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ABSTRACT

The present review summarizes up-to-date evidence
addressing the frequently discussed clinical controversies
regarding the use of immune checkpoint inhibitors

(ICls) in cancer patients with viral infections, including
AIDS, hepatitis B and C, progressive multifocal
leukoencephalopathy, influenza, and COVID-19. In detail,
we provide available information on (1) safety regarding
the risk of new infections, (2) effects on the outcome of
pre-existing infections, (3) whether immunosuppressive
drugs used to treat ICl-related adverse events affect the
risk of infection or virulence of pre-existing infections,
(4) whether the use of vaccines in ICI-treated patients

is considered safe, and (5) whether there are beneficial
effects of ICls that even qualify them as a therapeutic
approach for these viral infections.

INTRODUCTION

Cancer cells may escape immune surveillance
through a variety of mechanisms, including
the activation of immune checkpoint path-
ways that serve to suppress immune responses
against tumor cells. Immune checkpoint
inhibitors (ICI) boost antitumor immune
responses by interrupting coinhibitory
signaling pathways to promote immune-
mediated killing of tumor cells. The intro-
duction of ICI in 2011 for therapy has been
a revolutionary milestone in the manage-
ment of many solid cancers and hematolog-
ical malignancies (eg, melanoma, Merkel
cell carcinoma, squamous cell carcinomas,
colorectal renal cell carcinoma,
urothelial cancer, Hodgkin lymphoma).'”
Currently, antibodies targeting three different
inhibitory checkpoint proteins are approved
as firstline, second-line or third-line treat-
ments for various types of malignancies:
cytotoxic T lymphocyte antigen-4 (CTLA-4;
ipilimumab), programmed cell death
protein-1 (PD-1; pembrolizumab, nivolumab,
cemiplimab), and programmed cell death
protein ligand-1 (PD-L1; durvalumab, atezoli-
zumab, avelumab).'™
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Full activation of T lymphocytes predomi-
nantly depends on several different signals.
Indeed, T lymphocyte activation is regulated
both by costimulators and coinhibitors known
as immune checkpoints.” Antigen-major
histocompatibility complex (MHC) and T
cell receptor (TCR) binding associated with
the activation of costimulatory receptors (ie,
CD28) enables T lymphocytes to proliferate,
differentiate and migrate toward specific
antigens. By contrast, when antigen-MHC
and TCR binding is associated with signaling
of coinhibitory receptors (ie, CTLA-4), T
cell activation will be suppressed. CTLA-4 is
not expressed in naive T lymphocytes, but is
quickly induced on T cell activation. Impor-
tantly, CTLA-4 predominantly regulates the
amplitude of T cell activation during the
early priming phase in lymphoid organs.'*°
The binding of CTLA-4 to B7 proteins is in
direct competition with CD28 costimulatory
signals, and the ratio between CD28 and
CTLA-4 binding determines activation of T
lymphocytes versus anergy, and represents
an important mechanism in the prevention
of excessive immune responses. Hence, the
main task of CTLA-4 is to stop autoreactive
T lymphocytes at the initial stages of activa-
tion, predominantly in lymphoid tissues,
to prevent autoimmunity.5 Thus, it is not
surprising that it is also expressed on regu-
latory T cells (Tregs). Similar to Tregs, PD-1
plays an important role in limiting immune
responses in peripheral tissues. The interac-
tion of PD-1 with its ligands (PD-L1/2) inhibits
T cell proliferation and cytokine secretion
mediated by TCRs.'™° The PD-1 receptor
is physiologically expressed by activated T
lymphocytes, B lymphocytes, monocytes,
natural killer (NK) cells, and Tregs. PD-L1 is
expressed on several cells, including tumor
cells and some host cells such as myeloid,
lymphoid and epithelial cells. The interac-
tion between PD-1 and PD-L1 blocks CD8+

BM)

Gambichler T, et al. J Immunother Cancer 2020;8:¢001145. doi:10.1136/jitc-2020-001145 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-7862-3695
http://orcid.org/0000-0001-9183-653X
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2020-001145&domain=pdf&date_stamp=2020-07-01

cytotoxicT cell proliferation and survival, leads to apop-
tosis of tumor-infiltrating lymphocytes, and promotes
differentiation of CD4+ T lymphocytes into Tregs.' *°
Most cancer cells possess the ability to express inhibitory
ligands such as PD-L1, for example, in response to inter-
ferons (IFN). This process can limit normal anticancer
immune responses, thus assisting in immune escape.
Hence, ICI do not result in killing tumor cells directly but
enhance or restore immune responses and endogenous
antitumor activity.'™®

