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In recent years, immunotherapy has become an important pillar of cancer treatment,
with high response rates regardless of tumor histology or baseline mutations, sometime
in patients without any alternative of treatment. Moreover, these treatments are moving
from later line therapies to front-line therapies in the metastasic setting. However, immmune
activation associated with immune check-point inhibitors (ICl) is not selective and a
large variety of immune-related adverse events, with an increasing frequency, have been
associated with anti-PD1, anti-PD-1/L-1 and anti-CTLA-4 agents. In clinical trials, and
sometimes also in real life practice, patients who develop severe toxicities on ICl-based
therapies are usually not allowed to resume ICI once their disease progresses, because of
the chance of developing severe irAEs on rechallenge with immunotherapies. Moreover,
patients with irAEs suffer important side effects due to the high dose corticosteroids
that are used to treat them. Therapy with ICI is sometimes the only alternative for
certain patients, and for this reason co treatment with classic (DMARDS) or biologic
immunosuppression therapy and IClI must be considered. Co-treatment with this type
of immunosuppressant drugs, apart from allowing the maintenance of ICI therapy, drive
to a lesser use of corticosteroids, with an improvement of the safety and quality of life of
the patients. Such a tailored scheme of treatment is mostly an expert opinion based
on recommendation and currently there is scarce evidence supporting it. Herein we
present comprehensive, current recommendations and real-world data on the use of
co-treatment with ICl and DMARDS and biologic immunosuppression.

Keywords: immunotherapy, adverse drugs reaction, immunosuppression therapy, immune check-point inhibitors
therapy, autoimmune diseases-therapy

INTRODUCTION

Immunotherapy has become an important pillar of cancer care, complementing surgery, cytotoxic
therapy and radiotherapy in most tumor types. Description of immune-editing by Schreiber (1)
as a process that enables escape from immune surveillance to establish overt malignancy and
characterization of cancer-immunity cycle by Chen and Mellman (2) impacted on the development
of multiple opportunities for therapeutic intervention enhancing tumor immunity. Immune check-
point inhibitors (ICI) that target the programmed death protein 1 pathway (anti-PD-1: nivolumab

Frontiers in Medicine | www.frontiersin.org

1 June 2022 | Volume 9 | Article 906098


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.906098
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.906098&domain=pdf&date_stamp=2022-06-30
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:fmartinez@vhebron.net
https://doi.org/10.3389/fmed.2022.906098
https://www.frontiersin.org/articles/10.3389/fmed.2022.906098/full

Robles-Alonso et al.

Co Treatment With Biologic Agents and Immunotherapy

and pembrolizumab) and its ligand (anti-PD-L1: atezolizumab,
avelumab and durvalumab) have obtained the most impacting
outcomes with response rates across tumor types of 20-30%.
The other group of ICI, anti-cytotoxic T-lymphocyte-associated
antigen drugs (anti-CTLA-4: ipilimumab and tremelimumab)
engage T cells with inherent capacity for adaptability and
memory, that leads to durable responses and long-term survival.

The safety profile of ICI differs from chemotherapy or targeted
therapy since immune-related adverse events (irAEs) result
from immune activation driving autoimmune manifestations.
Overall, the majority of patients treated with ICI developed
some irAEs, although the rate of grade 3 events is low (around
10%), except for patients treated with ICI combination. Immune-
related adverse events usually present within the first weeks
of ICI therapy, though they can occur anytime. In clinical
trials, and sometimes also in real life practice, patients who
develop severe toxicities on ICI-based therapies are usually not
allowed to resume ICI once their disease progresses, because
of the chance of developing severe irAEs on rechallenge with
immunotherapies. Moreover, patients with irAEs have relevant
side effects due to the high dose of corticosteroids that are
used to treat them. Not only rapid resolution of irAEs is
required, but prevention of irAE recurrence from re-exposure
to ICI is also mandatory. Therapy with ICI is sometimes the
only alternative for some patients, and therefore co-treatment
with classic (DMARDS) or biologic immunosuppression therapy
and ICI must be considered. In this way, the use of biologic
immunosuppression with cytokine inhibitors usually offers a
quicker response in front of DMARDS. Unlike corticosterois and
classic DMARDS, which inhibit several inflammatory processes
in an unspecific way, cytokine inhibitors provide a targeted
clinical approach to reduced ICI-induced inflammation. This
fact underlines the need for appropriate therapeutic selection
based on a mechanistic understanding of the differential immune
conditions that drive the different irAEs (3). Moreover, in the
selection of the immunosuppressant agent for a given irAE it
is important to take into consideration the current standard
treatment for similar non-ICI related conditions. Co-treatment
with these types of immunosuppressant drugs, apart from
allowing maintenance of ICI therapy leads to a lesser use of
corticosteroids and thus, to an improvement in patient safety
and quality of life. On the other hand, the co-administration of
immunosuppression in the treatment of irAEs has potentially
both advantages and disadvantages, given their potential to
impact over multiple aspects of the immune system, including
infection and antitumour immunity. As an example, there is
evidence that an anti-IL 17 antibody, secukinumab, can impair
the effect of pembrolizumab in colon rectal cancer (4), or the
deleterious effect on the oncological outcome in retrospective
studies of DMARDs in patients with immune-related arthritis
(5, 6). For all these reasons, at this time a tailored scheme of
treatment is mostly an expert opinion based on recommendation,
currently with scarce evidence supporting it. Herein we present
a comprehensive summary of current recommendations and
real-world data on the use of co treatment with ICI and
DMARDS/biologic immunosuppression.

