a 
median dose of 100 mg/day.

Polymyalgia rheumatica (n=4)
Two patients were treated with tocilizumab 162 mg SC 
every 2 weeks, and one received 4 mg/kg intravenously 
every 4 weeks leading to significant improvement of 
their symptoms after a median of 1.4 months of therapy. 
Another patient received sarilumab 200 mg SC every 
2 weeks for 4 months, without improvement. The CRP 
level was not measured for any of those patients at 
anti-IL-6R initiation but was measured in three within 
10 weeks of treatment and the median CRP level was 
3 mg/L. All four patients initially failed to respond 

to first-line corticosteroid therapy at a median dose 
35 mg/day, including one who failed to respond to prior 
methotrexate.

Other irAEs (n=1 each)
One patient had ICI-induced central nervous system 
vasculitis and was treated with tocilizumab 162 mg SC 
every 2 weeks, leading to improvement after 2 months of 
treatment (figure 3). Similarly, one patient with diffuse 
systemic sclerosis improved after 5 months of tocilizumab 
given 162 mg SC every 2 weeks; this patient was evalu-
ated by rheumatologists using the modified Rodnan Skin 
Score to quantify skin thickness. The total score was 40 
before tocilizumab initiation and went down to 30 after 
5 months of therapy. Another patient with acute intersti-
tial nephritis experienced clinical improvement after one 
dose of intravenous tocilizumab 4 mg/kg. However, two 
other patients, one each with colitis and pneumonitis, 
were treated, respectively, with 4 mg/kg once and 8 mg/
kg once but without improvement. The CRP levels were 
not measured in these patients before and after tocili-
zumab except for the patient with systemic sclerosis; CRP 
level was 1.5 mg/L at tocilizumab initiation and dropped 
to 0.4 mg/L within 10 weeks.

Covariate

Univariate model Multivariable model (n=84)

OR (95% CI) P value aOR (95% CI) P value

 � Yes 1.22 (0.36 to 4.23) 0.75

Corticosteroid dose with anti-IL-6R

 � None 1.00 (Ref)

 � <5 mg prednisone equivalent 3.75 (0.40 to 35.54) 0.25

 � 5–10 mg prednisone equivalent 1.21 (0.33 to 4.50) 0.78

 � >10 mg prednisone equivalent 0.94 (0.20 to 4.44) 0.94

anti-IL-6R, anti-interleukin-6 receptor; aOR, adjusted OR; CTLA-4, cytotoxic T lymphocyte-associated protein 4; ICI, immune checkpoint 
inhibitor; irAE, immune-related adverse event; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1.

Table 2  Continued

Table 3  Effectiveness of anti-IL-6R therapy for various organ-specific toxicities

irAE type (n) Clinical improvement n (%)

Inflammatory arthritis (67) 56 (84)

Hepatitis/cholangitis (6) 4 (67)

Myositis with myasthenia gravis and/or myocarditis overlap (5) 0 (0)

Encephalitis (5) 1 (20)

Polymyalgia rheumatica (4) 3 (75)

CNS vasculitis (1) 1 (100)

Diffuse systemic sclerosis (1) 1 (100)

Interstitial nephritis (1) 1 (100)

Colitis (1) 0 (0)

Pneumonitis (1) 0 (0)

anti-IL-6, anti-interleukin-6; CNS, central nervous system; irAE, immune-related adverse event.
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Safety of anti-IL-6R therapy
Anti-IL-6R treatment-related AEs
Overall, treatment was well tolerated in 86 patients (93%). 
However, six patients reported adverse events that were 
attributed to anti-IL-6R, including abdominal pain, chills, 
tinnitus, fungal infection, rash, and tachycardia in one 
patient each, leading to treatment discontinuation. Of 
note, three of those patients were on concomitant anti-
IL-6R and ICI therapy for a minimum of 14 days. Addi-
tionally, one patient was treated with sarilumab 200 mg SC 
every 2 weeks and developed neutropenia, but the patient 
was able to continue treatment after reducing the dose to 
150 mg.

