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Abstract

There is limited evidence on various clinical aspects of SARS-CoV-2 infection in patients with haematological cancers. The
risk factors, prognosis, and outcome of patients with haematological cancers with coexistent COVID-19 need to be explored
in different subsets of population. A single-institutional prospective observational study was conducted at a tertiary level
medical institute in North India. The clinical details of the recruited patients having haematological malignancies and diag-
nosed with COVID-19 between 15 March 2020 and 31 May 2021 were prospectively collected through the electronic patient
database system. The outcomes with respect to 28-day and 56-day mortality and the associated risk factors for prognostication
were analysed. Of the 5750 hospital admissions (inpatient and day-care) during the study period, two hundred and forty-two
patients (4.2%) were diagnosed with COVID-19. Acute leukaemia was the most common haematological malignancy, seen in
117 (48.3%) patients. Eighty-nine (36.8%) patients had moderate-to-severe COVID-19 while 153 (63.2%) patients presented
with mild infection. The 28-day and 56-day mortality rates in our cohort were 13.3% and 19.8% respectively. Amongst the
risk factors associated with poor outcome, the severity of COVID-19 (HR=1.8, 95% CI 1.16-10.35; p=0.04), presence of
secondary infection (HR=2.1, 95% CI 2.45-21.3; p=0.023), and need for invasive mechanical ventilation (HR =2.3, 95%
CI 1.8-18.43; p=0.01) were prognostically significant on multivariate log rank analysis. The risk of SARS-CoV-2 infection
does not increase with haematological malignancies; however, the outcome remains poor in patients with severe COVID-19,
requirement of invasive mechanical ventilation, and pre-existing bacterial/fungal infection at presentation.
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factors like hypertension, diabetes, cardiac diseases, cancers,
age > 60 years, ethnicity, etc., are uniformly associated with
poorer outcomes [4, 5].

One of the most vulnerable sub-groups for COVID-19
could undoubtedly be the patients with various haematologi-
cal malignancies undergoing treatment with chemotherapy.
These patients are immunosuppressed due to not only their
underlying disease but also the ongoing treatment. This
generates a significant concern about the heightened risk of
COVID-19-related morbidity and mortality in such patients
[6]. To add to the complexity, all haematological malignan-
cies do not pose the same risk for severe COVID-19. As per
the available evidence, acute leukaemia and bone marrow
failure syndrome appear to be at the highest risk of develop-
ing severe manifestations of COVID-19 [6]. A recently pub-
lished meta-analysis by Abi et al., including 3377 patients
of haematologic malignancies with COVID-19, showed
that age > 60 years, non-white population, and need for ICU
admission carry a high risk of mortality. However, they
could not demonstrate any association of recent systemic
chemotherapy with increased risk of mortality. It was there-
fore concluded that most patients with haematologic malig-
nancies survive, despite acquiring SARS-CoV-2 infection
[7]. Some of the recent registry-based studies which include
the COVID-19 and Cancer Consortium (CCC19), the UK
Coronavirus Cancer Monitoring Project (UKCCMP), and
the American Society of Haematology (ASH) Research Col-
laborative group have also emerged to answer many unan-
swered queries related to SARS-CoV-2 infection in patients
with haematological malignancies.

Having already faced two devastating COVID-19 waves
during the ongoing pandemic, with 31 million cases and
0.4 million fatalities as of 20 July 2021, India is currently
the second most affected country in the world [1]. Due
to the wide heterogeneity in population demographics,
SARS-CoV-2 infection-related medical care, and haemato-
oncology treatment practices offered at different hospitals
across the Indian sub-continent, it becomes vital to analyse
COVID-19-related outcomes in this subgroup of patients.
Hence, this prospective study was planned with an objective
to determine the outcomes related to SARS-CoV-2 infection
in patients of haematological malignancies with respect to
mortality as well as the risk factors associated with progno-
sis of the disease.

