
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Original Study 

Frequency, Clinical Characteristics and Outcome 

of Adults With Acute Lymphoblastic Leukemia 

and COVID 19 Infection in the First vs. Second 

Pandemic Wave in Spain 

Josep-Maria Ribera, 1 Mireia Morgades, 1 Rosa Coll, 2 Pere Barba, 3 

Jose-Luis López-Lorenzo, 4 Pau Montesinos, 5 María-Angeles Foncillas, 6 

Mónica Cabrero, 7 Ignacio Gómez-Centurión, 8 María-Dolores Morales, 9 

María-Rosario Varela, 10 Pilar Herrera, 11 Irene García-Cadenas, 12 María Calbacho, 13 

Anna Torrent, 1 Clara Maluquer, 14 Marisa Calabuig, 15 Antoni Garcia-Guiñon, 16 

Guiomar Bautista, 17 Laura Llorente, 18 Cristina Gil, 19 María-Teresa Artola, 20 

José González-Campos, 21 Ainhoa Fernández-Moreno, 22 Abelardo Bárez, 23 

Teresa Giménez-Pérez, 24 Juan Bergua, 25 María-José Sánchez-Sánchez, 26 

María-Carmen Mateos, 26 José-Luis Piñana 

25 

ABSTRACT 

The characteristics and outcome of ALL in adults with COVID-19 infection in the first two waves of the pandemic 

in Spain were compared. The frequency and mortality of COVID-19 infection were high in adults with ALL, 
without changes over time. Comorbidities at COVID-19 infection was the only prognostic factor for survival. 
Background and objective: SARS-CoV-2 infection has bimodal distribution in Europe with a first wave in March to 

June 2020 and a second in September 2020 to February 2021. We compared the frequency, clinical characteristics 
and outcomes of adults with acute lymphoblastic leukemia (ALL) and infection in the first vs. second pandemic waves 
in Spain. Patients and Methods: In this prospective study the characteristics of ALL and COVID-19 infection, comor- 
bidities, treatment and outcome in the two periods were compared. The study ended when vaccination against SARS- 
CoV-2 was implemented in Spain. Results: Twenty eight patients were collected in the first wave and 24 in the second. 
The median age was 46.5 years (range 20–83). Patients from the first wave had a trend to more severe ALL (higher 
frequency of patients under induction or submitted to transplantation or under immunosuppressive therapy). No signifi- 
cant differences were observed in need for oxygen support, intensive care unit (ICU) requirement, days in ICU and time 

to COVID-19 infection recovery. Seventeen patients (33%) died, with death attributed to COVID infection in 15 (29%), 
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without significant differences in the 100 day overall survival (OS) probabilities in the two waves (68% ± 17% vs. 56% 

± 30%). The only prognostic factor for OS identified by was the presence of comorbidities at COVID-19 infection (HR: 
5.358 [95% CI: 1.875- 15.313]). Conclusion: The frequency and mortality of COVID-19 infection were high in adults 
with ALL, without changes over time, providing evidence in favor of vaccination pr ior ity for these patients. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 21, No. 10, e801–e809 © 2021 Elsevier Inc. All rights reserved. 
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INTRODUCTION 

SARS-CoV-2 (COVID-19) infection has a negative impact on
the outcomes of patients with cancer, with mortality rates over
20%. 1-3 This is especially important in adults with hematologic
neoplasias and in those submitted to allogeneic hematopoietic stem
cell transplant (HSCT), in whom the death rate is over 30% 

4-8

compared to 4% in children. 4 Patients with active disease and those
receiving intensive chemotherapy or immunotherapy are especially
vulnerable. Apart from the cancer itself other factors such as
advanced age, poor general status and neutropenia contribute to this
high mortality rate. There are striking differences in the death rate
among the different hematologic neoplasias, with acute myeloblas-
tic leukemia and lymphoproliferative diseases showing the highest
rate. 6-8 

