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Abstract
Purpose  Cancer outcome is dependent on multiple predetermining factors including cancer, type of cancer and its related 
factors. This study aims to investigate the association between COVID-19 & cancer/cancer types, focusing on risk of in-
hospital mortality within 30 days of hospitalization of COVID-19 patients with cancer.
Materials and methods  We did a registry (National Clinical Registry for COVID-19) based retrospective observational 
study including 51,544 patients, of whom 976 were patients with cancer, admitted with COVID-19 between August 2020 
and August 2023 across 42 hospitals of India.
Results  Out of 51,544 patients, 976 (1.8%) had cancer. Hematological malignancies made up 15.06% (147 cases), while 
solid cancers accounted for 29.5% (288 cases), with genitourinary (18.4%, 80 cases), gastrointestinal (15.2%, 49 cases), and 
lung cancers (10.1%, 34 cases) being the most common. Solid cancers had the highest in-hospital mortality rate at 25%. 
Survival analysis showed that cancer-related hazards were highest at admission but decreased to levels comparable with 
other morbidities within nine to ten days. For each cancer type, the hazard was significantly elevated compared to that of 
the cancer-free (Other Comorbidities and No Comorbiditiy) groups during the initial period of hospitalization. The use of 
Remdesivir, steroids, and anticoagulants reduced mortality risk, and prior COVID-19 vaccination was protective against 
mortality across all cancer types.
Conclusion  This study shows that both cancer in general and specific cancer types significantly increase the risk of severe 
outcomes among SARS-CoV-2-infected patients, especially immediately after hospitalization. The findings highlight the 
need for close monitoring and personalized interventions for COVID-19 patients with cancer for at least 10 days post-
hospitalization, with a more specific high-risk period ranging from 7 to 18 days depending on the type of cancer.
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Introduction

Since the onset of the COVID-19 pandemic in late 2019, 
when the SARS-CoV-2 virus first emerged in Wuhan, China, 
its impact has been both profound and widespread, affecting 
populations around the world (Li et al. 2020). It has been 
became evident that individuals with comorbidities faced 

particularly severe consequences upon infection (Huang 
et al. 2020; Hui and Zumla 2019; Turtle et al. 2024).

Among these comorbidities, cancer was flagged as a 
notable risk factor. Early studies from Wuhan, where the 
outbreak began, provided some of the first insights into how 
cancer patients were faring in the face of this new virus. 
In an initial investigation involving 1,524 cancer patients 
screened for COVID-19 in Wuhan, only 12 tested positive, 
representing a relatively low prevalence of 0.8%. However, 
the severity of the illness among those who were infected 
was concerning. The data revealed that patients with cancer, 
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especially those with lung cancer or those undergoing active 
cancer treatment, were at a significantly higher risk of severe 
outcomes. Specifically, these patients were more likely to 
require admission to the intensive care unit (ICU) or face 
death due to complications from the virus. These find-
ings from Wuhan were corroborated by subsequent studies 
conducted in the same city, which observed similar trends 
among hospitalized COVID-19 patients. The alignment of 
these results underscores the increased vulnerability of can-
cer patients to the severe effects of COVID-19, highlighting 
the need for targeted interventions and careful management 
for this high-risk group during the pandemic (Yu et al. 2020; 
Liang et al. 2020).

Later work has shed more light on the cancer related risks 
of the COVID-19 patients. A Hong Kong-based study found 
that COVID-19 patients with any cancer had nearly a four-
fold higher risk of severe outcomes compared to cancer-free 
individuals, particularly for colorectal and gastrointestinal 
cancers. However, lung cancer patients were also reported to 
have increased risks of infection, pulmonary complications, 
and poorer survival outcomes (Zhou et al. 2023; Bungaro 
et al. 2022).

Certain groups of COVID-19 patients are more likely to 
experience severe illness or death. These include people who 
are older, men, and those with underlying conditions like 
high blood pressure, lung disease, diabetes, or active cancer 
undergoing chemotherapy (Lima et al. 2020; Nicola et al. 
2020; Curigliano 2020).

Two large studies, CCC-19 and TERAVOLT, looked 
at how patients with cancer did with COVID-19. CCC-19 
included patients with various cancers, most in remission 
or stable. Their overall death rate was 13%. TERAVOLT, 
focused on advanced lung cancer patients and documented 
higher death rate of 33% (Garassino et al. 2020; Kuderer 
et al. 2020).

Patients with cancer were found to be more susceptible 
to severe forms of COVID-19 and had an increased risk of 
mortality (Curigliano 2020). Several factors contributed to 
this elevated risk, including the type of cancer, the cancer 
treatment’s interaction with COVID-19, and the synergistic 
role of cancer in causing thrombotic complications alongside 
SARS-CoV-2 infection (Sharafeldin et al. 2021; Hachem, 
et al. 2020; Fernández-Cruz et al. 2022). In TERAVOLT, 
6% of the hospitalized cancer population and none of the 
non-hospitalized counterpart had diagnosed coagulopathy 
(Garassino et al. 2020). This emphasizes the importance of 
risk assessment in COVID 19 cases among patients with 
cancer. Additional risk factors for increased mortality among 
patients with cancer included old age, smoking history, and 
multiple comorbidities (Orchard et al. 2020).

A case–control study conducted in the United States 
revealed that out of 16,570 COVID-19 patients, 11% had at 
least one common cancer, with hematologic malignancies 

and lung cancer patients being particularly at higher risk for 
COVID-19 infection (Wang et al. 2021). Similarly, a study 
from India reported that 34% of patients with solid organ 
malignancies and COVID-19 required hospitalization, and 
15% of them succumbed to the disease, with increased mor-
tality observed among patients with lung cancer as well (Roy 
et al. 2021). The mortality rate among patients with haema-
tological malignancies was estimated to be around 28–34% 
(Wood et al. 2020; Vijenthira et al. 2020). Although the 
WHO has declared the end of COVID-19 as a public health 
emergency of international concern since 5 May 2023, the 
virus continues to cause fatalities and undergo mutations. 
The risk of new variants emerging and causing surges in 
cases and deaths remains high.

