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ABSTRACT

The clinical and immunologic implications of the SARS-
CoV-2 pandemic for patients with cancer receiving
systemic anticancer therapy have introduced a multitude
of clinical challenges and academic controversies. This
review summarizes the current evidence, discussion
points, and recommendations regarding the use of
immune checkpoint inhibitors (ICls) in patients with
cancer during the SARS-CoV-2 pandemic, with a focus

on patients with melanoma and renal cell carcinoma
(RCC). More specifically, we summarize the theoretical
concepts and available objective data regarding the
relationships between ICls and the antiviral immune
response, along with recommended clinical approaches
to the management of melanoma and RCC patient cohorts
receiving ICls throughout the course of the COVID-19
pandemic. Additional insights regarding the use of ICls in
the setting of current and upcoming COVID-19 vaccines
and broader implications toward future pandemics are also
discussed.

BACKGROUND

The SARS-CoV-2 pandemic and its associated
COVID-19 have left a catastrophic impact on
a myriad of socioeconomic and public health
systems. Severe cases of this novel viral infec-
tion provide an elevated mortality risk that
appears to manifest through alife-threatening
constellation of cytokine storm,' * prothrom-
botic hypercoagulability,” * and lympho-
penia.”’ Although a direct correlation between
the severity of lymphopenia and COVID-19
mortality has been observed clinically,”® with
CD8+ T-cell depletion serving as a partic-
ularly poor prognostic marker,” the exact
pathophysiological mechanisms of how these
changes worsen mortality in patients infected
with COVID-19 remain unclear. Studies have
observed (1) highly heterogenous innate
and adaptive immune response profiles in
infected patients,” (2) acutely hyperactive
CD8+ T cells containing abnormally high
concentrations of cytotoxic granules in severe
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cases,’ (3) increased markers of T-cell exhaus-
tion in severe and chronically symptomatic
cases,” as well as (4) prolonged immune
dysregulation following an acute infection
regardless of clinical severity.® ' These find-
ings suggest that an initially overaggressive
CD8+ T-cell response may negatively impact
the clinical course of this novel viral infec-
tion through an initially hyperactive cytotoxic
profile followed by a pro-apoptotic state with
resultant lymphopenia in tandem with exces-
sive levels of T-cell exhaustion and eventual
impairment in memory T-cell production.6 1

Those with a cancer diagnosis during
these unprecedented times constitute a
large cohort of high-risk individuals who are
facing a growing degree of complexity in the
navigation of obtaining safe and adequate
cancer care, especially through the stages of
a COVID-19 infection."*™® Although patients
with hematologic17 cancers have exhibited
the highest mortality risk of all cancer types
to date, those with lung,18 breast,19 or any
metastatic cancer'> as well as patients with
active comorbidities® also appear to exhibit
a more severe clinical course. The complex
and multifactorial pathophysiology between
metastatic disease and severity of infection
remains poorly understood, with early studies
showing advanced age,12 poor performance
status,21 and smoking history13 as factors
correlating with more severe outcomes.

The immunologic implications of advanced
cancer and COVID-19 remains a topic of
active study, as those with metastatic disease
have been observed to express a baseline
proinflammatory state and dysregulated
immune profile that appears to worsen the
severity and mortality of COVID-19 infections
within this cohort.'®* Further, those receiving
systemic anticancer therapy possess an addi-
tional level of complexity, as conflicting
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data have been observed regarding COVID-19 severity
and mortality for those receiving chemotherapy' " and
immunotherapy.*® For example, some studies have
suggested that exposure to immune checkpoint inhibitor
(ICI) therapies may serve as an independent risk factor
for the development of a more severe clinical course of
COVID-19 infection potentially due to increased T-cell
cytokine production as well as ICI-induced immune-
related pulmonary toxicities.”” ***¥ In contrast, multiple
recent studies have not observed a significant risk in the
contraction or mortality of a COVID-19 infection while
receiving antiprogrammed cell death protein-1 (PD-1)
ICIs in a variety of cancer types.” ** *

The immune-mediated killing of various cancer cell
types by ICIs, achieved through the interruption of several
coinhibitory signaling pathways with antibodies targeting
cytotoxic T lymphocyte antigen-4 (CTLA-4; ipilimumab),
PD-1 (cemiplimab, nivolumab, pembrolizumab), and
programmed cell death protein ligand-1 (PD-LI1; atezoli-
zumab, avelumab), has provided a tremendous impact on
response and survival rates for a variety of solid and hema-
tologic malignancies over the past decade,” and further
investigation is warranted regarding the safety and immu-
nologic implications of ICI therapy as it relates to COVID-
19. Here, we provide a review of current literature and
share additional immunologic and clinical insights into
the implications of COVID-19 infection and vaccination
as they relate to patients with cancer receiving immuno-
therapy through PD-1 blockade, with a specific focus on
patients diagnosed with renal cell carcinoma (RCC) and
melanoma given their high prevalence of ICI utilization
as a widely accepted standard of care.” **

COMMON THEMES OF THE ANTIVIRAL IMMUNE RESPONSE

The typical cellular response and immunologic profile
associated with an acute viral infection begins with the
activation of innate immune receptors, including several
toll-like receptors (TLR3, TLR7, TLRS, and TLR9),33 that
trigger the secretion of proinflammatory type 1 inter-
ferons for localized cytotoxic control of viral spread™
with simultaneous (1) activation of natural killer (NK)
cells to destroy infected host cells,” (2) recruitment and
activation of monocytes and macrophages to provide
additional proinflammatory and free radical produc-
tion,” and (3) ultimately facilitate the adaptive immune
response, including the expansion and activation of
CD4+ andCD8+ T cells.*” *® This response, although
critical to viral clearance and eventual establishment of
antiviral immunity, is facilitated through highly cytotoxic
pathways that often result in local tissue damage to organs
harboring infected cells” ** as well as systemic tissue
damage through a variety of complement™ and antibody-
mediated"' ** inflammatory reactions.

Several immunologic countermeasures exist to control
these inflammatory pathways and limit tissue destruction.”
Key components of these tissue-protective mechanisms
include the production of anti-inflammatory cytokines such

as interleukin 10 (IL-10) and TGFp by activated dendritic
cells, macrophages, activated regulatory T cells (Treg), B
cells and NK cells,* ™ as well as the upregulation of inhib-
itory receptors by effector T cells including PD-1, CTLAA4,
lymphocyte activation gene 3 (LAG-3), and T-cell immuno-
globulin and mucin domain 3 (TIM-3) A9

Focusing specifically on the SARS-CoV-2 virus, initial infec-
tivity appears to occur within nasopharyngeal mucosa and
lung alveolar epithelial cells after interfacing with locally
expressed angiotensin-converting enzyme 2 (ACE2) recep-
tors to gain entry followed by S protein priming via the
serine protease TMPRSS2.”*”* Pathways involving the viru-
lence and severity of this infection remain an active topic of
study, with the initial innate response potentially triggered
by a unique hyperactivation pattern by pulmonary bron-
chial mucosal-associated invariant T and y5 T cells,” with
subsequent acute lung injury and systemic organ failure
appearing to be associated with a proinflammatory storm
of cytokines including TNF-o, IL-1B, IL-6, IL-8, IL-9, IL-10,
bFGF, G-CSF, and GM-CSF” along with a hyperactive and
lymphopenic immune profile of CD4+ and CD8+ T-cell
subsets for which elevated neutrophil-to-lymphocyte ratios
appear to serve as an independent prognostic biomarker of
COVID-19 severity.”* Further, the pulmonary tissue damage
observed in more severe infections” appears to exhibit over-
active cytotoxic CD8+ and Th17 T cells” as well as a unique
prothrombotic immunologic milieu resembling macro-
phage activation syndrome™ *” and a distinct endothelial-
injury pattern that is topologically discordant to detectable
virus within these tissues.”® These findings, in addition to
potential cross-reactive autoimmunity between viral spike
surface proteins and host epitopes,” introduce a potentially
viral-independent aberrant immune response causing the
proinflammatory and prothrombotic sequalae observed in
more severe cases of COVID-19.77% ¢!

