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Lymphoma represents a heterogeneous hematological malignancy (HM), which is
characterized by severe immunosuppression. Patients diagnosed of coronavirus disease
2019 (COVID-19) during the course of HM have been described to have poor outcome, with
only few reports specifically addressing lymphoma patients. Here, we investigated the
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Patients with lymphoma
and COVID-19 have
mortality rates of 13%
(95% Cl, 11-15%) and
23% (95% Cl, 20-
27%) at 30 and 100
days, respectively.

An easy-to-use
prognostic model
stratifies patients with
lymphoma and COVID-
19 into 3 groups with
extremely different

clinical behavior and clinical parameters of a large multicenter cohort of adult patients
with different lymphoma subtypes, with the aim of identifying predictors of death. The
study included 856 patients, of whom 619 were enrolled prospectively in a 1-year frame
and were followed-up for a median of 66 days (range 1-395). Patients were managed as out-
patient (not-admitted cohort, n = 388) or required hospitalization (n = 468), and median
age was 63 years (range 19-94). Overall, the 30- and 100-days mortality was 13% (95% confi-
dence interval (CI), 11% to 15%) and 23% (95% CI, 20% to 27%), respectively. Antilymphoma
treatment, including anti-CD20 containing regimens, did not impact survival. Patients with
Hodgkin’s lymphoma had the more favorable survival, but this was partly related to signifi-
cantly younger age. The time interval between lymphoma diagnosis and COVID-19 was
inversely related to mortality. Multivariable analysis recognized 4 easy-to-use factors (age,
gender, lymphocyte, and platelet count) that were associated with risk of death, both in the
admitted and in the not-admitted cohort (HR 3.79 and 8.85 for the intermediate- and high-
risk group, respectively). Overall, our study shows that patients should not be deprived of
the best available treatment of their underlying disease and indicates which patients are at

survival expectations.

higher risk of death. This study was registered with ClinicalTrials.gov, NCT04352556.

Introduction

Since its first detection in Wuhan, China, in December 2019,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has infected more than 130 million people worldwide, with
deaths that are approximating 3 million people. Italy was the first
European country where the virus was isolated on 31 January
2020, from 2 Chinese tourists in Rome.? Since then, in a little
more than 1 year, more than 3.5 million cases have been regis-
tered in the country.

The clinical spectrum of individuals who are infected with SARS-
CoV2 is largely heterogeneous, ranging from mild flu-like symptoms
to life-threatening respiratory failure.® The leading cause of mortality
is the acute respiratory distress syndrome, due to the release of
proinflammatory mediators, intense immune response, and endothe-
lial damage.*® Notwithstanding, comorbidities have been shown to
affect disease severity and patient outcomes.”® Mortality due to the
infection is largely dependent on patients age, with a log-linear
increase by age among individuals older than 30 years, with peaks
exceeding 8% in older than 80.° Furthermore, subgroups of patients
with coronavirus disease 2019 (COVID-19) have been identified to
be at increased risk of morbidity and mortality, including male gen-
der, hypertension, chronic lung disease, diabetes, immunodeficiency,
and cancer.'® Patients with solid cancer or with hematological
malignancies (HM) often follow a more severe and rapid disease
course, with requirement of high-level intensive care and an
increased risk of COVID-19 related death'''® as compared with
the general population.'?

Lymphomas are a heterogeneous group of cancer, carrying multiple
immune dysfunctions of the innate and adaptive immune system,
including frequent low immunoglobulin serum levels. Crippled cellu-
lar and humoral immunity places these patients at risk of a diverse
array of infections, including COVID-19.'® Patients with lymphoma
have been under-represented in most cancer or HM series, with just
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few recent reports addressing specifically their behavior, in relatively
small cohorts."”'® These reports were retrospective, mostly relied
on hospitalized patients, and focused on the first wave of infection
(spring of 2020).

With this study, the Italian Hematology Alliance on COVID-19 (ITA-
HEMA-COV) and the Fondazione Italiana Linfomi collected and ana-
lyzed data from adult patients with lymphoma and COVID-19 infec-
tion, requiring hospitalization or not, for COVID-19. We report results
from a cohort study reporting data of 64 hospitals in ltaly, with the
aim of improving assistance and prognostication of the disease in
such a frail cohort of the entire population affected by COVID-19.

