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Results: Cancer patients with COVID-19 consistently showed significantly
higher risk of major cardiovascular diseases (CVDs) [UKB: hazard ratio [HR] 1.8
(95% CI1.3,2.5); HK: HR 1.4 (95% CI 1.1, 1.8)], CVD death [UKB: HR 4.3 (95% CI
2.9,6.2); HK: HR 1.7 (95% CI 1.3, 2.4)], and all-cause mortality [UKB: HR 4.7 (95%
CI 4.0, 5.5); HK: HR 1.6 (95% CI 1.5, 1.7)] in both cohorts despite the difference
in dominant variants. Cancer patients at advanced ages or severely infected had
higher all-cause mortality risk. However, associations between COVID-19 and
CVDs became insignificant for fully vaccinated patients.

Conclusion: COVID-19 infection is associated with increased risks of CVDs and
mortality in cancer patients. Fully vaccination may reduce the post-acute effects
of COVID-19 on CVDs. This information may guide effective pre-emptive meas-
ures to reduce COVID-19-related morbidities and mortality in cancer patients.

KEYWORDS

1 | INTRODUCTION

The COVID-19 pandemic has impacted the health and well-
being of millions of people worldwide." In addition to acute
disease, some COVID-19 patients continue to experience
long-lasting symptoms, referred to as post-acute COVID-19
syndrome or long COVID.> While the definition of post-
acute COVID-19 remains to be determined, it has been sug-
gested to be clinical presentations that develop or persist
beyond 3 or 4weeks since the onset of acute symptoms of
COVID-19, after which replication-competent SARS-CoV-2
can no more be isolated.* The impact of COVID-19 on post-
infection health is a concern when many countries have ex-
ited the acute phase of the pandemic.

The public health importance of understanding the
impact of and post-COVID sequelae on cancer survivors
cannot be overstated. The majority of literature on the
risk of post-acute complications are conducted in general
population.** Nevertheless, cancer patients and survivors
are a vulnerable population who may have compromised
immune systems, putting them at higher risk for severe
COVID-19 infection and death.®” While most patients
may recover within a short period after COVID-19 infec-
tion, cancer patients may be particularly vulnerable to the
post-acute effects of COVID-19 because of their weakened
immune systems and other health issues. Moreover, the
occurrence of post-COVID sequelae may adversely af-
fect the continuity of oncological treatment and survival
outcome, independent of the cancer prognostic factors.?
Understanding post-acute effects of COVID-19 on cancer
patients can help us to monitor the disease progression
and develop better treatment strategies.

To date, limited studies have investigated the risks
and spectrum of complications in post-acute phase of

cancers, COVID-19, CVDs, long-term effect

COVID-19 among cancer patients, and thus patients may
not be able to receive adequate treatment timely.’ This
gap in knowledge underscores the urgent need to prior-
itize research on the post-acute effects of COVID-19 on
cancer patients so that we can develop targeted interven-
tions to address post-COVID sequelae in this population.
Therefore, by identifying cancer patients with (exposed
group) and without (unexposed group) COVID-19 infec-
tion, we evaluated the occurrence and risk factors of dif-
ferent types of morbidities after acute phase of COVID-19
among cancer patients in two regions with distinct genetic
compositions, healthcare systems and degree of exposure
to COVID-19 variants (United Kingdom [UK] and Hong
Kong [HK]), with the intent of minimizing potential bi-
ases. In HK, the majority of COVID-19 patients were from
the fifth wave of infection, which occurred after the impor-
tation of the highly transmissible Omicron variant since
January 2022 and led to the largest number of infections
and deaths compared to previous waves.'® In contrast, the
infected participants from the UK Biobank (UKB) cohort
were mostly from the first and second waves of infection
prior to the occurrence of Omicron variant."! We hypoth-
esized that consistent results from both cohorts could in-
crease the validity and generalizability of our findings.

2 | MATERIALS AND METHODS
2.1 | Study design and population

In this study, we recruited two cohorts of cancer patients
from HK and UKB.

For the HK cohort, we extracted population-based
electronic medical records from the Hong Kong Hospital
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Weighting by age, sex, Charlson Cormobidity Index, latest vaccination status before index
date, and history of chemotherapy and radiation therapy.

Weighting by age, sex, Charlson Cormobidity Index, latest vaccination status before index
date, and history of chemotherapy, radiation therapy and corticosteroids.

FIGURE 1 Flowchart of patients’ selection.

