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Summary

To optimise management of severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infection identifying high-risk patients and maintaining treatment dose in-
tensity is an important issue in patients with aggressive lymphomas. In the present
study, we report on the presentation, management, and outcome of an international
series of 91 patients with primary central nervous system lymphoma and SARS-
CoV-2 infection. SARS-CoV-2 was diagnosed before/during first-line treatment in
64 patients, during follow-up in 21, and during salvage therapy in six. Among the 64
patients infected before/during first-line chemotherapy, 38 (59%) developed pneu-
monia and 26 (41%) did not clear the virus. Prolonged exposure to steroids before
viral infection and/or treatment with high-dose cytarabine favoured pneumonia de-
velopment and virus persistence and were associated with poorer survival; 81% of pa-
tients who did not clear virus died early from coronavirus disease 2019 (COVID-19).
Vaccination was associated with lower pneumonia incidence and in-hospital mor-
tality. Chemotherapy was initiated/resumed in 43 (67%) patients, more commonly
among patients who did not develop pneumonia, cleared the virus, or did not receive
steroids during infection. Chemotherapy resumption in patients with viral persis-
tence should be indicated cautiously as it was associated with a poorer survival (6-
month, 70% and 87%, p = 0.07). None of the 21 patients infected during follow-up

died from COVID-19, requiring similar measures as infected subjects in the general

population.

KEYWORDS

INTRODUCTION

Since the start of the severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) pandemic, the global cumulative
number of cases all over the world has reached >512 million,
with >6.2 million cases of deaths as of 5 May 2022 (World
Health Organization, 2022). Patients with SARS-CoV-2 in-
fection and a diagnosis of cancer are at high risk of severe
symptomatic disease (coronavirus disease 2019 [COVID-19])
and death, and cancer is an independent adverse prognostic
factor on COVID-19-related mortality." Importantly, effects
of SARS-CoV-2 infection across different patient subgroups
are uncertain, and wide variability seems to exist according
to different tumour types and anti-cancer treatments.”™*
However, the relatively small sample size of most reports,
their retrospective design, and the restriction to hospital-
ised patients represent important limitations to interpret
and compare the reported mortality rates, and the extent to
which they can be extrapolated to the wider population of
patients with solid or haematological malignancies.
Lymphomas are the most common haematological malig-
nancies diagnosed in patients infected by SARS-CoV-2, and
patients with aggressive non-Hodgkin lymphomas represent
one of the most vulnerable populations in this setting.”®

coronavirus disease 2019 (COVID-19), pneumonia, primary central nervous system lymphoma, severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), steroid therapy, vaccine

Several scientific societies have published recommendations
for the management of patients with lymphoma during the
COVID-19 pandemic in an effort to ensure continuity of can-
cer care maintaining a balance between risk and benefit.””’
During the pandemic, several centres changed clinical prac-
tice to attempt to optimise clinical benefit while minimising
toxicity, viral exposure risk and resource utilisation.'* For
instance, prolonged exposure to anti-CD20 therapy, intensi-
fied chemotherapy regimens and some biological drugs were
avoided or not recommended to decrease iatrogenic immu-
nosuppression. However, these recommendations should be
applied with caution as non-Hodgkin lymphomas consist of
a large group of neoplasms with variable biological charac-
teristics, clinical behaviour, and immunological status, re-
quiring diverse treatments.

The effect of the SARS-CoV-2 pandemic on management
and outcome of specific lymphoma entities have rarely been
reported,”*™* with an absence of robust evidence to support
therapeutic choices in this setting. Patients with primary
diffuse large B-cell lymphoma of the central nervous system
(PCNSL) represent a challenging population, with distinc-
tive characteristics, and marked frailty, which could pre-
dispose to severe complications and high mortality in the
case of SARS-CoV-2 infection. Patients with PCNSL often
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have poor neurological status and performance status, and
are exposed to prolonged therapy with steroids, resulting in
metabolic disorders and severe immunosuppression. This
highly aggressive tumour requires dose-intensive therapy,
especially in young patients who often undergo autologous
stem cell transplantation (ASCT). In the only available se-
ries of 13 patients with PCNSL, severe forms of SARS-CoV-2
infection occurred in 39% of cases, with a mortality rate of
23%.'° However, the effects of infection on patients with
PCNSL in terms of severe complications, hospitalisation, in-
tensive care unit (ICU) admission, interruption, and delay of
anti-tumour treatment and mortality remain to be defined
in a large cohort.

Thus, we analysed clinical presentation, prognosis, and
effects on tumour treatment and outcome of SARS-CoV-2
infection in a series of 91 patients with PCNSL treated at
27 cancer centres in five countries. The considered cohort
started in the pre-vaccination era but includes 16 vaccinated
patients. This study, performed under the sponsorship of the
International PCNSL Collaborative Group (IPCG), suggests
that multidisciplinary strategy facilitates eradication of viral
infection and completion of planned tumour therapy, with
acceptable timing and short-term survival rate. Results in
patients infected with SARS-CoV-2 at time of initial lym-
phoma diagnosis, relapse, or follow-up, and during the dif-
ferent pandemic waves are discussed separately.

PATIENTS AND METHODS
Study population

This is a multicentre retrospective observational study per-
formed in 27 cancer centres of five countries (France, Israel,
Italy, UK, and USA). Members of the IPCG were invited
to provide clinical data of adults with diagnosis of PCNSL
according to the World Health Organization (WHO) 2017
classification, with concurrent detection of SARS-CoV-2
infection by nasopharyngeal swab samples or by bron-
choalveolar lavage. Nasopharyngeal swabs for SARS-CoV-2
diagnosis were managed according to national recommen-
dations. Patients with viral polymerase chain reaction nega-
tive but high clinical suspicion and later evidence of antibody
seropositivity were considered. Patients with secondary CNS
lymphoma were excluded. Patients with PCNSL at initial di-
agnosis, during first-line or salvage treatment, and during
follow-up were considered. Patients were grouped in first,
second and third pandemic waves using the 31 July 2020
and 1 January 2021, as cut-offs for SARS-CoV-2 diagnosis.
Written informed consent was obtained from each partici-
pating patient or by a legal representative of patients who
lacked capacity due to their lymphoma. This trial conformed
to the Declaration of Helsinki and was approved by the
Institutional Review Boards of the participating institutions.