Methods
Study design and inclusion criteria

This multicentre, non-interventional study included a retrospec-
tive data review (partly reported in Passamonti et al'’), and a
prospective cohort study, which was implemented in the same
centers since 23 June 2020. The present study involved 64
hematology departments in ltaly. The ITA-HEMA-COV worked
on behalf of all ltalian societies dealing with hematology: Soci-
eta ltaliana di Ematologia, Societa ltaliana di Ematologia Speri-
mentale, Gruppo ltaliano Trapianto Midollo Osseo, Sorveglianza
Epidemiologica Infezioni nelle Emopatie, and Fondazione lItaliana
Linfomi. All consecutive adult patients (aged =18 years) with a
previous diagnosis of lymphoma, who were registered by single
centers between 25 February 2020 and 22 June 2020 (retro-
spective cohort), and then between 23 June 2020 and 1 Febru-
ary 2021 (prospective cohort), with data cutoff on 1 April 2021
were included in this analysis. Inclusion criteria were a diagnosis
of lymphoma according to World Health Organization (WHO)-
criteria and laboratory-confirmed SARS-CoV-2 infection, tested
by Reverse Transcriptase-Polymerase Chain Reaction on naso-
pharyngeal swabs following standardized national recommenda-
tions.'" The trial was approved by the institutional review board
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of each hematology unit. Written informed consent was col-
lected from all patients.

Study procedures and definitions

Data on patient characteristics and outcomes were extracted by
study investigators from data collection electronic forms obtained
from local medical records, and queries were performed to enrich the
data on lymphoma patients. Diagnosis of lymphoma subtype was
made on the basis of the most recent WHO classification of hemato-
poietic tumors.'® The histological diagnosis of the lymphoproliferative
disorder and stage at diagnosis, the therapeutic history of each
patient with number of previous lines of therapy, best response to
therapy, disease status at COVID diagnosis, and demographic fea-
tures at the time of enrollment, including age, sex, Charlson Comor-
bidity Index, biochemical parameters (hemoglobin, hematocrit,
platelets, leukocytes, lymphocytes, clotting tests, serum lactate dehy-
drogenase, and C-reactive protein), time since diagnosis of lym-
phoma to COVID-19 diagnosis, time from last lymphoma therapy to
COVID-19 diagnosis, and COVID-19 severity including admission to
the intensive care unit (ICU) were recorded. Definitions of active dis-
ease status (progressive disease or partial remission), active therapy
(delivered within the previous 6 months), and severity of COVID-19
as mild, severe, or critical, were previously described."" This study
was registered with ClinicalTrials.gov, NCT04352556.

Outcomes measures and statistical analysis

Characteristics of the study population were described for
admitted and nonadmitted patients. The primary outcomes were
mortality among patients with lymphoma and COVID-19 (overalll
survival [OS] from date of COVID-19 diagnosis to date of death
for any cause or date of last clinical evaluation) and evaluation
of potential predictive parameters of mortality. COVID-19 fatality
rate (CFR) was estimated as the proportion of deaths compared
with the total number of patients. Secondary outcomes were the
characteristics of admitted patients as compared with patients
that were managed as out-patient, and the outcome of patients
with different lymphoma subtypes or specific treatments. Dis-
crete covariates were summarized by frequencies and percen-
tages, and continuous covariates were summarized by use of
standard measures of central tendency and dispersion (median
and range). Comparisons between categorical covariates were
performed by Fisher's exact test or x2 test if appropriate. Com-
parison between continuous covariates were done using the
Mann-Whitney U test. The OS was estimated by means of
Kaplan-Meier method, with 95% confidence interval (Cl). We
compared OS in different cohorts of patients using log-rank
test, and the effect of covariate was estimated using the Cox
proportional hazard (PH) regression, either in univariable or mul-
tivariable analysis.?® Association between covariates and hospi-
tal admission was estimated by logistic regression, and the
effect of covariate was reported as odds ratio (OR) with 95%
Cl. The continuous covariates were dichotomized using the cut-
off reported in medical literature, except for absolute lymphocyte
count (ALC), for which a specific cut-point was identified by
modeling the continuous covariate in an explorative Cox PH
restricted cubic spline regression, which was stratified by histo-
type,?" as reported in supplemental Figure 1. All statistical anal-
ysis was done with Stata 17SE and all statistical tests were
2-sided.
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Histological subtypes and antilymphoma therapy

Patients were grouped into the following histologic categories:
(1) large B-cell lymphomas (LBCL), (2) follicular lymphoma (FL), (3)
mantle cell lymphoma (MCL), (4) other indolent lymphomas (i-NHL),
(5) T-cell lymphomas (T-cell), and (6) Hodgkin lymphoma (cHL).

A list of the included lymphoma subtypes by category is listed in
supplemental Material. For the purpose of the present analysis, nod-
ular lymphocyte predominant Hodgkin's lymphoma (LP-HL) were
grouped with i-NHL. Patients with chronic lymphocytic leukemia
were excluded from the present analysis.

