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ABSTRACT
Objectives  Prior research has reported an increased 
risk of fatality for patients with cancer, but most studies 
investigated the risk by comparing cancer to non-cancer 
patients among COVID-19 infections, where cancer might 
have contributed to the increased risk. This study is to 
understand COVID-19’s imposed HR of fatality while 
controlling for covariates, such as age, sex, metastasis 
status and cancer type.
Methods  We conducted survival analyses of 4606 cancer 
patients with COVID-19 test results from 16 March to 11 
October 2020 in UK Biobank and estimated the overall HR 
of fatality with and without COVID-19 infection. We also 
examined the HRs of 13 specific cancer types with at least 
100 patients using a stratified analysis.
Results  COVID-19 resulted in an overall HR of 7.76 (95% 
CI 5.78 to 10.40, p<10−10) by following 4606 patients with 
cancer for 21 days after the tests. The HR varied among 
cancer type, with over a 10-fold increase in fatality rate 
(false discovery rate ≤0.02) for melanoma, haematological 
malignancies, uterine cancer and kidney cancer. 
Although COVID-19 imposed a higher risk for localised 
versus distant metastasis cancers, those of distant 
metastases yielded higher overall fatality rates due to their 
multiplicative effects.
Discussion  The results confirmed prior reports for the 
increased risk of fatality for patients with COVID-19 plus 
hematological malignancies and demonstrated similar 
findings of COVID-19 on melanoma, uterine, and kidney 
cancers.
Conclusion  The results highlight the heightened risk 
that COVID-19 imposes on localised and haematological 
cancer patients and the necessity to vaccinate uninfected 
patients with cancer promptly, particularly for the cancer 
types most influenced by COVID-19. Results also suggest 
the importance of timely care for patients with localised 
cancer, whether they are infected by COVID-19 or not.

INTRODUCTION
In localised cancers or haematological malig-
nancies, timely cancer diagnosis and treat-
ment is critical for increasing a patient’s 
survivability. Otherwise, localised cancers may 
progress into distant (distant organ systems) 
metastasis,1 2 while distant metastases may 

become uncontrollable, both of which result 
in more fatalities.3–5 However, with COVID-19 
evidently impacting cancer care, diagnosis 
and treatment delays are inevitable due to the 
unavailability of medical resources, potential 
exposure risks of COVID-19 in medical facil-
ities and complications of treatment (eg, 
chemotherapies worsening the fatality rate)6 7 
attributed to the weaker immune systems of 
patients with cancer. Therefore, attention 
to the timeliness of therapy for patients with 
cancer is encouraged to minimise the risk of 
fatality.3 Still, the extent of risk that delays 
in cancer therapies add for persons with 
COVID-19 is not known8 9 and is likely to vary 
depending on cancer type,10 stage, grade and 
treatment.9 11 Therefore, estimating the risk 
COVID-19 imposes on each type of cancer 
is critical. Although prior research has been 
conducted, most studied the HR or OR by 
comparing patients with cancer to non-cancer 
patients among patients with COVID-19, 
which did not reflect the impact of COVID-19 
on specific cancer types, could be confounded 
by the therapy types12–14 and is limited by the 
small sample size available for specific cancer 
types. Exceptions included Passamonti et al’s15 
study, which reported 536 haematological 
cancer patients with COVID-19 infection at 66 
hospitals in Italy. Those patients with severe 
or critical COVID-19 infections had an HR of 
4.08 for mortality when taking mild severity 
as reference in Italy.15 However, the associa-
tion between severity and fatality is evident, 
and the study was not designed to study the 
added risk of fatality from COVID-19 infec-
tion for the haematological malignancies. 
Here, we report a study comparing fatality 
rates among persons with a wide range of 
cancer diagnoses with and without COVID-19 
while controlling for age, sex and type of 
cancer. Age and sex are essential biological 
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variables underlying the fatality of COVID-1916–19 and 
thus should be controlled for. We further studied the 
added COVID-19 risk to fatality for specific cancer types 
to aid oncologists in making optimal treatment decisions 
from various risk factors, several of which may be contra-
dictory, such as delay of care and infection risk.