Data on patient characteristics and outcomes were ex-
tracted by study investigators from electronic medical re-
cords or clinical charts including age, sex, comorbidity
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previously reported as related to higher COVID-19 se-
verity,"”'® status of lymphoma and time since diagnosis of
PCNSL to SARS-CoV-2 detection. Details of treatment of
PCNSL, such as tolerability and dose intensity, treatment
delay, interruption, anti-tumour response, relapse rate and
mortality were considered. Response to lymphoma treat-
ment was defined according to the IPCG criteria."”” Other
investigated parameters were time to achieve viral clearance
(achievement of nasopharyngeal swab negativity), duration
of hospitalisation, ICU admission, complications of SARS-
CoV-2 infection, performed anti-COVID-19 vaccinations,
and serology tests. The value of these variables in predicting
the COVID-19 severity and outcome and the role of antiviral,
anticoagulant and steroid therapies were also investigated.

Statistics

The primary outcomes were mortality among patients with
PCNSL with COVID-19 and evaluation of potential pre-
dictive parameters of mortality and COVID-19 severity.
Secondary outcomes were lymphoma evolution, viral clear-
ance rate, incidence of pneumonia, factors related to pneu-
monia and viral persistence, and anti-lymphoma treatment
intensity. Clinical characteristics and response rates of the
analysed subgroups and factors potentially conditioning
pneumonia and viral clearance were compared using the
chi-square test or Fisher’s exact test for categorical variables,
according to the sample size. Time to achieve viral clearance
assessed by nasopharyngeal swab was estimated from the
date of first positive viraemia to the date of achieving nega-
tive viraemia, or of symptoms resolution if a swab was not
repeated to confirm virus eradication. Survival curves were
generated by the Kaplan-Meier method. Overall survival
(OS) was calculated from the date of SARS-CoV-2 detection
to death or to the last date of follow-up. Survival rates were
reported as 1-, 6- and 12-month OS with 95% confidence in-
tervals (ClIs). Impact on survival of clinical and therapeutic
variables was evaluated by comparing the entire OS curves
by means of the log-rank test. The independent prognostic
value of variables was analysed using the Cox model. All the
probability values were two-sided. Analyses were carried
out using the Statistica 10.0 statistical package for Windows
(Statsoft Inc., 1993, Tulsa, OK, USA).

The data that support the findings of this study are avail-
able on request from the corresponding author. The data are
not publicly available due to privacy and ethical restrictions.

RESULTS
Study population

A total of 91 patients were registered between March 2020
and March 2022. The database lock for the present analy-
sis was 25 April 2022. The patients’ characteristics are sum-
marised in Table 1. SARS-CoV-2 infection was confirmed
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TABLE 1 Patients' characteristics

Vaccinated
Variable Whole series (n =91) patients (n = 16)
Age, years, median (range) 66 (22-85) 58 (33-83)
Male/female ratio 1.11 1.66
Race: Caucasian/African/Asiatic/Hispanic, n 81/3/2/5 13/1/0/2
ECOG Performance status at PCNSL diagnosis, # (%)
0 8(9) 2(13)
1 45 (49) 11 (69)
2 15 (16) 1(6)
3 16 (17) 2(13)
4 6(7) 0(0)
Unknown 1(1)
Disease site, 1 (%)
Brain parenchyma 75 (82) 12 (75)
Brain+meninges 8(9) 2 (13)
Brain +eyes 3(3) 1(6)
Brain + meninges + eyes 2(2) 1(6)
Brain +spinal cord 1(1) 0(0)
Meninges alone 1(1) 0(0)
Eyes alone 1(1) 0(0)
[ELSG risk, n (%)
Low 14 (15) 7 (44)
Intermediate 40 (44) 8 (50)
High 21(23) 0(0)
Undefined 16 (18) 1(6)
Comorbidity, n (%)
High blood pressure 34 (37) 6 (38)
Hypercholesterolaemia 10 (10) 3(19)
Vasculopathy/coronaropathy/cardiac arrhythmia 24 (26) 3(19)
Obesity/overweight 12 (13) 0 (0)
Type 2 diabetes 11 (12) 0 (0)
Chronic respiratory disease 7 (8) 0 (0)
Renal failure 5 (6) 0 (0)
Hepatitis virus infection 7 (8) 0 (0)
HIV 3(4) 0(0)
Prior solid or haematological tumour 6(7) 1(6)
Autoimmune disorders 4(5) 0(0)
None 24 (26) 7 (44)
SARS-CoV-2 detected, n (%)
Before first-line treatment for PCNSL 14 (15) 0 (0)
During first-line treatment for PCNSL 50 (55) 14 (88)
During follow-up 21 (23) 1(6)
During salvage treatment (relapsed PCNSL) 6 (7) 1(6)
Median (range) time between PCNSL and SARS-CoV-2 diagnoses
Patients infected before first-line therapy (n = 14), days 2 (27 to +66) -
Patients infected during first-line therapy (n = 50), days 62 (2-314) -

Patients infected during relapse (n = 7) or follow-up, months 24 (7-133) -
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Vaccinated
Variable Whole series (n=91) patients (n = 16)