Material and methods

A single-institution prospective observational study was
conducted at a tertiary-level medical institute in North
India. The study cohort included patients with haemato-
logical malignancies who were either newly diagnosed or
undergoing treatment/follow-up with the Department of
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Haematology at our institute and had been diagnosed with
SARS-CoV-2 infection between 15 March 2020 and 31 May
2021. The study was performed after obtaining approval
from the institutional ethics committee (IEC no. 2020-5-
EMP-118), and a written informed consent from all the
recruited patients. Patients meeting the inclusion criteria
were recruited irrespective of the severity of COVID-19,
setting of treatment (home isolation, outpatient treatment,
or hospitalisation), and the remission status of the underly-
ing haematological cancer. As per the institutional protocol,
patients who were undergoing chemotherapy were screened
for SARS-CoV-2 infection irrespective of any disease symp-
toms prior to OPD consultation, day-care chemotherapy, and
inpatient hospital admissions. The diagnosis of COVID-19
was made on positive qualitative real-time reverse tran-
scriptase-polymerase chain reaction (QRT- PCR) done on
nasal and/or oropharyngeal swab samples. The genomic
surveillance of SARS-CoV-2 virus was not done in our
study. This study prospectively included patients who got
infected during the two pandemic waves of COVID-19 in
India between 2020 and 2021.

The following patient details were recorded in the elec-
tronic patient database system: demographic profile, nature
of comorbidities, severity of COVID-19, remission status,
and baseline disease characteristics including details of
ongoing therapy. The baseline laboratory-based evaluation
in every COVID-19 patient included complete blood counts,
coagulation profile, kidney function tests, liver function
tests, quantitative d-dimer levels, C-reactive protein levels
(CRP), serum ferritin levels, serum procalcitonin levels,
serum lactate dehydrogenase (LDH) levels, and a digital
chest X-ray. High-resolution CT (HRCT) scan of chest was
only done for moderate-to-severe cases. Documentation of
various prognostic factors like age, sex, comorbidities, type
of hematologic cancer, inflammatory markers, COVID-19
severity, and the details of ongoing therapy for the malig-
nancy, etc., was also done. Follow-up (in days) period was
taken from the date of first positive qRT-PCR report for
SARS-CoV-2 to the last follow-up date or the date of death.
Patients had a planned follow-up period of 56 days (mini-
mum follow-up period 28 days). The detailed flowchart for
patient recruitment in the study has been shown in Fig. 1.

All patients diagnosed with COVID-19 were classified
and managed with uniform therapy as per the standardised
institutional protocol (based on the latest national guide-
lines for the treatment of COVID-19, Ministry of Health
and Family Welfare, India) [8]. Patients with benign hae-
matological conditions, lack of sufficient patient details or
follow-up less than 28 days, and patients with radiologi-
cal COVID-19 diagnosis along with a negative qRT-PCR
status were excluded. We included only microbiologi-
cally confirmed cases of COVID-19 (qRT-PCR positive)
in this study. Patients who were qRT-PCR negative but
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Total hospital admissions with hematological malignancies screened for COVID-19
infection during study period (1% April 2020-31% May 2021)
Inpatient admissions-3420
Day Care admissions-2330

Cases detected to be COVID-19 positive= 242

\

Mild infection = 153
*  Home isolation-53
® Jsolation ward admission-100

Severe infection = 89

Fig. 1 Patient recruitment for the study

had an intermediate-high probability of COVID-19 diag-
nosis based on HRCT chest findings (CORADS 3-5) were
excluded. All the recruited patients had a minimum fol-
low-up of 28 days from the first qRT-PCR positive report
for SARS-CoV-2; however, if any patient expired before
this time point (day 28), it was included in the analysis and
counted as an event.

Statistical analysis

Descriptive statistics were calculated using mean with
standard deviation, or median with interquartile range.
The categorical variables were represented using the fre-
quencies with corresponding percentages. For categorical
variables, Fisher’s exact test or Chi-square tests were also
used to analyse the differences in the distribution between
individual parameters among various subsets of patients,
while the Mann—Whitney U-test was used for the continu-
ous variables. Outcomes were defined as death at day 28
and day 56 timepoints post qRT-PCR positivity, and cure
was defined as two successive negative qRT-PCR reports
more than 24 h apart. The univariate and multivariate
analyses (Cox proportional hazard regression model) were
also performed to consider each potential prognostic fac-
tor. SPSS statistical program (version 20) was used for all
the statistical analysis and p-values less than 0.05 were
considered statistically significant [9]. The cutoff date for
data analysis was 31 May 2021.