IMPLICATIONS OF IMMUNE CHECKPOINT INHIBITORS AND THE
SARS-COV-2 ANTIVIRAL IMMUNE RESPONSE

Thorough reviews have outlined the immunologic
patterns and clinical implications of chronic viral infec-
tions in patients receiving ICIs.” *% For example, the use
of IClIs in patients with cancer with known RNA viral infec-
tions including HIV and hepatitis C have exhibited similar
toxicity and efficacy rates as the general population®
without a significant increase in viral reactivation risk.*®
Further, ICI therapy appears to improve effector memory
viral-specific CD8+ T cells in patients with chronic HIV,*’
hepatitis B,68 and hepatitis C% infections, reinvigorating
antiviral immune responses. Some patients with cancer
have also exhibited reduced hepatitis C viremia when
treated with ICI therapy.” "

Additional efforts to define the implications of ICI in
the setting of acute infection are ongoing. For example,
Pauken et al observed that acute influenza infections in
PD-1 deficient mice led to increased proliferation and
enhancement of effector CD8+ T-cell function, resulting
in more rapid viral clearance than in PD-1 wild-type mice.”
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However, this study further exposed that PD-1 blockade
also appears to trigger higher rates of CD8+ T-cell apop-
tosis, impaired CD8+ T-cell memory, and compromised
immunologic recall on viral rechallenge. Therefore, the
timing of PD-1 blockade may pose a modulatory role in
host immune responses that warrants further exploration
within the clinical setting.”"* Lastly, evidence remains
limited when attempting to define and understand the
immunologic aberrancies associated with ICI treatment
throughout a COVID-19 infection.** -

Several hypotheses regarding the clinically detrimental
effects of ICIs in patients infected with COVID-19 are
currently under investigation. For example, ICIs are
responsible for a multitude of immune-related adverse
events (irAEs) with very rare associations to clinically
significant inflammatory disorders such as cytokine
release syndrome (CRS) ,” immune reconstitution inflam-
matory syndrome,” and hemophagocytic lymphohistio-
cytosis.” These conditions exhibit clinical and serologic
similarities to the aforementioned proinflammatory state
of severe COVID-19 infections, and early studies have
suggested that ICIs may worsen the severity of the infec-
tion in a variety of cancer types.'* ** ¥ Further, the irAE
of pneumonitis is a rare but serious complication of ICI,
with an observed incidence of 2.7% for all grade events
and 0.8% grade 3 or higher for those on PD-1 blockade
that results in a 40% mortality rate.”> COVID-19-related
lung injury has been observed to present with a clinical,
radiographic, and serologic constellation of pulmonary
damage that mimics ICI-induced pneumonitis and there-
fore provides a diagnostic dilemma to clinicians that may
delay the proper diagnosis and life-saving interventions
needed to control these irAEs.** Further, the manage-
ment of such irAEs includes aggressive immunosup-
pressive regimens with high-dose corticosteroids, tumor
necrosis factor alpha blockade, and occasionally IL-6
receptor inhibition, which may place patients at higher
risk of contracting other serious infections.? In addition,
the aforementioned potential to develop cross-reactive
autoimmunity between COVID-19 viral spike surface
proteins and host epitopes adds an additional degree of
complexity in the safety and management of symptomatic
patients on ICI with suspected or known COVID-19.%*

Conversely, the use of ICIs has also been considered bene-
ficial and even therapeutic, in multiple infectious scenarios
including SARS-CoV-2.” % %7 In a recent review regarding
the implications of various viral infections as they relate to
the use of ICI, Gambichler ¢f al emphasized the well-known
concept of Tlymphocyte exhaustion as a distinguishing
feature of several chronic viral infections, characterized by
a functional loss of IL-2, impaired T-cell proliferation, and
blunted cytotoxicity that simultaneously coincides with
enhanced immunosuppressive cytokines including IL-10
and TGF-8 and overexpressed checkpoint receptors such
as PD-1, CTLA-4, and Tim-3.%° Similar immune profiles of
T-cell exhaustion are well documented in various malignan-
cies and are therefore known targets of ICL¥ An additional
potential benefit of ICI is to reduce the accumulation and

upregulation of myeloid-derived suppressor cells which are
associated with a proinflammatory state that subsequently
impairs innate and adaptive immune responses in patients
with cancer™ ® as well as bacterial,88 parasitic,89 and viral”
infections. The concept of utilizing ICI to enhance the
antiviral immune response has been observed in a variety
of settings® 77 ' % and is now under active investigation
for patients infected with COVID-19 without a cancer diag-
nosis through several registered clinical trials including (1)
a randomized, controlled, open-label, phase II clinical trial
of anti-IL-6 (tocilizumab) in combination with pembroli-
zumab (MK-3475) in patients with COVID-19 pneumonia
(NCT04335305), (2) an interventional parallel trial evalu-
ating the efficiency of nivolumab versus standard of care in
obese individuals with severe COVID-19 (NCT04413838),
(3) an interventional parallel trial evaluating the efficacy of
anti-PD-1 antibody versus thymosin versus supportive care in
patients with COVID-19 pneumonia (NCT04268537), and
(4) a phase II randomized open-label multicenter interven-
tional trial evaluating the efficacy and safety of nivolumab
compared with standard of care in hospitalized patients with
COVID-19 (NCT04343144).

GENERAL CLINICAL CONSIDERATIONS REGARDING SARS-
COV-2 AND ICI USE

The above hypotheses regarding ICIs as a potential risk
factor impacting the susceptibility, severity, and mortality
of SARS-CoV-2 has become highly disputed in a variety
of clinical settings.> % 77 9 9 A recent meta-analysis of
16 studies containing 275 patients with cancer on ICIs
with a COVID-19 diagnosis found no significant differ-
ence in the risk of severe disease and mortality between
immunotherapy and control groups.” Additional cohort
studies in various subsets of patients with cancer have
provided similar findings regarding the safety of ICI use
throughout a COVID-19 infection,' with an emphasis
that patients with advanced cancers, active comorbidities,
older age, and a history of smoking are to be considered
potentially higherrisk categories that warrant close clin-
ical monitoring.'* * * Further, the utilization of high-
dose systemic corticosteroids in the initial management
of ICI-iinduced pneumonitis has also been increasingly
observed to provide a mortality benefit in patients with
severe COVID-19 infections.”” *® Hence, there remains
no clear evidence that the risk of a SARS-CoV-2 diagnosis
be considered a contraindication to patients receiving or
initiating ICIs at this time.

MELANOMA-SPECIFIC CLINICAL CONSIDERATIONS REGARDING
SARS-COV-2 AND ICI USE

The scientific community has provided numerous
resources regarding the negative effects and clinical
constraints that SARS-CoV-2 poses on the diagnosis,”
prognosis,100 and outcomes'! of patients with known or
suspected melanoma. Suboptimal healthcare access due
to administrative restrictions, psychological stressors,
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and infectious/symptomatic scenarios have led to signif-
icant delays in the diagnosis '”” and treatment of mela-
noma."” ' For example, a recent US-based single-center
study observed that patients diagnosed with melanoma
during the COVID-19 pandemic exhibited significantly
higher tumor depth, mitotic rates, satellitosis, and pT3/
T4 tumors compared with those diagnosed in the pre
COVID-19 setting.'” In addition, a multicenter Italian
study of 169 patients with advanced (stages III and IV)
melanoma on ICI found 49 (29%) of these patients to
experience a delay in their ICI treatment for a median of
4 weeks due to clinician’s concerns of frailty and increased
risk of contracting COVID-19, while actual COVID-19
diagnoses of this entire cohort were ultimately found to
be lower than the general population.” With no clear
evidence suggesting that ICIs worsen the risk or course
of a COVID-19 infection, many sources have concurred
that patients with melanoma, particularly those of an
advanced stage, be treated without hesitation via standard
of care regimens including ICIs and targeted therapy
pending individual serine-threonine protein kinase
B-RAF (BRAF) mutational status.”® ®® 1% We therefore
agree with recently published consensus guidelines from
the UK,'” ' including continued use of frontline ICI
therapies and to consider the approved alternative dosing
regimens of either pembrolizumab 400 mg every 6 weeks
as opposed to initial 3-week standard of care dosing per
KEYNOTE-555 Cohort B data as well as nivolumab 480
mg every 4 weeks compared with every 2-week standard
of care for those on nivolumab maintenance regimens.'"’

RCC-SPECIFIC CLINICAL CONSIDERATIONS REGARDING SARS-
COV-2 AND ICI USE

Compared with the melanoma patient population, a less
robust body of evidence is currently available regarding
RCC patients and SARS-CoV-2. However, the available
retrospective studies have once again observed no increase
in the severity or mortality of a COVID-19 infection within
patients with RCC," including those receiving ICL.'" 1"
In regard to systemic therapeutic approaches, no available
evidence suggests that the use of ICI worsens the risk or
severity of a COVID-19 infection and therefore standard
guideline-based approaches to treatment remain recom-
mended.""’ However, it is worth re-emphasizing current
standards of care including the use of pembrolizumab
plus axitinib based on KEYNOTE-426'"" and nivolumab
plus ipilimumab based on CheckMate 214'"* led to 27%
and 29% of patients, respectively, requiring >40mg/
day oral prednisone doses equivalents due to irAEs that
included pneumonitis. Although alternatives to combina-
tion ICIs for patients with advanced RCC exist, such as
antiangiogenic tyrosine kinase inhibitors combined with
anti-PD1/PD-L1 agents,'"' ' ''* these also possess a clin-
ically meaningful side effect profile with up to 82.4% of
patients developing grade 3 or higher adverse events.'”
It is therefore imperative to closely monitor patients on
these regimens for such events and promptly rule out

a COVID-19 infection at the time of symptom onset in
order to appropriately and expeditiously treat a poten-
tially life-threatening irAE.