METHODS
We conducted a retrospective survival study using UK 
Biobank (UKB)20 under the UKB COVID-19 policy.21 
Started in 2006, UKB is a government funded biobank 
with longitudinal COVID-19 test results, death regis-
tries, cancer registries and inpatient records for approx-
imately 500 000 patients.22 COVID-19 tests started on 
16 March 2020 for symptomatic patients, during which 
testing capacity was limited and results were provided 
by Public Health England.23 There were roughly 67 000 
living cancer subjects at the beginning of COVID-19 
testing. Inclusion criteria for the study were: (1) subjects 
of British ancestry with a history of hospitalisation in UKB 
(updated to the end of September 2020) and (2) subjects 
conducted a COVID-19 test no later than 11 October 
2020, for which we could obtain a 21-day follow-up in the 
death registry from National Health Service (NHS) Digital 
and NHS Central Register, UK. The inclusion criteria 
resulted in 6528 cancer patients. We then excluded 893 
patients with cancer whose cancer diagnoses were 10 
or more years ago, without another primary cancer or 
recurrence in the record since they are unlikely in remis-
sion and more closely resemble non-cancer patients. 
We further excluded five cancer patients with incon-
sistent self-report of sex and 1024 ‘non-melanoma skin 
cancer patients’ reported with truncated International 

Classification of Diseases, Tenth Revision (ICD-10) codes 
in the UKB, which conflates non-lethal basal cell carci-
nomas with lethal forms of non-melanoma skin cancers. 
The final cancer cohort comprised 4606 patients, where 
288 (6.3%) were positive for COVID-19 (table 1). We also 
built a randomised non-cancer cohort of 4606 patients 
for comparative studies, which matched the COVID-19 
status, sex, age (per 5-year bin) and specific laboratory 
testing facility of the corresponding patients with cancer. 
We exclude seven non-cancer patients with COVID-19 
tests conducted after death during the sampling.

We analysed the case fatality rate (CFR) of patients 
with cancer and their cancer types using a multivariate 
Cox proportional hazard model.24 COVID-19 status was 
obtained from the patient’s first test result (negative 
controls remained so throughout). Control covariates 
included ethnicity, age, sex, and cancer status. Age was 
treated as a continuous variable, and cancer status was 
categorised as localised versus distant metastatic based on 
UKB ICD-10 codes from inpatient records where distant 
metastasis status was characterised by ICD-10 codes of 
C78 (metastatic to respiratory and digestive organs), 
C79 (metastatic to other and unspecified sites) and 
C80 (metastasis without specific sites or multiple sites), 
whereas localised metastatic status were patients without 
any of the three codes, possibly including C77 (spread to 
lymph nodes) as well. R’s survival package25 was used to 
diagnose the model and plot Kaplan-Meier curves.

RESULTS
Quartiles of time from COVID-19 diagnosis to death for 
patients with cancer (64 total) are 5, 10 and 14 days, respec-
tively. The CFR within 21 days of diagnosis for COVID-19 

Table 1  Demographic and clinical characteristics of 4606 COVID-19 tested cancer subjects in the UK Biobank

COVID-19 positive associated COVID-19 negative associated

Fatalities (%) Survivors Fatalities (%) Survivors

Race

 � British ancestry 64 (22.2) 224 153 (3.5) 4165

Age (years)

 � 50–59 2 (7.1) 26 8 (2.9) 271

 � 60–69 6 (9.7) 56 26 (3.0) 850

 � 70–79 42 (26.4) 117 94 (3.5) 2562

 � 80–84 14 (35.9) 25 25 (4.9) 482

Sex

 � Male 40 (23.8) 128 90 (3.8) 2285

 � Female 24 (20.0) 96 63 (3.2) 1880

History of cancer (years)

 � >10 18 (27.7) 47 35 (3.4) 1008

 � 5<years ≤10 15 (18.5) 66 24 (2.3) 1005

 � 1<years ≤5 3 (13.0) 20 8 (4.3) 178

 � ≤1 28 (23.5) 91 86 (4.2) 1974
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positive patients with cancer was sixfold higher than that 
of COVID-19 negative ones (22.2% (64 out of 288) versus 
3.5% (153 out of 4318)) (table  1). Distant metastasis 
patients demonstrated a higher fatality rate, where CFR 
within 21 days of a positive COVID-19 diagnosis was nearly 
double that of patients with localised cancer (37.7% 
versus 18.7%) (figure 1). No matter the spread of cancer, 
the CFR of COVID-19 within 21 days (22.2%) was higher 
than that of non-cancer patients when positive (15.6%), 
from the cohort using matched covariates such as test 
result, sex, age and testing venue (a proxy of the hospi-
talisation system). A multivariate Cox model was built to 
study individual risk factors and showed an HR of 7.76 