Tumor response to ICI therapy
Information on tumor response to ICI therapy was avail-
able for 70 patients before and after treatment with 
anti-IL-6R. Overall, the ORR was 66% (46/70) prior to 
anti-IL-6R initiation and remained 66% post initiation 
(95% CI, 55% to 77%), with 8% higher CR rate; 17% 
(12/70) versus 16% (11/70) had stable disease, 17% 
(12/70) versus 19% (13/70) had disease progression 
(online supplemental table S3). Notably, patients older 
than 50 years old had a higher ORR (aOR 3.5, 1.2–10.7, 

p=0.02) (table  4). Also, a longer duration of anti-IL-6R 
therapy was significantly associated with a higher ORR; 
the best ORR after initiation of anti-IL-6R therapy was 
80% (24/30) among those who received ≥24 weeks of 
therapy compared with 54% (19/35) in patients who 
received anti-IL-6R for <24 weeks (aOR 3.2, 1.03–10.0, 
p=0.04).

Subgroup analyses showed that in patients who 
received concomitant therapy with both anti-IL-6R and 
ICIs for a minimum of 15 days and were evaluable for 
tumor response (n=30), the ORR was 50% (15/30) prior 
to anti-IL-6R initiation and remained 50% after concom-
itant therapy with both agents, with a 13% higher rate 
achieving CR (online supplemental table S3). In patients 
who initiated anti-IL-6R therapy within the first 3 months 
of ICI (n=12), the ORR was 58% (7/12) prior to anti-IL-6R 
and increased to 83% (10/12) after therapy (p=0.08). 
When evaluating only patients who initiated anti-IL-6R 
therapy within the first 3 months of ICI and continued 
concomitant therapy with both agents (n=6), the ORR 
was 83% (5/6) prior and increased to 100% (6/6) after 
concomitant therapy.

Figure 1  A patient with metastatic melanoma. (A) Baseline maximal intensity projection (MIP) PET images showing FDG avid 
left lung nodules. Note the hypermetabolic FDG uptake at the left knee joint is consistent with arthritis (dotted arrow). (B) MIP 
PET image at 6 months after initiation of pembrolizumab shows near complete resolution of metabolic activity of left pulmonary 
metastases (arrow). Note the increase in radiotracer uptake at the left knee joint (dotted arrow). (C) MIP PET image at 1 month 
after concomitant therapy with anti-IL-6R and pembrolizumab shows persistent near complete resolution of metabolic activity 
of left pulmonary metastases (arrow). Note the decrease in metabolic activity at the left knee joint (dotted arrow). (D) MIP 
PET image at 4 months after cessation of both anti-IL-6R and pembrolizumab shows persistent near complete resolution of 
metabolic activity of left pulmonary metastases. There is further decrease in metabolic activity at the left knee joint (dotted 
arrow). (E) MIP PET image at 7 months after cessation of ICI shows persistent near complete resolution of metabolic activity 
of left pulmonary metastases (arrow). The physiologic metabolic activity at the left knee joint (dotted arrow) consistent with 
resolution of arthritis. anti-IL-6R, anti-interleukin-6 receptor; FDG, F-fluorodeoxyglucose; ICI, immune checkpoint inhibitor; PET, 
positron emission tomography;

https://dx.doi.org/10.1136/jitc-2023-006814
https://dx.doi.org/10.1136/jitc-2023-006814
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Of 34 evaluable patients with melanoma, the ORR was 
56% prior to anti-IL-6R initiation and increased to 68% 
after treatment (p=0.046) (figure 4A). When restricting 
the analysis to only patients with melanoma who received 
concomitant therapy with both anti-IL-6R and ICI (n=15), 
the ORR was 33% (5/15) prior and increased to 47% 
(7/15) after concomitant therapy (p=0.16), with a 20% 
higher rate achieving CR. In four patients with melanoma 
who started anti-IL-6R therapy within the first 3 months 
of ICI onset, the ORR increased from 50% prior to 75% 
after anti-IL-6R therapy. Further subgroup analyses of 
other cancer types were not possible because of the small 
number of evaluable patients.

Overall, discontinuation of ICI therapy occurred in 
52 patients (56%); because of toxicity in 41 (45%), progres-
sion in 9 (10%), both progression and toxicity, and infec-
tion with COVID-19 in 1 patient each (1%). Forty patients 
(44%) successfully completed their ICI therapy including 
9 (10%) whose treatment was temporarily held because 

of toxicity but resumed ICI therapy after improvement 
of irAEs.

Overall survival
Overall, 23 patients (25%) died during the follow-up 
period of 23 months (95% CI, 20 to 27 months) since ICI 
initiation. In only 4 (4%), death was primarily attribut-
able to irAEs (2 patients with encephalitis, 1 pneumonitis, 
and 1 with multi-organ irAEs). The median OS was not 
reached (figure 4B).