Information of the incidence and outcome of COVID-19 infec-
tion in patients with acute lymphoblastic leukemia (ALL) is scarce.
Given the low frequency of ALL in adults, reports usually combine
patients with other hematologic cancers. Among studies focused on
ALL, a report from Italy performed in the first peak of the pandemic
described a low incidence of COVID-19 infection among patients
with Philadelphia chromosome-positive (pH + ) ALL and suggested
that tyrosine kinase inhibitors (TKI) may play a role in protecting
patients from the infection. 9 

The first wave of COVID-19 had dramatic consequences in all
countries, whose health care systems were not adequately prepared
for such a pandemic and for the clinical consequences of a previously
unknown disease in human beings. The explosive rise in SARS-
CoV-2 infection, the severity of multisystem involvement in some
patients and the lack of effective therapies explain the high lethality
rate. 10 Several Western countries are currently suffering a second or
third wave of the infection. Improvements in health care systems,
the development of guidelines for the management of COVID-19
in cancer patients 11 and the vaccination programs will decrease the
incidence and lethality of this infection. 

Comparative studies of the impact of COVID-19 infection in
specific hematologic neoplasias in the first vs. second infection waves
are scarce and to our knowledge have not been done in ALL. Our
objective was to compare the frequency, clinical characteristics and
outcomes of adults with ALL and COVID-19 infection in the first
vs. second SARS-CoV-2 infection waves in Spain. 

PATIENTS and METHODS 

Patients recruitment 
Between March 1, 2020 to May 31, 2020 (the period of the

first wave of COVID-19 infection in Spain) two registries from the
PETHEMA (Programa Español de Tratamientos en Hematología)
Clinical Lymphoma, Myeloma and Leukemia 2021 
and GETH (Grupo Español de Trasplante Hematopoyético y
Terapia Celular) groups were activated to recruit adult patients
(age over 18 years) with ALL and COVID-19 infection confirmed
by polymerase chain reaction. The PETHEMA registry was based
on the registry developed by the American Society of Hematology
(ASH) for hematologic diseases ( www.ashresearchcollaborative.org/
covid- 19- registry ), and the GETH registry was specifically devel-
oped for hematological diseases and COVID-19 infection in Spain. 6

Both registries were merged for this study, resulting in a unique
registry and database, which was sent to the Hematology Depart-
ments of 82 Spanish hospitals. The same strategy was performed
during the second COVID-19 wave (between September 12, 2020
and January 12, 2021). The study was closed at that date, when
the vaccination for COVID-19 was initiated at a population level
in Spain. The study was approved by a reference Institutional
Review Board (reference code 2020–113–1) and was registered by
the Spanish Agency of Medicines and Health Products (reference
code GETCLO-2020–01) and by the European Medicines Agency
(reference code EUPAS34365EBMT). Specific recommendations
for the management of ALL patients with COVID-19 were imple-
mented by the PETHEMA Group in the beginning of the first
wave of COVID-19 infection (available at www.sehh.es/covid-19/
recomendaciones/123986 ). 

Data analyzed 

The following data were collected and analyzed: demograph-
ics and clinical and biologic features of ALL, patient comor-
bidities, COVID-19 infection (symptoms, SARS-COV-2-related
hospital admission, oxygen requirement, intensive care unit (ICU)
admission, and COVID-19 therapy), baseline laboratory variables
(absolute lymphocyte and neutrophil counts, C-reactive protein
[CRP] and d -dimer levels) at the time or within 3 days after
SARS-CoV-2 detection, ALL therapy and patient outcomes. Weekly
reminders were sent to centers for patient inclusion during the two
periods of the study. The first part of the study was closed for follow-
up on July 10, 2020 and the second part was closed on January 12,
2021. The results of the first part of the study were published in
abstract form. 