COVID-19 symptoms, 7 (%)
Fever
Cough
Dyspnea
Fatigue
Pain/headache
Anosmia
Ageusia
Diarrhoea
None
Treatment of COVID-19 (single drugs or combinations), n (%)
Hydroxychloroquine
Hyper-immune plasma
Remdesevir
Sotrovimab
Darunavir/cobicistat
Casirivimab/imdevimab
Tixagévimab/cilgavimab
Molnupiravir
Anakinra
Dexamethasone (range of dose: 4-12 mg/day)
Anticoagulant therapy or prophylaxis
Planed or performed first-line treatment for PCNSL*®, (%)
MPV (& rituximab)©
MATRix
PRIMAIN
Methotrexate monotherapy (+ rituximab)
Methotrexate-cytarabine (+ rituximab)
Rituximab-lenalidomide
Intravitreous chemotherapy alone

None

37 (41) 5(31)
25 (27) 4(25)
23 (25) 1(6)
14 (15) 1(6)
1(1) 0(0)
2(3) 0(0)
1(1) 1 (6)
2(3) 0(0)
36 (40) 8 (50)
13 (14) 0(0)
11(12) 0(0)
11(12) 3(19)
5 (6) 5(31)
4 (5 0(0)
2(3) 2(13)
2(3) 2(13)
1(2) 0(0)
1(2) 0(0)
39 (43) 8(50)
44 (48) 9 (56)
40 (44) 11 (69)
28 (31) 1(6)
7(8) 0(0)
7 (8) 3(19)
4 (4) 0(0)
1 (1) 0(0)
1(1) 0(0)
3(3) 1 (6)

Abbreviations: COVID-19, coronavirus disease 2019; ECOG, Eastern Cooperative Oncology Group; HIV, human immunodeficiency virus; IELSG, International Extranodal
Lymphoma Study Group; PCNSL, primary central nervous system lymphoma; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

MVP = methotrexate, vincristine, and procarbazine, followed by high-dose cytarabine +high-dose etoposide.*’

PRIMAIN = methotrexate, procarbazine and rituximab.?!

MATRix = methotrexate, cytarabine, thiotepa, and rituximab.?

“Treatment of the 50 patients infected during first-line treatment included rituximab in 48, whereas two patients treated were treated with high-dose methotrexate (HD-
MTX) alone or MVP regimen without rituximab. Rituximab-containing regimens consisted of MATRix in 18 patients, R-MVP in 19, PRIMAIN in four, R-MVP plus
ibrutinib in one, R-MVP plus lenalidomide in one, HD-MTX plus rituximab in four and rituximab-lenalidomide followed by lenalidomide maintenance in one.

PFirst-line treatment for patients infected during follow-up consisted of R-MPV in 13 patients, R-MBVP in two and MATRix in six; followed by consolidation in 15 (whole-
brain radiotherapy in four, autologous stem cell transplantation in five, high-dose cytarabine in six).

“One patient received lenalidomide, and one patient received ibrutinib.

by molecular examination on samples collected by naso-
pharyngeal swab or bronchoalveolar lavage in the 91 con-
sidered patients. In all, 37 patients were diagnosed during
the first pandemic wave, 21 at the second and 33 at the third.
SARS-CoV-2 was diagnosed before/during first-line PCNSL
treatment in 64 (70%) patients, during relapse of PCNSL
in six (7%), and during follow-up in 21 (23%; Table 1).

SARS-CoV-2 was diagnosed before/during first-line treat-
ment in 24 (65%), 16 (76%) and 24 (73%) patients of the three
considered waves. Importantly, SARS-CoV-2 infection was
diagnosed in 16 previously vaccinated patients (Table 1) and
in 68 unvaccinated patients; information on COVID-19 vac-
cination was lacking in seven patients. In all, 13 of these pa-
tients received three doses of vaccine, with a median (range)
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interval between date of last vaccine dose and SARS-CoV-2
detection of 27 (6-181) days.

SARS-CoV-2 infection at diagnosis or during
first-line PCNSL treatment

A SARS-CoV-2 infection was diagnosed before starting
first-line treatment PCNSL (before or after PCNSL diag-
nosis) in 14 patients, with a median (range) time between
SARS-CoV-2 detection and first day of lymphoma treatment
of 34 (4-69) days; three of these patients never started chem-
otherapy because they died early from COVID-19. SARS-
CoV-2 infection was diagnosed after the first day of first-line
PCNSL treatment in 50 patients; lymphoma treatment of
these 50 patients is reported in the footnote of Table 1.

In all, 38 (59%) of the 64 patients with a diagnosis of
SARS-CoV-2 infection before/during first-line chemo-
immunotherapy developed pneumonia (Figure 1), were
hospitalised, and nine of them were admitted to ICU. The
median (range) interval between first positive swab and
pneumonia diagnosis was 2 (1-51) days. Pneumonia was
more common amongst unvaccinated patients, patients who
received steroid therapy before viral infection for >2 weeks
or with a cumulative dose (dexamethasone) of >100 mg, and

in patients who received high-dose cytarabine, as induction
or consolidation, before viral infection (Table 2). Notably,
22 (71%) of the 31 patients who received >2 weeks of steroids
and/or a cumulative dose of >100mg, and 10 of the 12 pa-
tients treated with steroids for 1 month or more developed
pneumonia.

The 38 patients with pneumoniae remained hospitalised
for a median (range) of 18 (3-192) days, whereas 11 (42%)
of the 26 patients without pneumonia required hospitalisa-
tion for a median (range) of 21 (2-55) days. Regardless of
pneumonia development, antiviral therapy was delivered to
28 patients (Table 1). Nine patients were admitted to ICU,
for a median (range) stay of 21 (3-96) days; three of them
were managed with invasive ventilation. The nine patients
were discharged from the ICU, but five of them died from
COVID-19 within 25days from virus detection.