’ \

Recovered= 41 Expired=48

Results

In the present study, 5750 hospital admissions (inpatient
and day-care) of patients with haematological malignancies
undergoing chemotherapy and/or admitted for supportive
care were screened for SARS-CoV-2 infection during the
study period. Two hundred forty-two patients (4.2%) were
found to be COVID positive by qRT-PCR test. The baseline
demographic and clinical characteristics of our study cohort
have been tabulated in Table 1. The median age of our cohort
was 41 years (3—83 years) with a male to female ratio 1.92:1.
Sixty-eight patients (28.1%) in our cohort were > 60 years in
age while 75 (31.0%) patients belonged to the paediatric age
group (< 18 years). Sixty-seven (28.3%) patients had at least
one co-morbidity at presentation, with hypertension being
the most common co-morbidity. Acute leukaemia consti-
tuted the most common haematological malignancy com-
prising 117 (48.3%) of the total COVID-19 patients followed
by non-Hodgkin’s lymphoma (n=46;19%) and multiple
myeloma (n=36;14.9%). Of the eight (3.3%) patients who
developed SARS-CoV-2 infection post-haematopoietic stem
cell transplant, 06 patients developed severe disease. Almost
80% patients were receiving active treatment for their hae-
matological cancers at the time of SARS-CoV-2 infection
detection. The patients were further categorized into four
subgroups based on the ongoing active therapies—chemo-
therapy alone in 124 (51.2%) cases, chemo-immunotherapy
in 39 (16.1%) cases, oral targeted agents (imatinib, dasatinib,
nilotinib, ibrutinib, lenalidomide) in 24 (9.9%) patients, and
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Table 1 Baseline characteristics
and demographic profile of
haematological cases with
COVID-19
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Variable

All patients (n=242)

Age, years
Median (range)
Age group, in years; N (%)
>80
60-80
40-60
18-39
<18
Sex; N (%)
Female
Male
Coexisting co-morbidity (total); N (%)
Cardiovascular disease
Pulmonary disease
Connective tissue
Liver disease
Kidney disease
Diabetes
Non- haematological cancers

Type of haematological cancer; N(%)

Acute myeloid leukaemia
Acute lymphoblastic leukaemia
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma

Multiple myeloma

Chronic myeloid leukaemia
CLL

Post stem cell transplant

Time from last chemotherapy for haematological malignancy; N(%)

<4 weeks
>4 weeks

Status of haematological malignancy at COVID-19 diagnosis; N(%)

Remission
Active disease

Blood group

A
B
AB
(6}
COVID-19 symptoms at diagnosis; N(%)
Asymptomatic
Fever
Myalgia
Cough
Dyspnea
Diarrhoea
Anti-cancer therapy; N (%)

Treatment naive
Chemotherapy
Chemoimmunotherapy
Oral targeted therapy
Immunosuppression only

Duration of COVID symptoms at diagnosis; N (%)

<7 days
>7 days

41(3-83)

8(3.3)
60(24.8)
56(23.1)
43(17.8)
75(31)

83(34.3)
159(65.7)

63(28.1)
38(15.7)
12(4.9)
4(1.6)
32(13.2)
5121.1)
04(1.6)

32(13.2)
85(35.2)
46(19)
41.7)
36(14.9)
24(9.9)
7(2.8)
8(3.3)

116(47.9)
126(52.1)

94(38.8)
148(61.2)

86 (35.5)
84(34.7)
218.7)

51(21.1)

08(3.3)
209(86.4)
234(96.7)
159(65.7)
87(35.9)
48(19.8)

49(20.2)
124(51.2)
39(16.1)
24(9.9)
06(2.5)

70 (28.9)
172(71.1)
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post-allogenic stem-cell transplant immunosuppression in 06
(2.5%) cases. The data was also analysed for the correlation
between the ABO blood group and susceptibility to SARS-
CoV-2 infection/COVID-19. We found that the blood group
A was the most common blood group in our COVID-19
positive cohort comprising 35.5% cases followed by blood
groups B, O, and AB, constituting 34.7%, 21.1%, and 8.7%
of the SARS-CoV2 positive patients respectively (Table 1).