As for therapeutic schemes, we identified the following categories:
(1) chemotherapy alone, (2) radiotherapy alone, (3) immunotherapy,
(4) immunochemotherapy, (5) biologics (single agents or in combi-
nation), and (6) participation to clinical trials. The chemotherapy cat-
egories, either in combination with immunotherapy or not, included
various combinations of chemotherapy agents; immunotherapy
included patients on treatment with monoclonal antibody monother-
apy (mostly anti-CD20 and anti-CD30) and/or checkpoint inhibitors
(mostly PD-1 inhibitors); biologics included tyrosine kinase inhibitors,
immunomodulators, and proteasome inhibitors. For the purpose of
this analysis, we further subdivided therapeutic combinations in
bendamustine-containing or not and anti-CD20 containing or not.

Prognostic model

The complete cases cohort was used to develop and select the
model by means of the likelihood-ratio test. The importance of cova-
riates was evaluated after 1000 bootstrap resamples of the selec-
tion model, based on minimum Akaike's information criterion (AIC).
The proportionality of risk of the multivariable Cox PH model was
checked graphically by means of the scaled Schoenfeld residuals.??
Finally, the model was internally validated using bootstrap techni-
ques to evaluate the discriminant power (C-index, which measures
the probability that given a pair of randomly selected patients, the
model will correctly predict which patient will experience failure first),
shrinkage factor (check for overfitting: the statistical model fitted the
noise in the data rather than the relation between covariates and
outcome, with loss of generalizability)."* The following categorized
covariates were considered: age, =65 vs < 65 years; gender, male
vs female; hemoglobin (Hb), <12 vs =12 g/dL; histology, LBCL/
MCL/T-cell vs cHL/FL/i-NHL; disease status, active vs not; Charlson
Index, >6 vs =6; time lapse between lymphoma diagnosis and
COVID-19, <36 vs =36 months; platelets (PLT), <100 vs =100
107 9/L; and ALC, <650 vs =650 10~ °/L (the cut-point for ALC is
described in supplemental Figure 1) . We assigned a weight to
each variable according to its relative importance, derived from the
ratio of z-Wald values found in the Cox PH model. The ratio
between the z-score for any factor was divided by minimum z-score
observed (considered as reference), and the weights were obtained
rounding the ratio. Thus, the score was the sum of weights. Finally,
from the analysis of the Kaplan-Meier curves, the prognostic score
was grouped into 3 risk levels (low, intermediate, and high).

Results

Patients’ characteristics

The study included 856 patients, of whom 237 were included in
the previous analysis,'" and 619 were enrolled prospectively since
the closure of the initial database. The clinical and laboratory
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Table 1. Baseline patients’ characteristics by hospital admission

Status Overall n (%) Admitted n (%) Not-admitted n (%) P-value
856 (100) 468 (55) 388 (45)
Median age (range) 63 67 57 <.001
(19-94) (20-92) (19-94)

Gender <.001
Male 504 (59) 305 (65) 199 (51)

Charlson Index <.001
>6 166 (20) 123 (28) 43 (11)

Anemia <.001
<12 g/dL 122 (16) 95 (22) 27 (8)

Total lymphocytes

<650/mmc 140 (22) 105 (28) 35 (12) <.001
Histology
DLBCL 251 (29) 147 (31) 104 (27) 152
FL 183 (21) 111 (24) 72 (19) .078
HG-NOS, DHL 55 (6) 34 (7) 21 (5) 327
MZL 72 (8) 48 (10) 24 (6) .036
LPL 61 (7) 32 (7) 29 (7) .790
MCL 60 (7) 34 (7) 26 (7) .789
T-cell 47 (5) 28 (6) 19 (5) .5630
cHL 115 (13) 28 (6) 87 (22) <.001
LP-HL 11 (1) 6 (1) 5 (1) 1.00
Smoker .008
Never 429 (70) 199 (66) 230 (75)
Former 128 (21) 79 (26) 49 (16)
Current 53 (9) 24 (8) 29 (9)
COVID-19 severity <.001
Mild 505 (63) 184 (40) 321 (92)
Severe 230 (29) 206 (45) 24 (7)
Critical 68 (8) 66 (14) 2(1)
# line treatment 428
1 345 (69) 189 (72) 156 (65)
2 87 (17) 41 (16) 46 (19)
3 39 (8) 18 (7) 21 (9)
4+ 32 (6) 15 (6) 17 (87)
Time to COVID-19 <.001
=3 mo 138 (16) 99 (21) 39 (10)
3-12 mo 188 (22) 113 (24) 75 (19)
12-24 mo 133 (16) 68 (15) 65 (17)
24-36 mo 73 (9) 46 (10) 27 (7)
36-48 mo 58 (7) 17 (4) 41 (11)
>48 mo 259 (31) 119 (25) 140 (36)
Status at COVID-19 <.001
CR 374 (46) 159 (36) 215 (67)
PR 137 (17) 89 (20) 48 (13)
SD 98 (12) 64 (15) 34 (9)
PD 120 (15) 82 (19) 38 (10)
W&W 83 (10) 44 (10) 39 (10)