Statistical analysis 
The primary objective was the comparison of survival of ALL

patients in the two COVID-19 infection waves. Secondary objec-
tives were the comparison of the frequency and clinical and
biological features of ALL, the characteristics of COVID-19 infec-
tion and patient management in the two waves, as well as the
prognostic factors for overall survival (OS). The main clinical and

http://www.ashresearchcollaborative.org/covid-19-registry
http://www.sehh.es/covid-19/recomendaciones/123986
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hematological variables were compared by median test (continu-
ous variables) and the Pearson or Fisher exact tests (categorical
variables). OS curves were plotted by the Kaplan-Meier method
and compared by the log-rank test. Multivariable analysis for
OS was performed using the Cox proportional hazards regres-
sion model. Data collection and statistical analyses were performed
at the PETHEMA Data Center for ALL using SPSS software
(v.24). Two-sided P -values < 0.05 were considered statistically
significant. 

RESULTS 

Patients and all characteristics 
Fifty six patients were included, 4 of whom were excluded for

COVID-19 infection occurring more than 3 years after the end of
ALL therapy [n = 3] and 1 for having Burkitt lymphoma. Twenty
eight patients were recruited in the first wave and 24 in the second.
The median time from ALL diagnosis to COVID-19 infection was
6.12 (range, 0 – 96.43) months. Table 1 shows and compares the
main clinical and biological characteristics of the patients included
in the first and the second COVID-19 infection waves. The median
age (range) of the series was 46.5 (20–83) years, with 34 patients
(65%) being older than 40 years. Comorbidities were present in
18 patients (35%), being arterial hypertension the most frequent.
ALL was of B-cell precursors in 38 patients (73%, pH + in 8).
At COVID-19 infection diagnosis, 31 patients (60%) were under
frontline treatment; 16 (31%) were receiving salvage therapy, 1 (2%)
was under palliative therapy and 4 (7%) had recently finished ALL
therapy. Eight patients were submitted to allogeneic hematopoi-
etic stem cell transplantation (HSCT) (5 at COVID-19 infection
diagnosis), CAR T (n = 1, 2 years prior to COVID-19 infection)
or received immunotherapy (inotuzumab, [n = 6, 2 at COVID-19
infection], blinatumomab, [n = 1, prior to COVID-19 infection]).
Eleven patients were under immunosuppressive therapy at the time
of COVID-19 infection (fludarabine [n = 6], tacrolimus [n = 3],
antithymocyte globulin [n = 1] and rituximab [n = 1]). Patients
from the first wave showed a trend to having more severe ALL than
those from the second wave (more patients receiving ≥2 lines of
therapy, submitted to HSCT or under immunosuppressive therapy)
( Table 1 ). 

Data of COVID-19 infection 

Table 2 shows the COVID-19 infection symptoms, the main
laboratory parameters, and the treatments implemented in the
first and the second waves. No differences were observed in
COVID-19 symptoms. Twelve patients (23%) showed neutropenia
< 0.5 × 10 9 /L and 24 (47%) lymphocytopenia < 0.5 × 10 9 /L at
COVID-19 infection, with a higher frequency of severe neutrope-
nia and lymphocytopenia in the first vs. the second wave. More
patients received antiviral therapy in the first wave. The therapy
for COVID-19 was different in the two periods, with signifi-
cantly higher use of hydroxychloroquine, remdesivir and lopinavir-
ritonavir in the first wave and corticosteroids combined or not
with remdesivir in the second wave. No significant differences were
observed in the need for oxygen support (12 patients vs. 8), ICU
requirement (7 patients vs. 4), days in the ICU (medians 16 vs.
21) and time to COVID-19 infection recovery (medians 17 vs. 13
days). 

