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Given the increased risk of infection after chemotherapy,
hematological societies have proposed postponing
chemotherapy, when feasible, during the COVID-19 pan-
demic [1], despite initial studies showing no increase in
the incidence of COVID-19 among hematological patients
[2]. However, immune deficiency in these patients may
impair viral clearance and recent data suggest that hema-
tologic malignancies are associated with increased mor-
tality due to COVID-19 [3,4]. Nevertheless, the
pathophysiology and disease presentation differs in these
patients compared to non-hematological patients [5].
Several cases of asymptomatic or symptomatic SARS-CoV-
2 infection with persistence of virus in the respiratory
tract have been reported [6,7]. However, the appropriate
timing of administration of chemotherapy after a patient
has clinically recovered from COVID-19 still remains
unclear. Here, we report three cases involving patients
with aggressive lymphoma treated with chemotherapy
following recently recovered COVID-19.

A 75-year-old male with a history of hypertension, dys-
lipidemia, and prostate cancer treated with brachyther-
apy seven years ago was diagnosed in July 2020 with
diffuse large B-cell lymphoma (DLBCL), stage IVB (testicu-
lar involvement, no central nervous system (CNS) or
medullary involvement), R-IPI 4, CNS IPI 3, GC phenotype,
(not double-HIT). The patient was treated with chemo-
therapy (R-CHOP-21). The last chemotherapy before
SARS-CoV-2 infection was the fifth cycle (October 26th).

On October 31st, the patient was admitted to the
emergency department for diarrhea and cough without
fever. He was not neutropenic and SARS-CoV-2 polymer-
ase chain reaction (PCR) was positive on naso-pharyngeal
swab (NPS) (cycle threshold value (Ct): 6.7/32). The
patient was discharged with a diagnosis of mild COVID-
19 and became rapidly asymptomatic. Our hospital had
chosen a strategy to assess viral clearance based on the

symptoms rather than on testing and no PCR control for
SARS-CoV-2 on NPS was performed, in accordance with
local guidelines.

On November 16th, he received his 6th R-CHOP cycle
while completely asymptomatic and without any signs of
inflammation in the blood. He was admitted to the hos-
pital on November 24th for febrile neutropenia and
treated empirically with piperacillin-tazobactam. Blood
and urine cultures were negative. However, SARS-CoV-2
PCR on NPS tested positive (Ct: 8.8/32), and SARS-CoV-2
serology was negative. The patient’s clinical situation rap-
idly deteriorated and he was admitted to the intensive
care unit (ICU) for severe acute respiratory distress syn-
drome (ARDS). Computed-tomography (CT)-scan of the
lung showed “crazy paving” and diffuse ground glass
opacities. Bronchoalveolar lavage (BAL) viral culture was
positive for SARS-CoV-2. No other pathogen except for
HSV1 was identified by microscopy, culture, or multiplex
PCR. The patient received 10 days of treatment with
remdesivir [8] and two transfusions of 200ml of convales-
cent plasma [9]. He was treated with isavuconazole for
probable invasive aspergillosis (N-galactomannan and
PCR positive on BAL) 9 days after ICU admission, but died
5 days later due to multiple organ failure with an RT-PCR
on NPS still yielding a low Ct positive result (12.12/32).

A 65-year-old male with a history of DLBCL, stage IVB,
R-IPI: 4, CNS-IPI: 4, medullary involvement but no CNS
involvement, non-GC phenotype, was treated with R-
CHOP-21 chemotherapy. The last chemotherapy before
SARS-CoV-2 infection was the third cycle (October 16th).

On November 2nd, the patient was asymptomatic but
SARS-CoV-2 PCR was positive (Ct: 29) on NPS performed
routinely before a Positron emission tomography (PET)-
scan. PET-CT showed complete hematological response
and bilateral hypermetabolic pulmonary infiltrates.
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The patient was hospitalized for COVID-19 pneumonia
with hypoxemia on November 12th and treated with
10 days of dexamethasone 6mg/d and 7 days of pipera-
cillin-tazobactam for a possible bacterial suprainfection.
His respiratory status rapidly improved and he was
weaned from oxygen. Since we were already 15 days
behind schedule with his chemotherapy, and to maintain
dose-intensity for this aggressive lymphoma, the decision
was made to administer the fourth cycle of chemother-
apy with a 15 day delay, on November 20th.