Cl, comorbidity index; histology abbreviations, see supplemental Material.
Continuous data: Mann-Whitney U test; categorical data: Fisher's exact test. For histology test single group vs others.
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Figure 1. Overall survival for enrolled patients. Kaplan-Meyer curves for overall survival in all enrolled patients (A), and according to admission to the hospital (B),

lymphoma histotype (C).

features, and lymphoma histologies of the whole series, then
divided according to admission to the hospital or not, are reported
in Table 1. Overall, median age was 63 (range 19-94), and 504
(59%) were males. As expected, patients necessitating hospitaliza-
tion since the initial positive swab, the so-called admitted cohort (n
= 468), were in worse clinical conditions than those followed-up
as outpatients (n = 388), with 59% and 8% with severe or critical
disease, respectively. Therefore, as shown in Table 1, the clinical
and laboratory features of the 2 cohorts were significantly different.
Not-admitted patients were younger, were more likely to be
females, had an inferior comorbidity score, and had a higher hemo-
globin level and ALC. Admitted patients instead were more likely
to have a recent lymphoma diagnosis and an active disease, while
no difference was observed regarding number of previous antilym-
phoma therapy lines. A logistic regression calculation describing
the probability of hospital admission according to different charac-
teristics of patients is shown in supplemental Table 1. The distribu-
tion of lymphoma histotypes was in line with the expected
prevalence of these diseases in the adult unselected population.
Interestingly, patients affected by cHL were more likely to be fol-
lowed in the outpatient setting.

Overall survival

Overall, 165 patients died after a median follow-up of 66 days (range
1-395), with a CFR of 19.5% and an incidence of 2.45x1000 person-
days. Overall, the 30- and 100-days mortality was 13% (95% Cl, 11%
to 15%) and 23% (95% Cl, 20% to 27%), respectively, as shown in
Figure 1A. The vast majority of deaths were due to COVID-19 infection
or complications related to the infection (91%, vs 15 unrelated, 9%).
Unrelated deaths were due to lymphoma progression in 13 of the 15
cases. As expected, patients admitted to the hospital had significantly
worse OS than patients not admitted (P < .0001), as shown in Figure
1B. The CFR of admitted vs not-admitted patients was 33.4% and
3.8%, respectively. The mortality incidence of admitted and not-
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admitted patients was 4.03 and 0.50x1000 person-days, respectively.
The 30-days mortality for mild, severe, and critical COVID-19 infection,
which is a parameter strictly related to hospitalization, were 4% (95%
Cl, 3% to 7%), 22% (95% Cl, 17% to 28%) and 45% (95% ClI, 33%
to 57%), respectively. The 100-days rates were 9% (95% Cl, 6% to
13%), 38% (95% Cl, 31% to 46%), and 75% (95% CI, 61% to
87%) for the mild, severe, and critical groups, respectively, as shown
in Table 2. The OS for status of COVID-19 showed the same pattern
in prospective or retrospective cohort (test for trend, P < .001 for
both). Factors that were associated with significantly impaired OS in
univariate analysis are shown in Table 2.

No difference in OS was observed between the prospective and
retrospective cohorts (3-months OS 76% vs 75%, respectively,
P = .205). Possibly due to selection bias, the retrospective series
had higher rate of hospitalization and lower rate of mild COVID
compared with the prospective series (74% vs 44%, P < .001;
54% vs 68%, P = .001, respectively).

