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We reviewed the available information on the use of immune checkpoint
inhibitors (ICls) in populations with special conditions, namely, patients with
HIV, tuberculosis, or underlying autoimmune disease. Available data show
that treatment with ICls is safe in patients with HIV; it is advisable, however,
that these patients receive adequate antiretroviral therapy and have an
undetectable viral load before ICls are initiated. Tuberculosis reactivation has
been reported with the use of ICls, possibly due to immune dysregulation.
Tuberculosis has also been associated with the use of immunosuppressors to
treat immune-related adverse events (irAEs). Active tuberculosis must be ruled
out in patients with symptoms or signs, and selected patients may benefit from
screening for latent tuberculosis infection, although more data are required.
Limited data exist regarding the safety of ICls in patients with cancer and
autoimmune disease. Data from observational studies suggest that up to 29%
of patients with a preexisting autoimmune disease treated with an ICI present
with an autoimmune disease flare, and 30% present with a de novo irAE of
any type. The frequency of flares appears to differ according to the type of
ICI received, with higher rates associated with PD-1/PD-L1 inhibitors. The
most common autoimmune diseases for which patients reported flares with
ICl therapy are rheumatoid arthritis, other inflammatory arthritis, and psoriasis.
Most studies have reported flares or de novo irAEs associated with ICls that
were mild to moderate, with low rates of discontinuation and no deaths due
to flares. Therefore, the use of ICls in these patients is possible, but careful
monitoring is required.

KEYWORDS

checkpoint inhibition therapy, cancer, human immunodeficiency virus (HIV),
tuberculosis, autoimmune diseases

01 frontiersin.org


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.2022.875910
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.875910&domain=pdf&date_stamp=2022-07-15
mailto:amlopezo@mdanderson.org
https://doi.org/10.3389/fmed.2022.875910
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/articles/10.3389/fmed.2022.875910/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Aguilar-Company et al.

Introduction

Immunotherapy has revolutionized the treatment of cancer,
changing the prognosis of several tumor types. Immune
checkpoint inhibitors (ICIs) act by blocking immune tolerance
pathways such as programmed cell death protein 1 (PD-
1), programmed death-ligand 1 (PD-L1), or cytotoxic T-
lymphocyte antigen 4 (CTLA 4) and helping the immune
system to recognize and attack tumor cells; however, cross-
reactivity with self-proteins may cause immune-related adverse
events (irAEs). irAEs can range from mild to severe or even
fatal and can affect any organ system, causing a myriad of
symptoms depending on the organ affected. The frequency
of occurrence of irAEs differs by the type of ICI used and
the characteristics of the patient. For example, treatment with
PD1/PDL-1 inhibitors is associated with a lower incidence
of irAEs than anti-CTLA-4 antibodies or the combination of
agents of both classes (1). It is commonly believed that irAEs
result from the autoreactive immune response against non-
cancerous cells. To date, most clinical trials have excluded
patients with underlying comorbidities such as chronic and
opportunistic infections and autoimmune diseases. In patients
with human immunodeficiency virus (HIV), there is concern
that checkpoint inhibitors may interfere with lymphocyte
function and viral suppression. Tuberculosis reactivation has
been described in patients under treatment with checkpoint
inhibitors, which may be related to the disruption of immune
homeostasis. Patients with underlying autoimmune diseases
have a higher risk of developing flares after the initiation of
ICI treatment. Retrospective data suggest that the incidence of
flares in these populations is substantial. Therefore, treatment
with ICIs in people with cancer and underlying comorbidities
needs to be approached with caution. Patients with chronic
and opportunistic infections and autoimmune diseases may be
difficult to treat.

In this review, we briefly summarize the current
data on ICIs in patients with cancer and underlying
comorbidities, specifically HIV infection, tuberculosis, and
preexisting autoimmune conditions. We also include key
recommendations for the management of these populations.
Supplementary Table S1 summarizes the potential compli-
these three comorbidities and

cations associated with

recommendations for managing them.

Immune checkpoint inhibitors in
patients with HIV

The life expectancy of patients with HIV receiving
antiretroviral therapy (ART) is close to that observed in non-
infected people. However, the chronic inflammation status of
these patients leads to a higher risk of cancer and other diseases.
Specifically, the risk of cancer is estimated to be 69% higher in
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people living with HIV than in the HIV-negative population
(2). The most frequently reported neoplasms in people living
with HIV are B-cell non-Hodgkin lymphoma, lung cancer, head
and neck squamous cell carcinoma, Kaposi sarcoma, squamous
cell skin cancer, classic Hodgkin lymphoma, and hepatocellular
carcinoma (3). Cancer in people with HIV usually presents at
a younger age and has more aggressive features and poorer
outcomes than cancer in the general population (4). Moreover,
cancer is one of the leading causes of death among people with
HIV (5, 6).

Until recently, people with HIV have been excluded from
clinical trials evaluating the safety and efficacy of ICIs in
patients with cancer (7). This was due to concerns about the
unknown effects of immunotherapy on the T-cell repertoire, the
potential exacerbation of immune reconstitution syndrome in
patients who recently started ART, pharmacological interactions,
the possibility of unmasking opportunistic infections, and the
hypothesis that people with HIV may not have sufficient T-cell
immunity to benefit from PD-1/PD-L1 blockade (8, 9).

Nevertheless, treatment with ICIs may result in a dual
benefit by acting on both the HIV reservoir and the cancer.
PD-1-expressing CD4+ T cells constitute a known reservoir of
HIV-latent infection; if immune checkpoints play a relevant role
in HIV latency, ICIs could potentially improve T-cell responses
against HIV antigens (10). Of note, anti-PD-1/PD-LI treatment
is effective in enhancing the production of cytokines such as
IEN-y, TNF-a, and IL-13 in response to HIV antigens (11).