Exhaustion of T lymphocytes is the most important
factor contributing to weakened T cell activity against
both cancer and infectious agents. Notably, T cell
exhaustion is a distinguishing feature of many chronic
viral infections such as HIV and hepatitis B virus (HBV)
infection. Indeed, T cell exhaustion was first described
in the context of chronic infections.”® In the following,
T lymphocytes with a similar phenotype were also
detected in the tumor microenvironment.” "’ Exhausted
T lymphocytes are functionally characterized by a loss of
interleukin 2 (IL-2) production, impaired proliferation,
diminished cytotoxicity, and altered production of proin-
flammatory cytokines.” " Moreover, the overexpression
of immune checkpoint receptors, including PD-1 and
CTLA-4, is a characteristic. Given the similarities between
the immune response to cancer and chronic infections,
one may hypothesize that the use of ICI should not be
harmful for tumor patients with infections or may even
provide a benefit. However, as of yet, tumor patients with
existing viral infections are excluded from participation
in many treatment protocols for ICL’ ® With respect
to acquired infectious diseases during ICI treatment,
no increased risk was observed in clinical studies.'™ " ®
However, ICI treatment frequently results in activation of
autoreactive T lymphocytes and disturbances in immune
tolerance thereby causing autoimmune-like/inflam-
matory side effects. These are summarized as immune-
related adverse events (irAEs) and include autoimmune
colitis, pneumonitis, hypophysitis, hepatitis, thyroiditis
and so on."""* Since irAEs may require immunosuppres-
sive therapy, including high-dose corticosteroids and/or
tumor necrosis factor (TNF)-a blockers, the risk of infec-
tion or reactivation of chronic or latent viral infections
(eg, HBV or hepatitis C virus (HCV)) may be secondarily
increased.'” In this respect, it should also be noted that
much of the morbidity of persistent viral diseases is caused
by collateral damage caused by the chronic reactive
inflammation associated with the inability of viral clear-
ance; both may be boosted by ICI therapy. In this review,
we present information on the pros and cons of using ICI
in patients with viral infections including COVID-19.

HIV INFECTION

Antiretroviral therapy has significantly decreased the
incidence of AIDS and thus the mortality of HIV infec-
tion. However, complete eradication of HIV with antiviral
agents has not yet been achieved, presumably because

HIV persists in cellular reservoirs. The major HIV reser-
voir is a small pool of latently infected resting memory
CD4+ lymphocytes carrying an integrated form of the viral
genome that lacks the ability to produce viral proteins."
In HIV-infected subjects receiving highly active antiretro-
viral therapy (HAART), inhibitory checkpoint proteins
such as PD-1 are expressed on persisting infected T cells.
Indeed, there is a wealth of evidence that high expression
of PD-1 on CD4+ lymphocytes clearly correlates with HIV
persistence.® ' However, different inhibitory checkpoint
proteins are differentially expressed by T cell subtypes;
for example, PD-1 expression is increased in memory
T cells and Tregs, whereas CTLA-4 is highly expressed
in both memory T cells and Tregs.” '* Interestingly, the
frequency of PD-1 expression on CD4+ and CD8+ lympho-
cytes appears to strongly correlate with disease outcome.
Specifically, in untreated patients with HIV, high PD-1
expression has been shown to correlate with a decrease
in CD4+ T lymphocytes during both acute and chronic
infection.” * ' Similar to PD-1 upregulation, overexpres-
sion of CTLA-4 on CD4+ T lymphocytes more frequently
correlates with progressive disease.” " '°