Authority (HA) and linked vaccination records from the
Department of Health (DH). The Hong Kong HA, as the
largest governmental organization, coordinates all public
hospitals and primary care clinics. The HA health care
services can be accessed by all HK residents (>7.4 million)
covering around 80% of all routine hospital admissions."
DH, the government agency in charge of healthcare pol-
icies and provision of healthcare services, manage vac-
cination records of all HK residents. Death records were
obtained from the Hong Kong Deaths Registry. These
population-based databases have been used in previous
studies on the long-term effects of COVID-19 infection
and have been reported to be reliable."?

The UKB is an ongoing prospective study on over
500,000 volunteers aged 49-86 at recruitment.'* The data-
set included various baseline measurements and health
outcomes for more than 10-year follow-up. The details
of the study design have been described elsewhere."
COVID-19 tests results, linked with UKB, were provided
by Public Health England, Public Health Scotland and
Secure Anonymized Information Linkage.'®

A retrospective matched cohort study was conducted.
The study period was from April 1, 2020 to January 23,
2023 for the HK cohort and from March 16, 2020 to August
31, 2021 for the UK cohort, which were the most up-to-
date data available at the time of analysis. Patients with
COVID-19 infection (defined in the following text) were
identified from April 1, 2020 to October 31, 2022 for the
HK cohort and from March 16, 2020 to May 31, 2021 for
the UK cohort. To study the post-acute effects of COVID-19
infection, only those who survived the acute-phase of in-
fection (30-day period post-diagnosis) were considered and
identified as exposed group. The index date was therefore
defined as 30-day after COVID-19 infection. For the HK

cohort, patients who had no positive COVID-19 test re-
sults (both Polymerase Chain Reaction (PCR) and Rapid
Antigen Test) until January 23, 2023 were selected as unex-
posed group. For the UK cohort, the unexposed group were
identified if patients were not tested positive by COVID-19
PCR test, had no COVID-19 diagnosis or any record of
COVID-19-related deaths until October 18, 2021 (the date
of latest valid record concerning COVID-19 infections). We
only included cancer patients aged 18years or above who
were diagnosed prior to the index date of COVID cases, as
well as those who were diagnosed prior to the study's start
date for the unexposed group (Figure 1). Each case in the
exposed group was randomly matched with up to 10 people
in the unexposed group by year of birth and sex, with iden-
tical index date assigned to the matched unexposed partici-
pants. All patients observed from the index date until their
diagnosis of outcomes, the date of death or till January 23,
2023 for the HK cohort and August 31, 2021 for the UKB
cohort, whichever was earliest.

2.2 | Definition of cancer

Cancer was defined as any malignant neoplasm, except
malignant nonmelanoma neoplasm of skin. The exclusion
of malignant nonmelanoma neoplasm of skin is because it
has a relatively high incidence but a low mortality, and is
more common among people with fair skin tone; the defi-
nition was consistent with previous cancer studies.!”™®
Cancer diagnoses were determined by the International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes of 140-171 and 174-209,
and the International Classification of Diseases, Tenth
Revision (ICD-10) codes of C00.x-C42.x, C45.x-C96.x.
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2.3 | Definition of COVID-19 infection

In the HK cohort, COVID-19 infection was determined
by PCR testing. In the UK cohort, infection was identified
through a positive PCR test or a COVID-19-related hospi-
tal admission (codes: U07.1 and U07.2). COVID-19 testing
in the UKB consisted of two pillars: pillar 1 for healthcare
professionals or those with clinical need, and pillar 2 for
the broader population.

2.4 | Outcome measures

Outcomes recorded after the index date included: (1)
major cardiovascular disease (CVD) (heart failure,
stroke, coronary heart disease (CHD)), (2) heart failure,
(3) stroke, (4) CHD, (5) myocardial infarction (MI), (6)
atrial fibrillation (and flutter), (7) deep vein thrombosis,
(8) CVD death, (9) pleurisy or pleural effusion, (10) pul-
monary embolism, (11) chronic pulmonary disease, (12)
acute respiratory distress syndrome, (13) interstitial lung
disease, (14) seizure, (15) Bell's palsy, (16) encephalitis
and encephalopathy, (17) anxiety, (18) post-traumatic
stress disorder (PTSD), (19) psychotic disorder, (20) end-
stage renal disease (ESRD), (21) acute kidney injury and
failure, (22) pancreatitis, (23) liver injury, (24) CVD death,
(25) all-cause mortality. All outcomes were diagnosed
using ICD-9-CM for the HK cohort and ICD-10 for the UK
cohort (Table S1).