Efficacy and safety of ICls in patients with
HIV

Recently, several clinical trials involving the use of ICIs in
people with HIV were reported (12, 13). In a phase 1 study
including 6 patients with HIV and no other comorbidities, a
single dose of the PD-L1 inhibitor BMS-936559 exhibited a good
safety profile, with only grade 1 or 2 adverse events in 3 patients.
An increase in HIV-specific CD8+ T cells was observed in 2
patients (12).

Another phase 1 study sought to assess the safety of
pembrolizumab in advanced cancer patients with adequately
controlled HIV. Thirty patients (6 with Kaposi sarcoma, 5
with non-Hodgkin lymphoma, and 19 with non-AIDS-defining
cancer) were enrolled. Grade 1 or 2 irAEs were recorded in
22 patients, and grade 3 irAEs in 6 patients. HIV remained
adequately controlled in all patients. As for efficacy, a complete
response was observed in 1 patient, partial responses in 2
patients, stable disease in 17 patients, and progressive disease in
8 patients, with 2 patients being not evaluable (13).

A sizeable number of retrospective and prospective cohort
analyses, case reports, and literature reviews have suggested
acceptable safety and activity of ICIs in people with HIV,
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similar to findings in non-infected individuals (9, 14-18).
Specifically, the incidence of irAEs does not seem to be increased
and virological assessments showed that plasmatic viral load
remained suppressed; however, the number of patients included
in these studies was small (17).

Recommendations

The Advisory Committee of Spanish Melanoma Group
recently reviewed available data and made recommendations for
the treatment and monitoring of melanoma patients with HIV
who receive ICIs (19), summarized as follows: ICIs should be
administered in people with HIV when the HIV viral load is
undetectable and in patients receiving ART who have CD4+
T-cell counts ideally above 200 cells per mm?. Patients with a
recent HIV-1 diagnosis should be started on ART before ICI
treatment is started; viral suppression is generally achieved 4
weeks after the initiation of ART. In cases in which anticancer
treatment cannot be deferred, simultaneous initiation of ICIs
and ART could be considered, after assessing risks and benefits.

Before ICI treatment is initiated, screening for latent
infections (including viral hepatitis, syphilis, and tuberculosis)
should be performed and the infection adequately treated (20,
21). During ICI treatment, the patient should be monitored
by an infectious disease specialist, ART should be continued
uninterruptedly, and CD4+4- cell count and HIV viral load should
be periodically monitored. Transitory detectable HIV viral loads
below 400 copies/ml (blips) are frequent, have no clinical
significance, and require no further action. If the viral load is
detected in further consecutive analyses, then additional drug
resistance genotypic testing and/or drug monitoring should be
performed (15).

It should be noted that the certainty of the evidence upon
which these recommendations are based is low and thus the
strength of the recommendations is weak. Further randomized
controlled trials should confirm these recommendations.

Conclusions

In summary, the evidence suggests that ICIs have a safety
and effectivity profile in patients with HIV that is similar to
that in the general population. Careful management, including
a multidisciplinary approach by a team of oncologists and
infectious disease specialists, is advisable.

Immune checkpoint inhibitors in
patients with tuberculosis

Tuberculosis is one of the most common infectious diseases
worldwide, with about a quarter of the worlds population
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infected with Mycobacterium tuberculosis, and it is one of the
leading causes of death by an infectious disease. Cancer patients
have an increased risk of developing active tuberculosis, and this
risk is higher among patients with hematological, head and neck,
and lung neoplasms (22, 23).

Although the characteristics of the interaction between
the disruption of immune homeostasis caused by ICIs and
tuberculosis infection are not fully understood, basic research
data suggest that the PD1/PD-L1 pathway may play a substantial
role in tuberculosis pathophysiology. Several underlying
mechanisms have been described. PD1/PD-L1 deficiency has
been associated with an increase in TNF-a, IL-1, and IFNy
(24-26) and dysregulation of the innate immune system,
including macrophage and natural killer cell function (27, 28).
These data suggest that downregulation of the PD-L1/PD-1
pathway induces an exacerbated inflammatory response that
may facilitate the development of symptomatic infection.

In addition, patients treated with ICIs may develop irAEs,
for which corticosteroids and TNF-a inhibitors could be
prescribed. These therapies, especially TNF-o inhibitors, have
been associated with an increased risk of developing active
tuberculosis (29, 30).

Effects of ICls in patients with
tuberculosis

Shortly after the introduction of ICIs, cases of tuberculosis
reactivation and primary tuberculosis infection following the
use of these agents started to be reported (31, 32). Most
of the patients in whom tuberculosis was diagnosed received
antituberculous treatment, and the course of the infection
did not differ, in general terms, from that in patients with
tuberculosis and underlying malignancy not treated with ICIs.

Recommendations

There is an urgent need for prospective studies to
validate appropriate screening and treatment strategies for ICI-
related tuberculosis. Current recommendations for the clinical
management of tuberculosis in patients treated with ICIs include
the following: screening for latent tuberculosis infection before
the initiation of ICIs, managing latent tuberculosis infection in
these situations, and diagnosing and treating active tuberculosis
in patients receiving ICIs. Here, we provide suggestions for
clinical practice based on current evidence and our experience.

Screening for latent tuberculosis infection
before initiation of ICls

Latent tuberculosis infection is a continuous immune
response to Mycobacterium tuberculosis antigens, but without
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evidence of active tuberculosis. Two tests, the tuberculin skin
test (TST) and the interferon-gamma release assay (IGRA),
are used to screen for latent tuberculosis infection. The IGRA
is recommended over the TST for the diagnosis of latent
tuberculosis infection in individuals with low-to-intermediate
risk of progression to active disease, whereas the IGRA, TST,
or dual testing (if the first test is negative) is recommended in
patients with a higher risk of developing active tuberculosis (33).
The IGRA is frequently favored in developed countries with low
disease prevalence because of its more reliable results in patients
with previous Bacille Calmette-Guérin vaccination and/or in
those receiving corticosteroid treatment.