In addition, should a patient with RCC on ICI therapy
develop any life-threatening irAE or be considered at
high risk of such events beyond 2 years of treatment, it is
not unreasonable to consider indefinite discontinuation
of ICI therapy in certain clinical scenarios, as members
of the Society for Immunotherapy of Cancer have recom-
mended stopping ICI in the setting of complete radiolog-
ical response (94% recommended) or non-progressive
disease (56% recommended) in patients with RCC
following 2 years of treatment.''®

SHARED CLINICAL CONSIDERATIONS FOR MELANOMA AND

RCC

As outlined above, there remain no reliable data to
suggest that the use of ICI poses any additional risk to
the susceptibility or severity of a SARS-CoV-2 infection in
either RCC or melanoma patient cohorts.”** %1% Besides
the development of an acute COVID-19 infection, stan-
dard approaches to ICI therapy are advised throughout
the course of the pandemic. One reasonable clinical
consideration for these patients includes the utilization
of approved dosing of pembrolizumab and nivolumab
at longer intervals of every 6 and 4 weeks, respectively,
in attempts to enhance practices of social distancing and
limit healthcare-related exposures.'”™ ' Further, the risk
or history of a COVID-19 infection should not serve as a
sole determinant of pursuing a non-ICI regimen such as
targeted therapies. A summary of our above recommen-
dations is provided in table 1.

ADDITIONAL CONSIDERATIONS REGARDING COVID-19
VACCINES IN PATIENTS RECEIVING ICI
As of June 6, 2021, a total of 84 COVID-19 vaccines are
under active clinical investigation at varying phases of
development and 11 are authorized for use on an inter-
national level."'” Of those currently authorized, the most
widely approved include the mRNA-based Pfizer/BioN-
Tech and Moderna vaccines as well as the viral vector-
based AstraZeneca and Johnson & Johnson (J&]J) vaccines.
The J&] vaccine has received publicized criticism for an
initial reported efficacy of 66.1% in preventing moderate-
to-severe COVID-19 28 days post vaccination as compared
with the striking 94.1%'"® and 95%'"? efficacy reported
in the Moderna and Pfizer/BioNTech vaccine trials,
respectively. However, it is worth noting that the defined
severity endpoints differed among these trials, and when
comparing these three vaccines from a public health
standpoint, the J&] vaccine is the only current option
approved as a single dose with proven efficacy against the
recently defined B.1.351 coronavirus variant.'®

Due to patients with cancer on active systemic therapy
being excluded from initial vaccine registration trials, the
safety and efficacy of COVID-19 vaccinations in patients
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Table 1 Summarized treatment and vaccination recommendations for various clinical scenarios

Clinical scenario ICl recommendation Vaccination recommendation*tt

No comorbidities or AID Treat with SOC or clinical trial* without delay  Vaccinate promptly with first-available

approved option
Prioritize prompt vaccination with first-
available approved option]|

Known history of AID Use of clinical judgment is advised

If deemed fit for IClI, prioritize treatment with
SOC or clinical trial*. Consider delay if AID
exhibiting active and clinically significant flare
Consider approved longer interval of ICI

doses§

Use of clinical judgment is advised

If deemed fit for ICI, prioritize treatment with
SOC or clinical trial* without delay

Consider approved longer interval of ICI
doses§

High risk of COVID-19 severity
or mortality (advanced
metastatic cancer,? poor
performance status,! elderly,'
active comorbidities,?® smoking
history)'®

Contraction of COVID-19 Recommend withholding ICI therapy

infection while receiving, or prior regardless of symptoms

to initiation of, ICI therapy On resolution of acute illness (if symptomatic)
and meeting criteria to discontinue isolation,
use of clinical judgment is advised. If deemed
fit for ICI, prioritize treatment with SOC or
clinical trial* without delayf
Consider approved longer interval of ICI
doses§

Prioritize prompt vaccination with first-
available approved option

» No treatment with monoclonal antibodies
or convalescent plasma:

Asymptomatic: prioritize prompt vaccination

14 days following positive test

Symptomatic: vaccination recommended

pending clinical judgment at 28 days

from diagnosis or on symptom resolution,

whichever is first™*

Temporary delay in booster dose appears to

be reasonable in case of vaccine shortages

» Treated with monoclonal antibodies or
convalescent plasma: Recommend at
least 90-day delay from time of treatment
to vaccine, regardless of vaccine series

*If enrolling in phase | trial involving investigational medicinal products with known or theoretical risk of cytokine release syndrome, as well as
if administered in combination with ICI, consider waiting 2—4 weeks following completion of all COVID-19 vaccination(s) prior to the initiation
of investigational treatment.'*?

TIf two-dose vaccine provided, strongly recommend adherence to receiving second dose within timeframe of pivotal trials in attempts to
optimize immunologic seroconversion.''” 1"® Deferral of vaccinations is ill advised and consideration to do so should be based on individual
clinical context along with regional infectivity rates.

FClinical caution and shared decision-making are advised as provided recommendations are synthesized from available trial data that lack
cancer and ICl-treated patients.

§Consider utilization of approved dosing of pembrolizumab and nivolumab at longer intervals of every 6 and 4 weeks, respectively, in
attempts to enhance practices of social distancing and limit healthcare-related exposures.'® "%

{Vaccination is recommended regardless of use of immunosuppression. However, if immunosuppressive agent is temporary in patients

with low risk of severe COVID-19 and adequately low regional infectivity rates, they may consider delaying vaccination until completion of
immunosuppression in attempts to optimize immunologic seroconversion. '

**Vaccination appears safe in previously infected patients. Delay in vaccination is recommended in order to avoid both symptomatic
transmission within healthcare facilities as well as misrepresentation of viral symptoms as adverse events to vaccine and advisable based on
favorable immune profile of previously infected non-cancer patients."®*

AID, autoimmune disease; ICl, immune checkpoint inhibitor; SOC, standard of care.

with cancer have become major topics of interest within
the medical and scientific community. However, the
US Centers for Disease Control and Prevention, Amer-
ican Society of Clinical Oncology, European Society for
Medical Oncology, American Association for Cancer
Research, and National Comprehensive Cancer Network
have unequivocally recommended that all patients
with cancer seek expeditious vaccination based on the
observed safety profiles of currently approved vaccines,
the historical tolerance to vaccines against other viruses,
and the high rates of COVID-19 morbidity and mortality
within this cohort.'*'"*?

The ideal vaccine choice in patients with cancer, as
well as the general population, has yet to be elucidated.
A small amount of evidence has suggested that current
mRNA vaccines may provide relatively favorable effi-
cacy following a single dose, especially in those previ-
ously infected with COVID-19,"** which could challenge
support of the J&]J vaccine. However, such an approach
should be avoided until the generalizable efficacy of
incomplete vaccine series is supported by peer-reviewed
objective evidence, as the production and duration of
neutralizing antibodies appear to decline prior to the
second booster doses across all studied age groups'®
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and may ultimately lead to an increased susceptibility
of contracting vaccine resistant variants.'*® In addi-
tion, increasing age'** and early data from patients with
cancer, especially those with hematologic malignan-
cies,'”” are cohorts who appear to exhibit suboptimal
immune responses to mRNA vaccines following a single
dose, further supporting strict adherence to the vaccina-
tion schedules as studied in their initial clinical trials.'®
Therefore, a current approach to vaccine prioritization
should simply focus on whichever approved option
becomes available for these patients until additional effi-
cacy data are observed.'**'*

Although the ideal timing of these vaccines in relation
to ICI administration has yet to be elucidated, eligible
patients on ICI are encouraged to receive this vaccine
as it becomes available to them in efforts to provide
much-needed mitigation of the short-term and long-term
complications of a COVID-19 infection and its associ-
ated delays in cancer treatment.”” ' A minor caveat to
consider should eventual prospective data for ICI-treated
patients parallel the general population is to potentially
consider avoidance of vaccine administration within
24-48hours prior to scheduled ICI, especially in inves-
tigational regimens, as the transient fever and occasion-
ally severe side effect profiles more frequently observed
following the second dose of currently accepted Moderna
and Pfizer/BioNTech vaccines may lead to misattribu-
tion of treatmentrelated adverse events and potentially
interfere with a patient’s ability to attend and receive
their scheduled ICI treatments.'” Patients with non-
hematologic cancers actively participating in clinical trials
should also be prioritized for COVID-19 vaccination, with
additional efforts to provide at least the first vaccine dose
during the screening process for those being considered
for enrollment.” Although more detailed consider-
ations regarding the approach to vaccine timing and clin-
ical trials for various solid and hematologic malignancies
are beyond the scope of this article and well-articulated
elsewhere,” a noteworthy example by Yap et al recom-
mends that patients enrolling in experimental phase I
clinical trials involving investigational medicinal prod-
ucts (IMPs), for which human toxicity profiles remain
unknown, should consider waiting 2—4 weeks following
completion of all COVID-19 vaccination(s) prior to the
initiation of an IMP, especially should these drugs confer
any known or theoretical risk of CRS as well as if admin-
istered in combination with ICL'* Lastly, patients on ICI
who have previously been infected with COVID-19 are
to follow guidelines outlined for the general population
until prospective data within this cohort becomes avail-
able," " including a delay in vaccination for (1) at least
90 days if COVID-19 infection was treated with mono-
clonal antibodies or convalescent plasma, (2) approxi-
mately 14 days from diagnosis in asymptomatic patients,
and (3) either 28 days from diagnosis or on symptom
resolution in symptomatic patients (whichever occurs
first)."*® 1* These recommendations are summarized in
table 1.