SCENARIO FOR CONCURRENT
IMMUNOSUPPRESSION AND RATIONALE
BASIS

The majority of patients with irAEs will respond to
corticosteroids, but a small group of them will require
immunosuppressant or biological therapy for corticosteroid
dependency or refractoriness. Moreover, in many patients
with ICI-induced irAES it might be necessary to maintain
immunotherapy, even indefinitely, to achieve or sustain
underlying tumor remission. However, the scenario of a patient
with moderate to severe irAEs but favorable tumor response
to immunotherapy raises doubts about the risk of resuming
immunotherapy again. This setting, positioned out of practical
guidelines, is complex and depends on multiple factors like
subsequent options of oncological treatment, severity and
response to treatment of the ICI toxicity and coexistence of
other immune-mediated diseases (IMID). Although the final
decision in this clinical scenario will depend on the oncologist,
it should be endorsed by a panel of different specialist that play
a crucial role in establishing a therapeutic strategy in case of
resuming immunotherapy. Given the lack of prospective clinical
trials, the final decision usually is based on expert opinion and
evidence available up to now. In a very interesting recent paper,
Haanen (7) propose three possible options of retreatment in
case of previous severe toxicity: class switch, rechallenge, and
resumption with concurrent immunosuppression.

Regarding the wuse of ICI with a simultaneous
immunosuppression there are limited data available apart
from published reports, but it may be the best option for those
patients with severe irAEs, mostly in the absence of therapeutic
alternatives (7). After a high grade irAEs it is challenging the ICI
resumption because of the risk for recurrence and the absence of
guidelines. Ideally, the selection of the concurrent agent should
be based on the irAE type, response to immunosuppression,
life expectancy, quality of life, comorbid conditions and
patient preferences.

The basis of theoretical rationale to use cotreatment relies
on different relevant arguments. In the first place, there is
some evidence that blockade of some endogenous cytokines
by monoclonal antibodies can confer anti-tumoral properties.
In different clinical situations, second-line immunosuppressant
treatment for irAEs frequently includes anti-TNF biological
therapy. Some recent evidence shows that blocking TNF alfa,
a cytokine with broad well-known pleiotropic effects, before
combination therapy with anti-CTLA-4 and anti-PD-1 agents
in tumor-bearing mice, would not only prevent autoimmune
toxicity but also stimulate anti-tumoral efficacy (8, 9). The
underlying mechanism would be the capability of TNF to
stimulate activation-induced cell death (AICD) of CD8+ T
cells impairing their accumulation in tumors and consequently
promoting tumor growth and impeding response to anti-PD-1.
This evidence has settled the basis to carry out the TICIMEL
study in humans (clinical trials.gov id: NCT03293784), a phase-
1b clinical trial in which Nivolumab and Ipilimumab are
administered in combination with Infliximab or Certolizumab
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(antiTNF antibodies) in patients with advanced melanoma. On
the other hand, interleukin-6 can promote tumor progression
and metastasis by activation of several oncogenic pathways,
increase survival of myeloid derived suppressor cells and
inhibition of dendritic cell differentiation (10). Moreover,
the IL-6/JAK/STAT3 pathway plays a role in the generation
of an inflammatory response that is responsible for many
symptoms associated to cancer, like the impairment of the
quality of life or the performance status (11). Furthermore, the
upregulation of the IL-6 pathway associated with a sustained
chronic inflammation may hamper ICI efficacy and worsen
the prognosis of the oncologic disease (12). Some reports have
linked an increased level of circulating IL-6 with some irAEs
like cholangiohepatitis and pneumonitis, and in these settings,
the treatment with tocilizumab, a specific IL-6 receptor inhibitor,
has been reported effective (13, 14). In the same way, it has
demonstrated efficacy in the treatment of cachexia associated
with cancer (15).