In all, 18 of the 38 patients with pneumonia cleared the
virus (Figure 1); 15 of them resumed anti-lymphoma treat-
ment, whereas consolidation ASCT was delayed in other
three patients. At the last visit 17 of these patients were alive
(median [range] follow-up 244 [25-534] days). Conversely,
15 of the 20 patients with pneumonia who did not clear
virus interrupted chemotherapy (Figure 1); the other five
patients received further chemotherapy despite persistent
virus detection: three of them died from COVID-19-related

| SARS-CoV-2 infection diagnosed before or during first-line treatment (n= 64) |

|

l

| | |
A 4 A A 4 Y
| Yes (n=18) | | No (n=20) | [ Yes(=20) | | No (n=6) |
T t t y Y y Y A4 A 4 A 4
reatmen
eatme | Yes (=158 || No(n=3) | | Yes(n=5) || No(n=15) | | Yes (n=23)Y | | No(n=3) |
completion or
ressumption
Lymph ;
ymphoma | Yes(n=5) || No(n=13) | | Yes(n=1) || No(n=19) | | Yes(n=7) || No (n=19)
| recurrence
y A Y A A A
| 18 patients alive | 1 pt died from 3 pts alive 2 pts alive 17 pts alive
COVID-19 16 pts died from 5 pts died from 1 pt died from sepsis
- sepsis (2) PCNSL 1 pt died from COVID-19
- COVID-19
A 4 Y A 4
M 1 patient died after reinfection 1 solved | 2 pts died after reinfection
3 solved reinfections reinfection

FIGURE 1

Flow chart of the 64 patients with viral detection before or during first-line treatment for lymphoma. “Median (range) time to viral

clearance of 28 (1-96) days; PMedian (range) treatment delay of 30 (6-116) days; "Median (range) treatment delay of 19 (0-80) days. COVID-19,
coronavirus disease 2019; PCNSL, primary central nervous system lymphoma; pt(s), patient(s); SARS-CoV-2, severe acute respiratory syndrome

coronavirus-2.
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complications and treatment is ongoing in the other two.
Overall, 17 of the 20 patients with pneumonia who did not
clear virus died from COVID-19 or related infections, within
1 month from SARS-CoV-2 detection (Figure 1). In all, 17 of
the 38 patients with pneumonia who required hospitalisa-
tion died before discharge; all of them died from COVID-19-
related complications; the other 21 patients were discharged.
Mortality among patients with pneumonia was significantly
lower amongst vaccinated patients, patients with limited
pre-COVID-19 exposure to steroids, and those who achieved
viral clearance (Table 2).

Among the 26 patients who did not develop pneumonia
(Figure 1), 20 cleared the virus and resumed/initiated anti-
lymphoma treatment; three of the six patients who did not
clear virus initiated/resumed chemotherapy, whereas the
other three never initiated treatment. In all, 17 of the 26 pa-
tients who did not develop pneumonia patients are alive at
24-419 days (Figure 1), five died from PCNSL, one died from
chemotherapy toxicity (sepsis), one died from COVID-19,
and two died from COVID-19 reinfection.

Overall, 38 (59%) of the 64 patients with SARS-CoV-2
infection detected during/before first-line treatment cleared
the virus (median [range] 26 [1-96] days); 32 (84%) of these
patients are alive at a median (range) follow-up of 153 (24-
534) days. Conversely, only five (19%) of the 26 patients
who did not clear virus are alive; 19 patients died from
COVID-19 or related infections, and two died from lym-
phoma. Unsuccessful virus clearance was significantly asso-
ciated with age >65 years, use of cytarabine and use of steroid
therapy before and during SARS-CoV-2 detection (Table 2).

Intensity and activity of first-line chemotherapy

A total of 43 (67%) of the 64 patients with SARS-CoV-2
infection detected during/before first-line treatment re-
sumed, initiated, or completed anti-lymphoma treatment,
with a median (range) delay of 22 (0-116) days. Resumption
of anti-lymphoma treatment was strongly conditioned by
COVID-19 prognosis (Table 2); it was significantly more
common among patients who did not develop pneumonia
and patients who cleared the virus. Treatment resumption
was more difficult in patients treated with high-dose cyta-
rabine before infection and in patients who received dexa-
methasone to treat COVID-19 symptoms (Table 2).
Anti-lymphoma treatment was initiated or resumed only
after viral clearance in 20 patients and despite persistence
of infection in 23, with a median (range) treatment delay of
15 ( 0-47) and 34 ( 0-116) days respectively. Initiation/re-
sumption of chemotherapy despite viral persistence was as-
sociated with a poorer survival, with a 6-month OS of 70%
(95% CI 67%-73%) for the 23 patients who initiated/resumed
chemotherapy despite viral persistence and 87% (95% CI
86%-87%) for the 20 patients who initiated/resumed chemo-
therapy only after virus eradication (p = 0.07). Five of the
patients in the first subgroup died from COVID-19 and re-
lated infections, whereas none in the second subgroup died
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from COVID-19. Among used anti-cancer drugs, cytarabine
was associated with a higher proportion of treatment inter-
ruptions or delays: only six (30%) of the 20 patients who re-
ceived high-dose cytarabine before virus detection initiated
or resumed anti-PCNSL treatment, with a delay of 0-52 days;
treatment was not resumed due to COVID-19-related death
in the other 11 patients, and consolidative ASCT was delayed
in the other three. Conversely, 37 (84%) of the 44 patients
who did not receive high-dose cytarabine before virus infec-
tion initiated/resumed treatment (Table 2).

Overall, the best lymphoma response achieved in the 64
patients infected before/during first-line treatment was com-
plete in 23 (36%, 95% CI 25%-48%) and partial in 19, with
an overall response rate of 66% (95% CI 53%-76%). In all, 10
patients had stable or progressive disease; response was not
assessed in 10 patients who died from COVID-19, and treat-
ment was ongoing in two patients.