Before ICIs are initiated, some researchers suggest that an
IGRA be performed (31, 34, 35). Varying survival expectancy
associated with various types of tumors, differences in the
underlying characteristics of patients, risks associated with
the cancer itself, and concomitant or previous therapies
all undermine the ability to determine the precise risk of
developing active tuberculosis associated with ICI therapies
(32). A nationwide study in South Korea did not detect
increased risk of developing active tuberculosis in patients
treated with ICIs compared with the risk in other cancer
patients (36). Screening for latent tuberculosis infection is
currently not recommended in the general cancer population
(22, 23). Therefore, latent tuberculosis infection screening is
indicated only in patients with additional risk factors, such as
high-risk neoplasms (hematological, head and neck, or lung
cancers), other predisposing comorbidities, and/or estimated
long survival.

In patients who require anti-TNF-o therapy, the risks
and benefits
should be carefully assessed, and different options should

of latent tuberculosis infection screening
be considered. Most guidelines recommend screening because
of the significantly increased risk of tuberculosis reactivation in
patients receiving these agents for a wide array of inflammatory
conditions (30, 37). Screening may also be considered in
patients who need high-dose corticosteroids in settings with a

high tuberculosis prevalence.

Managing latent tuberculosis infection

Treatment for latent tuberculosis infection should be
considered in those with a positive test. The potential harms
and benefits of treatment for latent tuberculosis infection need
to be weighed on an individual basis, accounting for potential
pharmacological interactions, the risk of hepatotoxicity,
and expected survival. An assessment with an infectious
disease specialist and clinical monitoring during treatment are
advisable. It is generally accepted that initiation of ICIs should
be delayed about 2 weeks after the initiation of antituberculous
treatment, in order to improve tolerance and minimize the
possibility of immune reconstitution symptoms (32).
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Diagnosing and treating active tuberculosis in
patients receiving ICls

Active tuberculosis may develop in a patient receiving ICIs.
Diagnosis may be complicated by the lack of specificity of
signs and/or symptoms, which may mimic oncological disease
progression or pseudoprogression, bacterial or fungal infection,
or pulmonary irAEs. Therefore, high clinical suspicion is key
to an accurate diagnosis. Microbiological confirmation through
invasive or non-invasive samples is paramount and necessary
in guiding adequate antimycobacterial therapy, which must
be weighed according to the characteristics of the patient
and potential pharmacological interactions and toxicities.
Liver inflammation in the course of treatment must also be
carefully assessed, since it may represent toxicity caused by
antituberculous therapy or an irAE or be associated with the
underlying disease. It is generally supported that ICIs should be
withheld during active infection for 2-4 weeks because of the
possibility of an exaggerated inflammatory response (32).

Conclusions

In conclusion, although the use of ICIs has been linked to the
development of tuberculosis, the precise risk of this association
has not been established. Current evidence does not clearly
support routine latent tuberculosis infection screening in these
patients. Treatment for latent tuberculosis infection or active
tuberculosis should be individually evaluated.

Immune checkpoint inhibitors in
patients with underlying
autoimmune diseases

About 3-5% of the world’s population has an autoimmune
disorder (38-41). Autoimmune and chronic inflammatory
diseases have been significantly associated with increased risk of
cancer (42). Between 10 and 30% of patients with cancer have
one of the more than 80 different autoimmune diseases, either
localized in an individual organ or with a systemic presentation.
Patients with cancer and autoimmune diseases have shorter
survival durations, poorer quality of life, and higher health care
costs than do cancer patients without autoimmune diseases (43—
45).

Cancer patients with autoimmune diseases have been
excluded from most ICI trials because of concerns about
increasing their risk of irAEs and/or flares of their concomitant
autoimmune disease. The exact pathophysiology of irAEs is
not known and may vary across toxicity phenotypes, but it is
attributed to the expansive upregulation of immune pathways
caused by ICIs, resulting in inflammatory and autoimmune
manifestations that can affect almost any system or organ and
can be severe. Although numerous reports have been published
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describing the occurrence of irAEs and flares in patients with
autoimmune diseases [“who are treated with ICIs for cancer”?],
most are retrospective in nature. To date, no controlled trial data
exist regarding the safety and efficacy of ICIs in patients with
cancer and autoimmune disease. Here, we review the evidence
of relevant observational data to provide a comprehensive
summary of the occurrence of irAEs and autoimmune disease
flares and of cancer response to ICIs in patients with preexisting
autoimmune disease. Data are still needed on the incidence
of irAEs in patients with active vs. stable autoimmune disease
and on the use of DMARD:s (disease-modifying antirheumatic
drugs)/steroids at the initiation of ICI therapy and per ICI used
(anti-PD1, antiPDLI, anti-CTLA4).

Occurrence of irAEs and flares in patients
with preexisting autoimmune diseases

Previously, a review of 123 patients whose cases were
described in 49 publications reported that in 92 (75%) of
these cases, there was an exacerbation of autoimmune disease,
irAEs, or both with ICI treatment. The large majority of
patients in the review had melanoma (46). However, pooled
data from 11 case series (47-57) suggested that the number
of patients experiencing any type of irAEs (flares or de novo)
was 55% [95% confidence interval (CI), 44-66%] (58). For
flares, the pooled frequency was 29% (95% CI, 11-49%) and
for de novo irAEs it was 30% (95% CI, 24-35%). When
categorized by type of ICI, 37% (95% CI, 25-50%) of the patients
who received anti-PD-1/PD-L1 agents had autoimmune flares,
compared with 29% (95% CI, 11-49%) who received anti-
CTLA4. Flares were more commonly reported in patients with
arthritis (rheumatoid, chronic unspecified, or inflammatory)
(33%) and psoriasis (20%).