2.5 | Baseline characteristics

The baseline characteristics included age, sex, Charlson
Comorbidity Index (CCI), latest vaccination status and
treatment history. All disease definitions for CCI are listed
in Table S1. In the UKB dataset, ChAdOx1 and BNT162b2
COVID-19 vaccinations were identified.”® In the HK-
cohort, BNT162b2 and CoronaVac COVID-19 vaccina-
tions were identified. Treatment history before COVID-19
infection included chemotherapy, radiation therapy, and
corticosteroid prescriptions. Treatment procedure codes
and prescription codes (identified by British National
Formulary chapters) are listed in Table S2.

2.6 | Statistical analysis

To balance baseline characteristics between the exposed
and unexposed groups, we applied Inverse Probability
Treatment Weighting (IPTW) based on age, sex, CCI,
vaccination status, chemotherapy, and radiation therapy
for the UK cohort; and added corticosteroids for the HK

cohort. IPTW uses propensity score by assigning weights
to each individual based on the inverse probability of re-
ceiving their actual exposure (i.e., COVID-19 infection).*
Patients' characteristics were described using counts and
percentages for categorical variables and mean and stand-
ard deviation (SD) for continuous variables. Standardized
mean difference (SMD) between exposed and unexposed
groups was described, with <0.2 considered acceptable.

Incidence rates with 95% confidence interval (CI) for
outcomes were calculated using Poisson distribution. Cox
proportional hazard regression was conducted to evaluate
the association between COVID-19 infection and each
outcome, excluding patients with a history of that partic-
ular outcome. We tested if associations were modified by
age (<65 and >65), sex, vaccination status (fully vaccinated
two doses and not fully vaccinated), CCI (<5 and >5), se-
verity status and cancer duration (<5years and >5years)
using interaction terms. For the UK cohort, severe cases
were defined if cancer patients were admitted to intensive
care unit (ICU) or hospital or used ventilatory support
within 7 days of infection. For the HK cohort, severe cases
were defined similarly, excluding hospital admission as
all COVID-19 cases were required to attend hospital re-
gardless the severity of COVID-19 infection before 2022.
Cancer duration before the index date was measured in
months since the diagnosis database in HK cohort only
recorded diagnosis date by month before 2020. We con-
ducted two sensitivity analyses: (1) defining the index
date as 21days post-COVID-19 infection; (2) conducting
a competing risk analysis using the cause-specific Cox re-
gression to adjust for mortality, as patients might die be-
fore the occurrence of certain diseases.”

Two-tailed tests were adopted, with p values less than
0.05 considered statistically significant. All statistical
analyses were conducted using R version 4.0.3.

3 | RESULTS

Figure 1 shows the flowchart of cancer patients’ selection
in HK and UK cohorts. A total of 59,299 patients with can-
cer was included in the UK cohort, in which 2230 (3.76%)
were diagnosed with COVID-19. A total of 68,090 patients
with cancer was included in the HK cohort, in which
22,335 (32.80%) patients were diagnosed with COVID-19.
Table 1 and Table S3 summarize the baseline character-
istics of the HK and UK cohort. Overall, the UK cohort
was older, had a higher prevalence of multiple conditions,
and a higher update rate of radiation therapy; whereas the
HK cohort had a higher chemotherapy utilization rate and
vaccination rate.

The incidence rates and hazard ratios (HRs) for each
outcome occurring 30days post-infection in cancer
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TABLE 1 Baseline characteristics of the HK and UK cohorts after weighting.