Additional risk assessment regarding the impact of ICI
therapy on the efficacy and safety of these vaccines are
under active investigation. Previous encouraging safety
and immunologic efficacy profiles have been observed
with influenza vaccines for those on ICIs'*' '* and only
a single report is currently available at the time of this
review regarding a case of CRS following the Pfizer/BioN-
Tech vaccine in a patient on long-standing ICI therapy.'*
In addition, although the presence of PD-1 is known to
enhance CD8+ T-cell exhaustion during chronic infec-
tion and cancer,'” the exact timing of PD-1 blockade
during CD8+ T-cell differentiation in the setting of an
acute viral infection, as outlined in section III, may pose
a modulatory role in host immune responses.””"* Such
observations, although compelling given the theoretic
implications of suboptimal long-term T-cell memory or
variable immune responses on vaccination in ICI-treated
patients, require further study within the clinical setting.

CONCLUSIONS

Patients with cancer, although comprised of a large
and heterogenous cohort, are to be considered a high-
risk population amidst a global pandemic. Although
additional studies are needed to conclusively define
the implications of ICI and the SARS-CoV-2 virus, we
are in agreement with the most up-to-date consensus
guidelines stating that the current pandemic should
not be considered a contraindication to ICI initiation or
continuation,'” that ICI should be held on diagnosis of
a COVID-19 infection until clinical stability is ensured,
and that patients on ICI be expeditiously vaccinated.'**
Although our understanding of these topics is rapidly
evolving, patients should be made aware that many of
our current clinical approaches are based on consensus
rather than controlled empirical evidence and that our
vaccination guidelines are currently based on non-ICI
treated and non-cancer patients.

Several knowledge gaps remain regarding the clinical
and immunologic relationships between the SARS-CoV-2
virus and anti-PD-1 therapies. Currently available litera-
ture appears to suggest that the use of ICI does not pose a
significantly increased risk in the susceptibility or severity
of a SARS-CoV-2 infection when adjusted for comorbid-
ities and other potential confounding factors,? 935 105
although many of these studies remain underpowered
and will require expanded sample sizes and longer obser-
vational periods in order to achieve adequate significance
and generalizability. Further, the majority of available
evidence supporting the safety and efficacy of ICI in the
setting of a known viral infection are based on a chronic
rather than acute viral infection status,” " requiring
clinicians to remain vigilant to their ICI-treated patients
throughout the course of a COVID-19 infection. Lastly,
the impact of the innate and adaptive immune response
in ICI-treated patients following COVID-19 infection
and/or vaccination is largely unknown.
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Given the sparsity and mostly underpowered literature
currently available regarding cancer patients and COVID-
19, larger and controlled prospective studies are needed
to further investigate the potential risks and benefits of
anti-PD-1 therapeutic pathways on the short-term and
long-term clinical course and immunologic profiles
associated with both the SARS-CoV-2 virus and various
COVID-19 vaccines. One such dedicated project includes
the COVID-19 Antiviral Response in a Pan-tumor Immune
Monitoring (CAPTURE) Study (NCT03226886), evalu-
ating longitudinal clinical outcomes and immune profiles
in cancer patients and healthcare workers in attempts
to cultivate an enhanced understanding and evidence-
based clinical framework to minimize viral transmission
and optimize cancer treatment approaches.'® CAPTURE
study is actively evaluating B-cell and T-cell response
to vaccination in patients with cancer, especially those
with renal cell cancer and melanoma who are receiving
immune checkpoint blockade. In addition, the ‘Vaccina-
tion Against COVID in Cancer’ Project (NCT04715438)
is an exciting prospective, national, multicenter, longi-
tudinal, multicohort study observing the short-term
and long-term immunologic profiles of patients with
solid tumor cancers on multiple treatment modalities
including ICI with a primary endpoint of a sufficiently
mounted immune response 28 days following the comple-
tion of an mRNA vaccine series.'” This project will also
further define the T-cell immunity observed against these
vaccines, which will provide valuable insights into the
potential differences of ICI-treated cohorts. Lastly, several
aforementioned clinical trials utilizing various anti-PD-1
therapies in attempts to reinvigorate the exhausted T cells
observed in patients infected with COVID-19 and thereby
promote viral clearance and immunity are ongoing.10 202

We eagerly await long-term clinical and immuno-
logic analyses of how the SARS-CoV-2 virus and vaccine
may impact the antitumor and antiviral responses for
those receiving anti-PD-1 therapy. These topics will most
assuredly remain the source of many active and fruitful
scientific projects in the near future, providing practice-
changing insights toward the navigation of current and
future pandemics within both the oncologic and general
population.

Twitter Benjamin Switzer @BenSwitzerDO
Collaborators Annika Fendler and Lewis Au.

Contributors All authors contributed significantly to this research article. BS
assisted in formulating the main objectives of the article, collected pertinent
supportive research, and wrote multiple sections of the manuscript. JH and PCL
contributed intellectual content and critical revisions to the manuscript. IP and
ST served as equally contributing senior authors and provided project oversight,
formulated the main objectives, and contributed to multiple sections of the
manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests JH reports research funding from Amgen, BioNTech, BMS,
MSD, and Novartis, received institutional advisory fees from Achilles Tx, BioNTech,
BMS, Ipsen, Immunocore, MSD, Merck Serono, Molecular Partners, Novartis, Pfizer,
PokeAcell, Roche, Sanofi, Seattle Genetics, T-Knife, and Third Rock Ventures,

and reports personal fees and stock options with Neogene Therapeutics. PCL
reports research funding from Bristol Myers Squibb and JP Moulton Foundation
and received personal fees from Bristol Myers Squibb, Merck, MSD, Novartis,
Pierre Fabre, Amgen, and Nektar. IP reports consulting fees from Amgen, lovance,
Nouscom, Oncosec, Oncorus, Merck, and Nektar. ST reports research funding
from Cancer Research UK (grant reference number A29911), the Francis Crick
Institute, which receives its core funding from Cancer Research UK (FC10988), the
UK Medical Research Council (FC10988), and the Wellcome Trust (FC10988), the
National Institute for Health Research (NIHR) Biomedical Research Centre at the
Royal Marsden Hospital and Institute of Cancer Research (grant reference number
A109), the Royal Marsden Cancer Charity, the Rosetrees Trust (grant reference
number A2204), Ventana Medical Systems, Inc. (grant reference numbers 10467
and 10530), the National Institute of Health ((U01 CA247439), and Melanoma
Research Alliance (Award Ref no 686061), received speaking fees from Roche,
Astra Zeneca, Novartis, and Ipsen, and has the following patents filed: Indel
mutations as a therapeutic target and predictive biomarker PCTGB2018/051892
and PCTGB2018/051893 and Clear Cell Renal Cell Carcinoma Biomarkers
P113326GB.

Patient consent for publication Not required.
Provenance and peer review Commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Benjamin Switzer http://orcid.org/0000-0001-8150-1963

REFERENCES

1 Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med
2020;383:2255-73.

2 Hojyo S, Uchida M, Tanaka K, et al. How COVID-19 induces
cytokine storm with high mortality. Inflamm Regen 2020;40:37.

3 ShiW, Lv J, Lin L. Coagulopathy in COVID-19: focus on vascular
thrombotic events. J Mol Cell Cardiol 2020;146:32-40.

4 Al-Samkari H, Karp Leaf RS, Dzik WH, et al. COVID-19 and
coagulation: bleeding and thrombotic manifestations of SARS-
CoV-2 infection. Blood 2020;136:489-500.

5 Huang |, Pranata R. Lymphopenia in severe coronavirus
disease-2019 (COVID-19): systematic review and meta-analysis. J
Intensive Care 2020;8:36.

6 Chen Z, John Wherry E. T cell responses in patients with COVID-19.
Nat Rev Immunol 2020;20:529-36.

7 Urra JM, Cabrera CM, Porras L, et al. Selective CD8 cell reduction
by SARS-CoV-2 is associated with a worse prognosis and systemic
inflammation in COVID-19 patients. Clin Immunol 2020;217:108486.

8 Mathew D, Giles JR, Baxter AE, et al. Deep immune profiling of
COVID-19 patients reveals patient heterogeneity and distinct
immunotypes with implications for therapeutic interventions.
bioRxiv 2020. doi:10.1101/2020.05.20.106401. [Epub ahead of
print: 23 May 2020].