Patients outcome 
Table 3 shows and compares the patient outcomes according

to the wave of COVID-19 infection. Seventeen patients (33%)
died (11 vs. 6). No differences in the frequency of deaths were
observed in pH + vs. pH-negative patients (3/8 [38%] vs. 14/44
[32%]). The main causes of death were COVID-19 infection ( n =
10), Pseudomonas sepsis during COVID-19 infection (n = 3), ALL
relapse (n = 3, 2 during COVID-19 infection) and ALL therapy-
related (n = 1). The death rate in patients transferred to the ICU
was 73% (8 out of 11). No differences were observed on compari-
son of the 100 day survival probabilities (68% [51% −85%] vs. 56%
[26% −86%]) ( Figure 1 ). In the univariable analysis, advanced age,
poor general status, the presence of comorbidities, severe neutrope-
nia and lymphocytopenia, and the number of treatment lines for
ALL were associated with a poorer OS. Only the presence of comor-
bidities at COVID-19 infection has an unfavorable impact on OS
in the multivariable analysis ( Table 4 and Figure 2 ). 

DISCUSSION 

This study shows that the frequency and characteristics of
COVID-19 infection were similar in patients with ALL during the
2 waves of the pandemic. Despite some differences in ALL severity
and the pharmacologic management of COVID-19 infection, the
patient outcomes were similar, with a 3 month survival probabil-
ity of around 60%, confirming the high lethality of this infection
among ALL patients. 

Up to March 4, 2021, 115,302,421 confirmed cases and
2561,992 deaths (2.2%) by COVID-19 infection had been recorded
worldwide. 13 The first wave of the pandemic occurred in many
Western countries, including Spain, in March 2020. Given the
magnitude of the pandemic and the lack of effective therapies
against the SARS CoV-2 virus, a population lockdown was made in
most countries. Many countries in Europe are facing second or third
waves of COVID-19 infection. Several studies performed during the
first pandemic wave showed that patients with cancer had a high
mortality rate of over 20%. 1-3 This rate was even higher in adult
patients with malignant hematologic diseases, ranging from 30%
to 40%. 4-8 Hematologic neoplasms have generally been grouped in
these studies, and there are scarce studies in patients with specific
hematologic cancers. 14-17 The evidence in ALL is even scarcer
and publications are mainly focused on children, in whom the
estimated death rate was 4%. 4 , 18 , 19 A study from Italy showed a low
incidence of COVID-19 infection among adult patients with pH +
ALL, 9 suggesting that TKI may play a role in protecting patients
from the infection, as was also suggested for chronic myeloid
leukemia. 20 

To our knowledge this is the first comparative study of the charac-
teristics and outcomes of adult ALL patients in the first vs. the
second wave of COVID-19 infection. The clinical and biologic
ALL features were similar in both waves and the frequency of pH +
ALL was not different to that observed in the general population.
There was a trend to more severe ALL in patients from the first
wave. During the second wave most patients were receiving first-
Clinical Lymphoma, Myeloma and Leukemia 2021 e803 
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Table 1 Main Acute Lymphoblastic Leukemia Characteristics and Treatment of Patients Recruited During the First and the Second 
COVID-19 Infection Waves 

Overall (n = 52) First COVID-19 
wave (n = 28) 

Second COVID-19 wave 
(n = 24) 

P value 

Age, yr, median (range) 46.5 (20–83) 46.5 (20–78) 47.5 (24–83) 1.000 
Age range, n (%) 

AYA, 19–39 yr. 
Adult, 40–59 yr. 
Elderly, 60–89 yr. 

18 (35) 
23 (44) 
11 (21) 

9 (32) 
13 (47) 
6 (21) 

9 (38) 
10 (42) 
5 (20) 

0.916 

Gender, male/female 26/26 15/13 11/13 0.578 
Ethnicity, n (%) 

Caucasian 
Asian 
Unspecified 

41 (79) 
2 (4) 
9 (17) 

23 (82) 
2 (7) 

3 (11) 

18 (75) 
0 

6 (25) 

0.190 

Active or ex-smoker, n (%) 13/50 (26) 3/26 (12) 10 (42) 0.015 
Comorbidities, n (%) 

Diabetes 
Coronar y arter y disease 
Heart failure 
Hypertension 
Chronic liver disease 
Prior cancer 
Autoimmune disease 
Psychiatric disorder 
Other 