Overall, 474 patients were treated anytime for lymphoma, with 274
patients (33%) that were on active treatment at the time of the
COVID-19 diagnosis, and 200 (24%) that had completed their ther-
apy more than 6 months before infection. The mortality rate of
patients who had recent therapy (= 6 months) or previous therapy
(> 6 months) was 25% (95% CI, 20% to 33%), and 29% (95%
Cl, 22-38), respectively (P = .996). Patients who had received anti-
lymphoma treatment (yes or no, any time) had worse OS than
patients that were never treated (n = 357), as shown in Table 2.
When comparing patients that had received bendamustine
(n = 61) with patients that had received different therapies, we
observed no significant difference in terms of OS (P = .23, supple-
mental Figure 2). Nevertheless, bendamustine mortality curve raised
sharply in the initial 50 days from COVID-19 infection, suggesting
that a detrimental effect of the drug cannot be excluded in our rela-
tively small sample. When comparing patients that had received
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Table 2. Univariable analysis for overall survival

Covariate n (%) 100-d Death % (95%Cl) HR (95%) P-value
Age

<65y 451 (53) 13 (10-17) 1.00

65+ y 394 (47) 35 (29-41) 3.34 (2.38-4.70) <.001
Gender

F 349 (41) 16 (12-22) 1.00

M 496 (59) 28 (23-33) 1.60 (1.15-2.23) .006
Hb, g/dL

12+ 446 (59) 17 (13-22) 1.00

<12 314 (41) 34 (27-41) 1.89 (1.38-2.59) <.001
ALC

>650 523 (79) 20 (16-25) 1.00

=650 139 (21) 38 (29-48) 2.28 (1.60-3.25) <.001
NLR (ANC/ALC ratio)

=35 434 (66) 17 (13-22) 1.00

>3.5 221 (34) 36 (29-45) 2.09 (1.49-2.94) <.001
Platelets

100+ 551 (73) 20 (16-25) 1.00

<100 200 (27) 32 (25-41) 1.52 (1.09-2.12) .014

Charlson Index

=6 643 (80) 18 (15-23) 1.00
>6 162 (20) 40 (32-50) 2.63 (1.90-3.64) <.001
Smoke
Never 424 (70) 19 (15-25) 1.00
Former 127 (21) 42 (32-54) 2.16 (1.47-3.18) <.001
Current 52 (9) 30 (18-46) 1.71 (0.94-3.09) .077
Never 424 (70) 19 (15-25) 1.00
Smoke former/current 179 (30) 38 (30-48) 2.04 (1.43-2.91) <.001

Lymphoma treatment

Never had 357 (43) 18 (14-24) 1.00
Yes, > 6 mo 200 (24) 29 (22-38) 1.67 (1.11-2.50) .012
Yes, = 6 mo 274 (33) 25 (20-33) 1.67 (1.16-2.41) .006
Active vs not active 1.00 (0.68-1.47) .996
Histology
LBCL 300 (36) 30 (24-37) 1.00
cHL 114 (14) 6 (3-14) 0.30 (0.15-0.60) .001
i-NHL 324 (39) 21 (16-27) 0.70 (0.50-0.99) .049
MCL 59 (7) 31 (17-52) 0.97 (0.565-1.73) .928
T-cell 43 (5) 28 (16-46) 1.29 (0.72-2.33) .393
i-NHL/HL 438 (52) 17 (13-22) 1.00
LBCL/MCL/T 402 (48) 30 (24-36) 1.78 (1.27-2.37) .001

Time, lymphoma to COVID-19

<8 mo 135 (16) 31 (28-42) 1.00

3-12 mo 184 (22) 26 (19-35) 0.85 (0.54-1.34) 486
12-24 mo 132 (16) 22 (15-31) 0.71 (0.42-1.19) 192
24-36 mo 72 (9) 19 (10-33) 0.50 (0.24-1.00) .050
36-48 mo 58 (7) 16 (7-34) 0.45 (0.19-1.07) .071
>48 mo 257 (31) 25 (21-29) 0.67 (0.43-1.04) .077
=12 mo 519 (62) 20 (16-25) 1.00

<12 mo 319 (38) 28 (23-35) 1.44 (1.06-1.96) .020

OS evaluable on 845 patients (99%).
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Table 2. (continued)

Covariate n (%) 100-d Death % (95%Cl) HR (95%) P-value
COVID-19 severity
Mild 500 (63) 9 (6-13) 1.00
Severe 227 (29) 38 (31-46) 4.67 (3.16-6.90) <.001
Critical 67 (8) 75 (61-87) 12.1 (7.82-18.6) <.001
Hospital admission
No 382 (45) 5 (2-10) 1.00
Yes 463 (55) 37 (32-43) 8.82 (5.18-15.0) <.001
Lymphoma status at COVID-19
CR 368 (46) 16 (11-21) 1.00
PR 135 (17) 22 (19-31) 1.96 (1.24-3.10) .004
SD 98 (12) 26 (17-39) 1.92 (1.15-3.20) .013
PD 119 (15) 41 (30-53) 3.37 (2.21-5.14) <.001
WEW 81 (10) 22 (13-35) 1.52 (0.85-2.73) 162
CR/W&W 449 (56) 17 (18-22) 1.00
PR/SD 233 (29) 23 (18-30) 1.77 (1.22-2.57) .003
PD 119 (15) 41 (30-53) 3.08 (2.07-4.58) <.001