9 Xu Z, ShiL, Wang Y, et al. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet Respir
Med 2020;8:420-2.

10 Files JK, Boppana S, Perez MD, et al. Sustained cellular immune
dysregulation in individuals recovering from SARS-CoV-2 infection.
J Clin Invest 2021;131. doi:10.1172/JCI140491. [Epub ahead of
print: 04 01 2021].

11 Zheng H-Y, Zhang M, Yang C-X, et al. Elevated exhaustion levels
and reduced functional diversity of T cells in peripheral blood may
predict severe progression in COVID-19 patients. Cell Mol Immunol
2020;17:541-3.

12 Robilotti EV, Babady NE, Mead PA, et al. Determinants of COVID-19
disease severity in patients with cancer. Nat Med 2020;26:1218-23.

13 Dai M, Liu D, Liu M, et al. Patients with cancer appear more
vulnerable to SARS-CoV-2: a multicenter study during the
COVID-19 outbreak. Cancer Discov 2020;10:783-91.

14 Lee LY, Cazier J-B, Angelis V, et al. COVID-19 mortality in patients
with cancer on chemotherapy or other anticancer treatments: a
prospective cohort study. Lancet 2020;395:1919-26.

15 Jazieh AR, Akbulut H, Curigliano G, et al. Impact of the COVID-19
pandemic on cancer care: a global collaborative study. JCO Glob
Oncol 2020;6:1428-38.

Switzer B, et al. J Immunother Cancer 2021;9:€002835. doi:10.1136/jitc-2021-002835


https://twitter.com/BenSwitzerDO
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8150-1963
http://dx.doi.org/10.1056/NEJMra2026131
http://dx.doi.org/10.1186/s41232-020-00146-3
http://dx.doi.org/10.1016/j.yjmcc.2020.07.003
http://dx.doi.org/10.1182/blood.2020006520
http://dx.doi.org/10.1186/s40560-020-00453-4
http://dx.doi.org/10.1186/s40560-020-00453-4
http://dx.doi.org/10.1038/s41577-020-0402-6
http://dx.doi.org/10.1016/j.clim.2020.108486
http://dx.doi.org/10.1101/2020.05.20.106401
http://dx.doi.org/10.1016/S2213-2600(20)30076-X
http://dx.doi.org/10.1016/S2213-2600(20)30076-X
http://dx.doi.org/10.1172/JCI140491
http://dx.doi.org/10.1038/s41423-020-0401-3
http://dx.doi.org/10.1038/s41591-020-0979-0
http://dx.doi.org/10.1158/2159-8290.CD-20-0422
http://dx.doi.org/10.1016/S0140-6736(20)31173-9
http://dx.doi.org/10.1200/GO.20.00351
http://dx.doi.org/10.1200/GO.20.00351

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Sigorski D, Sobczuk P, Osmola M, et al. Impact of COVID-19 on
anxiety levels among patients with cancer actively treated with
systemic therapy. ESMO Open 2020;5:e000970.

Passamonti F, Cattaneo C, Arcaini L, et al. Clinical characteristics
and risk factors associated with COVID-19 severity in patients with
haematological malignancies in Italy: a retrospective, multicentre,
cohort study. Lancet Haematol 2020;7:e737-45.

Garassino MC, Whisenant JG, Huang L-C, et al. COVID-19 in
patients with thoracic malignancies (TERAVOLT): first results

of an international, registry-based, cohort study. Lancet Oncol
2020;21:914-22.

Rugge M, Zorzi M, Guzzinati S. SARS-CoV-2 infection in the Italian
Veneto region: adverse outcomes in patients with cancer. Nat
Cancer 2020;1:784-8.

Jiang C, Robin Yabroff K, Deng L, et al. Prevalence of underlying
medical conditions associated with severe COVID-19 illness in
adult cancer survivors in the United States. J Nat/ Cancer Inst
2021. doi:10.1093/jnci/djab012. [Epub ahead of print: 03 Feb
2021].

Albiges L, Foulon S, Bayle A, et al. Determinants of the outcomes
of patients with cancer infected with SARS-CoV-2: results from the
Gustave Roussy cohort. Nat Cancer 2020;1:965-75. doi:10.1038/
s43018-020-00120-5

Cai G, Gao Y, Zeng S, et al. Immunological alternation in
COVID-19 patients with cancer and its implications on mortality.
Oncoimmunology 2021;10:1854424.

Derosa L, Melenotte C, Griscelli F, et al. The immuno-oncological
challenge of COVID-19. Nat Cancer 2020;1:946-64. doi:10.1038/
s43018-020-00122-3

Wu Q, Chu Q, Zhang H, et al. Clinical outcomes of coronavirus
disease 2019 (COVID-19) in cancer patients with prior exposure to
immune checkpoint inhibitors. Cancer Commun 2020;40:374-9.
Gambichler T, Reuther J, Scheel CH, et al. On the use of immune
checkpoint inhibitors in patients with viral infections including
COVID-19. J Immunother Cancer 2020;8:€001145. doi:10.1136/jitc-
2020-001145

Vardhana SA, Wolchok JD. The many faces of the anti-

COVID immune response. J Exp Med 2020;217. doi:10.1084/
jem.20200678. [Epub ahead of print: 01 06 2020].

Rogiers A, Pires da Silva |, Tentori C, et al. Clinical impact of
COVID-19 on patients with cancer treated with immune checkpoint
inhibition. J Immunother Cancer 2021;9.

Mandala M, Lorigan P, De Luca M, et al. SARS-CoV-2 infection
and adverse events in patients with cancer receiving immune
checkpoint inhibitors: an observational prospective study. J
Immunother Cancer 2021;9.

Luo J, Rizvi H, Egger JV, et al. Impact of PD-1 blockade on
severity of COVID-19 in patients with lung cancers. Cancer Discov
2020;10:1121-8.

Elmas Omer Faruk, Demirbas A, Diizayak S, et al. Melanoma and
COVID-19: a narrative review focused on treatment. Dermatol Ther
2020;33:e14101.

Vaddepally RK, Kharel P, Pandey R, et al. Review of indications

of FDA-approved immune checkpoint inhibitors per NCCN
guidelines with the level of evidence. Cancers 2020;12. doi:10.3390/
cancers12030738. [Epub ahead of print: 20 03 2020].

Postow MA, Callahan MK, Wolchok JD. Immune checkpoint
blockade in cancer therapy. J Clin Oncol 2015;33:1974-82.
Pichlmair A, Reis e Sousa C. Innate recognition of viruses. Immunity
2007;27:370-83.

Guidotti LG, Chisari FV. Cytokine-Mediated control of viral
infections. Virology 2000;273:221-7.

Biron CA. Role of early cytokines, including alpha and beta
interferons (IFN-alpha/beta), in innate and adaptive immune
responses to viral infections. Semin Immunol 1998;10:383-90.
Biron CA, Nguyen KB, Pien GC, et al. Natural killer cells in antiviral
defense: function and regulation by innate cytokines. Annu Rev
Immunol 1999;17:189-220.

Reghunathan R, Jayapal M, Hsu L-Y, et al. Expression profile of
immune response genes in patients with severe acute respiratory
syndrome. BMC Immunol 2005;6:2.

Rouse BT, Sehrawat S. Immunity and immunopathology to viruses:
what decides the outcome? Nat Rev Immunol 2010;10:514-26.
Culley FJ, Pennycook AMJ, Tregoning JS, et al. Differential
chemokine expression following respiratory virus infection reflects
Th1- or Th2-biased immunopathology. J Virol 2006;80:4521-7.
Bermejo-Martin JF, Ortiz de Lejarazu R, Pumarola T, et al. Th1 and
Th17 hypercytokinemia as early host response signature in severe
pandemic influenza. Crit Care 2009;13:R201.

Ravetch J. In vivo veritas: the surprising roles of Fc receptors in
immunity. Nat Immunol 2010;11:183-5.

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Johnson RJ, Gretch DR, Yamabe H, et al. Membranoproliferative
glomerulonephritis associated with hepatitis C virus infection. N
Engl J Med 1993;328:465-70.

Couper KN, Blount DG, Riley EM. II-10: the master regulator of
immunity to infection. J Immunol 2008;180:5771-7.

Sun J, Madan R, Karp CL, et al. Effector T cells control lung
inflammation during acute influenza virus infection by producing
IL-10. Nat Med 2009;15:277-84.

Li MO, Flavell RA. Contextual regulation of inflammation: a duet
by transforming growth factor-beta and interleukin-10. Immunity
2008;28:468-76.

Sakaguchi S. Regulatory T cells: key controllers of immunologic
self-tolerance. Cell 2000;101:455-8.

Zhu C, Anderson AC, Schubart A, et al. The Tim-3 ligand galectin-9
negatively regulates T helper type 1 immunity. Nat Immunol
2005;6:1245-52.