Hong Kong UK Biobank
COVID-19 Non COVID-19 COVID-19 Non COVID-19

Baseline characteristics (N=68,037) (N=68,185) SMD (N=58,912) (N=59,300) SMD
Age, years (mean (SD)) 66.6 (13.0) 66.7 (13.3) 0.001 71.5(7.4) 71.5 (7.0) 0.001
Sex, male (%) 20,413 (43.2) 29,413 (43.1) 0.002 24,330 (41.3) 24,138 (40.7) 0.012
Charlson Comorbidity Index (mean (SD)) 5.6 (2.7) 5.6 (2.7) 0.001 6.8 (2.8) 6.7 (2.8) 0.039
Myocardial infarction (%) 1006 (1.5) 803 (1.2) 0.026 4050 (6.9) 3364 (5.7) 0.050
Congestive Heart Failure (%) 1717 (2.5) 1361 (2.0) 0.035 1546 (2.6) 1262 (2.1) 0.033
Peripheral vascular disease (%) 508 (0.7) 497 (0.7) 0.002 4703 (8.0) 3320 (5.6) 0.095
Cerebrovascular disease (%) 4746 (7.0) 4033 (5.9) 0.043 7997 (13.6) 5239 (8.8) 0.151
Chronic obstructive pulmonary disease (%) 2800 (4.1) 2664 (3.9) 0.011 15,712 (26.7) 12,898 (21.8) 0.115
Dementia (%) 423 (0.6) 281 (0.4) 0.029 4443 (7.5) 1065 (1.8) 0.275
Paralysis (%) 220 (0.3) 197 (0.3) 0.006 1962 (3.3) 1187 (2.0) 0.083
Diabetes without chronic complication (%) 13,190 (19.4) 11,547 (16.9) 0.064 9466 (16.1) 7151 (12.1) 0.115
Diabetes with chronic complication (%) 1022 (1.5) 880 (1.3) 0.018 2581 (4.4) 2211 (3.7) 0.033
Chronic renal failure (%) 2156 (3.2) 1880 (2.8) 0.024 8359 (14.2) 8072 (13.6) 0.017
Mild liver disease (%) 547 (0.8) 430 (0.6) 0.021 4426 (7.5) 3553 (6.0) 0.061
Moderate-severe liver disease (%) 638 (0.9) 474 (0.7) 0.027 293 (0.5) 230 (0.4) 0.016
Ulcers (%) 2533 (3.7) 2279 (3.3) 0.021 3660 (6.2) 3405 (5.7) 0.020
Rheumatoid arthritis and other 330(0.5) 481 (0.7) 0.029 4152 (7.0) 3900 (6.6) 0.019
inflammatory polyarthropathies (%)
Acquired Immune Deficiency Syndrome 0(0.00) 0(0.00) 141 (0.2) 173 (0.3) 0.010
(AIDS)
Malignancy (without secondary malignancy) 66,940 (98.4) 67,167 (98.5) 0.010 58,553 (99.4) 58,912 (99.3) 0.006
(%)
Metastatic solid tumor (%) 10,027 (14.7) 10,717 (15.7) 0.027 6585 (11.2) 8404 (14.2) 0.090
Radiation therapy (%) 420 (0.6) 406 (0.6) 0.003 1928 (3.3) 2031 (3.4) 0.008
Chemotherapy (%) 22,302 (32.8) 22,588 (33.1) 0.007 6633 (11.3) 6544 (11.0) 0.007
Corticosteroids (%) 5708 (8.4) 5817 (8.5) 0.005
Dose status (%) 0.005 0.013

Without vaccination record 13,407 (19.7) 13,460 (19.7) 48,870 (83.0) 49,337 (83.2)

First dose 6435 (9.5) 6542 (9.6) 8805 (14.9) 8824 (14.9)

Second dose 23,047 (33.9)  23,055(33.8) 1238 (2.1) 1139 (1.9)

Third/forth dose 25,149 (37.0)

Abbreviations: SD: standard deviation; SMD: standardized mean difference.

patients were summarized in Tables 2 and 3. Cancer pa-
tients with COVID-19 infection showed higher incidence
rates (per 1000 person-years) of CVDs, acute respiratory
distress syndrome and all-cause mortality in both cohorts,
as compared with those without COVID-19 infection.
COVID-19 infection was significantly associated with
higher risks of major CVDs (hazard ratio [HR] 1.8, 95% CI
1.3, 2.5 in the UK cohort; HR 1.4,95% CI 1.1, 1.8 in the HK
cohort), heart failure (HR 2.2, 95% CI 1.4, 3.3 in the UK
cohort; HR 2.6, 95% CI 1.7, 4.0 in the HK cohort), CHD
(HR 2.0, 95% CI 1.4, 3.0 in the UK cohort; HR 1.5, 95% CI
1.1, 2.2 in the HK cohort), CVD death (HR 4.3, 95% CI 2.9,

25,128 (36.9)