SARS-CoV-2 infection during next-line/salvage
PCNSL treatment

A SARS-CoV-2 infection was diagnosed during salvage anti-
lymphoma therapy in six patients; all of them had comorbid-
ities related to greater COVID-19 severity, including a prior
cancer in three of them. These patients experienced lym-
phoma recurrence after a median (range) of 9 (2-30) months
since the conclusion of the first-line chemotherapy. The pe-
riod between lymphoma recurrence and viral infection was
<2months in all cases but one. Five patients were hospital-
ised after SARS-CoV-2 detection, but none was admitted in
the ICU; four of them were unable to clear virus, interrupted
anti-lymphoma treatment, and three of them died from
COVID-19 within 2weeks. Two patients cleared the virus:
one crossed to rituximab-lenalidomide treatment, but died
from septic complications after 169days and the other re-
ceived whole-brain radiotherapy (WBRT) during infection,
achieved a complete remission and was alive at 264 days
from infection.

SARS-CoV-2 infection during follow-up in
patients without active lymphoma

A SARS-CoV-2 infection was diagnosed during lymphoma
follow-up in 21 patients. All these patients had been treated
with high-dose methotrexate (HD-MTX)-based chemo-
immunotherapy as first-line treatment, followed by consoli-
dation in 15 (Table 1). SARS-CoV-2 infection was diagnosed
in first lymphoma remission in 14 patients, in second remis-
sion in five and in third remission in two. The median (range)
duration of the period between last anti-lymphoma treat-
ment and diagnosis of SARS-CoV-2 was 15 (1-72) months.
Eight patients developed pneumonia; the other 13 had mild
symptoms, usually with cough and fever. None of the inves-
tigated variables (age, gender, comorbidities, and prior treat-
ments) were associated with a higher incidence of pneumonia
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TABLE 2 Determining clinical variables in patients infected before or during first-line anti-lymphoma treatment (n = 64)
Hospital discharge
Pneumonia (n = 38) (n=38) Viral clearance (n = 64) Lymphoma treatment resumption (n = 64)
Patients Cleared Treatment Treatment
Events, alive, n virus, resumption, delay, days,
Variable Subgroups N n(%) P N (%) P N n(%) p N n (%) median (range) p
PCNSL therapy At diagnosis 14 6(43) 0.15 6 3 (50) 1.00 14 7(50) 0.54 14 10 (71) 15 (0-46) 0.35
During Ist-line 50 32 (64) 32 18(56) 50 31(62) 50 32(64) 18 (0-116)
Risk comorbidities® None 21 14 (67) 0.41 14 8(57) 0.91 21 14 (67) 0.63 21 14 (67) 21 (0-112) 0.90
=1 43 24 (56) 24 13 (54) 43 24 (56) 43 28 (82) 18 (0-116)
Age, years <65 32 20(63) 0.61 20 12(60) 0.53 32 23(72) 0.04 32 22 (69) 15 (0-112) 0.59
>65 32 18 (56) 18 9(50) 32 15 (47) 32 20 (63) 21 (0-116)
Gender Female 25 16(64) 0.54 16  10(63) 0.44 25 14 (56) 0.65 25 16 (64) 23 (0-52) 0.83
Male 39 22(56) 22 11 (50) 39 24(62) 39 26(67) 15 (0-116)
Vaccination No 47  32(68) 0.02 32 15(47) 0.049 47 25(53) 0.35 47 27 (57) 25 (0-116) 0.06
Yes 14 5(36) 5 5(100) 14 10(71) 14 12(86) 8 (0-30)
unknown 1 1(-) 1 1(-) 3 309 3 309
Steroids amount’, <100 29 13(45) 0.04 13 11(85  0.01 29 21(72) 014 29  22(76) 15 (0-112) 0.07
mg >100 28  20(71) 20  8(40) 28 15(54) 28 15 (54) 23 (0-116)
Undefined 7 5() 5 2(-) 7 2(-) 7 5()
Steroids exposure, <2 31 14(45)  0.03 4 11(79)  0.03 31 21(68) 043 31 22(71) 15 (0-112) 0.29
weeks >2 26 19(73) 19 8(42) 26 15(58) 26 15 (58) 22 (0-116)
Undefined 7 5(-) 5 2(-) 7 2(-) 7 5(-)
Rituximab® No 16 7(44) 014 7 3(43) 0.67 16 8(50) 039 16 12 (75) 19 (0-46) 0.54
Yes 48 31 (65) 31 18 (58) 48  30(63) 48 30 (63) 19 (0-116)
HD-cytarabine® No 44 20(45) 0.0008 20 13(65)  0.20 44 30 (68) 0.03 44  37(84) 19 (0-116) 0.00001
Yes 20 18 (90) 18  8(44) 20 8(40) 20 5(25) 31(0-52)
Alkylating agent* No 25 13(52) 0.33 13 5(38) 0.31 25 13 (52) 043 25 17 (68) 6 (0-46) 0.74
Yes 39 25(64) 25 16 (64) 39 25(64) 39 25 (64) 25 (0-116)
Pneumonia No - - . - 26 20(77) 0.0l 26 23(88) 15 (0-88) 0.001
Yes - - - - 38 18 (47) 38 19 (50) 26 (0-116)
Antiviral drugs No - - - 15 6(40) 0.18 36 21(58) 0.33 36 25 (69) 16 (0-112) 0.46
Yes - - 23 15(65) 28 17 (61) 28 17 (61) 20 (0-116)
Dexamethasone? No - - - 12 8(67) 0.48 31 24(77) 0.004 30 26 (87) 21 (0-80) 0.001
Yes - - 26 13 (50) 33 14 (42) 33 15 (45) 15 (0-116)
Anticoagulant No - - - 12 5(41) 0.20 27 17 (63) 0.81 27 19 (70) 13 (0-80) 0.89
Yes - 25 16 (64) 35 21 (60) 35 22(63) 22 (0-116)
Unknown - - 1 0(-)
Viral clearance No - - - 20  3(15) 0.00001 - - - 26 8 (31) 11 (0-47) 0.00001
Yes - - 18 18(100) - - 38 34 (89) 22 (0-116)
Pandemic wave® First 24 15(63) 0.63 15 9(60) 0.89 24 16 (67) 046 24  18(75) 28 (0-112) 0.04
Second 16 12(75) 0.38 12 6(50) 0.90 16 8(50) 0.76 16 6 (38) 22 (0-50) 0.99
Third 24 11 (46) 11 6(55) 24 14(58) 24 19(79) 6 (0-116)