Brooks DG, Ha S-J, Elsaesser H, et al. 1I-10 and PD-L1

operate through distinct pathways to suppress T-cell activity
during persistent viral infection. Proc Natl Acad Sci U S A
2008;105:20428-33.

Said EA, Dupuy FP, Trautmann L, et al. Programmed death-1-
induced interleukin-10 production by monocytes impairs CD4+ T
cell activation during HIV infection. Nat Med 2010;16:452-9.
Vaduganathan M, Vardeny O, Michel T, et al. Renin-Angiotensin-
Aldosterone system inhibitors in patients with Covid-19. N Engl J
Med 2020;382:1653-9.

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is blocked by a
clinically proven protease inhibitor. Cell 2020;181:271-80.
Sungnak W, Huang N, Bécavin C, et al. SARS-CoV-2 entry factors
are highly expressed in nasal epithelial cells together with innate
immune genes. Nat Med 2020;26:681-7.

Coperchini F, Chiovato L, Croce L, et al. The cytokine storm in
COVID-19: an overview of the involvement of the chemokine/
chemokine-receptor system. Cytokine Growth Factor Rev
2020;53:25-32.

Liu Y, Du X, Chen J. Neutrophil-To-Lymphocyte ratio as an
independent risk factor for mortality in hospitalized patients with
COVID-19. J Infect 2020;81:e6-12. doi:10.1016/j.jinf.2020.04.002
Huang C, Wang Y, Li X, et al. Clinical features of patients

infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020;395:497-506.

Vasquez-Bonilla WO, Orozco R, Argueta V, et al. A review of the
main histopathological findings in coronavirus disease 2019. Hum
Pathol 2020;105:74-83.

Bilgin E, Ertenli Ali ihsan, Ertenli Al. Proposal of a new nomenclature
for the underlying pathogenetic mechanism of severe Coronavirus
Disease-19: "Inflammatory Thrombosis with Immune Endotheliitis-
ITIE". Rheumatol Int 2021;41:679-680.

Dorward DA, Russell CD, Um IH, et al. Tissue-Specific
immunopathology in fatal COVID-19. Am J Respir Crit Care Med
2021;203:192-201.

Lyons-Weiler J. Pathogenic priming likely contributes to serious and
critical illness and mortality in COVID-19 via autoimmunity. J Trans/
Autoimmun 2020;3:100051.

Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular
Endothelialitis, thrombosis, and angiogenesis in Covid-19. N Engl J
Med 2020;383:120-8.

Rodriguez C, Luque N, Blanco |, et al. Pulmonary endothelial
dysfunction and thrombotic complications in patients with
COVID-19. Am J Respir Cell Mol Biol 2021;64:407-15.

Vivarelli S, Falzone L, Torino F, et al. Immune-checkpoint inhibitors
from cancer to COVID-19: a promising Avenue for the treatment of
patients with COVID-19 (review). Int J Oncol 2021;58:145-57.
Abers MS, Lionakis MS, Kontoyiannis DP. Checkpoint inhibition
and infectious diseases: a good thing? Trends Mol Med
2019;25:1080-93.

Shah NJ, Al-Shbool G, Blackburn M, et al. Safety and efficacy of
immune checkpoint inhibitors (ICIs) in cancer patients with HIV,
hepatitis B, or hepatitis C viral infection. J Immunother Cancer
2019;7:353.

Pu D, Yin L, Zhou Y, et al. Safety and efficacy of immune
checkpoint inhibitors in patients with HBV/HCV infection

and advanced-stage cancer: a systematic review. Medicine
2020;99:e19013.

Ziogas DC, Kostantinou F, Cholongitas E, et al. Reconsidering the
management of patients with cancer with viral hepatitis in the era of
immunotherapy. J Immunother Cancer 2020;8.

Wykes MN, Lewin SR. Immune checkpoint blockade in infectious
diseases. Nat Rev Immunol 2018;18:91-104.

Switzer B, et al. J Immunother Cancer 2021;9:€002835. doi:10.1136/jitc-2021-002835


http://dx.doi.org/10.1136/esmoopen-2020-000970
http://dx.doi.org/10.1016/S2352-3026(20)30251-9
http://dx.doi.org/10.1016/S1470-2045(20)30314-4
http://dx.doi.org/10.1038/s43018-020-0104-9
http://dx.doi.org/10.1038/s43018-020-0104-9
http://dx.doi.org/10.1093/jnci/djab012
http://dx.doi.org/10.1038/s43018-020-00120-5
http://dx.doi.org/10.1080/2162402X.2020.1854424
http://dx.doi.org/10.1038/s43018-020-00122-3
http://dx.doi.org/10.1002/cac2.12077
http://dx.doi.org/10.1136/jitc-2020-001145
http://dx.doi.org/10.1084/jem.20200678
http://dx.doi.org/10.1136/jitc-2020-001931
http://dx.doi.org/10.1136/jitc-2020-001694
http://dx.doi.org/10.1136/jitc-2020-001694
http://dx.doi.org/10.1158/2159-8290.CD-20-0596
http://dx.doi.org/10.1111/dth.14101
http://dx.doi.org/10.3390/cancers12030738
http://dx.doi.org/10.1200/JCO.2014.59.4358
http://dx.doi.org/10.1016/j.immuni.2007.08.012
http://dx.doi.org/10.1006/viro.2000.0442
http://dx.doi.org/10.1006/smim.1998.0138
http://dx.doi.org/10.1146/annurev.immunol.17.1.189
http://dx.doi.org/10.1146/annurev.immunol.17.1.189
http://dx.doi.org/10.1186/1471-2172-6-2
http://dx.doi.org/10.1038/nri2802
http://dx.doi.org/10.1128/JVI.80.9.4521-4527.2006
http://dx.doi.org/10.1186/cc8208
http://dx.doi.org/10.1038/ni0310-183
http://dx.doi.org/10.1056/NEJM199302183280703
http://dx.doi.org/10.1056/NEJM199302183280703
http://dx.doi.org/10.4049/jimmunol.180.9.5771
http://dx.doi.org/10.1038/nm.1929
http://dx.doi.org/10.1016/j.immuni.2008.03.003
http://dx.doi.org/10.1016/s0092-8674(00)80856-9
http://dx.doi.org/10.1038/ni1271
http://dx.doi.org/10.1073/pnas.0811139106
http://dx.doi.org/10.1038/nm.2106
http://dx.doi.org/10.1056/NEJMsr2005760
http://dx.doi.org/10.1056/NEJMsr2005760
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://dx.doi.org/10.1038/s41591-020-0868-6
http://dx.doi.org/10.1016/j.cytogfr.2020.05.003
http://dx.doi.org/10.1016/j.jinf.2020.04.002
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/j.humpath.2020.07.023
http://dx.doi.org/10.1016/j.humpath.2020.07.023
http://dx.doi.org/10.1007/s00296-020-04768-1
http://dx.doi.org/10.1164/rccm.202008-3265OC
http://dx.doi.org/10.1016/j.jtauto.2020.100051
http://dx.doi.org/10.1016/j.jtauto.2020.100051
http://dx.doi.org/10.1056/NEJMoa2015432
http://dx.doi.org/10.1056/NEJMoa2015432
http://dx.doi.org/10.1165/rcmb.2020-0359PS
http://dx.doi.org/10.3892/ijo.2020.5159
http://dx.doi.org/10.1016/j.molmed.2019.08.004
http://dx.doi.org/10.1186/s40425-019-0771-1
http://dx.doi.org/10.1097/MD.0000000000019013
http://dx.doi.org/10.1136/jitc-2020-000943
http://dx.doi.org/10.1038/nri.2017.112

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

Hoogeveen RC, Boonstra A. Checkpoint inhibitors and therapeutic
vaccines for the treatment of chronic HBV infection. Front Immunol
2020;11:401.

Bengsch B, Seigel B, Ruhl M, et al. Coexpression of PD-1, 2B4,
CD160 and KLRG1 on exhausted HCV-specific CD8+ T cells is
linked to antigen recognition and T cell differentiation. PLoS Pathog
2010;6:61000947.

Jang S, Venna S, Antitumor Venna S:. Antitumor and anti-hepatitis
C viral response after administration of the Anti-Programmed death
1 antibody pembrolizumab. J Oncol Pract 2017;13:462-4.
Rzeniewicz K, Larkin J, Menzies AM, et al. Imnmunotherapy use
outside clinical trial populations: never say never? Ann Oncol
2021;32:866-880.

Pauken KE, Godec J, Odorizzi PM, et al. The PD-1 Pathway
Regulates Development and Function of Memory CD8" T Cells
following Respiratory Viral Infection. Cell Rep 2020;31:107827.
Kauffman KD, Sakai S, Lora NE, et al. PD-1 blockade exacerbates
Mycobacterium tuberculosis infection in rhesus macaques. Sci
Immunol 2021;6. doi:10.1126/sciimmunol.abf3861. [Epub ahead of
print: 15 Jan 2021].

Ahn E, Araki K, Hashimoto M, et al. Role of PD-1 during

effector CD8 T cell differentiation. Proc Nat/ Acad Sci U S A
2018;115:4749-54.

