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Effects of initiation of programmed-death-protein 1 (PD1) blockade during active SARS-
CoV-2 infection on antiviral immunity, COVID-19 course, and underlying malignancy are
unclear. We report on the management of a male in his early 40s presenting with highly
symptomatic metastatic lung cancer and active COVID-19 pneumonia. After treatment
initiation with pembrolizumab, carboplatin, and pemetrexed, the respiratory situation
initially worsened and high-dose corticosteroids were initiated due to suspected
pneumonitis. After improvement and SARS-CoV-2 clearance, anti-cancer treatment
was resumed without pembrolizumab. Immunological analyses with comparison to
otherwise healthy SARS-CoV-2-infected ambulatory patients revealed a strong humoral
immune response with higher levels of SARS-CoV-2-reactive IgG and neutralizing serum
activity. Additionally, sustained increase of Tfh as well as activated CD4* and CD8* T cells
was observed. Sequential CT scans showed regression of tumor lesions and marked
improvement of the pulmonary situation, with no signs of pneumonitis after
pembrolizumab re-challenge as maintenance. At the latest follow-up, the patient is
ambulatory and in ongoing partial remission on pembrolizumab. In conclusion, anti-PD1
initiation during active COVID-19 pneumonia was feasible and cellular and humoral
immune responses to SARS-CoV-2 appeared enhanced in our hospitalized patient.
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However, distinguishing COVID-19-associated changes from anti-PD1-associated
immune-related pneumonitis posed a considerable clinical, radiographic, and

immunologic challenge.

Keywords: SARS-CoV-2, COVID-19, NSCLC, anti-PD1, immune checkpoint, immunotherapy, pneumonitis

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by
the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) has a major impact on global health. Cancer patients
appear at increased risk for severe COVID-19, especially with
cytostatic or B-cell-depleting treatment (1, 2). SARS-CoV-2
infection induces specific antibodies as well as CD4" and CD8"
T cells (3). While underlying disease influences antibody kinetics,
robust T-cell response is usually also observed with
comorbidities (3). Initially, however, a significant T-cell
reduction and functional exhaustion of the remaining T cells
was observed (4), especially in cancer patients (5). Immune
checkpoint inhibition (ICI) reversing T-cell exhaustion could
therefore potentially be beneficial for COVID-19 patients. On the
other hand, ICI may increase immune hyperactivation during
COVID-19, thereby worsening outcomes (6, 7).

The effect of ICI initiation during acute SARS-CoV-2
infection, e.g., by programmed death protein 1 (PD1) blockade,
on the course of COVID-19 and development of antiviral
immunity remains largely unclear. We report the clinical
course, management, and sequential immunological data after
first initiation of anti-PD1-based anti-cancer treatment in a
patient with newly diagnosed metastatic non-small cell lung
cancer (NSCLC) during symptomatic COVID-19. By
comparison to otherwise healthy SARS-CoV-2-infected
controls (SARS-CoV-2 positive adult individuals with mild
disease and without cancer disease), we provide novel insights
into the interplay of anti-PD1 treatment with SARS-CoV-2
infection and immunity including potential immune-related
adverse events (irAEs).

CLINICAL CASE DESCRIPTION

A male in his early 40s, who had not received vaccination against
SARS-CoV-2, presented to a primary hospital due to progressive
severe pain of the lower back and hip accompanied by weight
loss. Diagnostics revealed widespread osteolytic lesions with
unstable pathologic fractures of the spine and an extensive
predominantly right-sided pulmonary tumor. Histopathology
revealed NSCLC with relevant PD-Ligand 1 expression (TP-
score 10%) but wild type for actionable genes, and staging
showed cerebral, hepatic, osseous, peritoneal, pleural, and
splenic metastases. During palliative radiotherapy to the spine,
a routine nasopharyngeal swab revealed asymptomatic SARS-
CoV-2 infection by polymerase chain reaction (PCR; day [D] 0)
in the patient who had not received prior COVID-19
vaccination. Due to worsening general condition with Eastern

Cooperative Oncology Group (ECOG) score 4, the patient
transferred to our department (Timeline: Table 1).