SARS-CoV infection

Of the total 242 SARS-CoV-2 positive patients in our cohort,
89 (36.8%) patients had moderate-severe SARS-CoV-2
infection requiring ICU admission. Amongst the remain-
ing 153 (63.2%) patients with mild infection, 53 (21.9%)
were managed with symptomatic treatment in home isola-
tion and recovered uneventfully. Myalgia was reported as the
most common symptom at presentation, seen in 234 (96.7%)
cases followed by fever in 209 (86.4%) SARS-CoV-2 posi-
tive cases. Eight (3.3%) cases were asymptomatic at the time
of SARS-CoV positivity and were detected incidentally dur-
ing COVID-19 screening prior to chemotherapy (Table 1).
Amongst the 08 haematopoietic stem-cell transplant (HSCT)
recipients, 06 (75%) patients had severe COVID-19 requir-
ing ventilatory support, while two patients had a mild infec-
tion not requiring hospitalization. In our cohort, 158 (65.3%)
patients had COVID-19 symptom duration of >7 days.
Eighty-four (34.7%) of these patients had severe disease
and required admission to the ICU. With respect to the dis-
ease status, 148 (61.2%) patients had active haematological
disease at the time of SARS-CoV-2 positivity and 49.3%
of these patients presented with moderate-to-severe dis-
ease. Interestingly, only 16 (17%) patients developed severe
COVID-19 if their haematological cancer was under remis-
sion phase (Table 2). On analysis of the laboratory charac-
teristics, the levels of d-dimer, procalcitonin, and C-reactive
protein were significantly elevated in moderate-to-severe
COVID-19 group as compared to patients with mild dis-
ease (Table 2). The median absolute lymphocyte count was
found to be significantly low in the severe COVID-19 group
(p=0.04). All 89 patients (36.8%) who were admitted to the
ICU needed oxygen support (nasal prongs/facemask/non-
rebreathing mask (NRBM)) throughout their stay. Of these
ICU admissions, 51 (57.3%) patients required ventilatory
assistance by non-invasive ventilator and 38 (42.7%) patients
eventually required invasive mechanical ventilation. As part
of the recommended institutional treatment plan for COVID-
19, patients with moderate—severe COVID-19 received
remdesivir (anti-viral agent) protocol, while the mild cases
(n=153) received ivermectin and doxycycline. Also, all
patients with moderate—severe COVID-19 received ster-
oids, either dexamethasone (0.05-0.2 mg/kg/day) or meth-
ylprednisolone (0.5-1 mg/kg/day) while 68 (76.4%) of these

cases received anticoagulation therapy with low molecular
weight heparin/unfractionated heparin. The median time to
qRT-PCR negativity was 21 days (14-56 days) in these 89
patients with ICU stay.

Clinical characteristics of severe COVID infection
cases

Amongst the 89 cases requiring ICU admission, subgroup
analysis was done for the survivors (n=41) and the non-
survivors (n=48). We noticed that duration of COVID-19
symptoms > 7 days, quick Sequential Organ Failure Assess-
ment (q-SOFA) score > 2, elevated inflammatory markers
(CRP, serum ferritin, d-dimer, and procalcitonin), and pre-
existing bacterial/fungal infection at the time of COVID-19
diagnosis were associated with increased mortality as shown
in Table 3.

Survival analysis

When the data was censored on 31 May 2021, 48 (19.8%)
patients had succumbed to their infection at a median follow-
up period of 198 days (range: 14-402 days). There were 53
events during the study period which included 48 severe
SARS-CoV-2 infection-related deaths and 05 relapses of
primary haematological malignancy (02 pre-B acute lymph-
oblastic leukaemia, 02 non-Hodgkin’s lymphoma, 01 chronic
lymphoblastic leukaemia). The 28-day and 56-day mortality
rates of our cohort were 13.3% and 19.8% respectively.

Univariate and multivariate analyses
of the prognostic factors

Univariate analysis of the potential prognostic factors
predicting mortality in patients with SARS-CoV-2 infec-
tion showed that the presence of medical comorbidities
(HR=2.2,95% CI: 1.1-24.8; p=0.04), hospitalization
after COVID-19 symptoms > 7 days (HR=1.9, 95% CI
1.24-8.43; p=0.05), haematological disease status at the
time of infection (HR=2.1, 95% CI (1.1-15.8); p=0.045),
severity of SARS-CoV-2 infection (HR=2.8, 95% CI
3.5-12.6; p=0.03), presence of secondary infection at
the time of presentation (HR=3.9, 95% CI 2.78-16.8;
p=0.01), and the requirement for invasive mechanical
ventilation (HR=5.2, 95% CI 3.45-26.76; p=0.001) are
associated with poor survival. Additionally, the patients
who had absolute lymphocyte count (ALC) > 1500 cells/
ul had significantly better survival (HR =0.46, 95% CI
0.17-2.02; p=0.002). Of these variables, severity of
COVID-19 (HR=1.8, 95% CI 1.16-10.35; p=0.04),
presence of secondary infection at the time of presenta-
tion (HR=2.1, 95% CI 2.45-21.3; p=0.023), and the
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Table 2 Clinical and lab characteristics of COVID-19 in haematological cases

Variable All pts Mild COVID (n=153) Moderate/severe COVID  p value
(n=242) (n=89)