Risk of irAEs in patients with and without
autoimmune disease

Although evidence from a report in 2017 (47) suggested
that the risk of developing an irAE over 2 years of follow-up
after initiation of ICIs in patients with autoimmune diseases was
1.5 times higher than that in patients without an autoimmune
disease (95% CI, 1.1-2.2), another study in 2019 (59) reported
no statistically significant increase in the risk of grade 3 or 4
irAEs, suggesting that the increased risk observed may be limited
to grade 1 or 2 toxicities. A similar risk of developing any type of
irAE was reported for patients with autoimmune diseases when
compared with patients without autoimmune disease who had
developed an irAE after exposure to ipilimumab (47).

One study compared the flare rates in patients with
autoimmune rheumatologic diseases to rates in patients with
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autoimmune non-rheumatologic diseases. Patients who had a
rheumatologic disease were 4.1 times more likely to develop
a flare (95% CI, 1.3-13.4) (56). However, for patients with
stable autoimmune disease at the start of ICI therapy, the flare
rates were lower (18%) than those of patients with uncontrolled
disease (50%) (55).

Cancer response to ICl in patients with
cancer and preexisting autoimmune
diseases

The presence of preexisting autoimmune disease was
not associated with cancer outcomes such as progression-
free survival and overall survival in a systematic review of
observational studies (47-49, 52-55, 57, 58). The pooled
proportion of patients with cancer and autoimmune disease with
complete response after treatment with any ICI was 6% (95% CI,
0-18%) (47-58). The pooled proportion of patients with partial
response was 25% (95% CI, 15-36%), with stable disease was
21% (95% CI, 10-34%), and with progressive disease was 46%
(95% CI, 31-61%) (58).

The pooled frequency of permanent discontinuation of the
ICI was 12% (95% CI, 4-24%) and of temporary discontinuation
was 9% (95% CI, 2-18%) (58). Pooled mortality was 31% (95%
CI, 11-56%), although none of the deaths were related to the
autoimmune disease (47, 49, 52, 53, 55, 56, 58). Death rates were
lower in patients with autoimmune disease who developed a
flare compared with those with no flares (58).

Recommendations

The European Society of Medical Oncology has proposed
a two-step approach for the care of patients with cancer and
underlying autoimmune disease who are considering ICIs.
The first step consists of a short-term prevention strategy in
which non-immunosuppressant agents are discontinued and
replaced with a first-line immunosuppressive or more targeted
treatments as opposed to systemic immunosuppression. It is
preferable that the autoimmune disease be controlled for 2-
4 weeks before ICIs are started. For patients with a rapid
disease course, immunosuppressants and ICIs can be introduced
simultaneously. Once therapy with ICIs has commenced, close
monitoring to manage any potential flares is imperative. Finally,
the guidelines recommend maintaining immunosuppressants
for the duration of ICI therapy to avoid severe flares (60).
In addition, the National Comprehensive Cancer Network
recommends the involvement of a multidisciplinary team that
includes an autoimmune disease specialist in the decision to
initiate ICIs and, when possible, the avoidance of combination
therapy with PD1/PD-L1 and CTLA-4 agents (61).
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Conclusions

In conclusion, immune checkpoint inhibition in patients
with known autoimmune diseases is possible but requires careful
monitoring. Several studies across the globe have reported the
use of ICIs in patients with cancer and autoimmune disease in
whom the rates of flares and de novo irAEs were substantial.
Partial response is achieved by at least a quarter of patients with
advanced-stage cancer, and permanent discontinuation of the
ICIis needed in only a few patients with cancer and autoimmune
disease. Therefore, the risk-benefit ratios of immunotherapy
in patients with preexisting autoimmune diseases need to be
carefully discussed with patients.

Author contributions

JA-C, ML-O, and IR-C contributed equally to the conception
and design of the article, divided the sections, were responsible
for one of the three sections, revised and interpreted critically the
relevant literature for her/his section and drafted it, and finally
reviewed the complete final manuscript. All authors contributed
to the article and approved the submitted version.

Funding

ML-O’s work is supported by the National Cancer
Institute (#CA237619).

References

1. Liu X, Shi Y, Zhang D, Zhou Q, Liu J, Chen M, et al. Risk factors for immune-
related adverse events: what have we learned and what lies ahead? Biomark Res.
(2021) 9:79. doi: 10.1186/s40364-021-00314-8

2. Hernandez-Ramirez RU, Shiels MS, Dubrow R, Engels EA. Cancer risk in
HIV-infected people in the USA from 1996 to 2012: a population-based, registry-
linkage study. Lancet HIV. (2017) 4:e495-504. doi: 10.1016/S2352-3018(17)30
125-X

3. Yarchoan R, Uldrick TS. HIV-associated cancers and related diseases. N Engl ]
Med. (2018) 378:1029-41. doi: 10.1056/NEJMral615896

4. Coghill AE, Shiels MS, Suneja G, Engels EA. Elevated cancer-specific mortality
among HIV-infected patients in the United States. J Clin Oncol. (2015) 33:2376-
83. doi: 10.1200/JC0O.2014.59.5967

5. Vandenhende M-A, Roussillon C, Henard S, Morlat P, Oksenhendler
E, Aumaitre H, et al. Cancer-related causes of death among HIV-infected
patients in France in 2010: evolution since 2000. PLoS ONE. (2015)
10:€0129550. doi: 10.1371/journal.pone.0129550

6. Reddy KP, Kong CY, Hyle EP, Baggett TP, Huang M, Parker RA, et
al. Lung cancer mortality associated with smoking and smoking cessation
among people living with HIV in the United States. JAMA Intern Med. (2017)
177:1613. doi: 10.1001/jamainternmed.2017.4349

7. Persad GG, Little RE, Grady C. Including persons with HIV infection in cancer
clinical trials. J Clin Oncol. (2008) 26:1027-32. doi: 10.1200/JCO.2007.14.5532

8. Uldrick TS, Ison G, Rudek MA, Noy A, Schwartz K, Bruinooge S, et al.
Modernizing clinical trial eligibility criteria: recommendations of the American
Society of Clinical Oncology-Friends of Cancer Research HIV Working Group.
J Clin Oncol. (2017) 35:3774-80. doi: 10.1200/JCO.2017.73.7338

Frontiersin Medicine

06

10.3389/fmed.2022.875910

Conflict of interest

ML-O reported receiving grants from the National Cancer
Institute and the Rheumatology Research Foundation outside
the submitted work.