HIV persistence can be reversed by ICI in vitro,” *'” and
in preclinical animal models, T cell exhaustion is amelio-
rated by PD-1 blockade.'® Together, the above discussed
pathomechanism and preliminary experimental data
warrant studies regarding safety and efficacy of ICI in
HIV-infected patients. Interestingly, even though patients
living with HIV on HAART have a life expectancy similar
to the general population, these patients still have an
increased risk to develop cancer.'”*’ In this context, initial
observations on HIV-positive cancer patients treated
with ICI are emerging. In a systematic review, of 73 HIV-
infected patients who received ICI therapy for advanced
cancer, anti-PD-1 monotherapy was the most frequently
employed regimen (n=62)." In this cohort, grade III
or higher irAEs were observed in 8.6% of patients. HIV
remained suppressed in 93% of patients and CD4+
lymphocyte count increased in patients with available
pretreatment and post-treatment HIV load and CD4 cell
count data, respectively. None of the previous studies
reported the occurrence of immune reactivation inflam-
matory syndrome during ICI therapy."” Similar to the
safety profile, efficacy of ICI was favorable with an objec-
tive response of 63% in Kaposi sarcoma, 30% in non-small
cell lung carcinoma, and 27% in melanoma.'? Prompted
by these encouraging results, phase I and II trials investi-
gating ICIs in HIV-infected patients with advanced solid
tumors and lymphomas are currently conducted.”’ *
Accordingly, a task force formed by the American Society
of Clinical Oncology (ASCO) recently recommended
the inclusion of HIV-infected patients in oncology trials,
particularly patients with CD4+ counts higher than
350 cells/pL, thus representing a group of patients with
intact immunological function and survival comparable
with the general population.”> Moreover, data from the
first clinical trial investigating the safety, tolerability and
pharmacokinetics of CTLA-4 inhibition (ipilimumab)
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in patients with chronic HIV infection in the absence
of concurrent malignancies were recently reported.**
Although only based on a limited number of patients
(n=24), this study did not reveal any safety concerns that
would preclude further investigation of using CLTA-4
inhibition to enhance the immune response against HIV.
One patient who developed facial palsy received medium
dose prednisone; still, no worsening of his HIV infection
was observed.?* Furthermore, in a randomized, double-
blind, placebo-controlled, phase I dose-escalating study
testing PD-1 inhibition (nivolumab) in HAART-treated
HIV-infected adults without concurrent cancer (n=8),
even a single, low-dose infusion appeared to enhance
HIV-specific immunity.*’

In summary, the exclusion of HIV-infected patients
from oncology ICI trials appears to be neither supported
by evidence from basic research nor early clinical trials.
On the contrary, many lines of evidence suggest that ICI
could be employed to improve HIV-specific immunity and
thus contribute to HIV remission or even possible cure
strategies.” *° %" However, the mechanisms regulating HIV
persistence are complex and not yet fully understood,
leading to the hypothesis that a combined treatment
approach including ICI and cytokines will be required to
accomplish such complete remissions.*

HEPATITIS B AND C

Viral caused hepatitis is one of the leading causes of
morbidity and death worldwide. HBV and HCV account
for the majority of viral-hepatitis-related mortality, mostly
attributable to cirrhosis and hepatocellular carcinoma.
To date, it is still a challenge to achieve complete HBV
clearance or to prevent HCV relapse once directly acting
antiviral treatment regimens failed.”

One important constraint for the use of ICI in patients
with concomitant virus hepatitis for treatment of cancer is
the possible occurrence of immune-mediated hepatotox-
icity, a frequent irAE caused by ICI. This notion is particu-
larly troublesome, as an immune-mediated hepatitis may
pose a significant diagnostic challenge in patients with
underlying viral or autoimmune hepatitis.”*>* Pu et af”
recently published a comprehensive review on 186 cancer
patients with concurrent HBV or HCV infection who had
received ICI treatment.”” About 20% of patients devel-
oped an increase of hepatic transaminases which was
higher than those reported in ICI-treated cancer patients
without concurrent viral hepatitis.”® All grade 3 or 4 toxic-
ities were reversible by means of antiviral treatment or
corticosteroids without necessitating a discontinuation
of ICI. Importantly, no negative influence on infection
status was reported in patients receiving corticosteroids.”
It should be mentioned, however, that ICI should be with-
hold once an irAE is encountered requiring immunosup-
pressive drugs; but, ICI may be resumed once the irAE
has resolved. Importantly, the incidence of other adverse
events in this particular patient population was not signifi-
cantly increased when compared with ICI-treated cancer

patients without chronic viral hepatitis. Based on a recent
publication reviewing the available data on the use of ICI
in cancer patients with hepatitis, it is recommended that
all patients scheduled to receive ICI should be screened
for HBV and HCV, and in patients who are tested posi-
tive, prophylactic antiviral treatment is indicated. Unfor-
tunately, however, it is currently unclear for how long the
prophylactic treatment should be continued. Primary
prophylaxis should also be considered in patients with
chronic HBV infection, if not already on treatment. Liver
function tests and viral load should routinely be moni-
tored in virus positive patients.***’