Abbreviations: HD, high dose; PCNSL, primary central nervous system lymphoma.

*This variable regards all comorbidities previously reported as related to higher COVID-19 severity.'”'® Patients with at least one comorbidity were compared with patients

without any comorbidity.

"Total amount of steroids received before severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) detection, expressed in milligrammes of dexamethasone.

“Drugs received before SARS-CoV-2 detection, regardless of the planned regimen.

dDexamethasone used to treat coronavirus disease 2019 (COVID-19)-related symptoms.

“The upper p value results from comparison between first and second wave and the lower p value results from the comparison between the second and the third wave.

(data not shown). Only patients with pneumonia received
specific treatments: varied antiviral agents in five, steroids
in three and low-molecular-weight heparin in five. Patients
with pneumonia were hospitalised for a median (range) of
9 (4-25) days; only one of them was admitted to the ICU for
4 days, requiring non-invasive ventilation. All the 21 patients
cleared the virus, with a median (range) time to viral clear-
ance of 22 (2-226) days. At a median (range) follow-up from
diagnosis of SARS-CoV-2 infection of 213 (25-461) days, 20
(95%) patients are alive; the only death occurred in a patient

who experienced lymphoma recurrence after 1 month from
SARS-CoV-2 infection and had fatal intestinal perforation
during salvage chemotherapy.

Survival and post-COVID-19 assessments on the
whole series

At a median (range) follow-up since virus detection of
185 (18-534) days, 59 (65%) patients are alive, 34 (37%)
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FIGURE 2

Days

Overall survival (OS) curves of patients divided according to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) diagnosis

and anti-lymphoma treatment. The 6-month overall survival was 58% (95% confidence interval [CI] 54%-62%) for the 64 patients with SARS-CoV-2
infection diagnosed immediately before or during first-line anti-PCNSL treatment (dotted line) and 100% (95% CI 100%-100%) for the 21 patients with
SARS-CoV-2 infection diagnosed during follow-up (continued line) (p = 0.0005).

without evidence of lymphoma. A total of 32 patients
died: the cause was COVID-19 in 19 (21%) patients, other
infections (Acinetobacter, Enterococcus faecium, asper-
gillosis) in five, post-COVID-19 sequelae in one, chem-
otherapy complications in two, and lymphoma in five.
The 1-, 6- and 12-month OS was 80% (95% CI 79%-81%),
66% (95% CI 64%-68%) and 55% (95% CI = 50%-60%)
respectively.

During the period of analysis, 20 (22%) patients had
lymphoma progression or relapse after recovery from
COVID-19, with a 12-month event-free survival of 43% (95%
CI 33%-52%). The 21 patients with SARS-CoV-2 infection
diagnosed during follow-up showed a significantly better OS
than the 64 patients with SARS-CoV-2 infection diagnosed
immediately before or during first-line anti-PCNSL treat-
ment (6-month OS: 100% and 58%, p = 0.0005) (Figure 2).
Multivariable analysis confirmed that virus persistence and
pre-COVID-19 steroid therapy were independently associ-
ated with poor OS (Table 3).

This study did not show a significant association between
comorbidities and COVID-19-related mortality, with rates
of 29% (10/34) for patients with high blood pressure, 42%
(10/24) for patients with history of vasculopathy/coronarop-
athy/cardiopathy, 30% (three of 10) for patients with hyper-
cholesterolaemia, 25% (three of 12) for patients with obesity/
overweight, and 55% (six of 11) for diabetic patients; none of
these rates was significantly different than the 25% (six of 24)
recorded in patients with no comorbidities, with p values of
0.76,0.35,0.99, 0.99 and 0.12 respectively. COVID-19-related
mortality was 43% in patients with two or more of these co-
morbidities (10/23, p = 0.22). When analysis was limited to
patients infected before/during first-line treatment (Table 2),

comorbidities were not associated with risk of pneumo-
niae, viral clearance, treatment delay, or COVID-19-related
mortality.

Overall, 61 (67%) patients cleared the virus. SARS-
CoV-2 reinfection was diagnosed in nine patients at a me-
dian (range) of 61 (10-452) days from initial viral clearance;
two of these patients were previously vaccinated. Seven of
the nine patients had reinfection during first-line treatment
(Figure 1) and two during follow-up. Three patients died
from COVID-19 after reinfection.

At a median (range) of 338 (30-403) days after virus de-
tection, 18 patients received at least a dose of anti-COVID-19
vaccine. SARS-CoV-2 serology was assessed at the last con-
trol visit in 30 (18 vaccinated and 12 unvaccinated) patients
at a median (range) time from virus detection of 10 (1-
224) days; seroconversion was demonstrated in 11 (61%) and
six (50%) patients, respectively.