Additionally, although many immune-related adverse events
(irAEs) respond to corticosteroids, a significant number of
patients develop corticosteroid dependency or refractoriness. In
this subgroup of patients, a corticosteroid-sparing strategy could
avoid unnecessary and deleterious side effects. In checkpoint
inhibitor-associated colitis there are some factors, like the
presence of deep ulcers in the colonic mucosa, that predict
those patients at a higher risk of steroid-refractory behavior.
In addition, a retrospective study from Abu-Sbeih et al. (16)
demonstrates that those patients with ICI-induced colitis who
start immunosuppressive therapy earlier (< 10 days after colitis
onset vs. >10 days) have better outcomes in terms of fewer
hospitalizations, a shorter duration of symptoms and less use
of corticosteroids.

Another argument to indicate combination therapy in
patients with previous irAEs is based on the fact that, in specific
advanced tumors, better response rates and survival outcomes
were obtained among patients who developed any irAE of any
severity as compared to those who did not. Similar results
were reproduced by different retrospective analyses both in
advanced melanoma and NSCLC (17-19). Another interesting
study by Naqash (20) analyzed data from 531 metastatic NSCLC
(non-small cell lung cancer) treated with nivolumab after non-
response to first line therapy. Thirty-three percent of patients
who developed irAE had significantly better outcomes in terms
of survival as compared to those who did not develop any irAE.
A retrospective analysis from the prospective nationwide Dutch
Melanoma Treatment Registry (21) explored the association
between severe toxicity development and overall survival.
Thousand two hundred fifty patients were included, 25% of
whom suffered severe toxicity (> = 3), and showed a better
survival than those who did not (23 vs. 15 months).

Furthermore, it is also known that immunotherapy
discontinuation due to irAE has worse results in terms of
survival. Santini et al. (22), in a study with patients with
advanced NSCLC treated with anti-PD-L1 who stopped it due to
irAEs divided these patients into two groups: those retreated with
anti-PD-L1 (retreatment cohort) or those who had treatment
stopped (discontinuation cohort). Among those patients with no

observed partial responses prior to the irAE, survival outcomes
were better in the retreatment cohort. Conversely, for those
with objective responses prior to the irAE, survival outcomes
were similar in the retreatment and discontinuation cohorts.
These results suggest that retreatment, especially in patients
with irAEs who had no treatment response prior to irAE onset,
could be beneficial in terms of tumor response and survival.
However, prospective studies with more patients included would
be necessary to validate this data.

REAL WORLD DATA OF CONCURRENT
IMMUNOSUPPRESSION

A myriad of case reports of irAEs treated with anti-citokine
monoclonal antibodies have been described. Badran et al,
(23) described a five-patient case series with different primary
tumors who developed gastrointestinal immune-related adverse
events, all of them with moderate to severe upper and/or
lower gastrointestinal endoscopic lesions. Three out of four
developed corticoid-dependency or refractory behavior. All of
them received cotreatment with immunotherapy and infliximab
over a period ranging from 4 to 10.5 months without tumoral
progression or even with improvement in all but one. Regarding
GI toxicity, patients remained asymptomatic or with mild
symptoms despite ongoing immunotherapy. Another strategy of
treatment for immune mediated colitis is the use of vedolizumab,
an w4p7 integrin inhibitor that blocks T cells trafficking to the
gut, and that is used frequently in the setting of inflammatory
bowel disease. Vedolizumab has been used concomitantly when
therapy with ICI is restarted after the resolution of immune
mediated colitis (16). With this cotreatment, only one out of eight
patients presented a recurrence of digestive manifestations.
Another publication from Kim (24) reports three more
cases of cotreatment. In one case, a patient who developed
an immunomediated arthritis with corticoid dependency and
a chronic course, was successfully treated with tocilizumab.
The patient remained in complete remission, although
immunotherapy was not resumed after receiving tocilizumab.
In a second patient, cotreatment with tocilizumab and a
non-concrete investigational melanoma therapy for over 15
months, controlled irAE corticodependent arthritis. A third
case presented a patient with a non-specified severity colitis
and arthritis, treated in combination with ipilimumab and
tocilizumab for over 3 months. Both toxicities were kept under
remission although with a demonstrated tumor progression.
Stroud et al, (25) analyze the use of tocilizumab in a wide
variety of irAEs in a single center study. Among the 87
patients who received treatment with nivolumab, 34 (39.1%)
required treatment with tocilizumb due to the presence of a
wide range of steroid refractory irAEs, including pneumonitis,
systemic inflammatory response, cerebritis, hypophysitis, colitis,
pancreatitis and hepatitis. Clinical improvement was noted in
79.4% of patients, and in 47% of them more than one dose was
required. In a systematic review about the use of tocilizumab,
Champochiaro et al. (26), reported that in 85% of the 91
patients in whom this drug was used, a clinical benefit was
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observed, without any case of disease progression, and for that
reason, the use of tocilizumab may be a safe alternative for
long treatments.