Itis well known that HBV-specific exhaustion of T cells is
maintained by ongoing HBV-antigen stimulation. Further-
more, PD-L1/2 expression, secretion of immunosup-
pressive cytokines, for example, IL-10 and transforming
growth factor (TGF-8), dysfunction of dendritic cells,
enhanced numbers of PD-1+ NK cells, Tregs, and myeloid-
derived suppressor cells negatively influence HBV-specific
T cell immunity.®**** Similar to HBV infection, chronic
HCV infection is also associated with increased PD-1 and
TIM-3 expression as another marker for T cell exhaus-
tion.” *” Although direct-acting antiviral regimens for
HCV-infected patients have shown great overall success,
thereby placing the need for therapeutic alternatives into
perspective, the application of ICI to treat therapy-resistant
chronic HCV infection is appealing.®® ** % % Gardiner
et al” recently reported a phase I proof-of-concept trial
demonstrating that PD-1 inhibition through nivolumab
resulted in prolonged suppression of HCV replication
in some patients with chronic infection. Based on these
encouraging results, further exploration of PD-1 pathway
inhibition is warranted for other chronic viral diseases,
possibly in combination with direct-acting antiviral regi-
mens.* However, similar to the situation for HBV infec-
tion, the number of clinical trials assessing ICI in chronic
HCV infection remain limited.*® *'~**

Taken together, ICI appears to be safe and effective in
cancer patients with concurrent HBV or HCV. Thus, HBV
and HCV infection should not contraindicate ICL** Even
though the risk of virus reactivation and virus-related hepa-
totoxicity appears to be low, itis recommended that patients
with active HBV or HCV should routinely be monitored
and treated with antiviral agents if indicated, in particular
in patients receiving immunosuppressive medication for
ICLinduced irAE.* Since PD-1 plays a significant role in
the natural history of both HBV-induced and HCV-induced
hepatitis, there is a rationale for the use of ICI in these
conditions. Initial studies indicate that anti-PD-1 treatment
is safe in chronic HBV and HCV infection, but further trials
are needed to determine whether ICI can be used to gain
HBV long-term remission.™

PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY

Progressive multifocal leukoencephalopathy (PML) is a
rare, often lethal disease of the central nervous system
caused by the JC polyomavirus (JCV).** In general, JCV
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infection is indolent and asymptomatic, but may become
symptomatic and fatal in immunocompromised patients,
for example, patients infected with HIV, lymphoprolif-
erative malignancies or those undergoing immunosup-
pressive therapies.” ** Currently, no proven therapeutic
strategy for this disease has been established. Based on
evidence that T cell exhaustion might affect the course
of JCV infections, ICIs are currently tested for treatment
of PML."” For example, Cortese et al'® assessed the safety
and efficacy of PD-1 inhibition by pembrolizumab with
different predisposing conditions (n=8). In this small
cohort, five patients achieved a clinical benefit or stabiliza-
tion of PML and a decrease in JCV viral load. Contrasting
results were observed in another study, three kidney
transplant recipients suffering from PML were treated
with nivolumab and all three patients died within 8 weeks
with evidence of disease progression.*’ As an explana-
tion for this adverse outcome,” the authors speculate
that immunosuppressive therapy (ie, calcineurin inhibi-
tors) might have led to persistent T cell dysfunction and
lymphopenia. The authors further point out that patients
with severe lymphopenia also did not respond favorably
to ICI treatment. Hence, they concluded that ICI may be
ineffective in such patients.* * In contrast, a number of
case reports describe favorable outcomes for patients with
PML receiving ICIL. For example, Hoang et al’’ described
a biopsy-confirmed PML case in which the PD-1 inhibitor
nivolumab seems to have stimulated immune activation
resulting in effective disease control in the patient with a
concomitant hematological malignancy.”*

Together, at present, there are few studies on the safety
and/or efficacy of ICI in patients with PML. The available
studies do not show consistent results which, might be
due to the great heterogeneity of predisposing conditions
leading to PML. Despite these difficulties, the present data
suggest that the underlying cause of immunosuppression,
pretreatment, and laboratory parameters, such as lympho-
penia, have relevant effects on the success of ICI therapy
of PML. This notion may be extrapolated to ICI treatment
of cancer in patients with PML. To the best of our knowl-
edge, however, there exist no definite data on patients with
PML receiving ICI treatment because of coexisting cancer.
Of course, the use of immunosuppressive comedication for
ICIinduced irAEs is challenging in this particular patient
population. Thus, prospective studies are necessary to
determine whether ICIs are a safe and effective approach
for PML and PML-associated cancers.