Age, years 41(3-83) 27.5(3-76) 56(4-83) 0.018

Median (range)

Type of haematological cancer; N (%)
Acute myeloid leukaemia 32(13.2) 24(75) 8(25) 0.12
Acute lymphoblastic leukaemia 83(35.2) 65(78.9) 18(21.1) 0.07
Non-Hodgkin’s lymphoma 46(19) 16(33.3) 30(66.7) 0.23
Hodgkin’s lymphoma 4(1.7) 3(75) 1(25) 0.17
Multiple myeloma 34(14.9) 22(66.6) 12(33.4) 0.09
Chronic myeloid leukaemia 24(9.9) 19(80) 5(20) 0.10
CLL 11(2.8) 2(28.5) 9(71.5) 0.11
Post stem cell transplant 8(3.3) 2(25) 6(75) 0.32

Duration of COVID symptoms; N (%)
<7 days 84(34.7) 60(85.7) 24 (34.3) 0.001
>7 days 158(65.3) 93(54) 65 (37.8)

Time from last chemotherapy for haematological malignancy
<4 weeks 116(47.9) 73(62) 43 (48.3) 0.844
>4 weeks 126(52.1) 80(63.5) 46(51.7)

Status of haematological malignancy at COVID-19 diagnosis; N (%)
Remission 94(38.8) 78(83.0) 16(17) 0.009
Active disease 148(61.2) 75(50.7) 73(49.3)

Laboratory findings, median (IQR)
WBC (cells/pl) 5800(2925-10,625) 5350(2625—-8975) 8250(3000-33,825) 0.163
Neutrophils (cells/ul) 2150(1275-5550) 3150(1425-5800) 2100(1150-5450) 0.645
NLR 2.5(1.063-5.583) 2.36(1.31-4.55) 3.46(0.488-22.125) 0.591
Absolute lymphocyte count (cells/ul) 1500(1200-4800) 2100(1600-4800) 1100(900-2100) 0.04
Platelets (cells/pl) 116(42,000-1.64) 135(48.5-1.80) 89(27-140) 0.093
Hb (gm%) 9.25(7.72-10.47) 9.6(8.6-10.32) 8.25(6.87-10.55) 0.177
D-dimer 368(221-887.5) 287(190.75-666.75) 765(338.5-1900) 0.001
Procalcitonin 0.21(0.08-1.235) 0.12(0.06-0.30) 3.37(0.23-7.185) 0.001
CRP 17.5(10.25-41.75) 12.5(9.5-24.25) 46.5(22.75-130) 0.005
Serum ferritin (ng/ml) 452(295-1446) 342(267-551.25) 1700(577-3712) 0.02
Serum fibrinogen 324(280-420) 300(268.7-380) 393(321-472.5) 0.09

Coexisting co-morbidity(total); N (%)
Cardiovascular disease 68(28.1) 28(41.2) 40(58.8) 0.07
Pulmonary disease 38(15.7) 23(60.5) 15(39.5) 0.216
Connective tissue 12(4.9) 10(83.3) 2(16.7) 0.985
Liver disease 4(1.6) 2(50) 2(50) 0.612
Kidney disease 32(13.2) 16(50) 16(50) 0.475
Diabetes 51(21.1) 15(38.5) 36(61.5) 0.046
Non-haematological cancers 04(1.6) 01(25) 03 (75) 0.443

Blood group
A 86 (35.5) 55(64.0) 31(36.0) 0.09
B 84(34.7) 52(61.9) 32(38.1) 0.14
AB 21(8.7) 13(61.9) 08(38.1) 0.12
(0] 51(21.1) 33(64.7) 18(35.3) 0.11

requirement for invasive mechanical ventilation (HR =2.3, Discussion

95% CI 1.8-18.43; p=0.01) retained their prognostic sig-
nificance with respect to overall survival (OS) on multi-
variate analysis as shown in Table 3. We could not demon-
strate any statistically significant correlation between the
ABO blood group and the disease severity or the overall
survival (OS) in the univariate analysis (Tables 2 and 4).

