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ABSTRACT

The COVID-19 outbreak caused by SARS-CoV-2 challenges
the medical system by interfering with routine therapies
for many patients with chronic diseases. In patients with
cancer receiving immune checkpoint inhibitors (ICls),
difficulties also arise from the incomplete understanding
of the intricate interplay between their routine treatment
and pathogenesis of the novel virus. By referring to
previous ICI-based investigations, we speculate that

ICls themselves are not linked to high-infection risks of
respiratory diseases or inflammation-related adverse
effects in patients with cancer. Moreover, ICl treatment
may even enhance coronavirus clearance in some
patients with malignant tumor by boosting antiviral T-cell
responsiveness. However, the ‘explosive’ inflammation
during COVID-19 in some ICl-treated patients with

cancer was illustrated as exuberant immunopathological
damage or even death. In case of the COVID-19
immunopathogenesis fueled by ICIs, we propose a regular
monitor of pathogenic T-cell subsets and their exhaustion
marker expression (eg, Th17 and interleukin (IL)-6-
producing Th1 subsets with surface programmed death

1 expression) to guide the usage of ICI. Here we aimed to
address these considerations, based on available literature
and experience from our practice, that may assist with the
decision-making of ICl administration during the pandemic.

Since the outbreak of COVID-19, patients
with cancer have been associated with a
higher incidence of infection and poorer
clinical outcomes." Questions about the
infection risk of the novel coronavirus and
disease severity in patients with cancer asso-
ciated with the treatment of immune check-
point inhibitors (ICIs), including blockers
to cytotoxic T-lymphocyte-associated protein
4 (CTLA-4), programmed death 1 (PD-1)
or programmed death-ligand 1 (PD-LI), in
different scenarios are under discussion.
Theoretically, these therapeutic modalities
enable the restoration of T-cell cytotoxicity,
thus potentiating enhanced antiviral effects.
However, immunopathological findings of
COVID-19 are characterized by significant
inflammatory damage, especially during the
late period of disease, which may be wors-
ened by ICI treatment. Regrettably, data from

ICI-treated patients infected with COVID-19
are scant. Therefore, the management of ICIs
in patients with cancer during the outbreak
is a crucial and urgent knowledge gap facing
clinicians.

To achieve a rational approach to decision-
making, we first aimed to assess the risks of
ICI-related pneumonia (infection-related)
and pneumonitis (inflammation damage-
related) in patients with cancer by searching
clinical trials and published articles from
clinicaltrials.gov and PubMed through 10
October 2020 since COVID-19 largely affects
the lung and respiratory tissues. Although no
specific conclusion regarding SARS-CoV-2
infection in ICI-treated patients has been
made, previous clinical investigations indi-
cate that the overall infection rate of ICI-
related pneumonia in patients with a wide
variety of cancers (including melanoma,
non-small cell lung carcinoma, head and
neck squamous cell carcinoma, malignant
mesothelioma, urothelial carcinoma, gastric
cancer and prostate cancer) was 0.3%-6.0%
for monotherapy, compared with 1%-2.6%
for combination therapy, with the death rate
around 0.3% (table 1). Factors that positively
correlate to the pulmonary infection rate
in patients with cancer include (1) under-
lying lung diseases (asthma, interstitial lung
disease and chronic obstructive pulmonary
disease) and (2) combined immunosup-
pressive therapies controlling the immune-
related adverse effects (IrAEs), while ICIs
themselves are not supposed to cause higher
infection risk of pneumonia.”® The fact that
only a limited number of gathered cases in
the many cohorts™’ reported concurrent
SARS-CoV-2 infection among the ICI-treated
patients with cancer also confirms its relative
safety with regard to infection rate. More-
over, given that ICl-induced pneumonitis
might predispose patients to the develop-
ment of more progressive COVID-19, we
also cautiously reviewed the incidence of
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ICI-related pneumonitis in different patients with cancer.
The rates of immune-mediated pneumonitis of all grades
and pneumonitis-associated mortality caused by ICIs were
about 0.4%-10% and 0.2%-1%, respectively (table 1).
Among them, patients bearing (1) decreased baseline
pulmonary function and (2) certain types of tumors
(especially lung cancer and renal cell cancer) are asso-
ciated with higher incidence of adverse effects.'’ More
importantly, evidence from some relevant investigations
revealed that ICIs will not promote COVID-19 severity or
poor prognosis in patients with cancer.” Taken together,
ICIs themselves are not likely linked to much higher risk
of SARS-CoV-2 infection or associated immunopatholog-
ical damage of the lung in patients without the aforemen-
tioned high-risk factors.