18 (35) 
3 
1 
1 
7 
3 
2 
1 
2 
4 a 

9 (32) 
1 
1 
1 
5 
2 
1 
0 
0 
1 

9 (37) 
2 
0 
0 
2 
1 
1 
1 
2 
3 

0.686 

General status (ECOG scale), n (%) 
0 
1 
2 
3 

21/51 (41) 
22/51 (43) 
3/51 (6) 

5/51 (10) 

11 (39) 
13 (47) 

2 (7) 
2 (7) 

10/23 (44) 
9/23 (39) 
1/23 (4) 

3/23 (13) 

0.843 

WBC count at ALL diagnosis, x10 9 /L, median 
(range) 

12.6 (0.8–297) 12.6 (1.2–297) 12.5 (0.8–168) 0.768 

ALL phenotype, n (%) 
Early pre-B 
Common 
Pre-B 
B, unspecified 
Pro-T/pre-T 
Cortical T 
Mature T 
T, unspecified 
Mixed phenotype 

5 (9.5) 
25 (48) b 

5 (9.5) 
3 (6) 

5 (9.5) 
5 (9.5) b 

2 (4) b 

1 (2) b 

1 (2) 

1 (4) 
10 (35) 
4 (14) 
3 (11) 
5 (18) 
4 (14) 
1 (4) 

0 
0 

4 (17) 
15 (63) 
1 (4) 

0 
0 

1 (4) 
1 (4) 
1 (4) 
1 (4) 

0.065 c 

Philadelphia chromosome status, n (%) 
Negative 
Positive 

44 (85) 
8 (15) 

22 (79) 
6 (21) 

22 (92) 
2 (8) 

0.262 

ALL treatment at COVID infection, n (%) 
Induction 
Consolidation 
Maintenance 
Salvage therapy 
Palliative therapy 
End of therapy 

14 (27) 
15 (29) 
2 (4) 

16 (31) d 

1 (2) 
4 (7) 

10 (36) 
3 (11) 
1 (3.5) 
11 (39) 
1 (3.5) 
1 (3.5) 

4 (17) 
11 (46) 
1 (4) 
5 (21) 

0 
3 (12) 

0.021 

Number of lines of treatment, n (%) 
1 
≥2 

34 (65) 
18 (35) 

15 (54) 
7 (46) 

19 (79) 
5 (21) 

0.053 

Prior allogeneic HSCT, n (%) 8 (15) 8 (29) 0 NA 
Interval HSCT-COVID-19 infection, months, median 

(range) 
3.3 (0.2–46.9) 3.3 (0.2–46.9) – NA 

Immunosuppressive treatment (excluding 
corticosteroids) at COVID-19 infection, n (%) 

11/46 (24) e 9/26 (35) 2/20 (10) 0.036 

ECOG = Eastern Cooperative Oncology Group; WBC = white blood cell; ALL = Acute lymphoblastic leukemia; HSCT = hematopoietic stem cell transplant. 
a Extensive intestinal resection (n = 1), hypothyroidism (n = 2), ischemic duodenal necrosis and resection (n = 1) 
b Lymphoblastic lymphoma in 1 case 
c B-cell precursor vs. T-ALL: 18 vs. 20, 10 vs. 3. 
d Rescue chemotherapy (n = 8), allogeneic HCST (n = 4), inotuzumab ozoganicin (n = 2), blinatumomab (n = 1), unknown (n = 1). 
e Fludarabine (n = 6), tacrolimus (n = 3), rituximab (n = 1) and antithymocyte globulin (n = 1). 

e804 Clinical Lymphoma, Myeloma and Leukemia 2021 
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Table 2 COVID-19 Infection Symptoms, Main Laboratory Parameters and Treatment in the First and the Second COVID-19 Infection 
Waves 

Overall (n = 52) First COVID-19 
wave (n = 28) 

Second 
COVID-19 wave 

(n = 24) 