Use of anti-IL-6R therapy in patients with pre-existing 
autoimmune disease
Among the 22 patients who had pre-existing autoimmune 
disease, the main indications for using anti-IL-6R was flare-up 
of pre-existing rheumatoid arthritis (n=14) and psoriatic 
arthritis (n=1), and de novo rheumatoid-like arthritis (n=4), 
psoriatic arthritis (n=1), myasthenia gravis/myositis overlap 
(n=1), and polymyalgia rheumatica (PMR) (n=1) following 
initiation of ICI (detailed in online supplemental table 

Figure 2  A patient with non-small cell lung cancer. (A) Baseline contrast-enhanced CT image showing unremarkable 
appearance of the liver. (B) Contrast-enhanced CT image at about 1 year after immune checkpoint inhibitor (ipilimumab and 
nivolumab) initiation showing periportal cuffing (solid arrows), thickening and avid enhancement of the common bile duct and 
the gallbladder wall (dotted arrows) and pericholecystic fluid (arrowhead). (C) 5-min delayed post-contrast gradient spoiled 
echo image showing periportal cuffing (arrows) and avid enhancement of the gallbladder wall (arrowhead), these findings are 
consistent with cholangitis. (D) 5-min delayed post-contrast gradient spoiled echo image 3 months after initiation of anti-IL-6R 
therapy showing resolution of periportal enhancement but there is persistent irregularity and mild dilatation of the intrahepatic 
biliary ducts (arrows). Avid enhancement of the gallbladder wall has also resolved (arrowhead). anti-IL-6R, anti-interleukin-6 
receptor; ICI, immune checkpoint inhibitor.

https://dx.doi.org/10.1136/jitc-2023-006814
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S4). Eighteen patients (82%) received first-line therapy 
for pre-existing autoimmune disease flare-up prior to anti-
IL-6R; 17 (77%) received corticosteroids and 10 (45%) 
received DMARDs (methotrexate, hydroxychloroquine, 
sulfasalazine, apremilast, rituximab) without improvement. 
With the use of anti-IL-6R, improvement of these AEs was 
seen in 17 patients (77%) after a median of 3 months with 
discontinuation of corticosteroids in 5 patients (29%) 
and corticosteroid taper to a median dose of 10 mg/daily 
prednisone equivalent in 12 others (71%). Of 11 evaluable 
patients with flare or de novo arthritis, the median CDAI 
score was 30 at anti-IL-6R initiation and dropped to 8 within 
4 months of initiation of anti-IL-6R therapy. The median 

CRP level at initiation of anti-IL-6R was 77.4 mg/L and 
dropped to 3.6 mg/L within 10 weeks of therapy. Eleven 
patients (50%) were able to continue ICI, and the median 
duration of concomitant therapy with both anti-IL-6R and 
ICIs was 3.4 months (range 0.6–37.1 months). Of 10 evalu-
able patients with melanoma and pre-existing autoimmune 
disease, the ORR was 50% (5/10) prior to anti-IL-6R initia-
tion and remained 50% after treatment. There has been no 
AE-related mortality.

DISCUSSION
This report is the largest retrospective analysis of ICI-
treated patients with cancer who developed irAEs and 

Figure 3  A patient with malignant melanoma. (A) Maximal intensity projection (MIP) images of concurrent cranial CT 
angiography at 7 months after immune checkpoint inhibitor (ipilimumab and nivolumab) initiation show multiple sites of 
intracranial arterial narrowing and/or occlusion involving the right posterior cerebral artery (white arrow), left middle cerebral 
artery and both anterior cerebral arteries (black arrowheads). This multi vascular pattern of involvement is suggestive of 
vasculitis. (B) Diffusion-weighted image, corresponding apparent diffusion coefficient (ADC) map, and fluid-attenuated inversion 
recovery (FLAIR) 3 months after initiation of anti-IL-6R therapy show normalization of ADC signal and development of high signal 
intensity foci on FLAIR (arrows) without corresponding diffusion restriction, in keeping with chronic infarcts. (C) MIP images of 
cranial CT angiography after anti-IL-6R therapy show recanalization with persistent narrowing of the right posterior cerebral 
artery (white arrow), persistent narrowing of the left middle cerebral artery, and recanalization of the anterior cerebral arteries 
(black arrowheads). anti-IL-6R, anti-interleukin-6 receptor.