@ Springer

We presented our experience of managing 242 patients of
haematological malignancies infected with novel SARS-
CoV-2 virus, at a tertiary-level medical institute with
a dedicated COVID-19 care hospital. All the recruited
patients were uniformly treated based on a well-standardised
COVID-19 treatment protocol. Being a novel virus, several
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Table 3 Clinical and lab characteristics of severe COVID-19 haematological cases

Variable All pts Survivor Non-survivor p value

(n=289) (n=41) (n=48)

Age, years
Median (range) 56(4-83) 58(4-80) 52(15-83) 0.96

Type of haematological cancer; N (%)
Acute myeloid leukaemia 8(25) 03(37.5) 05(62.5) 0.12
Acute lymphoblastic leukaemia 18(21.1) 07(38.9) 11(61.1) 0.29
Non-Hodgkin’s lymphoma 30(66.7) 12(40) 18(60) 0.10
Hodgkin’s lymphoma 1(25) 01(100) 0 0.21
Multiple myeloma 12(33.4) 05(41.7) 07(58.3) 0.18
Chronic myeloid leukaemia 5(20) 04(80) 1(20) 0.11
CLL 9(71.5) 07(77.7) 02(22.2) 0.19
Post stem cell transplant 6(75) 02(33.3) 04(66.7) 0.17

Duration of COVID symptoms; N (%)
<7 days 24 (27) 21(87.5) 03(21.5) 0.04
>7 days 65 (73) 20 (30.8) 45 (69.2)

ECOG performance status; N (%)
<2 63(69.8) 31(49.2) 32(50.8) 0.12
>2 26(29.2) 10(38.5) 16(61.5)

qSOFA score at ICU admission; N (%)
<2 50(18.2) 33(66) 17(34) 0.04
>2 39(81.8) 08(20.5) 31(79.5)

Time from last chemotherapy; N (%)
<4 weeks 43 (48.3) 23(53.5) 20(46.5) 0.67
>4 weeks 46(51.7) 18(39.1) 28(60.9)

Status of haematological malignancy at COVID-19 diagnosis; N (%)
Remission 16(18) 3(18.7) 13(81.3) 0.07
Active disease 73(82) 38(52.1) 35(47.9)

Pre-existing co-infections; N (%)
Bacterial 37(41.6) 06(16.2) 31(83.8) 0.03
Fungal 16(18) 04(25) 12(75) 0.05

CT severity index at ICU admission; N (%) -
<10 4(4.5) 4(100) 0
10-15 53(59.1) 28(66) 25(34)
16-20 24(27.3) 8(41.7) 16(58.3)
>20 8(9.0) 1(12.5) 7(87.5)

Laboratory findings, median (IQR)
WBC 8250(3000-33,825) 8400(3000-33,500) 8100(1000-34,800) 0.87
Neutrophils 2100(1150-5450) 2000(1600-3600) 4100(200-5600) 0.84
NLR 3.46(0.488-22.125) 0.5(0.25-17.0) 8.5(3-27.5) 0.05
Absolute lymphocyte count 1100(900-2100) 800(450-1500) 350(150-850) 0.03
Platelets 89(27-140) 91(25-149) 85(48-137) 0.92
Hb 8.25(6.87-10.55) 9(7.7-10.7) 7.3(6.5-10.5) 0.30
D-dimer 765(338.5-1900) 400(249-860) 1200(670-2200) 0.02
Procalcitonin 3.37(0.23-7.185) 0.25(0.12-4.24) 4.44(2.51-11.59) 0.005
CRP 46.5(22.75-130) 23(9-85) 128(96-186) 0.001
Serum ferritin 1700(577-3712) 970(507-1940) 2492(725-6128) 0.08
Serum fibrinogen 393(321-472.5) 393(301-467) 392(355-490) 0.81

Treatment; N (%)
Steroids 89(100) 41(90.1) 48(100) 0.306
Remdesivir 89(100) 41(100) 48(100) 0.84
Convalescent plasma 40(45) 18(54.5) 22(36.3) 0.99
LMWH 68(76.4) 38(72.7) 30(81.8) 0.611
Tociluzumab 8(9.0) 2(9.0) 6(9.0) 0.11
Mechanical ventilation 38(42.7) 02(18.2) 36(100) 0.001
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Table 4 Univariate and multivariate analyses of prognostic factors in COVID-19 infection with haematological malignancies

S.no Variable Univariate analysis for OS Multivariate analysis for OS
HR (95%CI) p value HR (95%CI) p value