On infection, studies have shown that patients with
COVID-19 develop lymphopenia, which becomes exacer-
bated during disease progression.'* Alongside this overall
reduction in lymphocytes, patients with COVID-19 with
disease progression were shown to have a marked loss
of multifunctional interferon (IFN)-y'tumor necrosis
factor-o'TL-2°CD4" T cells and excessive exhaustion of
PD-1"CTLA-4'TIGIT'CDS" T cells."” Importantly, studies
from previous coronavirus infections, including SARS
and Middle East respiratory syndrome coronavirus, simi-
larly demonstrated a major pathological characterization
with sensitized T-cell apoptosis and delayed IFN produc-
tion.'"* Functional impairment of CD4" T lymphocytes
and exhaustion of CD8" cytotoxic T lymphocytes may
lead to compromised humoral and cellular immunity
against viral infections during COVID-19 progression.'
In our experience, one 70-year-old female non-smoker
with non-small cell lung cancer (NSCLC) at stage IV, who
received PD-1 inhibitor (from October 2019 to January
2020) plus taxanes chemotherapy, was infected with
the SARS-CoV-2 in February in Wuhan, the peak and
epicenter of COVID-19, which came along with generally
high mortality. Notably, she experienced only mild symp-
toms of COVID-19 with no need for supplemental oxygen
before her self-recovery in a mobile cabin hospital.
The CT scans of the chest before (figure 1A) and amid
(figure 1B) COVID-19 infection are shown as follows.
Her immunotherapy was resumed with scrutiny in July.

Figure 1

Chest CT images from the patient with cancer (A)
before the COVID-19 pneumonia on 16 January, which was
clear in both lung fields; and (B) amid the infection on 28
February, showing mild bilateral ground-glass opacity and
multiple consolidation (with permission from the patient).
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In her latest admission check on 12 October, the anti-
SARS-CoV-2 IgG antibody was present, while no inflam-
matory signs were detected from lab tests or radiographs,
which indicates a smooth recovery from the virus infec-
tion. Taken together, it is possible that ICI treatment in
some SARS-CoV-2-infected cases may be beneficial due to
the boosting of antiviral T-cell function. Recently, a clin-
ical trial to investigate the anti-infection efficacy of PD-1
blocking antibody in COVID-19-induced sepsis has been
launched (NCT04268537).

Notably, there are concerns that certain T-cell subsets
would promote the immunopathological damage of
COVID-19. In the postmortem biopsy of a patient with
COVID-19, the inflammatory infiltrates in both lungs
were dominated by a large portion of lymphocytes, with
increased ratios of both proinflammatory CCR6" Th17
and cytotoxic CD8" T cells.'® Another mechanistic study
of COVID-19 further identified a pathogenic IFN-y" Th1
subset that could secrete high amounts of GM-CSF and
IL-6 to activate inflammatory CD14"CD16IL-6" mono-
cytes, possessing a critical role in the generation of
cytokine storm syndrome during pulmonary damage.'’
Correspondingly, there are also a series of cohort
studies"™® " and case reports'™™®” indicating that ICI treat-
ment stands as a risk factor for COVID-19 exacerbation
in patients with cancer. Strikingly, Lovly et al reported in
a case report that the coronavirus infection prior to ICI
treatment in a patient with lung cancer resulted in fulmi-
nant inflammatory damage in both lung alveolar and
death.”

So far, lab tests are usually not prompt or specific
enough to detect T-cell subsets and functional changes in
patients with cancer infected with COVID-19, which calls
for the identification of useful clinicopathological factors
to evaluate the severity of COVID-19-induced immuno-
pathogenesis and to guide the usage of ICI and other
T cell-targeted therapies in patients with cancer during
the pandemic. Based on the aforementioned findings,
pathogenic T-cell subsets with great clinical significance,
including IL-6-producing Th1 subset'” and Th17/IL-17
pathway,” ™ could be applied as important clinicopath-
ological indicators and should also be regularly screened
in ICI-treated patients when combined with COVID-19.
Notably, the expression levels of PD-1 and CTLA-4 mole-
cules on these pathological T subsets are also of great
importance, since the overactivation of these pathogenic
T subsets induced by ICIs could elicit adverse outcomes
in some patients with cancer in the form of an ‘explosive’
lung or systemic inflammation. Thus, routine lab exam-
inations of pathogenic T-cell numbers and phenotypes
will be extremely useful to guide ICI usage in patients with
cancer or those who recovered from COVID-19 infection.

In conclusion, previous studies generally found no
additional severe risks of respiratory infection or IrAEs
from ICI treatment in the vast majority of patients with
cancer with COVID-19. Given all the evidence, it is postu-
lated that for patients with cancer, ICI application prior to
the onset of COVID-19 infection or even at the early stage

of COVID-19 infection enables the activation of effector
T-cell functions that could be beneficial to both antitu-
moral and anti-COVID-19 immune responses. However,
exuberant inflammatory damage during ICI treatments
could also occur in certain patients with cancer with
COVID-19 infection, perhaps due to the activation of
pathogenic T subsets. The conflicting results imply a time-
dependent shift of T-cell differentiation and their activa-
tion states along the COVID-19 course in patients with
cancer. As a result, we propose a regular screening and
tracking of not only the total lymphocyte count but also
the pathogenic T-cell subsets and their surface exhaus-
tion markers, which would guide clinical ICI strategies in
patients with cancer amid the COVID-19 pandemic.
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