OS evaluable on 845 patients (99%).

anti-CD20 immunotherapy (n = 163) with patients treated without
these drugs, no difference was observed in terms of OS (P = .65,
supplemental Figure 2), with mortality rates that were quite superim-
posable in the initial 100 days from infection. The absence of a det-
rimental acute impact of anti-CD20 on mortality was confirmed in
the 16 FL patients that underwent or were undergoing maintenance

therapy with anti-CD20 in our series (data not shown). Of lymphoma
histologies, cHL was associated with significantly better OS than
others (P = .001), while low-grade lymphomas, including both FL
and i-NHL, were borderline (P = .049, Figure 1C). Indeed, when
we considered the impact of age, gender, and the frequency of
admission to the hospital of patients with cHL, which was different
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Figure 2. Overall survival by the prognostic model. Kaplan-Meyer curves for overall survival assigned by the prognostic model in the cohorts of patients with complete

data (n = 429) (A), or without complete data (n = 193) (B).
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Figure 3. Risk of death related with the time from lymphoma diagnosis to
COVID infection. Restricted cubic spline Cox PH regression describing the
relationship between time lapse between lymphoma diagnosis and COVID
infection, and risk of death.

from other histologies, as expected, this advantage was weakened
(log-rank test stratified by age >65, gender, and hospital admission,
P = .318).

Interestingly, the time interval between lymphoma diagnosis and
COVID-19 infection was inversely related to mortality, with 36 months
as cutoff, meaning that the longer the interval the inferior the probability
of death. As shown in Figure 3, the risk of death declined over time in a
linear fashion as we moved away from the time of lymphoma diagnosis.

Predictive model for survival

The model was built from 429 patients with complete data, where
multivariable analysis revealed that age >65 years old, male gender,
absolute lymphocyte count less than 650 X 10~ %/L, and platelets
less than 100 X 10~ °/L were the strongest factors associated with
inferior OS (Table 3). The relative importance for inclusion into the
model of each factor is reported in supplemental Table 2. Given
weight 2 for age and 1 for male gender, lymphopenia and thrombocy-
topenia, respectively, a score ranging from O to 5 was obtained that
grouped 3 risk categories by Kaplan-Meier curves: low (0-1), interme-
diate (2-3), and high (4-5) (Table 4; Figure 2A). In the cohort of 429

Table 3. Multivariable Cox proportional hazard regression (n = 429)

patients, the 100-days mortality for low, intermediate and high risk
were 8% (95% Cl, 5% to 13%), 29% (95% Cl, 23% to 36%), and
549% (95% Cl, 41% to 68%), respectively. The HR between interme-
diate and low risk was 3.79 (95% Cl, 2.09-6.85, P < .001) and 2.33
(95% CI, 1.43-3.83, P = .001) between high and intermediate risk.
In 193 patients without complete data, but in which it was possible to
compute the score, the prognostic index showed a comparable prop-
erty (Table 4; Figure 2B). Moreover, the prognostic model could reli-
ably separate the 3 levels of risk either for hospitalized or not-
hospitalized patients (log rank, P < .001 for both) and had compara-
ble discrimination ability in the prospective and retrospective cohorts:
C-Harrell 0.692 (95% Cl, 0.600-0.711) and 0.654 (95% Cl, 0.629-
0.754), respectively. Finally, when we calculated the respective prog-
nostic index according to lymphoma histology (International Prognos-
tic Index, Follicular Lymphoma International Prognostic Index, and
Mantle Cell Lymphoma International Prognostic Index) in 340 patients
with available data, our model for COVID-19 worked properly both in
low- and high-risk groups, as shown in supplemental Figure 3.

COVID related signs and symptoms,
COVID management

The most common clinical findings at presentation among hospitalized
patients with lymphoma were pneumonia (80%) and fever (76%), fol-
lowed by dyspnoea (62%). As expected, these findings were less rep-
resented among not-admitted patients (10%, 53%, and 12%,
respectively). Fever represented the relatively most common sign or
symptom in not-admitted patients. Of hospitalized patients, 60% were
admitted in various departments of internal medicine care, 29% at the
infectious disease departments, and 11% in ICU. The characteristics
of patients admitted to the hospital, either in ICU or not, and of those
not admitted in terms of signs and symptoms, divided by severity of
COVID-19 infection, are reported in supplemental Tables 3 and 5.