P value 

COVID-19 infection symptoms, n (%) 
Fever 
Cough 
Fatigue 
Dyspnea 
Diarrhea 
Rhinorrhea 
Musculoskeletal pain 
Anosmia 
Diaphoresis 
Nausea/vomiting 
Headache 

Absence of symptoms 

39 (75) 
29 (74) 
24 (62) 
13 (33) 
14 (36) 
9 (23) 
6 (15) 

10 (26) 
3 (8) 
3 (8) 
1 (3) 
3 (8) 

13 (25) 

23 (82) 
18 (78) 
16 (70) 
11 (48) 
9 (39) 
7 (30) 
4 (17) 
4 (17) 
2 (9) 
2 (9) 
1 (4) 

0 
5 (18) 

16 (67) 
11 (69) 
8 (50) 
2 (12) 
5 (31) 
2 (12) 
2 (12) 
6 (37) 
1 (6) 

1 (16) 
0 

3 (19) 
8 (33) 

0.199 

Neutrophil count, x10 9 /L, median 
(range) 

≥0.5 × 19 9 /L 
< 0.5 × 10 9 /L 

1.7 (0–18) 
39/51 (77) 
12/51 (23) 

1.4 (0–6.5) 
17 (61) 
11 (39) 

2.9 (0–18) 
22/23 (96) 

1/23 (4) 

0.125 
0.003 

Lymphocyte count, x10 9 /L, median (range) 
≥0.5 × 19 9 /L 
< 0.5 × 10 9 /L 

0.5 (0–5.9) 
27/51 (53) 
24/51 (47) 

0.3 (0–1.5) 
10 (36) 
18 (64) 

1.2 (0–5.9) 
17/23 (74) 
6/23 (26) 

0.008 
0.007 

C-reactive protein, mg/L, median (range) 22.5 (0.04–311.7) 28.7 (0.9–311.7) 13 (0.04–194) 0.227 
D-dimer, ng/mL, median (range) a 690 (120–31,200) 690 (120–31,200) 857.5 (210–10,381) 1.000 
Treatment of COVID-19 infection, n (%) 

Hydroxychloroquine/chloroquine 
Azithromycin 
Lopinavir-ritonavir 
Remdesivir 
Tocilizumab 
Siltuximab 
Convalescent serum 

Ribavirin 
Corticosteroids 

34 (65) 
24 (71) 
11 (32) 
14 (41) 
4 (12) 

11 (32) 
1 (3) 
3 (9) 
1 (3) 

12 (35) 

25 (89) 
24 (96) 
11 (44) 
14 (56) 
2 (8) 
8 (32) 
1 (4) 
1 (4) 

0 
5 (20) 

9 (37) 
0 
0 
0 

2 (22) 
3 (33) 

0 
2 (22) 
1 (11) 
7 (78) 

< 0.001 

Oxygen support, n (%) 20 (38) 12 (43) 8 (33) 0.482 
Intensive care unit (ICU) support, n (%) 11 (21) 7 (25) b 4 (17) 0.463 
Days in ICU, median (range) 16 (1–47) 16 (1–47) 21 (11–30) 1.000 

ICU = intensive care unit. 
a n = 34. 
b In 1 additional patient ICU support was not provided due to advanced age and poor general status. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

line therapy and showed a lower frequency of severe neutropenia
and lymphocytopenia at the time of COVID-19 infection. The
clinical manifestations of COVID-19 infection were similar in both
periods, and more patients were asymptomatic during the second
wave, although without statistical significance. The treatment of
the COVID-19 infection was different in the two infection waves,
reflecting the changes in its management over time. Less antiviral
therapy was given during the second wave due to the perception that
most drugs empirically given during the first wave were ineffective.
Despite these changes in COVID-19 infection therapy, the severity
was similar over time in our study, with no significant differences
among groups in need of oxygen support, ICU requirement and
duration of ICU stay. This contrasts with mortality in the general
Spanish population in whom the rate of death seemed to be lower
in the second wave. 21 
The main objective of this study was to know if there were
changes in the survival probability of ALL patients in the two infec-
tion waves. One would expect that the increase of the resources of
health care systems, the use of many different approaches to treat
the COVID-19 pandemic, the higher availability of diagnostic tests
and the early development of recommendations for the management
of ALL patients with COVID-19 infection 11 , 22 would improve the
prognosis of these patients. However, despite small improvements 23 