Kattan J, Kattan C, Assi T. Do checkpoint inhibitors compromise
the cancer patients' immunity and increase the vulnerability to
COVID-19 infection? Immunotherapy 2020;12:351-4.

Chiappelli F, Khakshooy A, Greenberg G. CoViD-19
immunopathology and immunotherapy. Bioinformation
2020;16:219-22.

Bersanelli M. Controversies about COVID-19 and anticancer
treatment with immune checkpoint inhibitors. Immunotherapy
2020;12:269-73.

Gambichler T, Reuther J, Scheel CH, et al. Cancer and immune
checkpoint inhibitor treatment in the era of SARS-CoV-2 infection.
Cancers 2020;12. doi:10.3390/cancers12113383. [Epub ahead of
print: 16 11 2020].

Ceschi A, Noseda R, Palin K, et al. Immune checkpoint Inhibitor-
Related cytokine release syndrome: analysis of who global
pharmacovigilance database. Front Pharmacol 2020;11:557.
Tocut M, Brenner R, Zandman-Goddard G. Autoimmune
phenomena and disease in cancer patients treated with immune
checkpoint inhibitors. Autoimmun Rev 2018;17:610-6.

Sadaat M, Jang S. Hemophagocytic lymphohistiocytosis with
immunotherapy: brief review and case report. J Immunother Cancer
2018;6:49.

Abid MB, Mughal M, Abid MA. Coronavirus disease 2019
(COVID-19) and Immune-Engaging cancer treatment. JAMA Oncol
2020;6:1529-30.

Nishino M, Giobbie-Hurder A, Hatabu H, et al. Incidence of
programmed cell death 1 Inhibitor-Related pneumonitis in patients
with advanced cancer: a systematic review and meta-analysis.
JAMA Oncol 2016;2:1607-16.

Rossi E, Schinzari G, Tortora G. Pneumonitis from immune
checkpoint inhibitors and COVID-19: current concern in cancer
treatment. J Immunother Cancer 2020;8.

Pauken KE, Wherry EJ. Overcoming T cell exhaustion in infection
and cancer. Trends Immunol 2015;36:265-76.

Ostrand-Rosenberg S, Sinha P. Myeloid-Derived suppressor cells:
linking inflammation and cancer. J Immunol 2009;182:4499-506.
Almand B, Clark JI, Nikitina E, et al. Increased production of
immature myeloid cells in cancer patients: a mechanism of
immunosuppression in cancer. J Immunol 2001;166:678-89.
Delano MJ, Scumpia PO, Weinstein JS, et al. MyD88-dependent
expansion of an immature GR-1(+)CD11b(+) population induces

T cell suppression and Th2 polarization in sepsis. J Exp Med
2007;204:1463-74.

Brys L, Beschin A, Raes G, et al. Reactive oxygen species and
12/15-lipoxygenase contribute to the antiproliferative capacity

of alternatively activated myeloid cells elicited during helminth
infection. J Immunol 2005;174:6095-104.

Goh C, Narayanan S, Hahn YS. Myeloid-Derived suppressor

cells: the dark knight or the joker in viral infections? Immunol Rev
2013;255:210-21.

Ha S-J, Mueller SN, Wherry EJ, et al. Enhancing therapeutic
vaccination by blocking PD-1-mediated inhibitory signals during
chronic infection. J Exp Med 2008;205:543-55.

Xiong Z, Ampudia Mesias E, Pluhar GE, et al. Cd200 checkpoint
reversal: a novel approach to immunotherapy. Clin Cancer Res
2020;26:232-41.

Pala L, Conforti F, Saponara M, et al. Data of Italian cancer
centers from two regions with high incidence of SARS CoV-2

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

infection provide evidence for the successful management of
patients with locally advanced and metastatic melanoma treated
with immunotherapy in the era of COVID-19. Semin Oncol
2020;47:302-4.

Labaki C, Peters S, Choueiri TK. Treatment decisions for patients
with cancer during the COVID-19 pandemic. Cancer Discov
2021;11:1330-5.

Yekediiz E, Utkan G, Uriin Y. A systematic review and meta-
analysis: the effect of active cancer treatment on severity of
COVID-19. Eur J Cancer 2020;141:92-104.

Kuderer NM, Lyman GH. Challenges of cancer immunotherapy
during the COVID-19 pandemic. Cancer Invest 2020:1-5.

Angus DC, Derde L, Al-Beidh F, et al. Effect of hydrocortisone on
mortality and organ support in patients with severe COVID-19: the
REMAP-CAP COVID-19 corticosteroid domain randomized clinical
trial. JAMA 2020;324:1317-29.

Matthay MA, Thompson BT. Dexamethasone in hospitalised
patients with COVID-19: addressing uncertainties. Lancet Respir
Med 2020;8:1170-2.

Gomolin T, Cline A, Handler MZ. The danger of neglecting
melanoma during the COVID-19 pandemic. J Dermatolog Treat
2020;31:444-5.

Tejera-Vaquerizo A, Nagore E. Estimated effect of COVID-19
lockdown on melanoma thickness and prognosis: a rate of growth
model. J Eur Acad Dermatol Venereol 2020;34:€351-3.

Conforti C, di Meo N, Giuffrida R, et al. Management of patients
with melanoma and non-melanoma skin cancers in the coronavirus
disease 2019 era. Chin Med J 2020;133:2017-9.

Tsamakis K, Gavriatopoulou M, Schizas D, et al. Oncology

during the COVID-19 pandemic: challenges, dilemmas and the
psychosocial impact on cancer patients. Oncol Lett 2020;20:441-7.
Shannon AB, Sharon CE, Straker RJ, et al. The impact of the
COVID-19 pandemic on the presentation status of newly diagnosed
melanoma: a single institution experience. J Am Acad Dermatol
2021;84:1096-1098.

Patrinely JR, Johnson DB. Pandemic medicine: the management
of advanced melanoma during COVID-19. Melanoma Manag
2020;7:MMT45.

Nahm SH, Rembielak A, Peach H, et al. Consensus guidelines for
the management of melanoma during the COVID-19 pandemic:
surgery, systemic anti-cancer therapy, radiotherapy and follow-up.
Clin Oncol 2021;33:e54-7.

Curigliano G, Banerjee S, Cervantes A, et al. Managing cancer
patients during the COVID-19 pandemic: an ESMO multidisciplinary
expert consensus. Ann Oncol 2020;31:1320-35.

Sehgal K, Costa DB, Rangachari D. Extended-Interval dosing
strategy of immune checkpoint inhibitors in lung cancer: will it
Outlast the COVID-19 pandemic? Front Oncol 2020;10:1193.
Tsimafeyeu |, Alekseeva G, Berkut M, et al. COVID-19 in patients
with renal cell carcinoma in the Russian Federation. Clin Genitourin
Cancer 2021;19:e69-71.

Szabados B, Abu-Ghanem Y, Grant M, et al. Clinical characteristics
and outcome for four SARS-CoV-2-infected cancer patients treated
with immune checkpoint inhibitors. Eur Urol 2020;78:276-80.

Ged Y, Markowski MC, Pierorazio PM. Advanced renal cell
carcinoma and COVID-19 - a personal perspective. Nat Rev Urol
2020;17:425-7.

Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med
2019;380:1116-27.

Motzer RJ, Tannir NM, McDermott DF, et al. Nivolumab plus
ipilimumab versus sunitinib in advanced renal-cell carcinoma. N
Engl J Med 2018;378:1277-90.

Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med
2019;380:1103-15.

Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus
cabozantinib versus sunitinib for advanced renal-cell carcinoma. N
Engl J Med 2021;384:829-41.

Motzer R, Alekseev B, Rha S-Y, et al. Lenvatinib plus
pembrolizumab or everolimus for advanced renal cell carcinoma. N
Engl J Med 2021;384:1289-300.

Rini BI, Battle D, Figlin RA, et al. The Society for immunotherapy of
cancer consensus statement on immunotherapy for the treatment
of advanced renal cell carcinoma (RCC). J Immunother Cancer
2019;7:354.

Shrotri M, Swinnen T, Kampmann B, et al. An interactive website
tracking COVID-19 vaccine development. Lancet Glob Health
2021;9:e590-2.

Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the
mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021;384:403-16.