1 Age 1.8(0.42-6.66)  0.07 - -
<60 years vs > 60 years

2 Presence of >2 medical comorbidities 2.2(1.1-24.8) 0.04 1.2 (0.55-5.37) 0.12
Present vs absent

3 Time to hospital admission after COVID-19 symptoms 1.9 (1.24-8.43) 0.05 1.1(0.67-1.96) 0.60
<7 days vs>7 days

4 Time from last chemotherapy 1.16(0.454.86) 0.519 - -
<3 weeks vs>3 weeks

5 Absolute lymphocyte count at admission: > 1500 vs <1500 0.46 (0.17-0.96)  0.02 0.92(0.24-4.5) 0.12
Disease status at COVID-19 diagnosis 2.1(1.1-5.8) 0.045 1.15(0.23-5.68) 0.09
Remission vs non-remission

7 Type of chemotherapy for haematological malignancy 1.1(0.19-2.28)  0.49 - -
Highly myelosuppressive vs targeted therapy

8 Presence of secondary infection at the time of COVID -19 diagnosis 3.9(2.78-16.8)  0.01 2.1(2.45-21.3) 0.023

Present vs absent

9 Severity of COVID-19 infection
Severe vs non-severe

10 Type of haematological malignancy
Aggressive vs indolent

11 Duration of ICU stay
< 14 days vs > 14 days

12 Mechanical ventilation
Yes vs No

13 ABO blood group

Blood group A vs non-A

2.8(3.5-12.6) 0.03 1.8(1.16-10.35)  0.04

1.13(0.62-4.23) 045 - -

1.23(0.23-3.46)  0.41 - -
5.2(3.45-26.76) 0.001 2.3(1.8-18.43) 0.01

1.12(0.65-12.3)  0.13 - -

issues like the disease course, optimal treatment strategies,
and prognosis are largely unexplored in the subgroup of
immunocompromised patients with haematological cancers.
Due to severely supressed cellular and humoral immunity,
these patients are theoretically at a greater risk of COVID-
19 [9-13]. In this study, we observed an overall prevalence
rate of SARS-CoV-2 infection to be 4.2% in patients with
haematological malignancies. Recently, He et al. in their
series comprising 128 patients hospitalized for haemato-
logical cancers in Wuhan had reported case rates up to 10%
(95% CI: 6-17%), which is higher than that reported in our
series [14]. There is paucity of Indian data on COVID-19
prevalence rate in different haematological malignancies due
to paucity of nationwide cancer registry-based surveys to
address this issue [15]. Data from a few Italian surveys on
haematological malignancies suggested low prevalence rates
of COVID-19 in patients suffering from adult Ph +acute
lymphoblastic leukaemia (0.4%), chronic lymphocytic leu-
kaemia (0.5%), and chronic myeloid leukaemia (0.17%)
[16—18]. Similar to these results, our data also suggests that
the presence of a haematological cancer does not increase
the risk to acquire SARS-CoV-2 infection as such.

In our series, 153 (63.2%) patients had mild disease at
presentation requiring only symptomatic treatment with
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home isolation/short admission in isolation unit. Interest-
ingly, none of these patients progressed to severe disease
manifestations as well. In coherence with our results, the
All-India Institutes of Medical Sciences (AIIMS) Haema-
tology task force group also reported that 52.3% patients
in their series had mild COVID-19 [15]. Additionally, in
their series, 11.5% patients were completely asymptomatic at
COVID-19 diagnosis, as compared to 3.3% patients reported
in our series. However, contrary to the Indian data, the multi-
centre American Society of Haematology (ASH) collabora-
tive research data hub reported mild disease in 31% patients
while the rest had moderate—severe COVID-19 requiring
ICU support [19]. Various factors like the ethnicity, social
background, intensity of the immunosuppressive treatment,
type of haematological cancer, and disease status at the time
of COVID-19 diagnosis (remission vs. no remission) might
have contributed to this difference in disease severity.

One of the key issues that needs to be answered is
whether haematological malignancy predispose to COVID-
19. On one hand, Paul et al. recently reported that haema-
tological cancers are not at increased risk of contracting
COVID-19 and its prevalence is similar to that of general
population, while on the other hand, He et al. from China
showed that patients suffering from cancers are at twofold
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increased risk of getting infected with SARS-CoV-2 as
compared to the native population [14]. Similarly, a United
Kingdom (UK) population-based study reported that cancer
patients had 60% increased risk of COVID-19 especially
with age > 65 years and male sex [20]. Investigators from
China have shown that patients with cancer are prone to
developing severe symptomatic disease with rapid pro-
gression as compared to general population (median 13
vs. 43 days; p <0.001) [21]. Similarly, Lattenist et al. had
reported that patients with cancers were at higher risk of
severe COVID-19, greater number of ICU admissions, inva-
sive mechanical ventilation, and death, when compared with
age- and sex-matched controls from population (39 vs. 8%;
p=0.0003) [22]. Thus, most of the studies are showing con-
flicting results and large country-wide cancer registry-based
surveys are needed to answer this question.