While no solid conclusions can be drawn from small series of
cases, it generates enough evidence to develop clinical trials and
consider cotreatment in specific clinical scenarios.

SAFETY OF CONCURRENT
IMMUNOSUPPRESSION

Another aspect of concern when introducing cotreatment
therapeutic strategy would be safety issues. Since current
recommended strategies do not consider this approach,
information can only be gathered from indirect studies. Recent
descriptions of the role of TNF« in tumor biology has supported
the concurrent immunosuppression with anti-TNF molecules.
TNFa produced in the setting of anti-PD-1 blockage leads to
an impairment in the CD8+ tumor infiltrating T lymphocyte
responses (27). On the other hand, TNF« enhances activation-
induced cell death in T cells, that will reduce their viability
in the tumor microenvironment (28). For all these reasons
by blocking TNFa both studies showed an increase in CD8+
T cell numbers and viability in the tumor microenvironment
and draining lymph nodes (28). In this regard, Lesage et al.,
(29) conducted a retrospective study in order to measure the
impact of antiTNF treatment on disease outcome in advanced
melanoma patients. Twenty-seven patients with ICI grade 3/4
induced colitis and subsequently treated with antiTNF were
included. The overall survival, progression-free survival and
objective response rate were compared with those reported
in pivotal studies, concluding that neither the occurrence
of colitis, nor antiTNF treatment seemed to affect disease
outcomes. Weber and colleagues (30) reported GI toxicity
occurrence and its management, among patients receiving
ipilimumab and nivolumab from two randomized trials. In
22 patients with ICI induced colitis that received steroids
along with anti TNF antibodies, there were no differences
in tumor response rates and survival as compared to those
that received steroids alone. Similarly, Johnson et al., (31)
reported no differences in overall survival in 40 patients
treated with ICI who developed grade 2-4 colitis and received
either high dose steroids or steroids in combination with
anti TNF alpha.

A retrospective analysis from the prospective nationwide
Dutch Melanoma Treatment Registry (21) explored the
association between severe toxicity development and overall
survival. Twenty-five percent of the 1,250 patients included
suffered severe toxicity (>3), showing a better overall survival
than those who did not (23 vs. 15 months). In contrast to other
studies, in this group of patients experiencing severe toxicity,
those who received anti-TNF had worse survival outcomes
than those receiving corticoids alone. The authors suggest
that TNF-alpha blockade would abolish the survival advantage
associated with toxicity. Other reasons advocated to explain such
discrepancies could be related to different efficacy outcomes
measurement and immortal time bias (32).

We should take into account that vedolizumab, due to its
mechanism of action by hampering T cell trafficking into the gut,
is not recommended in primary gastrointestinal tumors.

Bearing in mind the paucity of solid evidence and clinical
experience, cotreatment implies a certain degree of uncertainty.
However, in view of the current data available, it seems reasonable
to use longstanding cotreatment to prevent flares of irAEs with
vedolizumab or adalimumab in ICI-induced enterocolitis, and
tocilizumab in ICI-induced inflammatory arthritis.

In view of the uncertainty of the current knowledge, it
seems reasonable to undertake prospectively designed studies
to assess the relationship of overall outcomes not only with
the severity of the irAEs, but also their location, and with the
administered treatment.