Given the potential for future threats and the sporadic 
surges of cases post pandemic, which have proven fatal 
mainly for patients with comorbidities and considering that 
in India, one in nine people are likely to develop cancer in 
their lifetime, this current study aims to enhance understand-
ing and contribute to the knowledge base surrounding cancer 
and SARS-CoV-2 infection (Sathishkumar et al. 2022). The 
study findings will also be valuable for diseases of similar 
kind in future.

This research utilizes data from the National Clinical 
Registry for COVID-19 (NCRC) of India and aims to evalu-
ate the following objectives:

1.	 To identify the frequency of different cancer types 
among hospitalized SARS-CoV-2 patients.

2.	 To analyse the distribution of demographic, clinical, 
laboratory, and outcome parameters between types of 
cancer patients and non-cancer patients.

3.	 To evaluate the hazard of all-cause mortality associated 
with various types of cancer compared to other comor-
bidities and no comorbidity within 30 days of hospitali-
zation, while adjusting for other potential predictors.

4.	 To assess the impact of commonly administered 
COVID-19 drugs on patient outcomes.

5.	 To determine the effective duration of hospital or facil-
ity-based monitoring for various cancer types to maxi-
mize benefits of monitoring and decrease fatal outcome.

Methods

Study cohort

The National Clinical COVID-19 registry was built to col-
lect information for laboratory-confirmed hospitalized 
COVID-19 patients and included 51,544 patients enrolled 
between 1st September 2020 and 31st August 2023 from 42 
participating hospitals from fifteen different states across 
India (Supplementary Figure 2). The Governance Structure 
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and the components and functions of the NCRC is detailed 
in (Supplementary Figure 3). The data flow and feedback 
loop of NCRC is presented in (Supplementary Figure 4). The 
cohort of patients were classified as No- cancer, Unspecified 
cancer, Haematological Cancer and Solid Cancer.

Study variables

The study collected information on socio-demographic 
characteristics, symptom complex prior to admission in 
COVID-19 facility, comorbidities of the patients, previous 
medication history, treatment received by the patients dur-
ing hospital stay, complications developed during hospital 
stay, and outcome of the patients while leaving the facility.

Geographic distribution of patients

The patients were categorized into 6 geographic zones based 
on the location of their enrolling hospitals: North (Punjab, 
Haryana, Chandigarh, Uttar Pradesh), South (Karnataka, 
Telangana, Andhra Pradesh), East (West Bengal, Odisha), 
West (Rajasthan, Gujarat, Maharashtra), Central (Madhya 
Pradesh, Chhattisgarh) and Northeast. The distribution of 
registry patients in the 6 geographic zones was compared 
with zone wise geographic distribution of cancer patients 
across India reported by the Hospital Based Cancer Registry 
of India 2012–2020 to assess its comparability (Sathishku-
mar et al. 2022; Mathur 2020).

General definition

Age Category.

•	 Infants – Less than or equal to one year
•	 Children – Patients age less than or equal to 18 years.
•	 Adults – Patients age greater than 18 years.

No Comorbidity – Patients with no reported morbidities.
Geographic zones as per state to which the peripheral 

institute was located.

•	 Centre – Madya Pradesh, Chhattisgarh
•	 East – Orissa, West Bengal
•	 North – Punjab, Haryana, Uttar Pradesh.
•	 North East – Meghalaya, Nagaland
•	 South – Karnataka, Telangana
•	 West – Rajasthan, Gujarat, Maharashtra

Cancer classification

•	 Other comorbidity-Any other morbidity besides cancer.
•	 Unspecified Cancer- Patients identified as having cancer, 

but where no information regarding the site or organs 

involved was provided, were classified under the category 
‘unspecified cancer’.

•	 Cancer of Genitourinary system- Included cancer of 
reproductive system (ovary, cervix, prostrate) and Uri-
nary system (Urinary Bladder)

•	 Cancer of Gastrointestinal system-Includes Cancer from 
Oesophagus to Rectum/Anal Canal, Pancreas

•	 Cancer of Lungs-Cancer of structures below vocal cord, 
Larynx, Trachea, Lungs, Pleura

•	 Cancer of Head and Neck/Brain -Includes cancer of 
Head, Orbit, Oropharynx, Nasopharynx, oral cavity, Base 
of oral cavity till vocal cord, brain

•	 Cancer of Hepatobiliary System-Includes cancer of 
Hepatic and Biliary System

•	 Cancer of Musculoskeletal system

Inclusion criteria

Hospitalized, COVID-19 confirmed patient of any age and 
gender admitted to the participating sites under the National 
Clinical Registry For COVID-19.

Statistical analysis

Frequencies of demographic, clinical, laboratory, and out-
come parameters were presented as numbers with percent-
ages for categorical variables and median with interquartile 
range for continuous variables. The solid cancer, haemato-
logical cancer, unspecified cancer and non-cancer groups 
were compared using chi-square tests/Fischer exact test 
as appropriate for categorical variables and kruskalll wal-
lis test/Mann Whitney U test as appropriate for continuous 
variables.

Kaplan Meier survival curves were plotted for a dura-
tion of 30 days of hospital stay with respect to the factors/
predictors of interest to visualize the levels and differences 
in survival over time in the presence of the risk factors. Uni-
variate Cox proportional hazards (PH) models were fitted 
to obtain unadjusted hazard ratio associated with each fac-
tor of interest. Further, a multivariable Cox PH model was 
employed to obtain adjusted hazard ratios associated with 
the risk factors. Factors included in the multivariate model 
were- comorbidities (including different types of cancer), 
age, gender, presence of symptoms at admission, vaccina-
tion history, complications like coagulation and cardiovas-
cular complication during the hospital stay, the need for ICU 
or organ support, as well as the administration of various 
drugs for managing COVID-19 (specifically, Remdesivir, 
Steroids, Anticoagulants, and Supplemental Oxygen), and 
immunological parameters like CRP and dimer. In addition, 
our model accounted for potential drug interactions between 
pairs and trios of drugs. Only significant interaction terms 
were retained in the final model. Comorbidity-subgroup 
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that included different type of cancers were among the 
key risk factors of interest in the analysis. The fitted Cox 
PH models were tested for the proportional hazards (PH) 
assumption using Schoenfeld residuals test. The results con-
cluded that the PH assumption was being violated for the 
comorbidity-subgroup (includes cancer type) risk factor, 
as was also indicated by the corresponding Kaplan Meier 
curves. Consequently, the PH assumption was relaxed for 
the comorbidity-subgroup risk factor by assuming that the 
effect of comorbidity-subgroup varies with time. This was 
accomplished by introducing a linear time interaction for 
the cancer-subgroup risk factor in the multivariable Cox 
survival model making it a non-proportional hazards model 
(Grambsch and Therneau 1994; Bellera et al. 2010). The 
Significance level was set at 5% threshold. All the analysis 
were performed using stata version 18.