On December 2nd, the patient was admitted again for
hypoxemia. He was not neutropenic. A chest CT-scan
showed exacerbation of ground glass opacities and bilat-
eral patchy shadowing. The patient received empiric anti-
biotic treatment with cefepim and clarithromycin.
Microbiological work-up on BAL was solely positive for
SARS-CoV-2 by multiplex syndromic PCR and viral culture.
SARS-CoV-2 serology was negative. He rapidly deterio-
rated and required invasive ventilation for moderate
ARDS. He didn’t receive specific treatment for COVID-19.
His respiratory status improved and he was weaned from
mechanical ventilation after 15 days, but is still currently
in a rehabilitation facility.

A 73-year-old male with a history of thrombo-embolic
disease (G20210A mutation of prothrombin) and systemic
anaplastic T cell lymphoma, Stage IIIA, IPI 2, ALK nega-
tive, CD30 positive, received his third cycle of brentuxi-
mab-CHP on October 15th before COVID-19 infection.

On October 22nd, the patient was admitted to the
emergency department for cough, fever, and anosmia.
The diagnosis of mild COVID-19 was made based on a
positive SARS-CoV-2 PCR on NPS (Ct: 13) and absence of
hypoxemia; the patient was sent home. He subsequently
became asymptomatic and received his fourth
(November 5th) and fifth cycles of chemotherapy
(November 26th).

On December 4th, the patient was admitted with
febrile neutropenia with hypoxemia and received empiric
antibiotherapy with piperacillin-tazobactam. Blood and
urinary cultures were negative. Thoracic CT-scan showed
bilateral ground glass opacities. SARS-CoV-2 PCR was
positive on NPS and serology was negative. No contact
with a COVID-19 case was documented. BAL was solely
positive for SARS-CoV-2 by syndromic multiplex PCR (Ct:
23,8) and viral culture. He was treated with 10 days of
remdesivir, one transfusion of convalescent plasma and
6 days later with SARS-CoV-2 monoclonal antibodies
(REGN-COV2) [10] followed by rapid clinical improvement.
Two consecutive PCR on NPS performed 1week apart
could not detect SARS-CoV2.

We report three cases of COVID-19 during treatment
for aggressive lymphoma, two of them deemed to have
recovered and one improved following an initial SARS-
CoV-2 infection episode but showed clinical worsening of
COVID-19 following chemotherapy administration. The
clinical worsening was attributed to COVID-19 because
patients were still shedding SARS-CoV-2 that was grown

on cell culture they presented typical images on chest
CT-scan suggestive of COVID-19, and no other pathogens
were found identified by microbiological work-up.

In a meta-analysis from Vijenthira et al., recent chemo-
therapy was not associated with an increased risk of
death [3], but this is a different situation than the cases
we have presented as patients had received chemother-
apy before being infected. In another study, no reactiva-
tion was documented following chemotherapy in
patients previously infected with SARS-CoV-2, but all
patients had negative SARS-CoV-2 PCR on NPS and posi-
tive SARS-CoV-2 serology before receiving chemotherapy
[11]. Hueso et al. recently described a patient who devel-
oped symptomatic COVID-19 following chemotherapy fol-
lowing a previous documented infection 8weeks
earlier [9].

It is noteworthy that all three patients had negative
serology for SARS-CoV-2 more than one month after their
first positive PCR for SARS-CoV-2, suggesting that these
patients were not able to develop a humoral immune
response against SARS-CoV-2. Although we do not have
data concerning the cellular immunity of these patients
against SARS-CoV-2, we can hypothesize that it was
impaired due to the underlying malignancies and
chemotherapy.