6.2 in the UK cohort; HR 1.7, 95% CI 1.3, 2.4 in the HK
cohort), and all-cause mortality (HR 4.7, 95% CI 4.0, 5.5 in
the UK cohort; HR 1.6, 95% CI 1.5, 1.7 in the HK cohort)
in both cohorts at 30-day. Additionally, COVID-19 infec-
tion was associated with stroke (HR 2.2, 95% CI 1.3, 3.7),
myocardial infarction (HR 2.3, 95% CI 1.4, 3.8), pleurisy
or pleural effusion (HR 2.0, 95% CI 1.3, 3.1), acute respira-
tory distress syndrome (HR 2.8, 95% CI 1.6, 4.9), intersti-
tial lung disease (HR 3.0, 95% CI 1.6, 5.7), seizure (HR 4.3,
95% CI 1.9, 9.7), anxiety (HR 2.5, 95% CI 1.5, 3.9), ESRD
(HR 2.7,95% CI 1.2, 5.9) and acute kidney injury and fail-
ure (HR 1.9, 95% CI 1.4, 2.6) in the UK cohort.
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TABLE 2 Incidence and hazard ratio of outcomes after the index date after weighting (UK Biobank).
COVID-19 Non COVID-19
Incidence rate® (96% Incidence rate® (96% Hazard ratio
Event CI) Event CI) (96% CI)
Major CVD 1137 40.30 (37.99,42.71) 790 22.91 (21.34,24.57) 1.8 (1.3,2.5)
Stroke 478 13.40 (12.23,14.66) 253 6.12 (5.39,6.92) 2.2(1.3,3.7)
Myocardial Infarction 443 12.36 (11.24,13.57) 223 5.49 (4.79,6.26) 2.3(1.4,3.8)
Heart Failure 760 21.65 (20.14,23.25) 403 9.87 (8.93,10.88) 2.2 (1.4,3.3)
Atrial fibrillation (and flutter) 567 17.41 (16.00,18.90) 489 12.64 (11.55,13.82) 1.4(0.9,2.2)
CHD 807 25.61 (23.88,27.44) 471 12.85 (11.71,14.06) 2.0 (1.4,3.0)
Deep vein thrombosis 198 5.57 (4.82,6.41) 178 4.40 (3.78,5.09) 1.2(0.7,2.4)
CVD Death 851 22.03 (20.57,23.56) 221 5.12 (4.47,5.84) 4.3 (2.9,6.2)
Pleurisy or pleural effusion 676 19.05 (17.64,20.54) 392 9.51 (8.60,10.50) 2.0 (1.3,3.1)
Pulmonary embolism 0 0 13 0.30 (0.16,0.52) NA
Chronic pulmonary disease 276 9.71 (8.60,10.93) 291 8.60 (7.64,9.65) 1.1(0.6,2.2)
Acute respiratory distress 361 9.70 (8.73,10.75) 143 3.37 (2.84,3.97) 2.8 (1.6,4.9)
syndrome
Interstitial lung disease 322 9.21(8.23,10.27) 128 3.18 (2.65,3.78) 3.0 (1.6,5.7)
Seizure 188 5.06 (4.36,5.84) 48 1.14 (0.84,1.51) 4.3 (1.9,9.7)
Bell's Palsy 22 0.58 (0.36,0.88) 29 0.68 (0.46,0.98) 0.8 (0.1,5.9)
Encephalitis and Encephalopathy 34 0.88 (0.61,1.23) 0 0 NA
Anxiety 693 23.75(22.01,25.59) 332 9.38 (8.40,10.44) 2.5(1.5,3.9)
PTSD 110 3.16 (2.60,3.81) 100 2.50 (2.04,3.05) 1.3(0.5,3.5)
Psychotic disorder 67 1.76 (1.37,2.24) 34 0.79 (0.55,1.11) 2.1(0.5,8.7)
ESRD 147 3.94 (3.33,4.64) 66 1.57 (1.21,2.00) 2.7 (1.2,5.9)
Acute kidney injury and failure 1254 42.46 (40.14,44.88) 798 22.26 (20.74,23.86) 1.9 (1.4,2.6)
Pancreatitis 61 1.59 (1.22,2.05) 35 0.82(0.57,1.14) 2.0(0.4,10.4)
Liver injury 0 0 4 0.09 (0.03,0.24) NA
All-cause mortality 4977 128.81 (125.26,132.44) 1172 27.16 (25.63,28.76) 4.7 (4.0,5.5)

Note: Major CVD: cardiovascular disease (heart failure, stroke, coronary heart disease). The bold values indicated the hazard ratio was statistically significant.

Abbreviations: CHD, coronary heart disease; CI, confidence interval; ESRD, end-stage renal disease; NA, Not available due to insufficient number of events;

PTSD, post-traumatic stress disorder.

“Incidence per 1000 persons.