Ethics approval

Ethics approval was obtained from the Central Ethics Com-
mittee on Human Research of ICMR and respective ethics 
committee from all participating institutes. The study vari-
able was anonymized and waiver of consent was obtained.

Consent and patient data confidentiality

Since the data collected was anonymous and unlinked to the 
patient, and this posed no additional risk to the participating 
patient, the process was undertaken without seeking consent 
from the patient or their family members. Patient confiden-
tiality was maintained while data analysis.

Results

Of 51,544 patients, 976 (1.8%) patients had reported hav-
ing cancer. Haematological malignancies accounted for 
15.06% (N = 147) of cases, while solid cancers comprised 
29.5% (N = 288), with genitourinary (n = 80, 18.4%), gas-
trointestinal (n = 49,15.4%) and lung (n = 34,10.6%) cancers 
being the most prevalent among the solid cancers. Among 
haematological cancers, non-Hodkin’s lymphoma (n = 15, 
3.4%), Lymphoma Unclassified (n = 9, 2%) were common 
lymphomas while chronic lymphocytic leukaemia (n = 24, 
5.5%) was the most common leukaemia’s. Frequency of in-
hospital mortality was more among solid cancers (69.9%), 
followed by leukaemia (21.3%). The requirement of ICU or 
Organ Support was highest among those with solid cancer 
(70.4%%) (Table 1).

Among all enrolled patients, 50,568 (98.1%) patients 
had no cancer. Demographic characteristic of non-Cancer 
vs Unspecified Cancer vs Haematological cancer vs Solid 

Cancer Cancer cohort is described in (Table 2.1) Within 
the entire cohort, the distribution of No cancer, Unspeci-
fied Cancer, Haematological Cancer and Solid Cancer 
had significantly different proportions by age (p < 0.001), 
Gender(p = 0.002), BMI Category (p < 0.001), Presence of 
symptoms(p < 0.001). (Table 2.1, Supplementary Table 1).

Table 2.2 provides the distribution of maximum recorded 
inflammatory and Coagulation markers across different cat-
egories of cancer and no cancer. There was a significant 
difference in the distribution of maximum recorded value 
of major inflammatory markers and coagulation markers 
such as total leukocyte count (0.016), lactate dehydroge-
nase (0.04), procalcitonin (0.003), interleukin 6 (0.003), INR 
(< 0.001) and d-dimer (< 0.001) across non-cancer, unspeci-
fied cancer, haematological cancer and solid cancer.

There was significant difference in proportion of cardio-
vascular complications among no cancer [n = 562(1.1%)], 
unspecified cancer [n = 13(2.4%)], haematological can-
cer [n = 3(2%)], and solid cancer [n = 7(2.4%)], p (0.004). 
Also, there was significant distribution in requirement of 
remdesivir (p < 0.001), steroids (< 0.001), anticoagulant 
(< 0.001) and requirement of ICU organ support (0.04) 
across the groups. Proportion of death was highest among 
solid cancer [n = 72(25%)] while lowest among no cancer 
group [n = 5977(11.8%)], p < 0. 001 (Table 2.3).

Kaplan Meier graph for survival analysis to represent sur-
vival over time for a duration of 30 days of hospital stay and 
Univariate Cox proportional hazards (PH) models were fitted 
to obtain unadjusted hazard ratio associated with each factor 
of interest. The factors those were statistically or clinically 
relevant were included in the multivariable Cox PH model. 
As per model all cancer types, genitourinary[aHR-54.5, 
p < 0.001], gastrointestinal[aHR-98.9, p < 0.001], lungs 
[aHR-148.9, p < 0.001], breast [aHR-151.9, p < 0.001], 
non hodkins lymphoma [aHR-5531.9, p < 0.001], chronic 
leukemia [aHR-40.3, p < 0.001], acute leukemia [aHR-
74.9, p < 0.001], genitourinary[aHR-54.5, p < 0.001], 
genitourinary[aHR-54.5, p < 0.001], unspecified cancer 
[aHR-127.8, p < 0.001] had significant risk of in-hospital 
mortality at the time of admission (time zero). Adjusted haz-
ard for all cancer types gradually declined and converged 
with time, and became comparable to the hazard associated 
with other comorbidities in around 10 days since admission. 
Also, the range of time in which adjusted hazard ratios with 
respect to the reference group No Comorbidity declined to 
one varied between 7 to 18 days for different cancer types, 
with non-Hodgkin’s lymphoma and head & neck brain can-
cer holding the extremes respectively (Table 3, and Figs. 1, 
2).

Geographic distribution of cancer cases in registry was 
also compared with national information and it was observed 
that the distribution of cases across zones were comparable 
with highest recorded cases in both registry and national 
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figure is from south zone [29.1% vs 24.6%]. Supplementary 
Fig. 1.

The adjusted hazard for patients having values of CRP 
and D-Dimer greater than the median value was [aHR-1.9, 
p < 0.001] & [aHR- 1.98, p < 0.001] respectively. (Supple-
mentary Table 2).

Discussion

The research involved the analysis of data from the National 
Clinical Registry for Covid-19, which, included approxi-
mately 51,544 patients enrolled till 31st August 2023, 
who tested positive for the SARS-CoV-2 virus and were 

hospitalized across 42 hospitals in India. The primary 
focus of this study was to evaluate the hazard associated 
with all-cause mortality across various types of cancer 
when co-affected with COVID-19 within 30 days of hos-
pital admission in comparison to other comorbidities and 
No Comorbidity. Additionally, the study aimed to compare 
the demographic and clinical characteristics of patients with 
different categories of cancer.