INFLUENZA

Influenza, a highly contagious respiratory disease, is respon-
sible for a significant economic burden on the health-
care systems. The co-circulating influenza A (subtype:
HINI, H3N2) and B (lineage: Victoria, Yamagata) viruses
cause seasonal epidemics which affect a major part of the
global population annually and cause more than 645,000
influenza-associated deaths worldwide.”® > Since patients
with cancer are at higher risk of influenza-associated

complications, vaccination, the primary preventive tool
against influenza, is recommended. Particularly, ICI-treated
patients produce robust humoral and cellular immune
responses. Still it is important to note that Bersanelli et af”
reported that the postvaccination occurrence of the influ-
enza syndrome (fever 238°C and the presence of at least
one respiratory symptom together with generalized symp-
toms) was significantly increased in patients with cancer
receiving ICI. In this study, the lack of efficacy of vaccination
was more pronounced among the elderly.”® Importantly,
influenza vaccination did not negatively impact the efficacy
of the anticancer effects of ICI treatment. Moreover, the
same authors reported that ICI-treated cancer patients who
received influenza vaccination and/or developed influ-
enza syndrome showed longer overall survival. The effect
of immunosuppressive therapy for ICI-induced irAE on the
influenza syndrome was not addressed in these studies.”*

In rare cases, influenza infection and vaccination are
associated with the occurrence of organ-specific auto-
immune conditions, such as Guillain-Barré syndrome,
a rapid onset muscle weakness caused by the immune
system attacking peripheral nerves. The risk of influenza
vaccine-induced Guillain-Barré syndrome is extremely
small. Notably, however, Yuen et af’® reported a patient
with previous postvaccination Guillain-Barré syndrome
who developed a fatal reactivation following the initiation
of ICI. Indeed, the hypothesis that influenza vaccination
may induce adverse immune responses in ICI-treated
patients is corroborated by results from animal experi-
ments showing increased T cell responses to viral antigens
under PD-1 inhibition.”® Moreover, it has been suggested
that vaccines may stimulate an overwhelming expansion
of autoreactive T lymphocytes which cross-recognize
vaccines as well as self-antigens.”” *®

Laubli et aP” reported a small cohort of ICI-treated
cancer patients that had received influenza vaccina-
tions and subsequently experienced higher rates of
irAEs than expected (n=23). Later studies investigating
larger patient cohorts did not confirm such an increase
of frequency or severity of irAEs in patients on ICI who
previously received influenza vaccination.”” =% The
data of Chong et al” do not indicate an increase in inci-
dence or severity of irAE in patients with cancer on ICI
who received influenza vaccinations. Twenty per cent
(75/370) of patients experienced a new irAE (any grade),
of those 48% received corticosteroids or other immuno-
suppressants. In the latter subgroup, no negative influ-
ence on vaccination outcome was reported.”” In  this
context, the study of Awadalla et al”> should be pointed
out. They actually demonstrated that the administration
of a influenza vaccination was not correlated with an
increased risk of subsequent myocarditis among patients
on ICI. Indeed, rates of vaccination were lower among
patients who did develop ICI-induced myocarditis, and
the vaccination was associated with a lower risk of other
irAEs, in particular ICI-induced pneumonitis.”> Unfortu-
nately, there is little data available whether ICI would be
beneficial in the management of severe influenza cases.
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In this context, Yu et al”® reported that influenza infec-
tion substantially increases the number of highly PD-1
positive innate lymphoid cells in the lungs of mice. Anti-
PD-1 treatment resulted in reduction of total lung innate
lymphoid cells with almost complete loss of PD-1 highly
positive cells. Hence, they suggested that anti-PD-1 treat-
ment may provide an effective approach for both disease
prevention and treatment.*