Switzer B, et al. J Immunother Cancer 2021;9:€002835. doi:10.1136/jitc-2021-002835


http://dx.doi.org/10.3389/fimmu.2020.00401
http://dx.doi.org/10.1371/journal.ppat.1000947
http://dx.doi.org/10.1200/JOP.2016.019224
http://dx.doi.org/10.1016/j.annonc.2021.03.199
http://dx.doi.org/10.1016/j.celrep.2020.107827
http://dx.doi.org/10.1126/sciimmunol.abf3861
http://dx.doi.org/10.1126/sciimmunol.abf3861
http://dx.doi.org/10.1073/pnas.1718217115
http://dx.doi.org/10.2217/imt-2020-0077
http://dx.doi.org/10.6026/97320630016219
http://dx.doi.org/10.2217/imt-2020-0067
http://dx.doi.org/10.3390/cancers12113383
http://dx.doi.org/10.3389/fphar.2020.00557
http://dx.doi.org/10.1016/j.autrev.2018.01.010
http://dx.doi.org/10.1186/s40425-018-0365-3
http://dx.doi.org/10.1001/jamaoncol.2020.2367
http://dx.doi.org/10.1001/jamaoncol.2016.2453
http://dx.doi.org/10.1136/jitc-2020-000952
http://dx.doi.org/10.1016/j.it.2015.02.008
http://dx.doi.org/10.4049/jimmunol.0802740
http://dx.doi.org/10.4049/jimmunol.166.1.678
http://dx.doi.org/10.1084/jem.20062602
http://dx.doi.org/10.4049/jimmunol.174.10.6095
http://dx.doi.org/10.1111/imr.12084
http://dx.doi.org/10.1084/jem.20071949
http://dx.doi.org/10.1158/1078-0432.CCR-19-2234
http://dx.doi.org/10.1053/j.seminoncol.2020.07.010
http://dx.doi.org/10.1158/2159-8290.CD-21-0210
http://dx.doi.org/10.1016/j.ejca.2020.09.028
http://dx.doi.org/10.1080/07357907.2020.1864129
http://dx.doi.org/10.1001/jama.2020.17022
http://dx.doi.org/10.1016/S2213-2600(20)30503-8
http://dx.doi.org/10.1016/S2213-2600(20)30503-8
http://dx.doi.org/10.1080/09546634.2020.1762844
http://dx.doi.org/10.1111/jdv.16555
http://dx.doi.org/10.1097/CM9.0000000000000930
http://dx.doi.org/10.3892/ol.2020.11599
http://dx.doi.org/10.1016/j.jaad.2020.12.034
http://dx.doi.org/10.2217/mmt-2020-0012
http://dx.doi.org/10.1016/j.clon.2020.06.017
http://dx.doi.org/10.1016/j.annonc.2020.07.010
http://dx.doi.org/10.3389/fonc.2020.01193
http://dx.doi.org/10.1016/j.clgc.2020.07.007
http://dx.doi.org/10.1016/j.clgc.2020.07.007
http://dx.doi.org/10.1016/j.eururo.2020.05.024
http://dx.doi.org/10.1038/s41585-020-0345-5
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1056/NEJMoa1712126
http://dx.doi.org/10.1056/NEJMoa1712126
http://dx.doi.org/10.1056/NEJMoa1816047
http://dx.doi.org/10.1056/NEJMoa2026982
http://dx.doi.org/10.1056/NEJMoa2026982
http://dx.doi.org/10.1056/NEJMoa2035716
http://dx.doi.org/10.1056/NEJMoa2035716
http://dx.doi.org/10.1186/s40425-019-0813-8
http://dx.doi.org/10.1016/S2214-109X(21)00043-7
http://dx.doi.org/10.1056/NEJMoa2035389

119

120

121

122

123

124

125

126

127

Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy

of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med
2020;383:2603-15.

Mahase E. Covid-19: where are we on vaccines and variants? BMJ
2021;372:n597.

Hwang JK, Zhang T, Wang AZ, et al. COVID-19 vaccines for
patients with cancer: benefits likely outweigh risks. J Hematol Oncol
2021;14:38.

Dooling K, Marin M, Wallace M, et al. The Advisory Committee on
Immunization Practices' Updated Interim Recommendation for
Allocation of COVID-19 Vaccine - United States, December 2020.
MMWR Morb Mortal Wkly Rep 2021;69:1657-60.

Abdul-Jawad S, Bau L, Alaguthurai T, et al. Acute immune
signatures and their legacies in severe acute respiratory

syndrome Coronavirus-2 infected cancer patients. Cancer Cell
2021;39:257-75.

Prendecki M, Clarke C, Brown J, et al. Effect of previous SARS-
CoV-2 infection on humoral and T-cell responses to single-dose
BNT162b2 vaccine. Lancet 2021;397:1178-81.

Robertson JFR, Sewell HF, Stewart M. Delayed second dose of the
BNT162b2 vaccine: innovation or misguided conjecture? Lancet
2021;397:879-80.

Burioni R, Topol EJ. Assessing the human immune response to
SARS-CoV-2 variants. Nat Med 2021;27:571-2.

Monin-Aldama L, Laing AG, Mufioz-Ruiz M. Interim results of the
safety and immune-efficacy of 1 versus 2 doses of COVID-19
vaccine BNT162b2 for cancer patients in the context of the UK
vaccine priority guidelines. medRxiv 2021.

128

129

130

131

132

133

134

135

136

137

van der Veldt AAM, Oosting SF, Dingemans A-MC, et al.

COVID-19 vaccination: the voice for patients with cancer. Nat Med
2021;27:568-9.

Au L, Boos LA, Swerdlow A, et al. Cancer, COVID-19, and antiviral
immunity: the capture study. Cell 2020;183:4-10.

Wadman M. Public needs to PreP for vaccine side effects. Science
2020;370:1022.

Desai A, Gainor JF, Hegde A, et al. COVID-19 vaccine guidance for
patients with cancer participating in oncology clinical trials. Nat Rev
Clin Oncol 2021;18:313-9.

Yap TA, Siu LL, Calvo E, et al. SARS-CoV-2 vaccination and phase
1 cancer clinical trials. Lancet Oncol 2021;22:298-301.

Interim clinical considerations for use of COVID-19 vaccines
currently authorized in the United States, 2021. Available: https://
www.cdc.gov/vaccines/covid-19/downloads/summary-interim-
clinical-considerations.pdf

Public Health England. COVID-19: the green book, chapter 14A,
2021: 24. https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/961287/Greenbook _
chapter_14a_v7_12Feb2021.pdf

Kang CK, Kim H-R, Song K-H, et al. Cell-Mediated immunogenicity
of influenza vaccination in patients with cancer receiving immune
checkpoint inhibitors. J Infect Dis 2020;222:1902-9.

Au L, Fendler A, Shepherd STC, et al. Cytokine release syndrome in
a patient with colorectal cancer after vaccination with BNT162b2.
Nat Med 2021. doi:10.1038/s41591-021-01387-6. [Epub ahead of
print: 26 May 2021].

Odorizzi PM, Pauken KE, Paley MA, et al. Genetic absence of PD-1
promotes accumulation of terminally differentiated exhausted CD8+
T cells. J Exp Med 2015;212:1125-37.

10

Switzer B, et al. J Immunother Cancer 2021;9:€002835. doi:10.1136/jitc-2021-002835


http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1136/bmj.n597
http://dx.doi.org/10.1186/s13045-021-01046-w
http://dx.doi.org/10.15585/mmwr.mm695152e2
http://dx.doi.org/10.1016/j.ccell.2021.01.001
http://dx.doi.org/10.1016/S0140-6736(21)00502-X
http://dx.doi.org/10.1016/S0140-6736(21)00455-4
http://dx.doi.org/10.1038/s41591-021-01290-0
http://dx.doi.org/10.1101/2021.03.17.21253131
http://dx.doi.org/10.1038/s41591-021-01240-w
http://dx.doi.org/10.1016/j.cell.2020.09.005
http://dx.doi.org/10.1126/science.370.6520.1022
http://dx.doi.org/10.1038/s41571-021-00487-z
http://dx.doi.org/10.1038/s41571-021-00487-z
http://dx.doi.org/10.1016/S1470-2045(21)00017-6
https://www.cdc.gov/vaccines/covid-19/downloads/summary-interim-clinical-considerations.pdf
https://www.cdc.gov/vaccines/covid-19/downloads/summary-interim-clinical-considerations.pdf
https://www.cdc.gov/vaccines/covid-19/downloads/summary-interim-clinical-considerations.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961287/Greenbook_chapter_14a_v7_12Feb2021.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961287/Greenbook_chapter_14a_v7_12Feb2021.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961287/Greenbook_chapter_14a_v7_12Feb2021.pdf
http://dx.doi.org/10.1093/infdis/jiaa291
http://dx.doi.org/10.1038/s41591-021-01387-6
http://dx.doi.org/10.1084/jem.20142237

	Clinical and immunologic implications of COVID-19 in patients with melanoma and renal cell carcinoma receiving immune checkpoint inhibitors
	Abstract
	Background
	Common themes of the antiviral immune response
	Implications of immune checkpoint inhibitors and the SARS-CoV-2 antiviral immune response
	General clinical considerations regarding SARS-CoV-2 and ICI use
	Melanoma-specific clinical considerations regarding SARS-CoV-2 and ICI use
	RCC-specific clinical considerations regarding SARS-CoV-2 and ICI use
	Shared clinical considerations for melanoma and RCC
	Additional considerations regarding COVID-19 vaccines in patients receiving ICI
	Conclusions
	References