In this study, the most common cancers reported in males 
were gastrointestinal, followed by genitourinary and lung 
cancers. In females, breast cancer was most common, fol-
lowed by genitourinary cancers. These findings are consist-
ent with national cancer reports in India, which identify 
lung, mouth, oesophagus, stomach, and nasopharynx as the 

Table 1   Frequency Distribution of types of cancer among SARS-CoV-2 infected patients enrolled in NCRC (N = 976)

Out of 976 cancer patients, definite classification was available for 435 patients
This considers ICU admission or requirement of ECMO or Renal Replacement Therapy or Vasopressor

Types of cancer Number (%) Death
N = 102

ICU_Organ supporta

N = 61
Solid Tumors, N = 288 Total

435
Males
253

Females
182

72
(69.9%)

43
(70.4%)

1 Cancer of Genitourinary system N = 80 (18.4) 45 (17.79) 35(19.23) 21 9
2 Cancer of Gastrointestinal system N = 67 (15.4) 49 (19.37) 18(9.89) 14 10
3 Cancer of Lungs N = 46 (10.6) 31 (12.25) 15(8.24) 16 10
4 Cancer of Breast N = 37 (8.5) 3 (1.19) 34(18.68) 6 3
5 Cancer of Head and Neck N = 36 (8.3) 17 (6.72) 19(10.44) 11 9
6 Cancer of Hepatobiliary System N = 13 (2.9) 8 (3.16) 5(2.75) 3 2
7 Cancer of Musculoskeletal system N = 8 (1.8) 4 (1.58) 4(2.2) – –
8 Mesothelioma N = 1 (0.2) 1 (0.4) 1 –

Hematological Tumor, N = 147
Lymphoma, N = 42 9 (8.7%) 2 (3.2%)

10 Non-Hodgkin’s Lymphoma N = 15 (3.4) 10 (3.95) 5(2.75) 1
11 Lymphoma Unclassified N = 9 (2.0) 3 (1.19) 6(3.3) 2 –
12 Mantle Cell Lymphoma N = 4 (0.9) 4 (1.58) – 3 –
13 Diffuse Large B Cell Lymphoma N = 4 (0.9) 4 (1.58) – – 1
14 Follicular Lymphoma N = 3 (0.7) 3 (1.19) – 3 –
15 Hodgkin’s Lymphoma N = 5 (1.1) 5 (1.98) – – –
17 T Cell Lymphoma N = 1 (0.2) - 1(0.55) – –
18 Waldenström’s Macroglobulinemia N = 1 (0.3) 1 (0.4) – – –

Leukemia, N = 105 21
(21.3%)

17(27.8%)

19 Chronic lymphocytic leukemia N = 24 (5.5) 15 (5.93) 9(4.95) 9 4
20 Acute Leukemia N = 5 (1.1) 4 (1.58) 1(0.55) – 1
21 Multiple Myeloma N = 21 (4.8) 12 (4.74) 9(4.95) 4 1
22 Acute Myeloid Leukemia N = 18 (4.1) 9 (3.56) 9(4.95) 6 7
23 Acute lymphoblastic leukemia N = 3 (0.7) 3 (1.19) - 1 -
24 Acute lymphocytic leukemia N = 21 (4.8) 14 (5.53) 7(3.85) 2 1
25 Chronic Myeloid leukemia N = 4 (0.9) 2 (0.79) 2(1.1) – 2
26 Leukemia unclassified N = 6 (1.4) 4 (1.58) 2(1.1) – 1
27 Myelodysplastic Syndrome N = 2 (0.5) 1 (0.4) 1(0.55) – –
28 Chronic Myelomonocytic Leukemia N = 1 (0.2) 1 (0.4) – – –
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most common cancers in males, and genitourinary and breast 
cancers as the most common in females (Sathishkumar et al. 

2022; Mathur 2020). The distribution of cancer cases across 
geographic zones in our registry showed heterogeneity, 

Table 2.1   Study Cohort Epidemiological and Clinical Characteristics among cancer and no cancer cohort and Type of cancer

a Vaccination history before admission

Variable No Cancer
N = 50,568

Unspecified Cancer
N = 541

Hematological
N = 147

Solid Cancer
N = 288

P
Value

Age 50 (36, 63) 56 (44, 65) 55 (34, 66) 60 (51, 68)  < 0.001
Age
Infant, 349 (0.69) 2 (0.37) - –  < 0.001
1–18 1393 (2.7) 35 (6.5) 19 (12.9) 5 (1.74)
19–39 12,951 (25.6) 67 (12.4) 25 (17.0) 25 (8.7)
40–59 19,347 (38.3) 215 (39.7) 44 (29.9) 110 (38.2)
60 & above 16,528 (32.7) 222 (41.0) 59 (40.1) 148 (51.4)
Gender
Male, 32,161 (63.6) 319 (58.9) 95 (64.6) 158 (54.8) 0.002
Female, 18,407 (36.4) 222 (41.1) 52 (35.4) 130 (45.1)
BMI Category (N = 16,025)
Underweight, n = 675 646 (3.1) 24 (12.6) 2 (11.1) 3 (5.8)  < 0.001
Normal Weight, 12,144 12,004 (58.2) 100 (52.6) 9 (50) 31 (60.7)
Over Weight /obese, n = 8054 7967 (38.6) 66 (34.8) 7 (38.9) 17 (33.3)
Vaccine (N = 46,393)
Yes, n = 8762 8571 (18.8) 111 (22.5) 17 (13.9) 63 (25.2) 0.005
No, n = 37,631 36,957 (81.17) 382 (77.48) 105 (86.07) 187 (74.8)
Symptomatic
Yes 41,680 (82.4) 380 (70.2) 131 (89.1) 239 (82.9)  < 0.001
No 8888 (17.6) 161 (29.7) 16 (10.8) 49 (17.01)
Comorbidity other than cancer
No_other_comorbidity, 25,670 (50.8) 290 (53.6) 93 (63.3) 163 (56.6) 0.02
1_2_other comorbidity, 20,301 (40.1) 212 (39.2) 45 (30.6) 109 (37.8)
3_4_other comorbidity, 4358 (8.6) 38 (7) 9 (6.1) 16 (5.6)
5 or more-morbidity, 235 (0.5) 1 (0.2) 0