COEXISTENCE OF AUTOIMMUNE
DISEASES

A specific sub-population to take into account when considering
cotreatment, are patients with a previous history of autoimmune
disease (IMID). These patients have been traditionally excluded
from clinical trials so it has been necessary to analyse some
retrospective studies to obtain a comprehensive view. Versphol
et al, in a single center study involving a large series of
patients treated with ICI (33), described that one-third of patients
with pre-existing rheumatic disease experienced a disease flare,
but in none of them did ICI therapy have to be stopped.
Moreoever, no new new rheumatological diseases appeared in
these patients. Menzies (34) assessed another cohort of patients
with previous history of rheumatoid arthritis, polymyalgia
rheumatica, Sjogren’s syndrome, thrombocytopaenic purpura,
and psoriasis. Twenty-nine percent of them developed irAEs
motivating discontinuation of treatment in 8% of them. Another
remarkable report (35) explores safety and efficacy of ipilimumab
in 30 patients with pre-existing autoimmune disorders. At the
time of ipilimumab treatment initiation, 13 patients (43%) were
on treatment with at least 1 systemic therapy (6 receiving low-
dose steroids, 5 hydroxy-chloroquine sulfate, 1 leflunomide,
and 1 methotrexate). Twenty-seven percent of patients had
some type of exacerbation of their autoimmune disease that
required treatment with 10 patients (33%) experiencing grade
3 to 5 irAEs. A proposed therapeutic strategy in these patients
would be to evaluate IMID activity and severity behavior before
immunotherapy onset. In a recent study from Abu-Sbeih (36),
patients with underlying IBD who needed to be treated with
immune checkpoint inhibitors were retrospectively analyzed in
order to describe occurrence of irAE. One hundred and two
patients were included, 41% of them developed irAE and 21%
of them a grade 3-4 colitis. It is also worthy of note that four
patients suffered a colonic perforation, 2 of whom required
surgery. Regarding therapy, it is noteworthy that 42% of patients
were not receiving treatment for the underlying IBD in the
3 months before immunotherapy initiation and that 29% of
patients required treatment with infliximab or vedolizumab as
part of the treatment for the irAE. Another review with meta-
analysis from Meserve (37) draws similar conclusions.
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In patients with pre-existing autoimmune conditions it is
of paramount importance to diagnose a disease flare in time.
Differentiation of an ICI mediated flare of disease and a flare
which would have occurred without ICI is sometimes impossible.
Afterwards, in the event of an irAEs appearing, combination
therapy with anti-cytokine drugs plus immunotherapy could be a
treatment option.

DISCUSSION

Cancer immunotherapy has become one of the major
breakthroughs in medical evolution that has changed the
fight against cancer. However, severe toxicities associated
with this type of treatment can sometimes limit its use.
Management of severe irAEs can be challenging and most
times are based on expert consensus or personal viewpoint
due to scarce evidence until now. Co-treatment with anti-
cytokine therapy, that is normally used in autoimmune
conditions, and ICI has become one of most frequent
strategies in the management of irAEs. Cytokine targeted
therapies can provide long-term control of irAEs, even
with rechallenge of CPI treatment. However, is necessary
to conduct prospective investigations on  side-effect
management of ICI therapy in future advanced-phase trials.
Moreover, proper management of severe irAEs requires the
intervention of a multidisciplinary team with experience in
autoimmune conditions.

The use of immunomodulatory agents in this clinical setting
is based not only on the knowledge of the mediators that are
involved in the development of these manifestations, mostly

REFERENCES
1. Dunn GP, Old LJ, Schreiber RD. The three Es of cancer
immunoediting. Annu Rev Immunol. (2004) 22:329-60.

doi: 10.1146/annurev.immunol.22.012703.104803

2. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune
set point. Nature. (2017) 541:321-30. doi: 10.1038/nature21349

3. Kang JH, Bluestone JA, Young A. Predicting and Preventing Immune
Checkpoint Inhibitor Toxicity: Targeting Cytokines. Trends Immunol. (2021)
42:293-311. doi: 10.1016/.it.2021.02.006

4. Esfahani K, Miller WHJ. Reversal of Autoimmune Toxicity and Loss of Tumor
Response by Interleukin-17 Blockade. N Engl ] Med. (2017) 376:1989-91.
doi: 10.1056/NEJMc1703047

5. Braaten TJ, Brahmer JR, Forde PM, Le D, Lipson EJ, Naidoo ], et al.
Immune checkpoint inhibitor-induced inflammatory arthritis persists
after immunotherapy cessation. Ann Rheum Dis. (2020) 79:332-8.
doi: 10.1136/annrheumdis-2019-216109

6. Roberts ], Smylie M, Walker J, Basappa NS, Chu Q, Kolinsky M, et al.
Hydroxychloroquine is a safe and effective steroid-sparing agent for immune
checkpoint inhibitor-induced inflammatory arthritis. Clin Rheumatol. (2019)
38:1513-9. doi: 10.1007/s10067-019-04451-2

7. Haanen J, Ernstoff M, Wang Y, Menzies A, Puzanov I, Grivas P,
et al. Rechallenge patients with immune checkpoint inhibitors following
severe immune-related adverse events: review of the literature and
suggested prophylactic strategy. J Immunother Cancer. (2020) 8:¢000604.
doi: 10.1136/jitc-2020-000604

8. Bertrand E Rochotte ], Colacios C, Montfort A, Tilkin-Mariamé
A-E Touriol C, et al. Blocking tumor necrosis factor o enhances

CD8  T-cell-dependent  immunity in  experimental — melanoma.