Table 4 showed that age was interacted with COVID-19
infection in risk mortality (p=0.003 in UK cohort;
p<0.001 in HK cohort); and the vaccination status was
interacted with COVID-19 infection in risk of CVD, MI,
CHD and all-cause mortality in HK cohort. And severity
status was interacted with COVID-19 infection in risk of
all-cause mortality in both cohorts (p < 0.001 in UK cohort;
p<0.001 in HK cohort), and CVDs, anxiety, acute kidney
injury and failure in HK cohort. Table S4 further showed
cancer patients at an advanced age or severely infected by
COVID-19 had a higher risk of all-cause mortality. Cancer
patients who were fully vaccinated did not show significant
associations of COVID-19 with major CVD, MI and CHD;
and showed a lower risk of all-cause mortality. However,

cancer patients who were severely infected were in higher
risks of stroke, heart failure, CHD, deep vein thrombosis,
CVD death, anxiety and acute kidney injury and failure.
Sex and cancer duration did not show moderating effects
on the association between COVID-19 and morbidities;
while patients with more than 5Syears of cancer did not
show significant associations of COVID-19 with all-cause
mortality in HK cohort only. The sensitivity analysis that
defined the index date as 21-day after COVID-19 infection
showed similar results to the main analysis, except that
acute respiratory distress syndrome became significant for
the HK cohort, ESRD was not significant for the UK co-
hort (Table S5). The competing risk analysis also showed
similar results to the main analysis (Table S6).
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TABLE 3 Incidence and hazard ratio of outcomes after the index date after weighting (HK cohort).
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COVID-19 Non COVID-19
Incidence rate® (96% Incidence Rate® (96% Hazard ratio

Event CI) Event CI) (96% CI)
Major CVD 393 10.70 (9.67,11.82) 301 7.44 (6.62,8.33) 1.4 (1.1,1.8)
Stroke 200 5.02 (4.35,5.77) 201 4.62 (4.00,5.30) 1.1(0.8,1.5)
Myocardial Infarction 108 2.56 (2.10,3.09) 83 1.81 (1.44,2.25) 1.4 (0.9,2.2)
Heart Failure 176 4.21 (3.61,4.88) 74 1.63 (1.28,2.05) 2.6 (1.7,4.0)
Atrial fibrillation (and flutter) 76 1.85(1.46,2.31) 74 1.65(1.30,2.08) 1.1(0.7,1.8)
CHD 162 4.07 (3.47,4.75) 117 2.69(2.22,3.22) 1.5 (1.1,2.2)
Deep vein thrombosis 37 0.87 (0.61,1.20) 33 0.72 (0.49,1.01) 1.2(0.6,2.4)
CVD Death 230 5.37 (4.70,6.11) 140 3.02 (2.54,3.56) 1.7 (1.3,2.4)
Pleurisy or pleural effusion 0 0 0 0 NA
Pulmonary embolism 0 0 0 0 NA
Chronic pulmonary disease 45 1.09 (0.80,1.46) 55 1.23(0.93,1.60) 0.9 (0.5,1.6)
Acute respiratory distress 175 4.32(3.71,5.02) 138 3.10 (2.61,3.67) 1.4 (1.0,2.0)
syndrome
Interstitial lung disease 2 0.05 (0.01,0.17) 0 0 NA
Seizure 44 1.04 (0.75,1.39) 60 1.31 (1.00,1.68) 0.8 (0.4,1.4)
Bell's Palsy 0 0 2 0.04 (0.01,0.16) NA
Encephalitis and Encephalopathy 0 0 3 0.06 (0.01,0.19) NA
Anxiety 3 0.07 (0.01,0.21) 3 0.07 (0.01,0.19) 1.0 (0.1,10.9)
PTSD 15 0.35(0.20,0.58) 11 0.24 (0.12,0.43) 1.5(0.5,4.3)
Psychotic disorder 0 0 0 0 NA
ESRD 7 0.16 (0.07,0.34) 11 0.24 (0.12,0.43) 0.7 (0.2,2.9)
Acute kidney injury and failure 65 1.54(1.19,1.97) 71 1.55(1.21,1.96) 1.0 (0.6,1.7)
Pancreatitis 30 0.70 (0.48,1.01) 26 0.56 (0.37,0.83) 1.3(0.6,2.9)
Liver injury 6 0.14 (0.05,0.31) 4 0.09 (0.02,0.22) 1.6 (0.2,11.2)
All-cause mortality 5584 130.38 (126.98,133.84) 3685 79.47 (76.93,82.08) 1.6 (1.5,1.7)

Note: Major CVD: cardiovascular disease (heart failure, stroke, coronary heart disease). The bold values indicated the hazard ratio was statistically significant.