A CT scan on D8 revealed progressive NSCLC and
pulmonary infiltrations with mild ground glass opacities as
well as mild consolidations attributable to early-stage COVID-
19 pneumonia (Figures 1A, B). Laboratory examinations
showed increased inflammatory markers (Figure 1C) and high
naso-pharyngeal levels of SARS-CoV-2 RNA (qPCR Cycle
threshold [Ct] 18, Figure 1D). Due to increase of cancer-
related symptoms with immobilizing pain, treatment with
pembrolizumab (200 mg Q3W), carboplatin (4 mg/AUC
Q3W), and pemetrexed (375 mg/m2 BSA) was initiated (D9).
Prophylactic dexamethasone 4 mg (1-0-1) was administered
peri-chemotherapy and continued at 4 mg/day due to
meanwhile symptomatic COVID-19 thereafter.

Within days, the patient developed peripheral edema, pleural
effusion, and ascites, judged as primarily pemetrexed-associated.
Timely matching serum albumin and serum protein are depicted
in Figure 1C. Despite adequate fluid management, respiratory
symptoms worsened, requiring oxygen supplementation of up to
4 L/min for achieving stable oxygen saturation of >90%. Due to
neutropenic fever (Figure 1C), empiric antibiotic treatment with
piperacillin/tazobactam was initiated on D16; microbiological
diagnostics were negative. A D20 CT scan showed progressive
opacities consistent with worsening COVID-19 pneumonia but
also treatment-related pneumonitis or—less likely—bacterial
superinfection (Figure 1A) while the tumor manifestations
were already regressive (Figure 1B). Repeated swabs showed
decreasing nasopharyngeal SARS-CoV-2 RNA levels
(Figure 1D). In light of persisting respiratory symptoms,
dexamethasone 20 mg/day was administered (D20-25) for
suspected pembrolizumab-associated pneumonitis. Symptoms
and inflammatory markers improved subsequently, leading to
termination of antibiotic treatment and corticosteroid tapering
from D26 onwards, accompanied by regressive tumor and
pulmonary opacities on D27 (Figures 1A, B).

After blood count recovery and improvement of the general
condition, anti-cancer treatment was continued with carboplatin
and paclitaxel-albumin (100 mg/m* QIW) from D30 onwards.
Except for prolonged leukopenia, treatment was well tolerated and
accompanied by stereotactic radiation of the brain metastasis and
palliative radiotherapy for spine and hip. D47 CT showed further
regression of tumor lesions and marked improvement of the
pulmonary situation with no sign of potential residual immune-
related pneumonitis (Figures 1A, B). After initiating
pembrolizumab maintenance on D81, the patient was
discharged on D95 (ECOG 2). The most recent restaging 6
months after treatment start showed a partial response based on
iRECIST with a reduced sum of target lesions from 1254 to
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TABLE 1 | Timeline of the episode of care.

Day 0 (DO) First nasopharyngeal detection of SARS-CoV-2 by PCR

DO-D7 Progressive cancer-related immobilizing pain and B-symptoms, onset of symptomatic SARS-CoV-2 infection (ECOG 4), and transfer to our department

D8 CT scan reveals progressive metastatic NSCLC and COVID-19 pneumonia, nasopharyngeal swab with high SARS-CoV-2 viral load (qPCR Ct value 18)

D9 First administration of pembrolizumab, pemetrexed, and carboplatin

D10-D15 Peripheral edema, pleural effusion, and ascites judged pemetrexed-related, worsening of respiratory symptoms requiring oxygen supplementation

D16 Initiation of empiric antibiotic treatment with piperacillin/tazobactam due to neutropenic fever, consecutive microbiological diagnostics were negative

D20 CT scan shows changes consistent with worsening COVID-19 pneumonia while treatment-related immune-mediated pneumonitis cannot be ruled out

D20-D25 Empiric treatment with high-dose dexamethasone for suspected pembrolizumab-associated pneumonitis, steady improvement of respiratory symptoms

D27 CT scan shows regressive pulmonary opacities and tumor manifestations

D30 Continuation of anti-cancer treatment with carboplatin and paclitaxel-albumin at standard doses, with regular re-administration after blood count
recovery. Concomitant palliative radiotherapy to hip and spine and stereotactic ablation of cerebral metastases.