no significant advances have occurred to date in the treatment of
COVID-19 infection 24 which is probably the main explanation for
the lack of improvement in survival on comparison of the two waves.
It is of note that this study ended at the time of onset of vaccina-
tion programs in Spain, and there is no doubt that vaccination is
the more effective approach for eradication of COVID-19 infec-
tion. The only prognostic factor for OS identified by multivariable
Clinical Lymphoma, Myeloma and Leukemia 2021 e805 
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Table 3 Patient Outcomes According to the Wave of COVID-19 Infection 

Overall 
(n = 52) 

First COVID-19 
wave (n = 28) 

Second 
COVID-19 wave 

(n = 24) 

P value 

COVID-19 infection resolution 36 (69) 18 (64) 18 (75) 0.404 
Infection onset-clinical recovery interval, days, 
median (range) 

14 (2–47) 17 (2–47) 12.5 (5–39) 0.095 

Alive patients at close of follow-up a 35 (67) 17 (61) 18 (75) 0.274 
Causes of death (n = 17) 

COVID-19 infection 
Pseudomonas sepsis & COVID-19 infection 
Leukemia progression & COVID-19 infection 
Leukemia progression 
ALL treatment-related mortality 

10 
3 
2 
1 
1 

6 
2 
2 
1 
0 

4 
1 
0 
0 
1 

0.467 

Infection onset-death interval, days, median (range) 20 (0–154) 20 (0–154) 32 (10–57) 0.335 

ALL = acute lymphoblastic leukemia. 
a Median follow-up: 74 (15–324) days. 

Figure 1 Survival probability of ALL patients according to the wave of COVID-19 infection. 
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analysis was the presence of comorbidities at COVID-19 infection,
in accordance with several studies involving patients with hemato-
logical malignancies. 6 , 25 

Some limitations in this study should be pointed out. First, it was
based on voluntary declaration by the physicians of the participat-
ing Spanish hospitals, given the lack of an epidemiologic registry of
Clinical Lymphoma, Myeloma and Leukemia 2021 
COVID-19 infection in cancer patients in Spain. Although a weekly
reminder to centers for patient inclusion was given during the two
periods of the study, underreporting cannot be ruled out. Second,
the study was closed before the end of the second pandemic wave
(at the time of onset of vaccination, to avoid its interference in the
frequency and severity of the infection) and this may have been a
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Table 4 Univariable and Multivariable Analyses of Prognostic Factors for Overall Survival 

Prognostic factor N OS univariable HR 

(95%CI) 
P 

value 
OS 

multivariable 
HR (95%CI) 

P value 

Age 
< 60 yr. 
≥60 yr. 

41 
11 

Reference 
2.957 (1.123; 7.783) 

0.028 NS (0.305) 

Gender 
Male 
Female 

26 
26 

Reference 
1.428 (0.547; 3.726) 

0.467 –

ECOG score 
0–1 
≥2 

43 
8 

Reference 
3.213 (1.022; 10.101) 

0.046 NS (0.340) 

Smoker 
Never 
Active or ex-smoker 

37 
13 

Reference 
5.625 (0.745; 42.455) 

0.094 –

Comorbidities 
No 
Yes 

34 
18 

Reference 
5.548 (1.944; 15.834) 

0.001 Reference 
5.358 (1.875; 

15.313) 

0.002 

Neutrophil count 
≥0.5 × 19 9 /L 
< 0.5 × 19 9 /L 

39 
12 

Reference 
2.577 (0.980; 6.778) 

0.055 –

Lymphocyte count 
≥0.5 × 19 9 /L 
< 0.5 × 19 9 /L 

27 
24 

Reference 
3.618 (1.179; 11.102) 