Table 2.2   Distribution of maximum recorded value of inflammatory markers and coagulation factors across patients from different categories of 
cancer and no cancer

*P value for Kruskal wallis test

Laboratory Parameters No Cancer
N = 50,568

Unspecified Cancer
N = 541

Hematological
N = 147

Solid Cancer
N = 288

P
Value*

Inflammatory marker
Total leukocyte Count 

(Cells /mm3)
8890 (5980, 12,500) 8900 (5600, 13,500) 10,300(4000, 22,800) 9200 (6500, 14,700) 0.016

CRP (mg/L) 44.49(10.5, 124) 56.08 (8.8, 102) 61.4 (15.9, 147.4) 73 (14.3, 125.505) 0.1169
LDH (IU/L) 454 (291, 658) 426 (286.5, 696) 455.5 (352.3, 696) 370.6 (265, 580) 0.04
Ferritin (ng/ml) 452 (170.15, 698) 489 (188.15, 1000) 749.55(304.55, 1768.5) 378 (168.3, 1019) 0.15
Procalcitonin (ng/ml) 0.222 (0.1, 0.88) 0.224 (0.1, 0.86) 0.84 (0.41, 7.6) 1.04 (0.25, 4.22) 0.003
IL 6_level (pg/ml) 19.3 (6.2, 65.59) 34.45 (10.34, 99.08) 43.8 (11.2, 74) 70 (29.8, 284.2) 0.003
Coagulation
PT (seconds) 13.8 (12.3, 15.6) 14.6 (13.2, 16.7) 14.7 (12.4, 17.9) 13.4 (11.8, 16.35) 0.41
INR 1.09 (1, 1.21) 1.16 (1.02, 1.339) 1.16 (1.08, 1.41) 1.14 (1.02, 1.3)  < 0.001
D_Dimer (mg/L) 0.92 (0.36, 5.19) 0.83 (0.27, 2.25) 1.1 (0.46, 4.03) 1.2 (0.57, 3.11)  < 0.001
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with the highest representation from North India, followed 
by Central and East India. While our findings align with 
national figures in terms of heterogeneous representation 
of cases, they differ from the magnitude and proportion of 
cancer cases reported by hospital-based cancer registries 
nationwide. These registries indicate the highest cancer bur-
den in Central India, followed by the North East Zone. This 
discrepancy may be attributed to the design of our registry, 
whose initial mission was to focused on COVID-19 cases 
and considered designated COVID-19 hospitals. These hos-
pitals might or might not have been to serve as the centres 
for cancer referrals (Mathur 2020).

There was significant difference in requirement of ICU 
and Organ Support across various categories of cancer with 
proportion of patients requiring support was highest among 
solid cancer (14.9%) while minimum among no form of 
cancer (10.46%). A study conducted in Chicago reported 

an ICU admission rate of 17.6%, figures that align with our 
findings. Also, there was no significant difference in dis-
tribution of requirement of supportive oxygen therapy and 
Invasive mechanical ventilation among Various categories 
of cancer. This observation contrasts with data from Brazil, 
which indicated a high usage of invasive mechanical ven-
tilation (IMV) among cancer patients (Caruso et al. 2021). 
There has been ongoing debate about the relatively low rates 
of ICU admission and IMV use among cancer patients with 
COVID-19 (Mechanical Ventilation Rates and in Oncology 
Patients with COVID-19 – Consult QD. 2021). This could 
be attributed to the fact that many cancer patients in our 
study may have had advanced cancer and were primarily 
receiving palliative care when they contracted COVID-19, 
leading to a disproportionately low rate of ICU admission 
and IMV utilization. Additionally, it’s worth noting that 
the median age of our cancer cohort ranged between 56 to 

Table 2.3   Comparing thrombotic complications, COVID treatment modalities and outcomes, among cancer and Non-cancer control cohorts and 
among different type of cancer

a ICU-Organ support is a composite outcome taking into account the requirement of ICU admission during hospital stay, ECHMO Support, 
Vasopressor and Renal Replacement

Treatment No Cancer
N = 50,568

Unspecified Cancer
N = 541

Hematological
N = 147

Solid Cancer
N = 288

P
Value

Thrombotic Complications
Yes 157 (0.31) 1 (0.2) 1 (0.68) - 0.58
No 50,411 (99.7) 540 (99.8) 146 (99.3) 288 (100)
Cardio Vascular Complication
Yes 562 (1.1) 13 (2.4) 3 (2) 7 (2.4) 0.004
No 50,006 (98.9) 528 (97.6) 144 (98) 281 (97.6)
Remdesivir
Yes 16,579 (32.79) 76 (14.05) 33 (22.45) 60 (20.8)  < 0.001
No 33,989 (67.2) 465 (85.9) 114 (77.55) 228 (79.17)
Steroids
Yes 28,920 (57.19) 255 (47.13) 71 (48.3) 105 (36.46)  < 0.001
No 21,648 (42.8) 286 (52.87) 76 (51.7) 183 (63.54
Anticoagulants
Yes 28,916 (57.18) 257 (47.5) 68 (46.2) 127 (44.10)  < 0.001
No 21,652 (42.8) 284 (52.5) 79 (53.7) 161 (55.9)
Supportive Oxygen Therapy
Yes 24,988 (49.4) 259 (47.87) 69 (46.9) 129 (44.7) 0.105
No 25,580 (50.6) 282 (52.13) 78 (53.06) 159 (55.2)
Invasive Mechanical Ventilation
Yes 1554 (3.1) 24 (4.4) 5 (3.4) 7 (2.4) 0.28
No 49,014 (96.9) 517 (95.6) 142 (96.6) 281 (97.6)
ICU-Organ support requireda

Yes 5291 (10.46) 65 (12.01) 19 (12.9) 43 (14.9) 0.040
No 45,277 (89.54) 476 (87.99) 128 (87.07) 245 (85.07)
Outcome
Discharged to home 40,823 (80.7) 372 (68.8) 98 (66.7) 183 (63.5)  < 0.001
Death 5977 (11.8) 105 (19.4) 31 (21.09) 72 (25)
Transferred /LAMA 3768 64 (11.8) 18 (12.2) 33 11.46)
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Table 3   Prognostic Factors: Multivariable cox proportional hazard model for in-hospital patients with cancer in (Adult)