D47 CT scan shows further regression of tumor lesions and marked improvement of the pulmonary situation, consistent with improved general status

D81 Completion of chemotherapy, initiation of pembrolizumab maintenance treatment

D95 Discharge in an improved overall condition, increasingly mobile with aids and partially capable of self-care (ECOG 2)

6 months CT scan shows no sign of recurring pneumonitis during ongoing pembrolizumab treatment, and a partial response according to iIRECIST is achieved
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FIGURE 1 | Radiologic examinations and laboratory assessments after initiation of pembrolizumab-based treatment during active COVID-19. (A) Exemplary
pulmonary infiltrations during SARS-CoV-2 disease course and treatment with pembrolizumab with ground glass infiltration (I+l1l), consolidation (Il), and mixed ground
glass and consolidation (IV+V); (B) change of the tumor target lesions (I) right upper lobe/hilus and (Il) TH12 during SARS-CoV-2 disease course and treatment with
pembrolizumab; (C) blood counts, inflammatory markers, and serum albumin/protein. (D) SARS-CoV-2 viral load reflected by Ct value of SARS-CoV-2 PCR from
sequential nasopharyngeal swabs. LA, largest diameter; AP, change from previous assessment; DX, day in relation to first SARS-CoV-2 detection by PCR (=D0);
CRP, C-reactive protein; IL-6, interleukin 6; LOD, level of detection.

57.3 mm (—54.3%, Figure 1B). Notably, there were no signs of
active pneumonitis after re-exposure to anti-PD1 treatment. The
patient continued ambulatory pembrolizumab maintenance and
was increasingly capable of self-care.

IMMUNE TRAJECTORY

Cellular and humoral immune responses to SARS-CoV-2 were
assessed prior to pembrolizumab infusion (D9) and sequentially
thereafter (D11, D13, D19, D25, and D39) and compared to
otherwise healthy SARS-CoV-2-infected individuals.

Serum antibodies targeting SARS-CoV-2 became detectable
by D18 (Figure 2A). High levels of SARS-CoV-2-neutralizing
activity were observed in serum as well as for purified serum IgG
obtained on D25 and D39 (Figure 2B). The appearance of
circulating antibodies coincided with decreasing SARS-CoV-2
RNA levels in nasopharyngeal swabs (Figure 1D). To further
assess the magnitude of the humoral immune response observed
on D25 after diagnosis, the findings were contrasted to results
obtained within 20-30 days of PCR confirmation of infection
from a cohort of overall healthy COVID-19 outpatients with
mild disease (n = 6), which has been previously described in
detail (8). Compared to those, the patient exhibited higher IgM
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FIGURE 2 | Cellular and humoral immune trajectory during SARS-CoV-2 infection and immune checkpoint inhibition treatment. Cellular and humoral immune responses
to SARS-CoV-2 infection were monitored on D9 prior to pembrolizumab infusion, and on D11, D13, D19, D25, and D39 and compared to controls (SARS-CoV-2-
positive adult individuals with mild disease and without cancer disease). (A) Serum antibodies (IgM, IgA, and IgG) measured by ELISA (IgA, Euroimmun ELISA; IgM and
I9G, Abbott Alinity CMIA) targeting SARS-CoV-2 became detectable by D18 post SARS-CoV-2 diagnosis. (B) SARS-CoV-2-neutralizing activity was measured,
determined by a lentivirus-based pseudovirus neutralization assay as previously described (8) for serum and purified serum IgG from D25 on. Six patients with mild
COVID-19 disease served as control for (A, B) [right panels; sample acquisition D20 to 30 after PCR confirmation of SARS-CoV-2 infection (8)]. (C) Lymphocyte subsets
and their expression of activation/differentiation markers (Plasmablasts [(CDZO'CDSShiQh)%CDw*], T follicular helper cells [TFH; PD1*ICOS"], activation status of CD4 and
CD8 T cells [HLA-DR*CD38"], and PD1 expression on CD4* T cells) were determined by flow cytometry. Two subjects with mild COVID-19 disease served as control
(sample acquisition for the same period as the patient). Exemplarily, flow cytometry data are shown for CD4* PD1* T cells.

reactivity, 10-fold higher levels of IgG (Figure 2A), and 2-logs
higher neutralizing serum/IgG activity (Figure 2B).
Lymphocyte subsets and their expression of activation/
differentiation markers were determined by flow cytometry and
compared to two otherwise healthy individuals infected with
SARS-CoV-2 (n = 2, selected by the following criteria: SARS-
CoV-2-positive adult individuals with mild disease and without
cancer disease). Similar to antibody kinetics, a high proportion of
plasmablasts [(CDZO'CD38high)%CD19+] was observed at D18,
sustained compared to controls. Of note, the patient had shown a
high level of plasmablasts initially that rapidly decreased
following ICI treatment. T follicular helper (Tth) cells
(PD1'ICOS") showed similar dynamics and initially decreased
after ICI initiation, deferredly increasing at D18 (Figure 2C).
Administration of high-dose corticosteroids entailed stagnation
of Tth levels, but during tapering and thereafter, a further
increase beyond the simultaneously measured control patients
was found. Furthermore, activated CD4* and CD8" T cells (HLA-
DR*CD38") showed a similar pattern compared to plasmablasts
and Tth cells. In comparison to Tth and activated CD4 T cells,
CD4" T cells expressing PD1 decreased after ICI initiation and
remained low. This pattern was not observed in controls.