https://dx.doi.org/10.1136/jitc-2023-006814
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Table 4  Univariate and multivariable ORs for best overall response rate to immune checkpoint inhibitor in anti-IL-6R therapy 
treated patients

Covariate

Univariate model Multivariable model (n=70)

OR (95% CI) P value aOR (95% CI) P value

Age

 � ≤50 years 1.00 (Ref) 1.00 (Ref)

 � >50 years 3.48 (1.20 to 10.04) 0.02 3.53 (1.17 to 10.65) 0.02

Sex

 � Male 1.00 (Ref)

 � Female 1.56 (0.54 to 4.51) 0.41

Cancer type

 � Melanoma 1.00 (Ref)

 � Bladder 1.08 (0.19 to 6.20) 0.93

 � Breast* –

 � Non-small cell lung cancer 6.36 (0.26 to 154.25) 0.26

 � Prostate 1.57 (0.02 to 166.83) 0.85

 � Renal cell carcinoma 0.39 (0.11 to 1.31) 0.13

 � Squamous cell carcinoma of the head and neck 1.57 (0.02 to 166.83) 0.85

 � Others 0.69 (0.10 to 4.66) 0.70

Checkpoint inhibitor monotherapy versus combination therapy

 � Monotherapy 1.00 (Ref)

 � Combination ICIs 1.07 (0.39 to 2.96) 0.89

Checkpoint inhibitor type

 � Anti-PD-1/PD-L1 1.00 (Ref)

 � Anti-CTLA-4 based therapy (anti-CTLA-4 single agent or anti-
CTLA-4 + anti-PD-1)

1.42 (0.49 to 4.13) 0.52

History of prior autoimmune disease

 � No 1.00 (Ref)

 � Yes 1.06 (0.34 to 3.29) 0.92

Positive autoimmune markers

 � No 1.00 (Ref)

 � Yes 0.49 (0.16 to 1.49) 0.21

Type of irAEs treated with anti-IL-6R

 � Arthritis 1.00 (Ref)

 � Non-arthritis 0.51 (0.16 to 1.64) 0.26

Corticosteroids as first-line therapy for irAEs

 � No 1.00 (Ref)

 � Yes 0.75 (0.13 to 4.16) 0.74

Corticosteroid sparing agents as first-line therapy for irAEs

 � No 1.00 (Ref)

 � Yes 1.71 (0.59 to 4.92) 0.32

Anti-IL-6R dose

 � 162 mg 1.00 (Ref)

 � 200 mg 4.2 (0.15 to 119.60) 0.40

 � 4 mg/kg 0.43 (0.14 to 1.33) 0.14

 � 8 mg/kg 1.4 (0.33 to 6.02) 0.65

Duration of anti-IL-6R treatment

 � Stopped <24 weeks 1.00 (Ref) 1.00 (Ref)

Continued



12 Fa'ak F, et al. J Immunother Cancer 2023;11:e006814. doi:10.1136/jitc-2023-006814

Open access�

were treated with anti-IL-6R agents. In this study, we 
observed an improvement in symptoms and severity of 
irAEs in three-quarters of the patients within a median of 
2.0 months post anti-IL-6R therapy initiation. Importantly, 
two-thirds of all patients showed a durable response to ICI. 
Indeed, the use of anti-IL-6R improved multiple organ 
toxicity, including inflammatory arthritis, hepatitis/chol-
angitis, PMR, nephritis, systemic sclerosis, and central 
nervous system vasculitis. Owing to the small number of 
patients with encephalitis and myositis overlapping with 
myasthenia gravis and/or myocarditis and the variations 

in the anti-IL-6R treatment doses they received, we could 
not draw a definitive conclusion on how IL-6 blockade 
might impact these very severe toxicities.