Pandemic wave, virus variants, vaccination, and
geographical discrepancies

Mortality during the three considered waves was not signifi-
cantly different (Table 4), with a 6-month OS of 76% (95% CI
75%-77%), 50% (95% CI 39%-60%) and 52% (95% CI 38%-
64%) respectively (p = 0.27). Importantly, mortality in the
third wave was significantly different between vaccinated
(n = 16) and unvaccinated (n = 17) patients: all the 16 vac-
cinated patients cleared the virus, continued chemotherapy
and survived SARS-CoV-2 infection, whereas nine of the 17
unvaccinated patients cleared the virus and eight survived
virus infection (p = 0.0009). The 6-month OS was 86% in
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TABLE 3 Multivariable analysis

Variable Subgroups
Treatment Follow-up

First line
Age, years <65

>65
Steroids amount, mg <100

>100
Steroids exposure, weeks <2

>2
Cytarabine® No

Yes
Pneumonia No

Yes
Dexamethasone® No

Yes
Viral clearance No

Yes

N HR (95% CI) P

21 0.50 (0.05-4.80) 0.55
64

44 1.23 (0.50-3.04) 0.64
41

46 7.50 (1.78-31.6) 0.006
29

50 0.27 (0.06-1.14) 0.07
27

44 0.61 (0.25-1.46) 0.27
20

39 1.63 (0.56-4.70) 0.36
16

48 1.23 (0.44-3.46) 0.68
36

26 0.03 (0.00-0.10) 0.00001
59

Note: Patients with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection during salvage therapy were excluded.

Abbreviations: CI, confidence interval; HR, hazard ratio.
*Drug received before SARS-CoV-2 detection, regardless of the planned regimen.

®Delivered to treat coronavirus disease 2019-related inflammation.

TABLE 4 Outcome according to pandemic wave and geographical regions
1st wave, n 2nd wave, 3rd wave, Mortality Follow-up, 6-month Vaccinated
Country (%) n (%) n (%) Total, n rate, n (%) days, median 0S, % patients®, n (%)
France 15 (43) 3(9) 17 (49) 35 5(14) 135 86 11 31)
Ttaly 11 (38) 9 (31) 9 (31) 29 15 (52) 148 51 3 (10)
UK 5(36) 5(36) 4(29) 14 7 (50) 256 50 0(0)
USA 6 (50) 3 (25) 3 (25) 12 4 (33) 212 71 2(17)
Total 37 (41) 20 (22) 33 (37) 90 31 (34) 185 66 16 (18)
Mortality 12 (32) 10 (50) 9 (27) 31
Follow-up, days, 334 200 50
median
6-month OS, % 76 50 52

Note: One patient from Israel was excluded.
Abbreviation: OS, overall survival.

*Percentage on the total number of patients per country.

France, 51% in Italy, 50% in UK and 71% in USA (Table 4).
However, this difference seems to be associated with a larger
prevalence of patients from the third wave and, consequently,
of vaccinated patients.

Although information on virus variant was fragmentary;,
the 16 patients diagnosed after November 2021, the date
when Omicron became the variant of concern according to
the WHO, merit mentioning. In all, 14 of these patients were
vaccinated before SARS-CoV-2 infection. Although the fol-
low-up of these patients was shorter than 3 months (range
25-93 days), overall outcome appears favourable: there were
only two deaths from COVID-19, which occurred in the two
unvaccinated patients, whereas all vaccinated patients are
alive and resumed/completed chemotherapy with a median
(range) delay of 3 (0-28) days.

DISCUSSION

To the best of our knowledge, this is the largest study fo-
cused on consecutive patients with PCNSL and concurrent
SARS-CoV-2 infection. Overall, results of this international
study performed at 27 centres in five countries, were encour-
aging: two-thirds of the whole analysed series were alive
at 6 months, with PCNSL remission in most of them. Half
of patients infected during first-line chemotherapy cleared
the virus, even in subjects with pneumonia. The latter com-
plication was more common among patients who received
steroids at high doses or for >2weeks before virus detec-
tion. Two-thirds of patients initiated, resumed, or completed
first-line treatment, with an acceptable delay. Treatment re-
sumption was more common among patients who did not
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develop pneumonia, cleared the virus, or did not receive
steroids during infection. The present data suggests that
delaying chemotherapy until virus eradication can be a safe
option, particularly when high-dose cytarabine is being used
and patients received high dose of steroids before infection.
Prevention of pneumonia and rapid virus eradication are the
main goals to favour timely treatment resumption, main-
taining cure as the primary objective in these high-risk pa-
tients. Importantly, SARS-CoV-2 infection in patients with
PCNSL in follow-up was associated with mild symptoms
and a high virus clearance rate, whereas the risk of mortality
was higher in patients undergoing salvage treatment.

This study has some limitations. First, retrospective data
collection may result in some selection and interpretation
bias. Although the low incidence of PCNSL allowed par-
ticipating researchers to collect data from all the consec-
utive patients seen at each institution, we cannot exclude
a favourable selection bias due to the fact that infected pa-
tients with very poor conditions were not reported to the
haematologist. Second, due to absence of a defined stan-
dard therapy and several changes in anti-COVID-19 guide-
lines, various therapeutic approaches were used, hindering
the ability to draw reliable recommendations on optimal
COVID-19 therapy in this setting. However, data analysed
allowed us to identify patient- and treatment-related risk
factors and to provide some suggestions on PCNSL treat-
ment that could contribute to reduce mortality. Third, al-
ternative modalities to confirm viral clearance were carried
out among involved centres. Of note, the nasal swab after
the quarantine period and/or at resolution of the symptoms
was not applied in all centres, introducing inevitable bias,
and a probable overestimation of the time to viral clearance
in patients infected during lymphoma follow-up. Although
this should not interfere with conclusions on the manage-
ment of patients during first-line treatment, which consti-
tutes the most important finding of this study, the present
results on viral clearance should be applied with caution in
clinical practice. Fourth, the restricted information regard-
ing the variants of the virus that affected the analysed pop-
ulation did not allow us to analyse this data as a statistical
variant; only cases diagnosed after November 2021, when
the Omicron variant became prevalent in countries where
study was conducted, were analysed separately. Fifth, the
small number of patients who received COVID-19 vaccine
does not allow us to draw reliable conclusions on this pro-
tective strategy. Nevertheless, our results seem to suggest a
benefit of vaccination on pneumonia incidence, COVID-
19-related mortality and lymphoma treatment resump-
tion. Importantly, overall conclusions of the present series,
largely collected in the pre-vaccine era, seem applicable
also in the vaccination era as recent studies suggest that
the risk of severe COVID-19 remains high after full vacci-
nation in patients with cancer.”*** However, there are no
clear data demonstrating that impaired antibody response
is associated with severe COVID-19 in patients with hae-
matological tumours as the small number of vaccinated
patients affected by these neoplasms in published studies.