The remaining 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.

The reviewer EMC declared a shared affiliation with the
author(s) JA-C and IR-C to the handling editor at the time
of review.

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.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.875910/full#supplementary-material

9. Guaitoli G, Baldessari C, Maur M, Mussini C, Meschiari M,
Barbieri F et al. Treating cancer with immunotherapy in HIV-
positive patients: a challenging reality. Crit Rev Oncol Hematol. (2020)
145:102836. doi: 10.1016/j.critrevonc.2019.102836

10. Evans VA, van der Sluis RM, Solomon A, Dantanarayana A,
McNeil C, Garsia R, et al. Programmed cell death-1 contributes to
the establishment and maintenance of HIV-1 latency. AIDS. (2018)
32:1491-7. doi: 10.1097/QAD.0000000000001849

11. Grabmeier-Pfistershammer K, Steinberger P, Rieger A, Leitner J, Kohrgruber
N. Identification of PD-1 as a unique marker for failing immune reconstitution in
HIV-1-infected patients on treatment. JAIDS J Acquir Immune Defic Syndr. (2011)
56:118-24. doi: 10.1097/QAI.0b013e3181fbabof

12. Gay CL, Bosch RJ, Ritz ], Hataye JM, Aga E, Tressler RL, et al
Clinical trial of the Anti-PD-L1 antibody BMS-936559 in HIV-1 infected
participants on suppressive antiretroviral therapy. J Infect Dis. (2017) 215:1725-
33. doi: 10.1093/infdis/jix191

13. Uldrick TS, Gongalves PH, Abdul-Hay M, Claeys AJ, Emu B,
Ernstoff MS, et al. Assessment of the safety of pembrolizumab in patients
with HIV and advanced cancer—a phase 1 study. JAMA Oncol. (2019)
5:1332. doi: 10.1001/jamaoncol.2019.2244

14. Cook MR, Kim C. Safety and efficacy of immune checkpoint inhibitor therapy
in patients with HIV infection and advanced-stage cancer. JAMA Oncol. (2019)
5:1049. doi: 10.1001/jamaoncol.2018.6737

15. Gonzalez-Cao M, Martinez-Picado J, Karachaliou N, Rosell R, Meyerhans A.
Cancer immunotherapy of patients with HIV infection. Clin Transl Oncol. (2019)
21:713-20. doi: 10.1007/s12094-018-1981-6

frontiersin.org


https://doi.org/10.3389/fmed.2022.875910
https://www.frontiersin.org/articles/10.3389/fmed.2022.875910/full#supplementary-material
https://doi.org/10.1186/s40364-021-00314-8
https://doi.org/10.1016/S2352-3018(17)30125-X
https://doi.org/10.1056/NEJMra1615896
https://doi.org/10.1200/JCO.2014.59.5967
https://doi.org/10.1371/journal.pone.0129550
https://doi.org/10.1001/jamainternmed.2017.4349
https://doi.org/10.1200/JCO.2007.14.5532
https://doi.org/10.1200/JCO.2017.73.7338
https://doi.org/10.1016/j.critrevonc.2019.102836
https://doi.org/10.1097/QAD.0000000000001849
https://doi.org/10.1097/QAI.0b013e3181fbab9f
https://doi.org/10.1093/infdis/jix191
https://doi.org/10.1001/jamaoncol.2019.2244
https://doi.org/10.1001/jamaoncol.2018.6737
https://doi.org/10.1007/s12094-018-1981-6
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Aguilar-Company et al.

16. Spano J-P, Veyri M, Gobert A, Guihot A, Perré P, Kerjouan M, et al.
Immunotherapy for cancer in people living with HIV. AIDS. (2019) 33:F13-
9. doi: 10.1097/QAD.0000000000002298

17. Tapia Rico G, Chan MM, Loo KF. The safety and efficacy of immune
checkpoint inhibitors in patients with advanced cancers and pre-existing chronic
viral infections (Hepatitis B/C, HIV): a review of the available evidence. Cancer
Treat Rev. (2020) 86:102011. doi: 10.1016/j.ctrv.2020.102011

18. Castelli V, Lombardi A, Palomba E, Bozzi G, Ungaro R, Alagna L, et
al. Immune checkpoint inhibitors in people living with HIV/AIDS: facts and
controversies. Cells. (2021) 10:2227. doi: 10.3390/cells10092227

19. Gonzalez-Cao M, Puertolas T, Riveiro M, Mufioz-Couselo E, Ortiz C,
Paredes R, et al. Cancer immunotherapy in special challenging populations:
recommendations of the Advisory Committee of Spanish Melanoma Group
(GEM). ] Immunother Cancer. (2021) 9:e001664. doi: 10.1136/jitc-2020-001664

20. Ruiz-Camps I, Aguilar-Company J. Risk of infection associated with targeted
therapies for solid organ and hematological malignancies. Ther Adv Infect Dis.
(2021) 8:204993612198954. doi: 10.1177/2049936121989548

21. Redelman-Sidi G, Michielin O, Cervera C, Ribi C, Aguado JM, Fernandez-
Ruiz M, et al. ESCMID Study Group for Infections in Compromised
Hosts (ESGICH) Consensus Document on the safety of targeted and
biological therapies: an infectious diseases perspective (Immune checkpoint
inhibitors, cell adhesion inhibitors, sphingosine-1-phosphate receptor
modulators and proteasome inhibitors). Clin Microbiol Infect. (2018)
24:595-107. doi: 10.1016/j.cmi.2018.01.030