It stays unclear whether these cases were relapses or
reinfections. For example, the third patient was diag-
nosed more than 1month before being admitted for
severe COVID-19. The Genotyping of the consecutive
SARS-CoV-2 ARN could theoretically help us differentiate
between these two situations. However, it will be difficult
to determine whether patients experienced an aggrava-
tion of the original SARS-CoV-2 infection due to chemo-
therapy or a new SARS-CoV-2 infection because viral
mutations, either spontaneous or due to treatment pres-
sure, have been reported [5].

Guidelines from the European Society for Medical
Oncology propose delaying chemotherapy until SARS-
CoV-2 viral clearance for patients with lymphoma and
COVID-19 infection [12]. However, evaluation of viral
clearance is ambiguous as SARS-CoV-2 PCR can remain
positive for months [13], and resolution or absence of
symptoms does not rule out persisting infection, as illus-
trated by our three cases and described by others [5,14].
Furthermore, in cases of aggressive neoplasia, delaying
therapy is associated with an increased risk of relapse or
progression of disease [15,16]. Therefore, specific guide-
lines should be discussed regarding, definition of viral
clearance demonstration, and indications for specific use
of convalescent plasma and/or monoclonal antibodies. A
thorough evaluation of the balance between the risk of
viral reactivation/relapse and the benefit of maintaining a
dose-intensity for that type of aggressive lymphoma
when administering chemotherapy is of paramount
importance for these patients. Humoral immune response
against SARS-CoV2 has to be assessed (using specific IgG
antibody titer), and if missing, either chemotherapy has
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to be postponed or patients have to be vigorously moni-
tored for SARS-CoV2 reactivation or new onset infection.

Moreover, we believe that monoclonal antibodies and
convalescent plasma could represent an effective treat-
ment for these patients presenting with SARS-CoV2 along
with a humoral immunity deficiency due to an underlying
condition and/or its treatment.

In conclusion, we report three cases of worsening
COVID-19 after chemotherapy in lymphoma patients who
were clinically cured after a first episode of SARS-CoV-2
infection. These cases highlight the importance of viral
clearance assessment before chemotherapy, as patients
may reactivate SARS-CoV-2 infection, resulting in severe
COVID-19 disease.

Acknowledgement

REGN-COV2 (cocktail of two antibodies, casirivimab and
imdevimab) was provided by Regeneron Pharmaceuticals,
Inc. for the purpose of emergency compassionate
use treatment

Ethical statement

First patient was not able to sign a written informed con-
sent, his wife have accepted that his medical information’s
was published. Two others patients signed a written
informed consent.

The use of data was approved by Erasme University
Hospital ethics committee

Author contributions

AP: Conceptualization, writing original draft, GV, NY, CM:
Data curation, reviewing MH, DG, VDW, MC: review-
ing, editing.

Disclosure statement

The authors declare no conflict of interest

Bibliography

[1] Zeidan AM, Boddu PC, Patnaik MM, et al. Special considera-
tions in the management of adult patients with acute leu-
kaemias and myeloid neoplasms in the COVID-19 era:
recommendations from a panel of international experts.
Lancet Haematol. 2020;7(8):e601–12–e612.

[2] Girmenia C, Gentile G, Micozzi A, et al. COVID-19 in patients
with hematologic disorders undergoing therapy: Perspective

of a large referral hematology center in rome. Acta
Haematol. 2020;143(6):574–582.

[3] Vijenthira A, Gong IY, Fox TA, et al. Outcomes of patients
with hematologic malignancies and COVID-19: a systematic
review and Meta-analysis of 3377 patients. Blood. 2020;
136(25):2881–2892. ;

[4] Shah V, Ko Ko T, Zuckerman M, et al. Poor outcome and pro-
longed persistence of SARS-CoV-2 RNA in COVID-19 patients
with haematological malignancies; King’s College Hospital
experience. Br J Haematol. 2020;190(5):e279–e282.