Interestingly, we observed correlation between 
biomarker levels and clinical improvement in specific 
irAEs; clinical improvement of inflammatory arthritis and 
hepatitis/cholangitis was associated with decrease in CRP 
and liver enzyme levels, respectively. On the contrary, it 
was difficult to conclude the correlation in other irAEs 
due to the limited number and complex clinical evalu-
ation. Furthermore, our results showed no correlation 

Covariate

Univariate model Multivariable model (n=70)

OR (95% CI) P value aOR (95% CI) P value

 � Continued ≥24 weeks 3.1 (1.06 to 9.10) 0.04 3.21 (1.03 to 9.96) 0.04

Duration of ICI treatment

 � Stopped <24 weeks 1.000

 � Continued ≥24 weeks 0.76 (0.25 to 2.33) 0.63

Corticosteroid use with anti-IL-6R

 � No 1.00 (Ref)

 � Yes 2.38 (0.76 to 7.43) 0.14

Corticosteroid dose with anti-IL-6R

 � None 1.00 (Ref)

 � < 5 mg prednisone equivalent 3.24 (0.93 to 11.32) 0.07

 � 5–10 mg prednisone equivalent 5 (0.11 to 233.72) 0.41

 � >10 mg prednisone equivalent 1.12 (0.29 to 4.38) 0.87

*None of the patients with breast cancer had evaluable tumor response after anti-IL-6R therapy and therefore were excluded from this 
analysis.
anti-IL-6R, anti-interleukin-6 receptor; aOR, adjusted OR; CTLA-4, cytotoxic T lymphocyte-associated protein 4; ICI, immune checkpoint 
inhibitor; irAEs, immune-related adverse events; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1.

Table 4  Continued

Figure 4  (A) The best overall response rate to ICI therapy in patients with melanoma treated with anti-IL-6R. (B) Overall survival 
from ICI initiation: median follow-up from ICI initiation 23 months (95% CI, 20 to 27). anti-IL-6R, anti-interleukin-6 receptor; CR, 
complete response; ICI, immune checkpoint inhibitor; PD, progressive disease; PR, partial response; SD, stable disease.
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between elevated IL-6 levels and faster irAE resolution. 
Due to the variations of anti-IL-6R doses and frequencies 
observed in our cohort, we could not identify the ideal 
therapeutic regimen for each organ-specific toxicity, 
which remains an important question that could be 
answered only in a clinical trial setting. Our data have also 
shown that receiving ICI combination therapy predicted 
irAEs improvement within 1 month of anti-IL-6R therapy. 
This finding could be explained by our previous observa-
tion that TH17 were more induced in synovial fluid from 
patients with arthritis-irAE treated with the combination 
versus ICI monotherapy and that those patients were 
more resistant to treatment with corticosteroids.27 28 In 
contrast, the use of corticosteroid-sparing agents as first-
line was associated with slower irAE improvement after 
anti-IL-6R therapy, raising an important question about 
the ideal timing for the initiation of anti-IL-6R therapy 
to achieve rapid resolution of irAEs. It is well known that 
IL-6 signaling is important in intestinal epithelial repair, 
and therefore it is crucial to monitor patients closely for 
potentially serious complications such as gastrointestinal 
perforation.29 In our cohort, 7% of patients experienced 
an adverse event that led to anti-IL-6R discontinuation 
but none had gastrointestinal perforation.

Although the published guidelines from several 
oncology societies recommend the use of corticosteroids 
as the first line of therapy for irAEs,14–17 it is unclear 
whether corticosteroids can provide therapeutic benefit 
without impacting antitumor immunity. In fact, previous 
studies have shown that the use of prednisone ≥10 mg/
day at baseline led to detrimental cancer outcomes with 
shorter OS in patients with melanoma and non-small 
cell lung cancer treated with ICI.18 20 Also, earlier use of 
corticosteroids during the first 2 months of ICI therapy 
led to shorter PFS and OS compared with their use later 
during ICI treatment course.19 In contrast to patients 
receiving corticosteroids, two-thirds of the anti-IL-6R 
treated patients in our retrospective cohort achieved 
or continued to have a clinical response to ICI. We also 
found that the duration of anti-IL-6R therapy ≥24 weeks 
was significantly associated with a higher ORR. While 
there are preclinical data demonstrating that anti-IL-6R 
can contribute directly to antitumor immune response 
induced by ICIs,27 however, the continuous response we 
have seen in our cohort could be just due to prolonged 
ICI treatment and not necessarily impacted by anti-IL-6R 
therapy.