Medications that were delivered to admitted patients, both in terms
of oxygen supplementation, inotropes, antibiotics, or antiviral drugs,
are described in detail in supplemental Table 4. Differences in the
administration of drugs or ventilation according to disease severity
are also listed. Overall, hydroxychloroquine was administered to
34% of admitted patients, lopinavir in 34%, remdesivir in 41%, and
antibiotics in 74%. Deep-vein thrombosis prophylaxis was delivered
to 71% of patients, and 6% had tocilizumab.

n=429, 87 events

Covariate HR (95%) P-value z-Wald (Ratio) weight
Age 65+ y 3.51 (2.20-5.60) <.001 5.27 (1.8) 2
Gender M 2.04 (1.27-3.27) .003 2.96 (1.0 1
ALC =650 2.14 (1.37-3.34) .001 3.35 (1.2) 1
Platelets <100 2.14 (1.37-3.34) .001 2.89 1.00

C-Harrell 0.725 (0.673-0.777)
Internal validation
C-index Harrell (95% ClI)

Slope shrinkage

Reference: 0.725 (0.673-0.777). Bias corrected: 0.716 (optimism 0.018)

Optimism: 0.057, slope: 0.943

Internal validation performed after 1000 bootstrap resamples. N = 429 complete cases for age, sex, Hb, ALC, platelets, istology, patient status at CODIV-19 diagnosis, Charlson

index, smoker, treatment yes/no, and time lapse from lymphoma to COVID-19.

Ratio, ratio between the z-score for any factor divided by minimum z-score observed (platelets, considered as reference). The weights were obtained rounding the ratio. Score, sum of

weights.
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Table 4. Prognostic model

Complete cases (n=429)

Score N (%) 100-d Death % (95% CI) HR (95% CI) P-value
Low 0-1 190 (44) 9 (5-15) 1.00

Intermediate 2-3 195 (45) 30 (22-39) 3.79 (2.09-6.85) <.001
High 4-5 44 (10) 65 (46-83) 8.85 (4.55-17.2) <.001
Overall 429 25 (20-31) - -
Incomplete cases (n=193)

Score N (%) 100-d Death % (95% CI) HR (95% CI) P-value
Low O-1 79 (36) 7 (3-17) 1.00

Intermediate 2-3 106 (48) 26 (17-38) 3.93 (1.560-10.3) .010
High 4-5 37 (17) 43 (26-63) 7.63 (2.77-21.0) <.001
Overall 193 22 (17-27) - -

Score: sum of 4 factors with weight 2 for age and 1 for other factors (range 0-5). Score of 3 level: low risk (0-1), intermediate (2-3), and high risk (4-5).

Discussion

In the present study, we evaluated the impact of COVID-19 on sur-
vival of ltalian lymphoma patients. To the best of our knowledge, this
is the largest series of patients reported so far and has some unique
characteristics that may impact clinical practice: (1) it includes a
large prospective cohort (n = 619), (2) it has the longest follow-up
to date, and (3) it includes both hospitalized and not-hospitalized
patients. Overall, we could draw conclusions on a population with a
wide age distribution, affected by lymphoid malignancies with vari-
able disease status, and with several lymphoma histologies that
were well represented. With the present study, we can conclusively
say that fatality rate of hospitalized patients with lymphoma is high
(83.4%), which was in line with smaller retrospective series from
the literature on lymphoma patients'”?% or on HM in general.'> 624
Furthermore, we could establish for the first time the relatively low
mortality rate (3.8%) of patients that were managed as outpatients.
Our analysis confirmed that the demographic characteristics of the
patients are of main importance in the COVID-19-and—-cancer sce-
nario. Male gender and advanced age (>65 years old) by them-
selves conferred a significant higher risk of death to patients with
lymphoma and COVID-19, with hazard ratios in the range of 2 and
3.5, respectively. When demographic characteristics were
paired by platelet and lymphocyte count, we could build an
easy-to-use prognostic model that identified patients with
~50% probability of death in the initial 2 months after COVID-
19 infection (Table 4; Figure 2). Our prognostic model success-
fully applied both to admitted and not-admitted patients. The
detrimental role of lymphopenia in our model may be related to
the impaired humoral and cell-mediated response, associated
to the reduced seroconversion related to lymphopenia. Throm-
bocytopenia instead may be related to the degree of acute
inflammation, when proinflammatory mediators are released, and
systemic endothelial damage occurs. Of note, the reason for
death was registered as a prerequisite in our database to avoid
overestimation bias in the rate of death due to comorbidities or
other reasons that were not COVID related. Indeed, 91% of the
registered and computed deaths were reported as COVID
related. We acknowledge that the performance of our model
was not verified in independent series, although it was validated
internally (Figure 2), and therefore we need to consider our find-
ings as hypothesis-generating for future external validation.
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Overall, these findings may assist hematologists and national
health commissions in their decision-making processes regard-
ing preventive measures and treatment in this patient popula-
tion. Vaccination has been shown to be not as effective in
lymphoma patients as in the normal setting, making this popula-
tion more vulnerable to COVID-19.2°28 A substantial subset of
vaccinated lymphoma patients may be at high risk of break-
through COVID-19 infection.?® Adapted vaccination schedules
for lymphoma patients, especially when exposed to anti-
CD20-including regimens, are urgently needed, as this high-
lights the need for continuous, careful monitoring of this frail
population.