(95% CI 5.78 to 10.40, p<10−10) for COVID-19 positive 
patients with cancer compared with COVID-19 negative 
patients with cancer after controlling for ethnicity, sex, 
age and metastatic versus localised cancer confounders 
(figure 1). The model suggested increased fatality rates by 
COVID-19 infections particularly for patients with mela-
noma, lymphoma, leukaemia, uterine or kidney cancer. 
The HRs of COVID-19 were 10-fold higher for these five 
cancer diagnoses using stratified analyses with matched 
cancer types (figure  1). As expected, distant metastasis 
was a risk factor for fatality, with an HR of 3.92 (95% CI 
2.99 to 5.13, p<10−10) compared with localised cancers. 
Age remained an important factor, with an HR of 1.04 per 
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Figure 1  (A) HRs of COVID-19 associated death among patients with cancer and types of cancers. (a) Results were from 
stratified analyses using the patients stratifying conditions listed in the column named ‘cancer’. All analyses used Cox model 
with covariates of sex, age, COVID-19 infection status, and cancer status (localised or distant metastasis) except for stratified 
analyses of localised cancer, distant metastasis, and non-cancers. Cancer subtypes were analysed when they were composed 
of 100 or more total cases. (b) Four patients with cancer with inconsistent self-reporting and gene sex were excluded from 
the study. (c) Fatality event was assessed for the 21 days following the first COVID-19 positive testing or the first COVID-19 
negative testing (negative controls remained so throughout) and was available for all cancer subjects under study. (d) Sixty non-
cancer patients did not match the testing facility with a patient with cancer due to lacking subjects of matching all factors (eg, 
age). (B-D) Kaplan-Meier curves for COVID-19 positive vs. negative cancer patients: (B) all cancer patients, (C) patients with 
distant metastasis, and (D) patients with only localized cancer.
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year (95% CI 1.02 to 1.07; p=3.1×10−4), implying an over 
10-fold higher fatality risk for the 60-year difference that 
may exist between the seniors and youths. Sex was not 
deemed significant. No factor was found to significantly 
deviate from the model assumption (p>0.25). Logistic 
regression led to similar but slightly inflated results 
because the logistic model does not require constant risk 
over time, whereas the Cox model does.

DISCUSSION
Our study demonstrated that COVID-19 adds 10-fold more 
risk to 21-day fatality rates for patients with melanoma, 
lymphoma, leukaemia, uterine and kidney cancer with a 
positive COVID-19 infection versus no COVID-19 infec-
tion. Our results for lymphoma and leukaemia patients 
confirm reports from Italy, while the findings of increased 
21-day mortality rates in COVID-19 infections among 
melanoma, uterine and kidney cancer patients have not 
been reported previously. The findings do support prior 
kidney injury reports among patients with COVID-19 as 
well.26 Fortunately, our study suggests that COVID-19 does 
not impose a larger risk to distant metastasised cancers 
as compared with localised cancers (eg, lymphoma and 
leukaemia) in general. However, the overall fatality rate 
in distant metastases was still about twice that of local-
ised cancers due to the multiplicative effect of HRs in the 
model. It should be noted that fatality rates were depen-
dent on cancer type, and COVID-19 did impose larger 
risk to distant metastasis of some types of cancer, such 
as melanoma (HR 49.37, 95% CI 3.70 658.85), prostate 
cancer (HR 22.11, 95% CI 6.15 to 79.54) and ovarian 
cancer (HR 13.04, 95% CI 2.61 to 65.14), based on a 
stratified analysis using only metastasis patients (online 
supplemental figure 1). In all cases, higher rates of fatality 
among patients with COVID-19 of older age were consis-
tent with literature.16 17 27 Our results focused on fatality 
are complementary to those few studies focused on onco-
logical procedures unimpacted by COVID-19. Indeed, 
investigations of the National Cancer Data Base on pros-
tate radiotherapy28 and breast cancer surgeries29 report 
unchanged overall survival during COVID-19.

The strengths of this study include the large UKB 
cancer cohort size for patients with COVID-19 and its reli-
able death registry. Limitations include the unavailability 
of complete cancer stage and grade, plus a relatively small 
sample size for some specific cancer types. Furthermore, 
the study was unable to include other pre-existing condi-
tions that may have been associated with the fatality, and 
the conclusions may be limited to symptomatic patients 
and hospitalised patients due to the inclusion criteria.

Our findings reinforce the clinical importance of timely 
treatment of COVID-19 among older cancer patients with 
localised cancers.1 Timely care is especially important 
for those with haematological malignancies, melanoma, 
uterine or kidney cancer due to the notable additional 
risk of fatality from COVID-19 infection plus the added 
risk of metastasis due to the delay of therapies, which 

leads to an even higher likelihood of fatality because 
of the multiplicative effects of risk. The findings also 
support specific guidelines30 emphasising the importance 
of timely care for COVID-19 infected patients with cancer 
and strongly support a change in COVID-19 vaccine 
strategy with haematological malignancies in particular 
because the benefit of vaccination far outweighs its risk 
of side effects.31 32
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