22. Cheng MP, Chakra CNA, Yansouni CP, Cnossen S, Shrier I, Menzies D, et
al. Risk of active tuberculosis in patients with cancer: a systematic review and
metaanalysis. Clin Infect Dis. (2017) 64:635-44. doi: 10.1093/cid/ciw838

23. Dobler CC, Cheung K, Nguyen J, Martin A. Risk of tuberculosis in patients
with solid cancers and haematological malignancies: a systematic review and
meta-analysis. Eur Respir J. 50:1700157 (2017). doi: 10.1183/13993003.00157-2017

24. Lazar-Molnar E, Chen B, Sweeney KA, Wang EJ, Liu W, Lin J,
et al. Programmed death-1 (PD-1)-deficient mice are extraordinarily
sensitive to tuberculosis. Proc Natl Acad Sci USA. (2010) 107:13402-
7. doi: 10.1073/pnas.1007394107

25. Barber DL, Mayer-Barber KD, Feng CG, Sharpe AH, Sher A. CD4T
cells promote rather than control tuberculosis in the absence of PD-1-mediated
inhibition. J Immunol. (2011) 186:1598-607. doi: 10.4049/jimmunol.1003304

26. Sakai S, Kauffman KD, Sallin MA, Sharpe AH, Young HA,
Ganusov VV., et al. CD4T Cell-derived IFN-y plays a minimal role in
control of pulmonary mycobacterium tuberculosis infection and must be
actively repressed by PD-1 to prevent lethal disease. PLoS Pathog. (2016)
12:¢1005667. doi: 10.1371/journal.ppat.1005667

27. Suarez GV, Melucci Ganzarain C del C, Vecchione MB, Trifone CA,
Marin Franco JL, Genoula M, et al. PD-1/PD-L1 pathway modulates macrophage
susceptibility to mycobacterium tuberculosis specific CD8+ T cell induced death.
Sci Rep. (2019) 9:1-4. doi: 10.1038/541598-018-36403-2

28. Alvarez IB, Pasquinelli V, Jurado JO, Abbate E, Musella RM, De La Barrera SS,
et al. Role played by the programmed death-1-programmed death ligand pathway
during innate immunity against Mycobacterium tuberculosis. ] Infect Dis. (2010)
202:524-32. doi: 10.1086/654932

29. Jick SS, Lieberman ES, Rahman MU, Choi HK. Glucocorticoid use, other
associated factors, and the risk of tuberculosis. Arthritis Care Res. (2006) 55:19-
26. doi: 10.1002/art.21705

30. Baddley JW, Cantini E Goletti D, Gémez-Reino JJ, Mylonakis E, San-
Juan R, et al. ESCMID Study Group for Infections in Compromised Hosts
(ESGICH) Consensus Document on the safety of targeted and biological
therapies: an infectious diseases perspective (Soluble immune effector molecules
[T]: anti-tumor necrosis factor-a agents). Clin Microbiol Infect. 2018. 24:S10—
20. doi: 10.1016/j.cmi.2017.12.025

31. Zaemes J, Kim C. Immune checkpoint inhibitor use and
tuberculosis: a systematic review of the literature. Eur ] Cancer. (2020)
132:168-75. doi: 10.1016/j.ejca.2020.03.015

32. Anastasopoulou A, Ziogas DC, Samarkos M, Kirkwood JM, Gogas H.
Reactivation of tuberculosis in cancer patients following administration of immune
checkpoint inhibitors: current evidence and clinical practice recommendations.
] ImmunoTherapy Cancer (2019) 7:1-13. doi: 10.1186/s40425-019-0
717-7

33. Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, Desmond
E, et al. Official American Thoracic Society/Infectious Diseases Society of
America/Centers for Disease Control and Prevention Clinical Practice guidelines:
diagnosis of tuberculosis in adults and children. Clin Infect Dis. (2017) 64:111-
5. doi: 10.1093/cid/ciw778

Frontiersin Medicine

10.3389/fmed.2022.875910

34. Langan EA, Graetz V, Allerheiligen J, Zillikens D, Rupp J, Terheyden P.
Immune checkpoint inhibitors and tuberculosis: an old disease in a new context.
Lancet Oncol. (2020) 21:e55-65. doi: 10.1016/S1470-2045(19)30674-6

35. Picchi H, Mateus C, Chouaid C, Besse B, Marabelle A, Michot JM, et al.
Infectious complications associated with the use of immune checkpoint inhibitors
in oncology: reactivation of tuberculosis after anti PD-1 treatment. Clin Microbiol
Infect. (2018) 24:216-8. doi: 10.1016/j.cmi.2017.12.003

36. Bae S, Kim YJ, Kim MJ, Kim JH, Yun SC, Jung J, et al. Risk
of tuberculosis in patients with cancer treated with immune checkpoint
inhibitors: a nationwide observational study. ] Immunother Cancer. (2021)
9(9). doi: 10.1136/jitc-2021-002960

37. Cantini F, Nannini C, Niccoli L, Iannone E Delogu G, Garlaschi G, et
al. Guidance for the management of patients with latent tuberculosis infection
requiring biologic therapy in rheumatology and dermatology clinical practice.
Autoimmun Rev. (2015) 14:503-9. doi: 10.1016/j.autrev.2015.01.011

38. Lerner A, Jeremias P, Matthias T. The world incidence and prevalence
of autoimmune diseases is increasing. Int ] Celiac Dis. (2015) 3:151-
5. doi: 10.12691/ijcd-3-4-8

39. Dooley MA, Hogan SL. Environmental epidemiology and
risk factors for autoimmune disease. Curr Opin Rheumatol. (2003)
15:99-103. doi: 10.1097/00002281-200303000-00002

40. Cooper GS, Bynum ML, Somers EC. Recent insights in the
epidemiology of autoimmune diseases: improved prevalence estimates
and understanding of clustering of diseases. J Autoimmun. (2009)
33:197-207. doi: 10.1016/j.jaut.2009.09.008