Abbreviations: CHD, coronary heart disease; CI, confidence interval; ESRD, end-stage renal disease; NA, not available due to insufficient number of events;

PTSD, post-traumatic stress disorder.
“Incidence per 1000 persons.

4 | DISCUSSION

The analysis of two large cohorts from UK biobank and
Hong Kong demonstrated that cancer patients with
COVID-19 in both cohorts consistently had a higher risk
of CVDs (particularly heart failure and CHD), CVD death
and all-cause mortality at 30days post-infection and be-
yond. The findings fill in the research gap on the post-
COVID multiorgan sequelae in cancer patients, and stress
the importance of close and continuous monitoring of
CVD in cancer patients following COVID-19 infection.
While the immediate risks of COVID-19 infection for
cancer patients have been well-documented,*** our find-
ings add to the growing body of evidence highlighting
the post-acute health consequences of COVID-19 and

the importance of closely monitoring and managing can-
cer patients who have had the infection. One previous
study had investigated the post-acute symptoms following
COVID-19 in cancer patients, however, it relied on clini-
cian- or patient-reported symptoms rather than formal
diagnosis and included symptoms that commonly present
during acute phase of COVID-19.* In contrast, our study
investigated the long-term effects of COVID-19 on a wide
range of conditions that affects various organs, with signif-
icant implications for long-term management. Particularly,
although COVID-19 is widely recognized as a significant
contributor to severe respiratory illness, acute respiratory
distress syndrome was only significant as a post-COVID se-
quelae occurring 21 days post-infection in both cohorts of
cancer patients in our sensitivity analysis, while it became
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insignificant when long COVID was defined as 30days
after infection in HK cohort.” This might imply that acute
respiratory distress syndrome is more of an acute symptom
that typically occurs shortly after COVID-19 infection.

Our study found, compared to omicron-dominant HK
cohort, cancer patients infected with COVID-19 in non-
omicron-dominant UK cohort showed higher risks of
multiple post-acute sequelae, such as stroke, myocardial
infarction, pleurisy or pleural effusion, acute respiratory
distress syndrome, interstitial lung disease, seizure, anxi-
ety, ESRD and acute kidney injury and failure. The findings
indicated that COVID-19, specifically caused by a pre-
Omicron-variant virus, might be a systematic disease as-
sociated with impairment in multiple organs.”> COVID-19
contraction might also expedite the development other
conditions, particularly in the UK cohort who had an older
age and higher prevalence of multiple conditions.**?*’
Moreover, the risk associated with long-term effects of
COVID-19 on CVD death and all-cause mortality were
much smaller in omicron-dominant HK cohort as com-
pared to non-omicron-dominant UK cohorts. The findings
were consistent with the evidence that as the SARS-CoV-2
virus evolves and mutates with the emergence of newer
strains such as the omicron strain, COVID-19 progresses to
milder disease characterized by a decreased risk of hospi-
talization and mortality.”® The higher risk of post-infection
sequelae in the UK cohort might also be explained by its
low vaccination rate, which was confirmed by our sub-
group analysis showing that full vaccination moderated the
association between COVID-19 and outcomes. Moreover,
COVID-19 exerted higher risk of mortality than most mor-
bidities in the UK cohort of cancer patients, except seizure,
acute respiratory distress syndrome, interstitial lung dis-
ease and ESRD; whereas such findings were not observed
in the HK cohort. This might be because the UK cohort had
a much shorter follow up period, and patients with milder
symptoms of morbidities might not have sought medical
advice yet, which caused underestimation of morbidities
risk after acute phase of COVID-19. However, cancer pa-
tients in both cohorts were found to incur a similar risk of
CVD risk, suggesting that the risk of long COVID is still
significant even with milder strain of the virus. Given that
the Omicron variant affects most people particularly in
Hong Kong due to its high transmissibility, the long-term
consequences of COVID-19 continue to pose a significant
threat to public health.'”