[5] Avanzato VA, Matson MJ, Seifert SN, et al. Case study: pro-
longed infectious SARS-CoV-2 shedding from an asymptom-
atic immunocompromised individual with Cancer. Cell. 2020;
183(7):1901–1912.e9.

[6] Helleberg M, Niemann CU, Moestrup KS, et al. Persistent
COVID-19 in an immunocompromised patient temporarily
responsive to two courses of remdesivir therapy. J Infect Dis.
2020222(7):1103–1107. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC7454684/

[7] Aydillo T, Gonzalez-Reiche AS, Aslam S, et al. Shedding of
viable SARS-CoV-2 after immunosuppressive therapy for can-
cer. N Engl J Med. 2020;383(26):2586–2588. Dec 1null.

[8] Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the
treatment of covid-19 - Final report. N Engl J Med. 2020;
383(19):1813–1826.

[9] Hueso T, Pouderoux C, P�er�e H, et al. Convalescent plasma
therapy for B-cell-depleted patients with protracted COVID-
19. Blood. 2020;136(20):2290–2295.

[10] Weinreich DM, Sivapalasingam S, Norton T, et al.; Trial
Investigators. REGN-COV2, a neutralizing antibody cocktail, in
outpatients with covid-19. N Engl J Med. 2021;384(3):
238–251.

[11] Bi J, Ma H, Zhang D, et al. Does chemotherapy reactivate
SARS-CoV-2 in cancer patients recovered from prior COVID-
19 infection?. Eur Respir J 2020;56:2002672.

[12] ESMO. ESMO-EHA clinical practice guidelines for the manage-
ment of malignant lymphoma – recommendations for the
second phase of the COVID-19 pandemic: Aggressive lymph-
oma (Diffuse large B-cell lymphoma, Mantle cell and T-cell
lymphomas) [Internet]. [cited 2020. Dec 30]. Available from:
https://www.esmo.org/guidelines/cancer-patient-manage-
ment-during-the-covid-19-pandemic/haematological-malig-
nancies-dlbcl-mcl-and-aggressive-t-cell-lymphoma-in-the-
second-phase-of-the-covid-19-pandemic-esmo-eha.

[13] Li J, Zhang L, Liu B, et al. Case report: viral shedding for 60
days in a woman with COVID-19. Am J Trop Med Hyg. 2020;
102(6):1210–1213.

[14] Bose G, Galetta K. Reactivation of SARS-CoV-2 after rituximab
in a patient with multiple sclerosis. Mult Scler Relat Disord.
2021;52:102922.

[15] Wildiers H, Reiser M. Relative dose intensity of chemotherapy
and its impact on outcomes in patients with early breast
cancer or aggressive lymphoma. Crit Rev Oncol Hematol.
2011;77(3):221–240.

[16] Maurer MJ, Ghesqui�eres H, Link BK, et al. Diagnosis-to-
Treatment interval is an important clinical factor in newly
diagnosed diffuse large B-Cell lymphoma and has implication
for bias in clinical trials. J Clin Oncol. 2018;36(16):1603–1610.

WORSENING OF COVID-19 AFTER CHEMOTHERAPY 3

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454684/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454684/
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/haematological-malignancies-dlbcl-mcl-and-aggressive-t-cell-lymphoma-in-the-second-phase-of-the-covid-19-pandemic-esmo-eha
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/haematological-malignancies-dlbcl-mcl-and-aggressive-t-cell-lymphoma-in-the-second-phase-of-the-covid-19-pandemic-esmo-eha
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/haematological-malignancies-dlbcl-mcl-and-aggressive-t-cell-lymphoma-in-the-second-phase-of-the-covid-19-pandemic-esmo-eha
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/haematological-malignancies-dlbcl-mcl-and-aggressive-t-cell-lymphoma-in-the-second-phase-of-the-covid-19-pandemic-esmo-eha

	Outline placeholder
	Acknowledgement
	Ethical statement
	Author contributions
	Disclosure statement
	Bibliography