COvID-19

In March 2020, the COVID-19 outbreak, which is caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-COV-2), was officially proclaimed a pandemic
by the WHO. Up through end of April, 2020, almost
3million cases of COVID-19 were confirmed with more
than 200,000 deaths reported worldwide.”” COVID-19 is
predominantly characterized by high fever, dry cough,
fatigue, and eventually pneumonia, and can cause
death in severe cases. To date, most published data on
COVID-19 have been generated in China. In 14% of
confirmed cases, the course of disease was severe and in
5% critical. The so-called case fatality rate (CFR) was as
high as 1%, thereby being much greater than the CFR
usually observed in seasonal influenza (approximately
0.1%). However, current infection rates as well as CFR
still have to be considered with caution.”® Risk for severe
disease and death is strongly associated with older age (in
particular >70 years), cardiovascular disease, diabetes,
obesity, chronic respiratory disease, hypertension, and
cancer.®*™ Laboratory predictors for severe and fatal
disease predominantly include elevated lactate dehydro-
genase, pro-calcitonin, and D-dimers, increased serum
levels of cytokines IL-6, IL-10 and tumor necrosis factor-o
(TNF-a1), as well as decreased lymphocyte counts, particu-
larly CD8+ Tand NK cells.®*"

Indeed, Biao et al’ recently demonstrated that the
number of total T lymphocytes in the peripheral blood was
significantly decreased in patients with COVID-19. This was
particularly pronounced in older patients and in patients
who needed intensive care unit (ICU) treatment. Impor-
tantly, lymphopenia was negatively associated with patient
survival. Biao et af*" also showed that T cell counts of
patients who recovered increased, while I1-6, IL-10 and
TNF-0, levels decreased.”’ Since the cytokine increases
were paralleled by a decrease in lymphocytes, Diao et al’"
speculated that elevated proinflammatory cytokines may
promote the reduction of T lymphocytes in patients with
COVID-19. However, this observation has to be substan-
tiated in future studies.”” Additionally, as assessed by flow
cytometry of peripheral blood, T cells of severely affected
patients are characterized by a much higher PD-1 expres-
sion than healthy controls.”" Specifically, enhanced PD-1
and Tim-3 expression on T cells was observed when patients
progressed from prodromal to symptomatic stages, indi-
cating that T lymphocyte exhaustion—similar to other viral
infections—is a hallmark of COVID-19 as well. The expres-
sion of critical inhibitory checkpoint proteins of T cell

exhaustion, including PD-1 and Tim-3, and the increase of
TNF-0, IL-10 and other cytokines (which actually all may
modulate the expression of PD-1 and Tim-3) are likely to
mediate T cell lymphopenia in patients with COVID-19
through programmed cell death.”

To date, very limited data are available addressing
the clinical outcome of ICI-treated cancer patients also
suffering from COVID-19 infection.”*”"” The blockade of
PD-1+ on CD8+ lymphocytes by ICI treatment might be
reasonable in patients with COVID-19 in order to abro-
gate functional T cell exhaustion and restore vigorous
T lymphocytic cytotoxicity against both the tumor and
the viral antigens. However, as discussed by Chiappelli
et al,” this may work only at the initial and intermediate
stage when PD-1 expression on cytotoxic T cells ranges
between low and medium levels. At the more advanced
stage, when PD-1 expression is high on CD8+ T lympho-
cytes, T lymphocyte exhaustion is likely irreversible, and
thus, ICI will no longer have an effect.” The excess of
cytokines is also of great significance with respect to the
cytokine release syndrome (CRS, ‘cytokine storm’), a
phenomenon of massive inflammatory reaction, where
cytokines (eg, IL-6, IL-10, TNF-ot) are rapidly produced in
large amounts in response to infectious agents.”" Similar
to SARS-COV and the Middle East respiratory syndrome
(MERS-COV), SARS-COV-2 is associated with increased
amounts of proinflammatory cytokines in the serum,
which are suspected to cause pulmonary inflammation
and extensive lung damage.” However, unlike SARS-COV
and MERS-COV, SARS-COV-2 infection appears to be
associated with the activation of both T helper 1 (Th-1)
and Th-2 lymphocytes. SARS-COV-2 predominantly
targets epithelial cells of the respiratory tract, leading to
severe alveolar damage. However, COVID-19 also shows
evidence for changes in the lung stroma, suggesting
that also pulmonary fibrosis is induced at some time
point.58 Moreover, similar to SARS-COV and MERS-COV,
SARS-COV-2 may also pose the risk of autoimmunity due
to crossreactivity of the induced immune reaction to
both viral (eg, spike surface proteins) and host protein
epitopes. Lyons-Weiler™ recently hypothesized that based
on homology with human proteins, such pathogenic
priming involving autoimmunity might also occur with
SARS-COV-2. Similar to the results of previous SARS-COV
animal experiments, Agrawall et al’® reported that mice
vaccinated against MERS-COV developed severe Th-2-
driven immunopathologies in the lung following post-
vaccination MERS-COV challenge.”® ™ Given the data
existing so far on possible autoimmunity particular in the
advanced stage of COVID-19, the administration of ICI
could pose the risk of immune overactivation and aggra-
vation of autoimmune processes.