TNF« and IL-6, but also on the current standardized treatments
of the primary autoimmune conditions that irAEs can mimic.
In this review, we take into consideration some of the real
word evidence.

In order to synthetize and distill all the above information,
it is important to put the focus on the most relevant clinical
scenarios that are outside the clinical guidelines. First of
all, those patients with moderate to severe toxicity together
with a consistent favorable tumor response to immunotherapy,
obviously excluding those with life-threating irAE such as
myocarditis, pneumonitis, or encephalitis that contraindicate
resuming ICI for life. In the second place, those patients with
previous IMIDs history. A feasible therapeutic approach in
these challenging scenarios could be cotreatment with second-
line anti-cytokine immunomodulators depending on the organ
affected by the irAE, the predominant type of cytokine involved
or the primary autoimmune disease that such irAEs mimic. This
new strategy is supported by the evidence that better response
rates and survival outcomes have been observed among patients
who develop any irAE and that cotreatment with biologic agents
does not seem to impair survival or oncological outcomes.
However, at this time such recommendation is based only on
expert opinion, and for this reason, it is fundamental to carry
out prospective studies in order to clarify the best strategy for the
management of these challenging manifestations.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Cancer  Res. (2015) 75:2619-28. doi:  10.1158/0008-5472.CAN-1
4-2524

9. Perez-Ruiz E, Minute L, Otano I, Alvarez M, Ochoa MC, Belsue V,
et al. Prophylactic TNF blockade uncouples efficacy and toxicity in
dual CTLA-4 and PD-1 immunotherapy. Nature. (2019) 569:428-32.
doi: 10.1038/541586-019-1162-y

10. Chang Q, Daly L, Bromberg J. The
a driver of tumorigenesis. Semin Immunol.
doi: 10.1016/j.smim.2014.01.007

11. Laird BJA, Fallon M, Hjermstad MJ, Tuck S, Kaasa S, Klepstad P, et al.
Quality of life in patients with advanced cancer: differential association
with performance status and systemic inflammatory response. J Clin Oncol
Off ] Am Soc Clin Oncol. (2016) 34:2769-75. doi: 10.1200/JCO.2015.6
5.7742

12. Laino AS, Woods D, Vassallo M, Qian X, Tang H, Wind-Rotolo M,
et al. Serum interleukin-6 and C-reactive protein are associated with
survival in melanoma patients receiving immune checkpoint inhibition.
] Immunother (2020)  8:e000842. doi: 10.1136/jitc-2020-0
00842

13. Moi L, Bouchaab H, Mederos N, Nguyen-Ngoc T, Perreau M, Fenwick
C, et al. Personalized cytokine-directed therapy with tocilizumab for
refractory immune checkpoint inhibitor-related cholangiohepatitis. |
Thorac Oncol Off Publ Int Assoc Study Lung Cancer. (2021) 16:318-26.
doi: 10.1016/j.jth0.2020.09.007

14. Nagash AR, Yang L V, Sanderlin EJ, Atwell DC, Walker PR. Interleukin-6 as
one of the potential mediators of immune-related adverse events in non-small
cell lung cancer patients treated with immune checkpoint blockade: evidence
from a case report. Acta oncologica (Stockholm, Sweden). (2018) 57:705-8.
doi: 10.1080/0284186X.2017.1406668

IL-6 feed-forward
(2014)

loop:
26:48-53.

cancer.

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 906098


https://doi.org/10.1146/annurev.immunol.22.012703.104803
https://doi.org/10.1038/nature21349
https://doi.org/10.1016/j.it.2021.02.006
https://doi.org/10.1056/NEJMc1703047
https://doi.org/10.1136/annrheumdis-2019-216109
https://doi.org/10.1007/s10067-019-04451-2
https://doi.org/10.1136/jitc-2020-000604
https://doi.org/10.1158/0008-5472.CAN-14-2524
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1016/j.smim.2014.01.007
https://doi.org/10.1200/JCO.2015.65.7742
https://doi.org/10.1136/jitc-2020-000842
https://doi.org/10.1016/j.jtho.2020.09.007
https://doi.org/10.1080/0284186X.2017.1406668
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Robles-Alonso et al.