DISCUSSION

We report the clinical and immune trajectory as well as our
clinical management approach of a patient with active SARS-

CoV-2 infection at the time of pembrolizumab-based treatment
initiation for highly symptomatic newly diagnosed metastatic
NSCLC. While the effects of SARS-CoV-2 infection in patients
already receiving ICI are increasingly studied (9, 10), the effects
of a first infusion of an anti-PD1 antibody during active
symptomatic COVID-19 remain unknown. Furthermore, the
complex case of newly diagnosed cancer patients with urgent
need for treatment and concurrent SARS-CoV-2 infection is
portrayed. In a situation of rapidly increasing COIVD-19 case
numbers as of November 2021, this is highly topical and needs
further investigation beyond this case report.

Before treatment initiation in our patient, the risk of potential
negative effects of ICI-based anticancer treatment on the
COVID-19 disease course was weighed, taking into account a
potential benefit of such treatment by reversing T-cell
exhaustion. While the patient’s clinical situation initially
worsened due to hypervolemia deemed pemetrexed-associated,
the tumor manifestations were immediately responsive. Posing a
considerable challenge, the patient developed worsening
respiratory symptoms accompanied by heterogeneous
pulmonary changes not clearly attributable to either COVID-
19, bacterial superinfection, or immune-related pneumonitis.
While the clinical improvement to corticosteroids hints at an
irAE, morphologic features and the lack of pulmonary changes
after pembrolizumab re-exposure question this etiology.
Hypothetically, ICI-associated pneumonitis may have been
aggravated during active SARS-CoV-2 infection due to antigen
cross-reactivity and a local state of hyperinflammation.
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Despite active cancer and exposure to chemotherapy, our
patient showed an adequate humoral immune response with
high levels of spike-specific antibodies and potent SARS-CoV-2
neutralizing activity. These values were higher than those seen in
temporally matched convalescent individuals with a mild
COVID-19 disease course that did not require hospitalization
(8). Since mildly ill patients were shown to mount lower binding
antibody responses compared to severely ill patients (3, 11), the
different course of COVID-19 in our hospitalized patient and the
control group has to be taken into account when discussing
antibody kinetics. With regard to cellular immune response, we
report higher levels of plasmablasts and activated as well as Tth
cells in our patient with ICI administration compared to
controls, which is in line with a previous report from a SARS-
CoV-2-infected individual under ICI treatment (10). Yet, an
influence by the emerging pneumonitis to elevated adaptive
immunity, especially with regard to CD4 and CD8 T cells,
cannot be ruled out. Due to the lack of measurements in a
control group consisting of NSCLC patients under ICI-based
treatment without active COVID-19, it remains to be
investigated in forthcoming studies to which extent the
observed immunologic changes are influenced by initiation of
anti-PD1 inhibition during active COVID-19. Immune response
in SARS-CoV-2-infected immunocompromised patients has
been shown to be frequently impaired, entailing severe
COVID-19 courses as well as prolonged viral shedding (1).
Correlating viral load, TFH, and plasmablast increase may
therefore be additionally reflective of increased germinal center
reaction due to antigen load (12). Taking into account the
beforementioned circumstances and potential limitations, ICI
treatment may possibly have contributed to the patient’s robust
humoral and cellular immune response to SARS-CoV-2
infection herein reported. A potentially superior immune
response by suppression of the co-inhibitory molecule PD1
however requires substantial further investigation in this
context. Besides these immunological observations, our case
provides helpful details to inform clinicians managing patients
with a first diagnosis of metastatic NSCLC requiring treatment
initiation during SARS-CoV-2-related complications.

Due to scarce data, international expert panels strongly
recommended to delay/discontinue antineoplastic treatment in
SARS-CoV-2-positive tested patients whenever possible (1). On
the other hand, uncontrolled malignancy was shown to be a risk
factor for severe COVID-19. Initiation or administration of anti-
cancer therapy may be highly urgent to preserve vital functions,
achieve symptom control, and improve chances of durable
remission. In light of the ongoing SARS-CoV-2 pandemic,
oncologists must increasingly balance these multifaceted
aspects to safely provide optimal antineoplastic care. The here
reported case shows feasible and ultimately efficacious treatment
initiation with chemo-immunotherapy in an NSCLC patient
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