Similar to the ‘cytokine storm’ observed in patients
with advanced COVID-19, CRS has been observed in
rare cases as irAEs in patients receiving ICL” * Further-
more, one of the observed irAE of anti-PD-1-based ICI
is autoimmune pneumonitis, which may occur in up to
5% of all treated patients.””®' Patients with non-small

Gambichler T, et al. J Immunother Cancer 2020;8:001145. doi:10.1136/jitc-2020-001145 5



cell lung cancer treated with ICI may even experience
autoimmune pneumonitis in up to 20% of cases.”’ Since
the clinical symptoms and radiographic findings in irAE-
induced pneumonitis are similar to those of COVID-19
pneumonitis, it may be in some cases difficult to arrive
at proper diagnostic conclusions as the basis for appro-
priate management. The occurrence of irAEs frequently
necessitates the use of systemic corticosteroids or other
immunosuppressive/immunomodulating agents such
as mycophenolate acid or TNF-o blockers. Whether the
use of systemic corticosteroids is harmful in the setting
of COVID-19 is unclear. The use of glucocorticoids in
patients with SARS-COV-associated and MERS-COV-
associated pneumonitis is still controversial because of
divergent clinical outcomes reported in the existing liter-
ature.” Still, high-dose glucocorticoids are one of the
most frequently used adjuncts in acute respiratory distress
syndrome, even though the effectiveness of steroids in
the management of acute lung injury is ambiguous.®
This is also true for COVID-19. Nevertheless, it seems that
early and short-time use of low-dose methylprednisolone
may be one feasible approach in SARS-COV-2-related
pneumonitis and respiratory distress syndrome.* Hence,
possible ICI-induced irAEs could be safely managed with
methylprednisolone in the setting of COVID-19. Based
on the observation of cytokine excess (eg, TNF-a), during
advanced stages of COVID-19, one may speculate that
TNF-o. blockers such as infliximab may not only be bene-
ficial for the management of ICI-induced irAEs, but also
for COVID-19.** Notably, cytokine IL-6 antibodies (eg,
tocilizumab) are currently under intense investigation in
patients with COVID-19. Tocilizumab is already approved
in the USA to manage CRS occurring after chimeric
antigen receptor T cell treatment.”” Notably, it has been
demonstrated that tocilizumab is effective in the manage-
ment of irAEs occurring in ICl-treated patients who are
refractory to corticosteroids.®? Furthermore, there is
currently an ongoing phase II trial investigating a combi-
nation of tocilizumab with anti-PD-1/CTLA-4 therapy in
order to diminish irAEs in unresectable stage III or stage
IV melanoma patients (NCT03999749) M

A novel approach to ICI in cancer and viral infections,
particularly COVID-19, represents CD200 checkpoint
reversal.*” The CD200 immune checkpoint causes suppres-
sion of the secretion of proinflammatory cytokines, that is,
IL-2 and IFN-y, and enhances the production of myeloid-
derived suppressor cells and Tregs that are implicated in
impaired antitumor and antiviral immune responses.” Anti-
CD200 targeted treatments have shown promising effects in
animal models accompanied by downregulation of inhibi-
tory PD-1 receptors.” In a murine coronavirus model, the
checkpoint inhibitory CD200-CD200R1 system has been
demonstrated to downregulate the single strand RNA virus
sensor toll-like receptor seven in myeloid-derived cells and
respective interventions restored IFN-y levels resulting in
enhanced virus elimination.**®’