41. Wang L, Wang FS, Gershwin ME. Human autoimmune diseases: a
comprehensive update. J Intern Med. (2015) 278:369-95. doi: 10.1111/joim.12395

42. Franks AL, Slansky JE. Multiple associations between a broad spectrum of
autoimmune diseases, chronic inflammatory diseases and cancer. Anticancer Res.
(2012) 32:1119-36. doi: 10.21873/anticanres

43. Segaard M, Thomsen RW, Bossen KS, Serensen HT, Norgaard M. The
impact of comorbidity on cancer survival: a review. Clin Epidemiol. (2013) 5:3-
29. doi: 10.2147/CLEP.S47150

44. Arneja J, Brooks JD. The impact of chronic comorbidities at the time of breast
cancer diagnosis on quality of life, and emotional health following treatment in
Canada. PLoS ONE. (2021) 16:€0256536. doi: 10.1371/journal.pone.0256536

45. Sarfati D, Koczwara B, Jackson C. The impact of comorbidity on cancer and
its treatment. CA Cancer J Clin. (2016) 66:337-50. doi: 10.3322/caac.21342

46. Abdel-Wahab N, Shah M, Lopez-Olivo MA, Suarez-Almazor ME. Use of
immune checkpoint inhibitors in the treatment of patients with cancer and
preexisting autoimmune disease: a systematic review. Ann Intern Med. (2018)
168:121-30. doi: 10.7326/M17-2073

47. Danlos FX, Voisin AL, Dyevre V, Michot JM, Routier E, Taillade L, et
al. Safety and efficacy of anti-programmed death 1 antibodies in patients with
cancer and pre-existing autoimmune or inflammatory disease. Eur J Cancer. (2018)
91:21-9. doi: 10.1016/j.¢jca.2017.12.008

48. Tison A, Quere G, Misery L, Lesimple T, Marcq M, Martinez S, et al. Safety of
immune checkpoint inhibitors for the treatment ofmelanoma, bronchopulmonary
and urologic neoplasms in patients with preexisting autoimmune disease-
ACR meeting abstracts. Arthritis Rheumatol. (2017) 69. Available online at:
https://acrabstracts.org/abstract/safety- of-immune- checkpoint-inhibitors-for-
the-treatment- of-melanoma- bronchopulmonary-and- urologic- neoplasms-in-
patients-with- preexisting-autoimmune- disease/ (accessed February 13, 2022).

49. Gutzmer R, Koop A, Meier F, Hassel JC, Terheyden P, Zimmer L, et
al. Programmed cell death protein-1 (PD-1) inhibitor therapy in patients with
advanced melanoma and preexisting autoimmunity or ipilimumab-triggered
autoimmunity. Eur ] Cancer. (2017) 75:24-32. doi: 10.1016/j.¢jca.2016.12.038

50. Lee B, Wong A, Kee D, Neeson P, Shackleton M, McArthur G, et al. The use
of ipilimumab in patients with rheumatoid arthritis and metastatic melanoma. Ann
Oncol Off ] Eur Soc Med Oncol. (2016) 27:1174-7. doi: 10.1093/annonc/mdw056

51. Weinstock C, Singh H, Maher VE, Kim G, Pazdur R. FDA analysis of patients
with baseline autoimmune diseases treated with PD-1/PD-L1 immunotherapy
agents. J Clin Oncol. (2017) 35:3018. doi: 10.1200/JC0O.2017.35.15_suppl.3018

52. Mitchell E, Lau P, Khoo C, Smith K, Brady B, Shackleton M, et al.
Rheumatological immune related adverse events in malignancy patients treated
with anti-programmed cell death (PD) 1 antibodies, vol. 69. In: ACR Meeting
Abstracts. (2017).

53. Menzies AM, Johnson DB, Ramanujam S, Atkinson VG, Wong ANM, Park
J), et al. Anti-PD-1 therapy in patients with advanced melanoma and preexisting
autoimmune disorders or major toxicity with ipilimumab. Ann Oncol. (2017)
28(2):368-76. doi: 10.1093/annonc/mdw443

frontiersin.org


https://doi.org/10.3389/fmed.2022.875910
https://doi.org/10.1097/QAD.0000000000002298
https://doi.org/10.1016/j.ctrv.2020.102011
https://doi.org/10.3390/cells10092227
https://doi.org/10.1136/jitc-2020-001664
https://doi.org/10.1177/2049936121989548
https://doi.org/10.1016/j.cmi.2018.01.030
https://doi.org/10.1093/cid/ciw838
https://doi.org/10.1183/13993003.00157-2017
https://doi.org/10.1073/pnas.1007394107
https://doi.org/10.4049/jimmunol.1003304
https://doi.org/10.1371/journal.ppat.1005667
https://doi.org/10.1038/s41598-018-36403-2
https://doi.org/10.1086/654932
https://doi.org/10.1002/art.21705
https://doi.org/10.1016/j.cmi.2017.12.025
https://doi.org/10.1016/j.ejca.2020.03.015
https://doi.org/10.1186/s40425-019-0717-7
https://doi.org/10.1093/cid/ciw778
https://doi.org/10.1016/S1470-2045(19)30674-6
https://doi.org/10.1016/j.cmi.2017.12.003
https://doi.org/10.1136/jitc-2021-002960
https://doi.org/10.1016/j.autrev.2015.01.011
https://doi.org/10.12691/ijcd-3-4-8
https://doi.org/10.1097/00002281-200303000-00002
https://doi.org/10.1016/j.jaut.2009.09.008
https://doi.org/10.1111/joim.12395
https://doi.org/10.21873/anticanres
https://doi.org/10.2147/CLEP.S47150
https://doi.org/10.1371/journal.pone.0256536
https://doi.org/10.3322/caac.21342
https://doi.org/10.7326/M17-2073
https://doi.org/10.1016/j.ejca.2017.12.008
https://acrabstracts.org/abstract/safety-of-immune-checkpoint-inhibitors-for-the-treatment-of-melanoma-bronchopulmonary-and-urologic-neoplasms-in-patients-with-preexisting-autoimmune-disease/
https://acrabstracts.org/abstract/safety-of-immune-checkpoint-inhibitors-for-the-treatment-of-melanoma-bronchopulmonary-and-urologic-neoplasms-in-patients-with-preexisting-autoimmune-disease/
https://acrabstracts.org/abstract/safety-of-immune-checkpoint-inhibitors-for-the-treatment-of-melanoma-bronchopulmonary-and-urologic-neoplasms-in-patients-with-preexisting-autoimmune-disease/
https://doi.org/10.1016/j.ejca.2016.12.038
https://doi.org/10.1093/annonc/mdw056
https://doi.org/10.1200/JCO.2017.35.15_suppl.3018
https://doi.org/10.1093/annonc/mdw443
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Aguilar-Company et al.