Variable Unadjusted Hazard Ratio Adjusted Hazard Ratio (Final 
Model) N = 35,224

P value

Type of Comorbidity (HR At Time Zero)
Genitourinary 2.43 (1.55, 3.83) 54.5(19.19, 154.80)  < 0.001
Gastrointestinal 2.29 (1.35, 3.88) 98.9 (22.4, 435.8)  < 0.001
Lungs 4.03(2.4, 6.6) 148.9(46.51, 474.47)  < 0.001
Breast 2.01(0.9, 4.49) 151.93(23.28, 991.43)  < 0.001
Head Neck Brain 3.3(1.8, 6.01) 26.3(6., 101.7)  < 0.001
Hepatobiliary 1.86(0.6, 5.79) 4 (0.99, 16.17) 0.051
Non-Hodkins Lymphoma 2.72(1.3, 5.72) 531.96(56.45, 5012.89)  < 0.001
Chronic Leukemia 2.89(1.5, 5.56) 40.38(12.2, 133.38)  < 0.001
Acute Leukemia 2.2(1.04, 4.62) 74.96(16.47, 340.78)  < 0.001
Multiple Myeloma 2.62(0.98, 6.9) 1.56(0.21, 11.11) 0.659
Un Specified Cancer 2.16(1.77, 2.64) 127.8(81.19, 201.20)  < 0.001
Other Comorbidities 1.85(1.75, 1.96) 47.5(41.0, 55.23)  < 0.001
No Comorbidity Ref Ref
Time Interaction for comorbidity type
Time Interaction for Genitourinary 1.0(0.96, 1.03) 0.78(0.71, 0.87)  < 0.001
Time Interaction for Gastrointestinal 0.99 (0.94, 1.04) 0.69(0.56, 0.85) 0.001
Time Interaction for Lungs 0.99 (0.94, 1.04) 0.61(0.45, 0.82) 0.002
Time Interaction for Breast 0.99 (0.91, 1.07) 0.7(0.56, 0.87) 0.002
Time Interaction for Head Neck Brain 1.02 (0.98, 1.07) 0.83(0.72, 0.95) 0.009
Time Interaction for Non-Hodkins Lymphoma 1.01 (0.97, 1.06) 0.40 (0.2, 0.82) 0.012
Time Interaction for Chronic Leukemia 0.99(0.94, 1.05) 0.78(0.68, 0.91) 0.001
Time Interaction for Acute Leukemia 0.93 (0.84, 1.03) 0.73(0.56, 0.96) 0.026
Time Interaction for Un Specified Cancer 0.98(0.96, 0.99) 0.67(0.63, 0.71)  < 0.001
Time Interaction for Other Comorbidities 0.96 (0.95, 0.96) 0.72(0.71, 0.73)  < 0.001
Age Category
60 years and above
Less than 60 years 1.8 (1.7, 1.9) 1.27(1.19, 1.35)  < 0.001
Gender
Male 1.11 (1.05, 1.17) 1.1(1.03, 1.17) 0.005
Female Ref Ref
Symptomatic on admission
Yes 1.7 (1.5, 1.8) 0.97(0.86, 1.08) 0.534
No Ref Ref
WHO ordinal Scale on admission, n = 39,363
3 Ref Ref
4 4.05(3.7, 4.43) 1.2(1.07, 1.35) 0.002
5 9.77(8.88, 10.75) 2.71(2.4, 3.06)  < 0.001
6 27.9(24.91, 31.24) 4.45(3.86, 5.13)  < 0.001
7 89.66(73.1, 109.98) 7.02(5.55, 8.88)  < 0.001
Vaccine Taken
Yes 0.76 (0.71, 0.83) 0.6(0.54, 0.65)  < 0.001
No Ref Ref
Coagulation complication during hospital stay
Yes 3.05 (2.4, 3.7) 1.12(0.86, 1.46) 0.395
No Ref Ref
Cardiac Complication during hospital stay
Yes 4.6(4.1,5.1) 1.89(1.66, 2.16)  < 0.001
No Ref Ref
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Table 3   (continued)

Variable Unadjusted Hazard Ratio Adjusted Hazard Ratio (Final 
Model) N = 35,224

P value

Remdesivir
Yes 1.16 (1.11, 1.23) 0.36(0.23, 0.58)  < 0.001
No Ref Ref
Steroid
Yes 1.86 (1.7, 1.9) 0.87(0.61, 1.24) 0.452
No Ref Ref
Anticoagulant
Yes 1.3 (1.3, 1.4) 0.94(0.68, 1.3) 0.692
No Ref Ref
Supplemental Oxygen
Yes, 11.69 (10.4, 13.0) 8.47(6.86, 10.47)  < 0.001
No Ref Ref
Supplemental Oxygen with Remdesivir
Yes 1.6 (1.58, 1.75) 2.22(1.4, 3.53) 0.001
No Ref Ref
Supplemental oxygen with Steroid
Yes 3.02 (2.84, 3.2) 1.07(0.75, 1.52) 0.715
No Ref Ref
Supplemental oxygen with Anticoagulant
Yes 2.42 (2.29, 2.5) 0.83(0.59, 1.17) 0.297
No Ref Ref
ICU and Organ Support
Yes 3.8 (3.6, 4.04) 2.38(1.6, 3.56)  < 0.001
No Ref Ref
ICU and Organ Support with Remdesivir
Yes 2.83 (2.61, 3.07) 1(0.87, 1.15) 0.976
No Ref Ref
ICU and Organ Support with Steroid
Yes 3.8(3.6, 4.1) 1.31(1.09, 1.58) 0.004
No Ref Ref
ICU and Organ Support with Anticoagulant
Yes 3.6 (3.3, 3.8) 0.97(0.82, 1.14) 0.708
No Ref Ref
ICU and Organ Support with Oxygen
Yes 4.6 (4.3, 4.9) 0.63(0.42, 0.96) 0.03
No Ref Ref
Remdesivir with Steroid
Yes 1.24 (1.18, 1.31) 1.01(0.76, 1.33) 0.95
No Ref Ref
Steroids with Anticoagulant
Yes 1.46 (1.38, 1.54) 0.95(0.79, 1.15) 0.593
No Ref Ref
Received all (Remdesivir, Steroid, Anticoagulant)
Yes 1.21 (1.15, 1.28) 1.07(0.88, 1.3) 0.497
No Ref Ref

a If value of a variable had frequency less than 10 they were not included in the model
b Remdesivir with anticoagulant was not having confidence interval so was excluded from the model
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60 years, which may have contributed to the lower propor-
tion of ICU admissions and organ support, as older cancer 
patients with reduced life expectancy might have been tri-
aged due to the global shortage of ICU beds during the peak 
of the pandemic (Azoulay et al. 2011).