Together, experience and evidence are growing
with regard to the use of ICI in patients with the novel

infectious disease COVID-19. In comparison to chemo-
therapeutic regimens ICI cannot be considered immu-
nosuppressive. Hematological irAEs caused by ICI are
very infrequent, with only few cases reported. In a meta-
analysis of 9324 patients, the frequency of neutropenia
was smaller than 1%.*® Previously reported reactivation
ofviral infections (ie, cytomegalovirus, hepatitis B) under
ICI therapy were mostly observed following immunosup-
pressive treatment of irAEs. Hence, it does not appear
reasonable to assume that patients undergoing ICI are
at higher risk of becoming infected by SARS-COV-2 or
other infectious agents compared with patients without
ICI treatment.”

On the basis of preliminary basic research data and
clinical observations in patients with COVID-19, one may
assume that ICI could safely be employed in cancer patients
with a SARS-CoV-2 infection and even COVID-19. As long
as there is no clear evidence, however, it remains a case-
by-case scenario depending on many factors discussed
above, particularly with respect to how advanced the cancer
and/or COVID-19 are.” ™ ¥ Quaglino et af’" recently
reported their experience in 80 melanoma patients who
were under ICI at the beginning of March 2020. Quaglino
et al” concluded that their observations give support to the
possibility of continuing ICI in melanoma patients (n=80).
Accordingly, Luo et al’* observed that PD-1 blockade expo-
sure was not associated with increased risk of severity of
COVID-19 in patients with lung cancer.*” % Notably, ICI
may even represent an effective approach in the manage-
ment of COVID-19 patients without cancer.”" ™ 7 ™ Addi-
tionally, a combination of ICI with an anti-IL-6 antibody
is an attractive approach to reduce the risks of both irAEs
and possible cytokine excess frequently observed in severe
COVID-19 cases.” A study following this strategy is currently
recruiting patients. The objective of this prospective,
controlled, randomized, multicenter study is to compare
the efficacy of the combined administration of a chloro-
quine analog, nivolumab, and tocilizumab versus standard
of care in patients with advanced or metastatic cancer who
have COVID-19 and are not eligible to a resuscitation unit (
ClinicalTrials.gov: NCT04333914). Patients will be random-
ized into two different cohorts: (1) asymptomatic or mild
symptoms: chloroquine analog versus nivolumab versus
standard of care (1:1:1); (2) moderate/severe symptoms:
chloroquine analog versus tocilizumab versus standard of
care (1:1:1). It has to be stressed, however, that hydroxy-
chloroquine use has been reported to be ineffective or even
associated with higher mortality and therefore should only
be considered in the context of well-designed controlled
and regulatory approved clinical trials. Furthermore, two
protocols have been registered at ClinicalTrials.gov investi-
gating ICI in COVID-19 patients without cancer: In a phase
II randomized trial, the protocol CORIMUNO19-NIVO will
evaluate the efficacy and safety of nivolumab alone versus
standard of care in COVID-19 patients hospitalized in an
ICU (NCT04343144), and in an open-label, controlled,
single-center pilot study, nivolumab will be employed in
adult patients with COVID-19 aiming to investigate the
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efficacy and safety of nivolumab in relation to viral clear-
ance (NCT04356508).

CONCLUSIONS

Based on the data presented in this review and in line
with the recommendations of the Study Group for Infec-
tions in Compromised Hosts, we assume that PD-1/
PD-L1- and/or CTLA-4-based ICI treatment does not
seem to independently enhance the risk of infection
or cause more virulent course of disease.?’ Hence, the
above discussed viral infections should not be consid-
ered as contraindications per se for patients who are
scheduled for or are on ICI. Over the course of ICI treat-
ment, however, supportive immunosuppressive thera-
pies may be required to treat ICI-associated irAEs, which
in turn may increase the risk of new or reactivation of
persisting viral infections. Hence, physicians caring for
patients receiving immunosuppressants for treatment of
ICI-induced irAEs should maintain close surveillance for
the occurrence of symptoms or signs suggestive of new
infection or worsening of preexisting viral infections.?’
For almost all aforementioned viral infections, there are
convincing data that disease-associated T cell exhaustion
is a fundamental immune escape mechanism. Accord-
ingly, increasing lines of evidence suggest that ICIs repre-
sent not only an effective antitumor treatment regimen
in such patients but also a potential approach in the
management of the viral infection per se.
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