Our findings of increased CVD risk in the post-acute
phase of COVID-19 among cancer patients are consistent
with previously reported evidence in the general popu-
lation. For instance, a study conducted by Al-Aly et al.
demonstrated a higher risk of cardiovascular complica-
tions, such as heart failure, myocardial infarction, and
stroke, among COVID-19 survivors within 6 months of
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infection compared to the control group.* Another study
by Puntmann et al. reported that 78% of COVID-19 pa-
tients showed ongoing cardiovascular involvement, and
60% had ongoing myocardial inflammation, as assessed
by cardiac magnetic resonance imaging, two to three
months after the initial diagnosis.” The exact mecha-
nisms underlying the increased CVD risk in the post-
acute phase of COVID-19 among cancer patients are not
yet fully understood. Potential factors include the direct
impact of the virus on the cardiovascular system, sys-
temic inflammation, or exacerbation of pre-existing con-
ditions.*** Additionally, cancer patients may be more
susceptible to CVD due to their underlying malignancy,
cancer treatments, or weakened immune systems.

An increased risk of mental/psychiatric conditions
(i.e. anxiety and seizure) in UK cohort was identified.
Our study was among the first to demonstrate the
link between COVID-19 and psychiatric conditions at
around one-month post-infection among cancer pa-
tients. The findings were consistent with previous study
using electronic health records of primarily non-cancer
patients in the United States, which showed those with
COVID-19 had a higher risk of developing neurological
and psychiatric diseases 6 months following the infec-
tion.>! However, such relationship was insignificant in
HK cohort. There were two possible explanations. First,
as the UK cohort was primarily affected by pre-Omicron
variants, we might reasonably assume that these pa-
tients infected with COVID-19 had more severe symp-
toms than COVID-19 cases in Hong Kong who were
mainly caused by the Omicron variant. And severe in-
fection was the reason for neurological and psychiatric
morbidities, which was supported by previous studies
and our findings of the moderating effects of initial in-
fection sevelrity.31 Second, the HK cohort had a low in-
cidence rate of mental/psychiatric conditions, resulting
in a reduced statistical power. The findings broaden our
understanding of the potential post-acute mental health
consequences of the virus, and highlight the potential
influence of different viral strains on post-acute out-
comes among cancer patient.

The risk of post-COVID sequelae varies widely
based on factors such as age, vaccination status, comor-
bidities, and initial infection severity, as shown in the
subgroup analyses. Older and incompletely vaccinated
cancer patients experienced higher risks of all-cause
mortality, major CVD, MI, and CHD. These findings
emphasize the need for tailored preventative measures
and treatments, considering age and cancer status.
Full vaccination possibly plays a vital role in reducing
COVID-19-related adverse cardiovascular effects in can-
cer patients. In addition, our study found patients with
more than 5years of cancer did not show significant
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associations of COVID-19 with all-cause mortality,
whereas patients with less than 5years of cancer did in
HK cohort; while the UK cohort did not find moderating
effects of cancer duration. More research is warranted
to explain the results since the severity of cancer and
how cancer treatment is administrated during the en-
tire cancer experience is unclear. Healthcare providers
should monitor cancer patients for long COVID symp-
toms, providing appropriate support and care. The long-
term effects of COVID-19 in cancer patients remain an
area of active research and concern. Continued study is
crucial for optimizing care and outcomes even after the
pandemic, as the virus will likely persist, causing spo-
radic infections and outbreaks worldwide.

5 | LIMITATIONS

Several limitations should be noted. First is the incon-
sistent definition of severe COVID-19 in the HK and
UK cohorts. Since all COVID-19 cases were admitted
to hospital before 2022 in HK, we only defined severe
COVID-19 by ICU admission and the use of ventilatory
support in the HK cohort. Hence only a few severe cases
were identified, resulting a lack of statistical power.
Second, the UK cohort recruited participants in the
early phase of COVID-19 epidemic, resulting in a small
number of fully vaccinated individuals. Third is the
lack of long-term follow-up data. Future studies with
longer follow-up periods are needed to fully understand
the long-term impact of COVID-19 on cancer patients.
Additionally, our study was limited to two regions, the
United Kingdom and Hong Kong, and may not be gener-
alizable to other populations. Further research is needed
to confirm our findings in other populations.

6 | CONCLUSIONS

In conclusion, our study highlights the increased risk
of post-acute phase complications, particularly CVDs,
among cancer patients with COVID-19. Healthcare pro-
viders should be vigilant in monitoring these patients for
potential long-term health complications and prioritize
preventive measures to mitigate the risk of post-acute se-
quelae. These findings have important implications for
the long-term management of cancer patients during the
COVID-19 pandemic and beyond and could help in ser-
vice planning and identification of research priorities.
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