Co Treatment With Biologic Agents and Immunotherapy

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ferrara R, Campochiaro C, Garassino MC. Shifting from a “One Size Fits
All” to a tailored approach for immune-related adverse events. JTO. (2021)
16:183-6. doi: 10.1016/j.jth0.2020.11.029

Abu-Sbeih H, Ali FS, Wang X, Mallepally N, Chen E, Altan M,
et al. Early introduction of selective
associated with favorable clinical outcomes in patients with immune
checkpoint inhibitor-induced colitis. J Immunother cancer. (2019) 7:93.
doi: 10.1186/s40425-019-0577-1

Cortellini A, Chiari R, Ricciuti B, Metro G, Perrone E Tiseo M, et al.
Correlations Between the Immune-related Adverse Events Spectrum and
Efficacy of Anti-PD1 Immunotherapy in NSCLC Patients. Clin Lung Cancer.
(2019) 20:237-247.el. doi: 10.1016/j.cllc.2019.02.006

Haratani K, Hayashi H, Chiba Y, Kudo K, Yonesaka K, Kato R,
et al. Association of immune-related adverse events with nivolumab
efficacy in non-small-cell lung cancer. JAMA Oncol. (2018) 4:374-8.
doi: 10.1001/jamaoncol.2017.2925

Sanlorenzo M, Vujic I, Daud A, Algazi A, Gubens M, Luna SA,
et al. Pembrolizumab cutaneous adverse events and their association
with disease progression. JAMA Dermatology. (2015) 151:1206-12.
doi: 10.1001/jamadermatol.2015.1916

Naqash AR, Ricciuti B, Owen DH, Florou V, Toi Y, Cherry C, et al.
Outcomes associated with immune-related adverse events in metastatic non-
small cell lung cancer treated with nivolumab: a pooled exploratory analysis
from a global cohort. Cancer Immunol Immunother. (2020) 69:1177-87.
doi: 10.1007/s00262-020-02536-5

Verheijden RJ, May AM, Blank CU, Aarts MJB, van den Berkmortel FWPJ, van
den Eertwegh AJM, et al. Association of Anti-TNF with decreased survival
in steroid refractory ipilimumab and anti-PD1-treated patients in the dutch
melanoma treatment registry. Clin cancer Res an Off ] Am Assoc Cancer Res.
(2020) 26:2268-74. doi: 10.1158/1078-0432.CCR-19-3322

Santini FC, Rizvi H, Plodkowski AJ Ni A, Lacouture ME, Gambarin-Gelwan
M, et al. Safety and Efficacy of Re-treating with immunotherapy after immune-
related adverse events in patients with NSCLC. Cancer Immunol Res. (2018)
6:1093-9. doi: 10.1158/2326-6066.CIR-17-0755

Badran YR, Cohen J V, Brastianos PK, Parikh AR, Hong TS, Dougan M.
Concurrent therapy with immune checkpoint inhibitors and TNFa blockade
in patients with gastrointestinal immune-related adverse events. ] Immunother
cancer. (2019) 7:226. doi: 10.1186/s40425-019-0711-0

Kim ST, Tayar ], Trinh VA, Suarez-Almazor M, Garcia S, Hwu P,
et al. Successful treatment of arthritis induced by checkpoint inhibitors
with tocilizumab: a case series. Ann Rheum Dis. (2017) 76:2061-4.
doi: 10.1136/annrheumdis-2017-211560

Stroud CRG, Hegde A, Cherry C, Naqash AR, Sharma N, Addepalli
S, et al. Tocilizumab for the management of immune mediated adverse
events secondary to PD-1 blockade. ] Oncol Pharm Pract. (2019) 25:551-7.
doi: 10.1177/1078155217745144

Campochiaro C, Farina N, Tomelleri A, Ferrara R, Lazzari C, De Luca G,
et al. Tocilizumab for the treatment of immune-related adverse events: a
systematic literature review and a multicentre case series. Eur ] Intern Med.
(2021) 93:87-94. doi: 10.1016/j.ejim.2021.07.016

Bertrand F, Montfort A, Marcheteau E, Imbert C, Gilhodes J, Filleron T,
et al. TNFa blockade overcomes resistance to anti-PD-1 in experimental
melanoma. Nat Commun. (2017) 8:2256. doi: 10.1038/s41467-017-02
358-7

Zheng L, Fisher G, Miller RE, Peschon ], Lynch DH, Lenardo MJ. Induction
of apoptosis in mature T cells by tumour necrosis factor. Nature. (1995)
377:348-51. doi: 10.1038/377348a0

immunosuppressive therapy

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lesage C, Longvert C, Prey S, Maanaoui S, Dréno B, Machet L, et al.
Incidence and clinical impact of anti-tnfa treatment of severe immune
checkpoint inhibitor-induced colitis in advanced melanoma: the mecolit
survey. J Immunother. (2019) 42:175-9. doi: 10.1097/CJ1.00000000000
00268