In this study, there was no discernible difference in the 
occurrence of thrombotic complications between patients 
across various groups of cancer (p = 0.58). This is in con-
trast to other studies where there was a significant differ-
ence between occurrence of cardiovascular complication 
across types of cancer. The mechanism of synergy between 
COVID-19 infection and cancer leading to cardiovascu-
lar complication may be because of hyperinflammation, 
which negatively affects the cardiovascular system. The 
dysregulated immune response can promote cardiovascular 
and endothelial dysfunction manifesting as cardiovascular 

complication, but further studies are needed (Gupta et al. 
2021).

The findings of this study revealed that the in-hospital 
mortality rate was among COVID-19 patients with cancer 
was 21.3%, with 208 out of 976 cancer patients succumbing 
to the illness. This mortality rate was lower than the esti-
mate derived from a systematic review and meta-analysis 
of cohort studies involving hospitalized cancer patients with 
COVID-19, where the mortality rate was reported to be 30% 
(Desai et al. 2021). Another study conducted at Guy’s Can-
cer Centre and King’s College Hospital during the period 
from February 29 to July 31, 2020, reported a mortality rate 
similar to our cohort, at 24% (Sathishkumar et al. 2022). The 
in-hospital mortality among Solid and Haematological Can-
cer were (n = 72, 25%) & (n = 31, 21.09%) respectively. A 
cohort study of 2,515 adult cancer patients with COVID-19 

Fig. 1   Kaplan Meir Survival curves for predictors of hospital mortality among cancer patients during 30 days of hospital stay
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published in JAMA found that haematological malignant 
neoplasms and lung cancer were associated with higher mor-
tality rates, with an overall mortality rate of 38% (Várnai 
et al. 2022). Notably number of deaths were high in patients 
suffering from Genitourinary, gastrointestinal and lung can-
cers among solid cancers, non-Hodkin’s type of Lymphoma 
among Lymphomas, and Chronic lymphocytic leukaemia 
among Leukaemia’s, a pattern consistent with data previ-
ously reported from Tata Medical Centre in Kolkata, India, 
which also participated in the registry (Roy et al. 2021).

Adjusted hazard ratio models were employed to assess 
overall survival across various types of cancer compared to 
no reported morbidity, adjusting for age, gender, severity of 
disease at admission, cardiac complications, COVID-19 vac-
cination status, and commonly used COVID-19 treatments 
such as Remdesivir, steroids, and anticoagulants. Due to the 
non-proportionality of hazard ratios over time for different 
types of cancer, compared to those without comorbidities, 
adjustment for time interaction term for each type of can-
cer was also incorporated into the model. The model dem-
onstrated that the risk of all-cause mortality for different 
types of cancer at day zero ranged from 531.8 to 25.74, with 
Non-Hodgkin’s Lymphoma and Head Neck brain Cancer 
malignancies exhibiting these extremes, respectively. Other 
cancers with significantly higher mortality are lungs and 
breast cancer. This is in line with previous studies that men-
tion that lungs cancer has significantly high mortality when 
co-affected with COVID-19 (Lei et al. 2021).

The change in hazard ratio over time was also plotted, 
revealing that hazard ratios for all cancer types were signifi-
cantly elevated immediately after admission but converged 

around and became similar to other comorbidities around 
days 10. This indicates that certain pathophysiology exclu-
sive to cancer might play significant role in early mortal-
ity and hence should be dealt with aggressively. Also, this 
suggests that stringent facility-based management of cancer 
patients would be critical during this period. Additionally, 
the graph demonstrated that the time required for the haz-
ard ratio to decline to one after hospitalization varied by 
cancer type: 17 days for genitourinary cancers, 13 days for 
gastrointestinal cancers, 11 days for lung cancer, 15 days for 
breast cancer, 18 days for head and neck cancers, 7 days for 
non-Hodgkin’s lymphoma, 15 days for chronic leukaemia, 
14 days for acute leukaemia, and 13 days for unspecified 
cancers. Other comorbidities required 12 days. These find-
ings indicate that extensive monitoring should be tailored 
considering the specific durations required for each cancer 
type following admission. Moreover, these results may be 
considered in the development of patient triaging protocols 
if needed during future hospitalizations.

The relatively high risk of mortality in the early days 
of hospitalization among cancer patients with COVID-19 
may be attributed to their immunosuppressed state, which 
can make them more severely ill during the viremic phase, 
leading to more early deaths. Additionally, some reports 
suggest that receiving cancer treatment within 14 days of a 
COVID-19 diagnosis may pose a significant risk for devel-
oping severe complications. Many cancer patients, due to 
fear of contracting COVID-19, reported to hospitals only 
when necessary for cancer management. It may be possible 
that the relatively high mortality during the early days could 
be related to undergoing cancer treatment within 14 days of 

Fig. 2   Line Graph representing 
Hazard Ratio of different type 
of cancers, unspecified cancer 
and other comorbidities com-
pared to no comorbidity over 
a duration of 30 days during 
hospital stay when adjusted for 
predictors
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contracting COVID-19 (Cheng 2021; Sengar et al. 2022). 
The decreased risk of mortality observed in cancer patients 
beyond 14 days post-hospitalization may be attributed to 
surviving the initial viral load during the viremic phase 
and not experiencing immune-mediated complications, 
potentially due to their underlying immunosuppressed state 
(Bhaskar 2020). Above observation suggests that monitoring 
viral load at various time points, along with assessing the 
immune response, could be beneficial approach in optimiz-
ing treatment strategies for cancer patients. Further research 
is encouraged to validate these findings and refine clinical 
approaches.