Another important objective of our study was to deter-
mine the risk factors in Indian patients with haematological
cancers that may have prognostic relevance in co-existent
COVID-19 management. According to our results on mul-
tivariate analysis, the severity of SARS-CoV-2 infection
at admission (severe vs. non severe), presence of second-
ary infection at the time of COVID-19 diagnosis, and the
need for invasive mechanical ventilation were significantly
associated with poor survival in our cohort. Some of the
previous studies had reported that severe COVID-19 and
the need for oxygen therapy were associated with increased
mortality and poor outcome [23-25]. Interestingly, we
noticed that patients who had pre-existing bacterial or fun-
gal infection at presentation had extremely poor outcome.
A total of 83.8% patients with documented bacterial sepsis
(on cultures) expired following the superadded COVID-19
infection. Similarly, 12 out of 16 patients who had probable/
proven invasive pulmonary aspergillosis succumbed to their
illness following COVID-19 infection. This highlights the
fact that COVID-19 further worsens the clinical course due
to hyperinflammatory host response and thereby increases
the probability of mortality due to CRS and MODS. It has
been documented earlier that the immune response of body
to the damaged and dying alveolar cells is orchestrated by
the release of signal molecules called danger-associated
molecular patterns (DAMPs), which lead to an amplified
inflammatory cascade and extensive local tissue injury [26].
In addition to these factors, presence of >2 co-morbidities
and time to hospitalization > 7 days were found to be rel-
evant prognostic factors on univariate analysis; however,
these could not reach the level of statistical significance on
multivariate analysis probably due to small cohort size. Like
our findings, a Spanish study group in their large population-
based study reported that the presence of >2 co-morbidities
is significantly associated with increased mortality risk [27].
However, contrary to our results, an Indian multicentre study
did not demonstrate any such association of comorbidities to

mortality risk [15]. We could not demonstrate any associa-
tion of age > 60 years with prognosis in our patients. This
was possibly due to the wide range in age distribution, with
almost two-thirds of patients presenting with a mild disease.

We have reported the day 28 and day 56 mortality rates to
be 13.3% and 19.8% respectively in our study cohort. These
are comparable to the day 28 mortality rates of 14.2% in the
non-cancer COVID-19 patients (n=5321) who were treated
at our dedicated COVID-19 care hospital during the study
period. However, since this comparison is not matched for
age, sex, and comorbidity, it is difficult to draw meaning-
ful conclusions. Yigenoglu and colleagues from Turkey had
reported a case fatality rate of 13.8% in 740 cases of hae-
matological malignancies with COVID-19 infection [28]. It
is to be emphasized here that in cases with severe COVID-
19, our mortality rate reached 53.9%. However, Abi et al.
reported the risk of death to be almost 35% in hospitalized
patients of COVID-19 with haematological cancers (95% CI,
28-39) [7]. In another Spanish study, Saurez et al. reported
an all-cause mortality rate of 33% in their cohort comprising
697 haemato-oncology patients [27]. The high mortality rate
in both these studies can be attributed to the higher number
of cases with moderate—severe infection who were hospital-
ized for disease management similar to our findings.

The main strengths of our study are the prospective study
design and uniform treatment of all COVID-19 patients with
well-standardised institutional treatment protocol. However,
being a single-institution study, the results of this study can-
not be generalized to represent the outcome of COVID-19 in
the subgroup of patients with haematological malignancies
for the entire country. Prospective multi-institutional studies
are the need of the hour to conclusively answer several ques-
tions which are still a dilemma to the treating physicians.
There are many unresolved issues pertaining to optimisation
of treatment strategies, prediction of treatment toxicities, and
improvement in the cure rates in haemato-oncology patients
with COVID-19 infection.

To conclude, our study has demonstrated that though the
presence of any haematological cancer does not predispose
an individual to acquire SARS-CoV-2 infection but once
acquired, the outcome of SARS-CoV-2 infection is poor
particularly in the subgroup with severe disease, late pres-
entation (> 7 days of illness), and pre-existing bacterial/fun-
gal infection at the time of COVID-19 diagnosis. An early
diagnosis of COVID-19 through proper screening at each
day care/OPD visit, and prompt hospitalization of moder-
ate—severe disease in patients with haematological cancers,
is the key to improve outcome.
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