When we looked specifically at the patients who 
received both ICI and anti-IL-6R therapies concomitantly 
and those who developed early-onset irAEs and initiated 
anti-IL-6R within the first 3 months of ICI, we observed 
a trend towards a higher response rate after receiving 
anti-IL-6R in the overall study population and in patients 
with melanoma. Moreover, in a special cancer popula-
tion with pre-existing autoimmune disease, we found that 
using anti-IL-6R agents improved adverse events among 
patients who did not initially improve despite corticoste-
roids with or without DMARDs. However, the median time 

to improvement was longer than patients without base-
line autoimmunity, which could be partially explained by 
the severity and duration of disease prior to ICI initiation. 
More importantly, these patients were able to continue 
both ICI and anti-IL-6R therapy concomitantly for up to 
37 months without impacting their tumor response to ICI. 
These data support our hypothesis that targeting IL-6R to 
treat irAEs could possibly be safer and preferable than 
corticosteroids, especially for patients with early-onset 
irAEs (occurring during the first 3 months of ICIs) and 
those with pre-existing autoimmune diseases who require 
prolonged immunosuppressive treatment.

It is well-known that IL-6 is an essential cytokine for 
the differentiation of naïve CD4+ T cells into TH17 
cell lineage,26 30–32 which plays a pivotal role in the 
pathogenesis of several autoimmune diseases such as 
rheumatoid arthritis, giant cell arteritis, systemic sclerosis-
associated interstitial lung diseases, and cytokine release 
syndrome, where the use of IL-6R inhibitors is currently 
approved.33 34 Specifically, in ICI-treated patients, elevated 
IL-6 was shown to be associated with de novo arthritis, 
pneumonitis, and psoriasis,35–37 and an increase in circu-
lating levels of TH17 cells was suggested as a potential 
biomarker associated with irAEs.38 39 Furthermore, a 
small systematic literature review, that also involved a 
case series23 and a multicenter retrospective analysis,24 
have both concluded by suggesting that tocilizumab be 
used to treat irAEs. In contrast, another study identified 
that low baseline serum levels of IL-6 was an independent 
risk factor for severe irAEs in patients with ipilimumab-
treated melanoma, however, inflamed tissues were not 
evaluated in this study.40 Also, another study found 11 
circulating cytokines to be significantly elevated at base-
line and early during treatment with anti-PD-1 or combi-
nation ICIs in patients with melanoma and were validated 
as predictors of severe irAEs; IL-6 was not one among 
the identified cytokines.41 However, the cellular immune 
response induced by these cytokines was not evaluated in 
this study.41 A separate cytokine analysis in patients with 
melanoma included eight of these cytokines and failed to 
discern patients who developed severe irAEs from those 
who had ≤grade 2 irAEs, and IL-6 was not one among the 
cytokines identified as predictors of dermatitis, colitis, 
and pneumonitis irAEs.42 In these studies baseline levels 
of free IL-6 were measured,40–42 however, it is conceivable 
that measuring free IL-6 levels may be less informative 
here since a significant proportion of the IL-6 would 
be bound to its soluble receptors prior to the onset of 
irAEs. Indeed, IL-6 is known to have dual mechanisms 
of action (1) trans-signaling where IL-6 binds to soluble 
IL-6 receptor and the complex then promotes cellular 
changes that drive inflammatory events and development 
of autoimmune disease, and (2) cis-signaling where IL-6 
binds to membrane bound IL-6 receptor; this pathway 
has not been associated with pathogenesis of inflamma-
tion and autoimmunity.43

While there are few reports in the literature on the 
use of tocilizumab for management of irAEs,23 24 about 
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one-third of the reported patients had cytokine release 
syndrome, which is an already approved indication for 
tocilizumab. Furthermore, these studies did not describe 
how this treatment approach impacted the tumor 
response to ICI as tumor outcome data were not available 
for most patients.23 24 More recently, an open-label clin-
ical study reported the use of tocilizumab in 20 patients 
with various cancer types who developed de novo arthritis 
and/or colitis following ICI (NCT03601611).25 In this 
study, 84% of patients achieved ≥1 grade reduction in 
severity of irAEs and 30% had cancer progression within 
24 weeks after treatment with tocilizumab. However, the 
study did not provide information on the tumor response 
to ICI before administration of tocilizumab which makes 
it difficult to interpret the impact of tocilizumab on 
ICI tumor immunity as those patients might have been 
non-responders. Therefore, there is a gap in knowledge 
regarding the role of IL-6 in irAE pathogenesis, and the 
potential benefit of combining IL-6 blockade with ICIs to 
improve outcomes. This question can only be more accu-
rately answered in prospective and translational studies. 
Based on our recent data,27 which highlight the role of 
the IL-6/TH17 axis in the biology of number of the ICI-
induced toxicities in both human and murine studies, 
we mechanistically defined the role of the IL-6/TH17 
axis in ICI autoimmunity and tumor immunity. In that 
study, gene expression analyses of inflamed, healthy, and 
tumor tissue biopsies along with the preclinical mecha-
nistic experiments, suggested a role of IL-6 in ICI-related 
colitis and encephalitis as well as in tumor resistance to 
ICI therapy. Importantly, we also showed in preclinical 
models that targeting IL-6 could be an effective ther-
apeutic strategy for irAEs without damping antitumor 
immunity.