Khushalani
advanced
(2016)

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

55. Kahler KC, Eigentler TK, Gesierich A, Heinzerling L, Loquai C,
Meier F et al. Ipilimumab in metastatic melanoma patients with pre-
existing autoimmune disorders. Cancer Immunol Immunother. (2018) 67:825-
34. doi: 10.1007/s00262-018-2134-z

56. Leonardi GC, Gainor JF, Altan M, Kravets S, Dahlberg SE, Gedmintas L, et
al. Safety of programmed death-1 pathway inhibitors among patients with non-
small-cell lung cancer and preexisting autoimmune disorders. J Clin Oncol. (2018)
36:1905-12. doi: 10.1200/JC0O.2017.77.0305

57. Richter MD, Pinkston O, Kottschade LA, Finnes HD, Markovic SN,
Thanarajasingam U. Brief report: cancer immunotherapy in patients with
preexisting rheumatic disease: the mayo clinic experience. Arthritis Rheumatol.
(2018) 70:356-60. doi: 10.1002/art.40397

58. Lopez-Olivo M, Abdel-Wahab N, Sudrez-Almazor MA. Systematic review
and meta-analysis of observational studies reporting on the use of checkpoint

Frontiersin Medicine

08

10.3389/fmed.2022.875910

inhibitors in patients with cancer and pre-existing autoimmune disease. Arthritis
Rheumatol. (2019). Available online at: https://acrabstracts.org/abstract/a-
systematic- review-and- meta-analysis- of- observational- studies- reporting-on-
the-use-of- checkpoint-inhibitors- in- patients- with- cancer-and- pre-existing-
autoimmune-disease/ (accessed February 13, 2022).

59. Cortellini A, Buti S, Santini D, Perrone E Giusti R, Tiseo M, et al.
Clinical outcomes of patients with advanced cancer and pre-existing autoimmune
diseases treated with anti-programmed death-1 immunotherapy: a real-world
transverse study. Oncologist. (2019) 24:e327-37. doi: 10.1634/theoncologist.
2018-0618

60. Haanen ], Ernstoff MS, Wang Y, Menzies AM, Puzanov I, Grivas
P, et al. Autoimmune diseases and immune-checkpoint inhibitors for
cancer therapy: review of the literature and personalized risk-based
prevention strategy. Ann Oncol. (2020) 31:724-44. doi: 10.1016/j.annonc.2020.
03.285

61. Thompson JA, Schneider BJ, Brahmer J, Andrews S, Armand P, Bhatia S,
et al. Management of immunotherapy-related toxicities, version 1.2019, NCCN
clinical practice guidelines in oncology. ] Natl Compr Cancer Netw. (2019) 17:255-
89. doi: 10.6004/jnccn.2019.0013

frontiersin.org


https://doi.org/10.3389/fmed.2022.875910
https://doi.org/10.1001/jamaoncol.2015.4368
https://doi.org/10.1007/s00262-018-2134-z
https://doi.org/10.1200/JCO.2017.77.0305
https://doi.org/10.1002/art.40397
https://acrabstracts.org/abstract/a-systematic-review-and-meta-analysis-of-observational-studies-reporting-on-the-use-of-checkpoint-inhibitors-in-patients-with-cancer-and-pre-existing-autoimmune-disease/
https://acrabstracts.org/abstract/a-systematic-review-and-meta-analysis-of-observational-studies-reporting-on-the-use-of-checkpoint-inhibitors-in-patients-with-cancer-and-pre-existing-autoimmune-disease/
https://acrabstracts.org/abstract/a-systematic-review-and-meta-analysis-of-observational-studies-reporting-on-the-use-of-checkpoint-inhibitors-in-patients-with-cancer-and-pre-existing-autoimmune-disease/
https://acrabstracts.org/abstract/a-systematic-review-and-meta-analysis-of-observational-studies-reporting-on-the-use-of-checkpoint-inhibitors-in-patients-with-cancer-and-pre-existing-autoimmune-disease/
https://doi.org/10.1634/theoncologist.2018-0618
https://doi.org/10.1016/j.annonc.2020.03.285
https://doi.org/10.6004/jnccn.2019.0013
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Multidisciplinary approach to treatment with immune checkpoint inhibitors in patients with HIV, tuberculosis, or underlying autoimmune diseases
	Introduction
	Immune checkpoint inhibitors in patients with HIV
	Efficacy and safety of ICIs in patients with HIV
	Recommendations
	Conclusions

	Immune checkpoint inhibitors in patients with tuberculosis
	Effects of ICIs in patients with tuberculosis
	Recommendations
	Screening for latent tuberculosis infection before initiation of ICIs 
	Managing latent tuberculosis infection
	Diagnosing and treating active tuberculosis in patients receiving ICIs 

	Conclusions

	Immune checkpoint inhibitors in patients with underlying autoimmune diseases
	Occurrence of irAEs and flares in patients with preexisting autoimmune diseases
	Risk of irAEs in patients with and without autoimmune disease
	Cancer response to ICI in patients with cancer and preexisting autoimmune diseases
	Recommendations
	Conclusions

	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