BRITISH JOURNAL OF HAEMATOLOGY

Type, severity, and frequency of COVID-19 presenting
symptoms in the present study were similar to those previ-
ously reported in pre-vaccine series of solid and haemato-
logical tumours.>*~*° An important issue that characterises
the management of patients with PCNSL is the wide use of
steroids to control symptoms related to the expansive brain
mass and concomitant oedema, particularly in the weeks
before diagnosis and during the first weeks of chemother-
apy. The present study suggests that the use of steroids for
>2weeks was associated with a significantly higher inci-
dence of COVID-19 pneumonia, which negatively affected
the overall outcome. Noteworthy, all the patients who re-
ceived steroids for =1 month before viral detection devel-
oped pneumonia, and two-thirds of them died early from
COVID-19 or related complications, which is in line with
the high COVID-19 mortality recorded among patients
with rheumatic disease treated with steroid therapy.”
Accordingly, avoiding or minimising the use of steroids as
soon as possible, performing an early diagnostic biopsy and
starting timely chemotherapy, is an advisable strategy, even
more during the SARS-CoV-2 pandemic.

Overall mortality in the present whole series was 35%,
with a 6-month OS of 66%. Although the present results are
similar to those reported in other studies on patients with
lymphoma,™*¢ it is our opinion that these survival figures
are encouraging for PCNSL, a neoplasm requiring an in-
tensive treatment and with a substantially poorer prognosis
compared to many other lymphomas. Mortality was dif-
ferent in the three considered subgroups. Despite patients
infected during follow-up (i.e., lymphoma remission) had
received full doses of one or more treatment lines and an-
ti-CD20 therapy, SARS-CoV-2 infection was associated with
mild symptoms, and no patient died from COVID-19. This
could be explained at least in part by the fact that these pa-
tients did not receive steroids for months before virus infec-
tion, which is confirmed by multivariable analysis (Table 3).
The good prognosis of these patients suggests that they can
be managed safely, with less hospitalisation requirements,
and following recommendations for infected subjects of the
general population. Conversely, mortality was high in the
small subgroup of patients infected during salvage therapy,
which may be explained by the profound myelotoxicity of
different lines of treatment, use of high doses of steroids,
and high-risk comorbidity. Outcome in patients infected
before/during the first-line chemotherapy was promising
in terms of the high virus eradication rate and acceptable
anti-lymphoma treatment delay (median ~1 month). In con-
trast to prior studies suggesting an improved survival in the
second or further pandemic waves,® our analysis did not
show a difference in COVID-19 severity, viral clearance,
chemotherapy resumption, and survival among the anal-
ysed waves. This may be explained by a higher proportion
of asymptomatic patients and more diffuse use of effec-
tive antiviral treatments in the more recent waves in prior
studies,® whereas only a few patients in the present study
received monoclonal antibodies, antiviral drugs or conva-
lescent plasma.
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The presence of active, residual tumour seems to be
associated with a higher COVID-19 mortality in onco-
haematological patients, but available literature is contro-
versial.**** However, this unfavourable prognostic effect
seems to be confirmed by the above-mentioned excel-
lent prognosis of patients infected during lymphoma re-
mission. When SARS-CoV-2 is detected in patients with
PCNSL at diagnosis or during initial chemotherapy, we
should make every effort to achieve and maintain a rapid
complete tumour remission. Thus, starting an effective
antiviral therapy early, with novel monoclonal antibodies
and other antiviral agents, seems advisable as viral clear-
ance is strongly associated with survival, and contributes
to maintaining chemotherapy dose intensity.*>** The latter
is an important issue considering that chemotherapy ad-
ministration during infection persistence was associated
with an increased risk of mortality, especially when high-
dose cytarabine-containing combinations were used. This
may be explained in part by the high COVID-19 mortal-
ity rates reported in patients with lymphoma treated with
anti-cancer drugs associated with severe haematological
toxici'(y.28’35’36

In conclusion, accurate SARS-CoV-2 monitoring, vacci-
nation, early antiviral treatment, delay of cytarabine, and,
when clinically possible, avoidance of dexamethasone use
during infection result in promising outcome in this high-
risk setting. Avoiding prolonged steroid therapy could result
in lower incidence of pneumonia and hospitalisation, and
a diffuse and timely use of effective antiviral agents could
lead to earlier viral clearance, preserving chemotherapy
dose intensity and thereby improving survival. When pos-
sible, chemotherapy should be indicated or resumed after
viral clearance, with treatment de-escalation in case of pro-
longed virus persistence, especially in unvaccinated patients.
Patients infected during lymphoma remission had mild
symptoms, with less frequent hospitalisations and lower
mortality, requiring similar measures as infected subjects
in the general population. Notably, the low seroconversion
rates both in vaccinated and unvaccinated patients remain
a major concern.
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