Our work may facilitate a change in some common thinking about
the impact of delivered antilymphoma treatment on fatality rate. We
observed no differences in survival for patients on active antilym-
phoma treatment (<=6 months) as compared with all others (Table 2).
This observation confirms other observations on lymphoma
patients'*'73 but differs from what generally reported in solid can-
cer patients, where active treatment has been associated with
increased risk of death,?®° although not uniformly.'®3" Anti-CD20
containing therapy, as already observed by others,"® did not impact
the short-term outcome, as was the case of the number of previous
antilymphoma lines of therapy. However, this aspect will need to be
clarified further, in view of the recently described strong association
between anti-CD20 containing therapy and impaired immune
response to vaccination.?®2® The use of bendamustine was not sta-
tistically associated with impaired survival in our series, but larger
samples will be needed to confirm this observation. Instead, based
on our findings, withholding specific treatments does not seem to
be justified, since the presence of active disease was uniformly
associated with higher risk of death in ours and other series.'”"'8

Our analysis showed that an initial lymphoma diagnosis of 3 or
more years prior to COVID-19 infection was significantly associated
with better clinical behavior and inferior fatality rate. This observation,
which to our knowledge has not been previously reported, may facil-
itate the screening of patients that may be candidates to early vacci-
nation strategies (Figure 3).

In the COVID-19 literature, only a few retrospective series spe-
cifically describing patients with lymphoma have been published
so far.'®'” We observed that patients with cHL had a lower
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rate of admission to the hospital and the lowest mortality rate
among all subtypes. This was consistent with several other
reports, with the limit of the low number of cHL patients
included in the other series.'® We acknowledge that patients
with cHL were significantly younger than other histologies
(median 43 vs 65 years, P = .0001), which conferred them
already the most relevant survival advantage according to our
Cox PH regresion analysis. Nevertheless, our prognostic model
was equally effective in discriminating survival of any lymphoma
subtype. Low-grade lymphomas experienced a relatively better
survival as compared with aggressive histotypes, but this may
reflect the intrinsic longer expected survival of patients with
indolent histologies. However, our model was predictive in each
subgroup of the prognostic indexes related to lymphoma histo-
type both in aggressive and indolent histologies (International
Prognostic Index, Follicular lymphoma International Prognostic
Index, and Mantle Cell Lymphoma International Prognostic
Index; supplemental Figure 3).

All patients that were not admitted to the hospital (h = 388) were
enrolled prospectively by centers. This makes this cohort informative
regarding the ability of our model to predict survival of not-
hospitalized patients. Indeed, the vast majority of lymphoma patients
included in previous reports were admitted to the hospital (85%
and 100% in the Spanish and French reports, respectively’®'?).
The signs and symptoms related to COVID-19 infection in this
population were obviously milder than hospitalized patients: fever,
pneumonia, or cough were registered in 53%, 10%, and 36% of
not-admitted patients, respectively, as compared with 76%, 80%,
and 53% for hospitalized patients. Analyzing the effectiveness of the
various COVID-19 treatments to improve final outcome represents a
crucial objective of scientific research in the COVID-19 era, but it
was outside the aims of the present report. Furthermore, longitudinal
observation of our patients may inform us about the impact of
long COVID-19 and how long-lasting signs or symptoms may have
affected the subsequent treatment of underlying lymphoma. This
aspect warrants further investigations.

In conclusion, we have reported a high mortality rate in patients with
lymphoma and COVID-19, which can be easily predicted both in
hospitalized and not-hospitalized patients by demographics or hema-
tological ready-to-use variables. Our study, which was largely based
on a prospectively enrolled cohort, may represent the basis for
future comparison in such an intriguing field of modern translational
medicine.
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