Weber JS, Hodi ES, Wolchok JD, Topalian SL, Schadendorf D, Larkin J, et al.
Safety profile of nivolumab monotherapy: a pooled analysis of patients with
advanced melanoma. J Clin Oncol Off ] Am Soc Clin Oncol. (2017) 35:785-92.
doi: 10.1200/JC0O.2015.66.1389

Johnson DH, Zobniw CM, Trinh VA, Ma J, Bassett RLJ, Abdel-
Wahab N, et al. Infliximab associated with faster symptom resolution
compared with corticosteroids alone for the management of immune-related
enterocolitis. ] Immunother cancer. (2018) 6:103. doi: 10.1186/s40425-01
8-0412-0

Weber ]S, Postow MA. TNFa Blockade in Checkpoint Inhibition: the Good,
the Bad, or the Ugly? Clin cancer Res an Off ] Am Assoc Cancer Res. (2020)
26:2085-6. doi: 10.1158/1078-0432.CCR-20-0387

Verspohl SH, Holderried T, Behning C, Brossart P, Schifer VS. Prevalence,
therapy and tumour response in patients with rheumatic immune-related
adverse events following immune checkpoint inhibitor therapy: a single-
centre analysis. Ther Adv Musculoskelet Dis. (2021) 13:1759720X211006963.
doi: 10.1177/1759720X211006963

Menzies AM, Johnson DB, Ramanujam S, Atkinson VG, Wong ANM, Park JJ,
et al. Anti-PD-1 therapy in patients with advanced melanoma and preexisting
autoimmune disorders or major toxicity with ipilimumab. Ann Oncol Off ] Eur
Soc Med Oncol. (2017) 28:368-76. doi: 10.1093/annonc/mdw443

Johnson DB, Sullivan RJ, Ott PA, Carlino MS, Khushalani NI, Ye
E et al. Ipilimumab therapy in patients with advanced melanoma
and preexisting autoimmune disorders. JAMA Oncol. (2016) 2:234-40.
doi: 10.1001/jamaoncol.2015.4368

Abu-Sbeih H, Faleck DM, Ricciuti B, Mendelsohn RB, Nagash AR,
Cohen JV et al. Immune Checkpoint Inhibitor Therapy in Patients With
Preexisting Inflammatory Bowel Disease. J Clin Oncol. (2020) 6:576-83.
doi: 10.1200/JC0O.19.01674

Meserve ], Facciorusso A, Holmer AK, Annese V, Sandborn WJ, Singh
S. Systematic review with meta-analysis: safety and tolerability of immune
checkpoint inhibitors in patients with pre-existing inflammatory bowel
diseases. Aliment Pharmacol Ther. (2021) 53:374-82. doi: 10.1111/apt.16217

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Robles-Alonso, Martinez-Valle and Borruel. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 906098


https://doi.org/10.1016/j.jtho.2020.11.029
https://doi.org/10.1186/s40425-019-0577-1
https://doi.org/10.1016/j.cllc.2019.02.006
https://doi.org/10.1001/jamaoncol.2017.2925
https://doi.org/10.1001/jamadermatol.2015.1916
https://doi.org/10.1007/s00262-020-02536-5
https://doi.org/10.1158/1078-0432.CCR-19-3322
https://doi.org/10.1158/2326-6066.CIR-17-0755
https://doi.org/10.1186/s40425-019-0711-0
https://doi.org/10.1136/annrheumdis-2017-211560
https://doi.org/10.1177/1078155217745144
https://doi.org/10.1016/j.ejim.2021.07.016
https://doi.org/10.1038/s41467-017-02358-7
https://doi.org/10.1038/377348a0
https://doi.org/10.1097/CJI.0000000000000268
https://doi.org/10.1200/JCO.2015.66.1389
https://doi.org/10.1186/s40425-018-0412-0
https://doi.org/10.1158/1078-0432.CCR-20-0387
https://doi.org/10.1177/1759720X211006963
https://doi.org/10.1093/annonc/mdw443
https://doi.org/10.1001/jamaoncol.2015.4368
https://doi.org/10.1200/JCO.19.01674
https://doi.org/10.1111/apt.16217
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Co Treatment With Biologic Agents and Immunotherapy in the Setting of irAEs of Difficult Management
	Introduction
	Scenario for Concurrent Immunosuppression and Rationale Basis
	Real World Data of Concurrent Immunosuppression
	Safety of Concurrent Immunosuppression
	Coexistence of Autoimmune Diseases
	Discussion
	Author Contributions
	References