In our investigation examining the impact of commonly 
used COVID-19 drugs, the addition of remdesivir and 
steroids to COVID-19 management regimen significantly 
reduced hazard of mortality as can be observed from reduc-
tion in Hazard Ratio in ICU patients. This finding contrasts 
with the Solidarity trial in terms of remdesivir, in which 
mortality was higher with remdesivir use among ventilated 
patients, although it was consistent with the findings of other 
studies (WHO Solidarity Trial Consortium 2022). The effi-
cacy of remdesivir seemed to depend on various factors, 
including the need for oxygen or respiratory support and 
the timing of drug initiation, as evidenced by various trials. 
However, due to the lack of uniformity of available data for 
all patients, our data could not be further analysed in this 
regard. It is also worthwhile to mention here that Unadjusted 
hazard ratio associated with Remdesivir, indicates that the 
individuals who received the medication were at around 24% 
higher risk of dying as compared to those who did not. How-
ever, this result should not lead to the conclusion that the use 
of Remdesivir may have increased the chances of mortality 
because the administration of Remdesivir was not in ran-
dom and, in practice, only individuals with severe infection 
or those at higher risk of severe outcome were prescribed 
Remdesivir. Also as discussed in previous studies age, male 
gender, severity of disease at admission, cardiac complica-
tion was significantly associated with higher risk of mortal-
ity within 30 days of hospital stay. While Covid-19 vaccina-
tion and commonly given COVID-19 drugs like remdesivir, 
steroids and anticoagulants reduce risk of mortality during 
hospital stay within 30 Days.

Additionally, cancer patients exhibited higher value of 
d-dimer with patients having solid cancer exhibiting higher 
median value, a biochemical proxy indicative of thrombotic 
complications and disease severity. This finding is similar 
with the outcomes of previous studies that reported elevated 
d-dimer levels among individuals with cancer (Ali et al. 
2023). This observation contrast other studies that suggest 
patients with haematological cancers are at a higher risk 
of developing thrombotic complications when hospitalized 
with SARS-CoV-2 infection (Fernández-Cruz et al. 2022). 
Also in this study, we used the median CRP value of the 

cohort as a reference point (44.77 mg/L), and it was observed 
that patients with CRP levels exceeding 44.77 mg/dL were 
linked to an increased risk of overall mortality (model 2 Sup-
plementary Table 1). This finding aligns with available data 
(Lentner et al. 2021; Rubio-Rivas, et al. 2022). Some stud-
ies have indicated that a CRP level of ≥ 40 mg/L is a good 
predictor of mortality. However, the optimal cutoff may vary 
depending on the methods and kits used in the assays. CRP 
has been acknowledged as a predictor of COVID-19 mor-
tality in cancer patients (Lentner et al. 2021). Nevertheless, 
elevated CRP levels in cancer patients may be influenced 
by their underlying disease burden, suggesting that a higher 
cutoff may be necessary for predicting COVID-19 mortal-
ity in this cohort. Further research is needed to establish the 
optimal CRP cutoff for this population. A similar association 
was also noted with higher levels of d-dimer, value greater 
than 0.92,g/l (Ali et al. 2023).

Strength and limitation

To the best of our knowledge, this study represents one of 
the few multicentre investigations in India that comprehen-
sively examines the characteristics of hospitalized SARS-
CoV-2-infected patients in context of cancer. Also, it would 
be one of the few studies that considers many cancer types in 
a single study. Though the relatively small number of cancer 
patients in our study may not fully represent the magnitude 
and diversity of India’s cancer population, and may limit the 
generalizability of our findings. However, the results offer a 
foundational understanding of COVID-19’s impact on can-
cer patients in India and can serve as a catalyst for further 
research and development of broader healthcare strategies 
for managing different cancer in the context of COVID-19.

It is crucial to interpret the study’s findings in light of 
several inherent limitations. Firstly, although efforts were 
made to minimize heterogeneity, complete homogeneity 
in the data could not be achieved. Also, registry’s data run 
the risk of misclassification bias due to inadequate or faulty 
response, potentially impacting the accuracy of information 
like cancer types. Secondly, the study was not originally 
designed as a cancer registry, thus certain essential aspects 
of cancer patient care and evaluation remain unaddressed 
and not evaluated like duration of cancer, type of cancer 
treatment, duration since start of cancer treatment, duration 
between cancer treatment and COVID-19 diagnosis & stage 
of cancer. Further studies considering these parameters will 
add more understanding around the topic Thirdly, the study 
did not account for the timing of drug initiation during the 
construction of the multivariate model. Fourthly, the study 
did not explore higher-order drug interactions within the 
hazard model. Fifth, our findings offer a general overview of 
cancer cases in the context of COVID-19 but may not fully 



Journal of Cancer Research and Clinical Oncology (2024) 150:500	 Page 13 of 15  500

reflect detailed regional cancer burdens. Last, the study also 
could not assess the impact of the interval between COVID-
19 vaccination and patient outcomes. Notably, the vaccines 
employed in India, namely Covaxin (BBV 152) and Cov-
ishield (ChAdOx1 nCoV-19), were known to offer protection 
against severe disease and mortality".

Conclusion

Our research findings indicate that the presence of any 
form of malignancy constitutes a distinct and autonomous 
risk element for severe outcomes in hospitalized COVID-
19 patients. Consequently, individuals with malignancies 
should be regarded as a high-priority subgroup among 
SARS-CoV-2 patients, warranting specialized attention, 
particularly in settings where resources are constrained or 
during the process of patient prioritization. Additionally, 
stringent monitoring of patients should be intensive at hos-
pital admission and should be continued till 10 to 18 days 
depending on the type of cancer. It would be prudent to 
tailor monitoring strategy differently for different type of 
cancer. Elevated level of c-reactive protein and d-dimer are 
significant predictors for in hospital mortality and should be 
considered in monitoring plan.
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