Indeed, cytokine inhibitors have been suggested in the 
current guidelines for treatment of refractory irAEs and 
as a preventive strategy in special cancer populations with 
pre-existing autoimmune disease.14–17 These recommen-
dations were adapted primarily from the treatment of 
autoimmune diseases, and the efficacy of individual cyto-
kine inhibitors for various organ-specific toxicities devel-
oped due to ICI treatment is unclear.21 While the use of 
anti-TNF-α for treating various irAEs has been suggested 
in several studies,44–62 this was found to be associated with 
an increased risk of cardiovascular mortality52 and cancer 
progression63 64 and worse survival outcomes.65 Moreover, 
in a recent two-arm phase 1b clinical trial the upfront use 
of infliximab (anti-TNF-α) with ipilimumab+nivolumab 
(triple therapy) had a similar safety profile to ipilim-
umab+nivolumab, while adding certolizumab (another 
anti-TNF-α) was associated with an increased rate of 
hepatitis-irAE and a higher ORR compared with ipilim-
umab+nivolumab alone (NCT03293784).66 Thus, further 
mechanistic and prospective studies are warranted to help 
understand the pathogenic role of TNF-α in various irAE 
types and explore the basis for the differential impact 
of various TNF inhibitors on development of irAEs and 
oncologic outcomes. Similarly, the use of other cytokine 

inhibitors targeting IL-23,67–70 IL-17,71–75 IL-5,76 77 and 
IL-478 has also been reported for treatment of irAEs, but 
the data are extremely limited and therefore, the impact 
of these treatment strategies on antitumor response, 
progression-free and OS in ICI-treated patients still needs 
to be evaluated in prospective clinical trials.

In the current retrospective study, we limited our 
inclusion criteria to patients with irAEs (regardless of 
the organ affected by toxicity) treated with anti-IL-6R 
in order to determine its role in management of various 
types of irAEs. We aimed to comprehensively evaluate the 
safety of this treatment approach by comparing best ORR 
in those same patients before versus after treatment with 
anti-IL-6R, so we could control for potential confounding 
factors that could directly impact the patients’ response 
to ICI therapy. Although limited by its retrospective 
nature, the heterogeneous indications for using IL-6R 
blockers, small number of patients with specific irAEs, 
different cancer types that precluded further subgroup 
analyses, lack of comparator group treated with different 
corticosteroid-sparing agents, and potential for survival 
bias, this study provides a safety signal that would support 
the design of clinical studies that can prospectively and 
more accurately assess the role of IL-6 blocking in miti-
gating immune toxicity. Currently, our group and other 
investigators have initiated trials that are investigating 
the efficacy and safety of IL-6 blockade in patients with 
ICI-treated cancer (NCT04940299, NCT04375228, 
NCT03601611, NCT03999749, NCT03821246, 
NCT04524871, NCT03424005, NCT03869190).

Conclusion
Deep understanding of the immunohistopathological 
findings of various organ-specific toxicities as well as the 
similarities and differences between autoimmunity and 
tumor immunity is crucial, so that we can establish a 
personalized treatment strategy for each irAE. This study 
provides proof of concept supporting further evaluation 
of the use of IL-6R inhibitors in prospective clinical trials 
in combination with checkpoint inhibition. Biomarker 
analyses that include longitudinal collection of blood, 
stool (for microbiome), tumor, and inflamed tissues are 
important to better understand the mechanism, safety 
and efficacy of anti-IL-6R or other anti-cytokine therapies. 
Such clinical trials can provide a better understanding of 
how we can effectively decouple autoimmunity from anti-
tumor immunity on cytokine(s) level, so that patients can 
benefit more from the efficacy of ICI therapy.
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