0.025 NS (0.286) 

C-reactive protein 
< 22.46 mg/L 
≥22.46 mg/L 

23 
23 

Reference 
2.294 (0.796; 6.610) 

0.124 –

D-dimer 
< 690 ng/mL 
≥690 ng/mL 

17 
17 

Reference 
1.747 (0.570; 5.352) 

0.329 –

Number of lines of ALL 
treatment 

1 
≥2 

34 
18 

Reference 
2.692 (1.018; 7.116) 

0.046 NS (0.125) 

Stage of treatment 
Induction Consolida- 

tion/Maintenance 

14 
17 

1.543 (0.344; 6.915) 
Reference 

0.571 –

Leukemia status 
CR 
Active disease 

25 
27 

Reference 
3.452 (1.122; 10.615) 

0.031 NS 
(0.167) 

Prior transplant 
No 
Yes 

44 
8 

1.073 (0.307; 3.757) 
Reference 

0.912 –

Ongoing steroid treatment 
at time of infection 

No 
Yes 

19 
27 

1.010 (0.384; 2.657) 
Reference 

0.983 –

Ongoing 
immunosuppression 
treatment at time of 
infection 

No 
Yes 

35 
11 

1.442 (0.464; 4.477) 
Reference 

0.527 –

COVID-19 treatment with 
steroids 

No 
Yes 

22 
12 

Reference 
2.576 (0.858; 7.740) 

0.092 –

ALL = acute lymphoblastic leukemia; ECOG = Eastern Cooperative Oncology Group; HR = hazard ratio; OS = overall survival. 
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Figure 2 Survival probability of patients with acute lymphoblastic leukemia and COVID-19 infection according to the presence of 
comorbidities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e808 
possible limitation for the inclusion of patients in the second group.
Third, the limited number of ALL patients identified in each infec-
tion wave might not have allowed detecting differences in patient
characteristics or outcomes. In fact, ALL is a rare disease in adults
and consequently, large series of COVID-19 infection focused on
adult ALL patients are not available to date. Finally, this study,
as many published reports of COVID-19 in patients with blood
cancer, is heavily enriched with hospitalized patients, thus mortality
risk estimates may not be accurate for all patients with ALL. 

The development and availability of vaccines against SARS CoV-
19 within a short period of time has been one of the hallmarks in
the fight against this pandemic and will decisively contribute to a
reduction in the frequency and severity of this infection in the near
future. However, patients with hematologic malignancies are still
among the groups with high mortality rates, as shown in this and
many other studies, and for that reason the main hematologic and
oncologic societies, including the Spanish Society of Hematology, 26

have developed recommendations for vaccination to these patients.
In summary, this study shows that the frequency and mortality of
COVID-19 infection were high in adult patients with ALL, without
changes over time, and provides additional evidence in favor of
vaccination priority for adult patients with ALL. 
 

Clinical Lymphoma, Myeloma and Leukemia 2021 
Clinical practice points 
What is already known about this subject? SARS-CoV-2 (COVID-

19) infection has a negative impact on the outcomes of patients
with cancer, with mortality rates over 20%. This outcome is poorer
in patient with malignant hematologic diseases, such as acute
leukemias. 

What are the new findings? This study shows that the frequency
and characteristics of COVID-19 infection were similar in adult
patients with ALL, a feature not being extensively reported in ALL
patients. This poor prognosis did not change during the 2 waves
of the pandemic that have occurred in Spain. Despite some differ-
ences in ALL severity and in the pharmacologic management of
COVID-19 infection during the two waves, the patient outcomes
were similar, with a 3 month survival probability of around 60%,
confirming the high lethality of this infection among ALL patients. 

How might it impact on clinical practice in the foreseeable future?
The high frequency and mortality of COVID-19 infection in adults
with ALL, without changes over time, provides strong evidence in
favor of vaccination priority for these patients. 
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