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Purpose: Coronavirus disease 2019 (COVID-19) has been a constant health threat since its emergence. 

Amongst risk factors proposed, a diagnosis of cancer has been worrisome. We report the impact of can- 

cer and other risk factors in US Veterans receiving care at Veterans Administration (VA) Hospitals, their 

adjusted odds ratio (aOR) for infection and death, and report on the impact of vaccines on the incidence 

and severity of COVID-19 infections in Veterans without/with cancer. 

Methods: We conducted a cohort study of US Veterans without/with cancer by mining VA COVID-19 

Shared Data Resource (CSDR) data using the VA Informatics and Computing Infrastructure (VINCI). Our 

observation period includes index dates from 14DEC2020 to 25JAN2022, encompassing both the delta 

and omicron waves in the US. 

Results: We identified 915,928 Veterans, 24% of whom were African Americans who had undergone 

COVID testing–688,541 were and 227,387 were not vaccinated . 157,072 had a cancer diagnosis in the pre- 

ceding two years. Age emerged as the major risk factor, with gender, BMI, and (Elixhauser) comorbidity 

contributing less. Among veterans with solid tumors other than lung cancer, risks of infection and death 

within 60 days were comparable to Veterans without cancer. However, those with hematologic malig- 

nancies fared worse. Vaccination was highly effective across all cancer cohorts; the respective rates of 

infection and death after infection were 8% and 5% among the vaccinated compared to 47% and 10% in 

the unvaccinated . Amongst vaccinated , increased risk of infection was noted in both, Veterans with hema- 

tologic malignancy treated with chemotherapy (HR, 2.993, P < 0.0 0 01) or targeted therapies (HR, 1.781, 

P < 0.0 0 01), and in solid tumors treated with either chemotherapy (HR 2.328, 95%CI 2.075–2.611, P < 

0.0 0 01) or targeted therapies (HR 1.328, P < 0.0 0 01) when compared to those not on treatment. 

Conclusions: Risk for COVID-19 infection and death from infection vary based on cancer type and ther- 

apies administered. Importantly and encouragingly, the duration of protection from infection following 

vaccination in Veterans with a diagnosis of cancer was remarkably like those without a cancer diagnosis. 

Veterans with hematologic malignancies are especially vulnerable, with lower vaccine effectiveness (VE). 

© 2022 Elsevier Inc. All rights reserved. 
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As of May 2022, more than 500 million cases and over 6 mil-
ion deaths have occurred worldwide from coronavirus disease 
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019 (COVID-19) [1] . Understanding the vulnerability of the host to

OVID-19 is vital as their risk will likely remain unchanged even

s new variants of concern (VOC) emerge. Older age, male sex,

on-Caucasian race, abnormal body mass index (BMI), cumulative

moking exposure, and the number of comorbid conditions have

een identified as patient characteristics associated with increased

isk of severe COVID-19 infection and/or worse COVID-19 outcomes

2 , 3] . 

Registration studies reported 91% and 93% vaccine effectiveness

or the two mRNA vaccines, BNT162b2 and mRNA 1273, respec-
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ively, and 67% for the viral vector Ad26.COV2.S [4-6] . However,

eal-world studies have since reported declining vaccine protec- 

ion from infections over time and recommended booster doses to 

aintain efficacy against emerging VOC [7-11] . 

Patients diagnosed with cancer have been identified as an “at- 

isk” population [12 , 13] , with one meta-analysis reporting a pooled

ortality estimate of 30% amongst hospitalized patients with can- 

er and COVID-19 [14] . The increased vulnerability to COVID-19

ikely reflects a complex interplay of older age, comorbid condi- 

ions, health status, the activity of cancer and its effects on im-

unity, and a potential impact of anticancer therapies [15-18] . Ad-

itionally, there is evidence of inferior antibody production after 

OVID-19 infection and vaccinations in patients with cancer, al- 

hough vulnerability is not uniform across all cancers [19-22] . Lon-

itudinal data on vaccine effectiveness over time during VOC out- 

reaks stratified by cancer type could help individualize patients’ 

isk and guide the implementation of mitigation strategies. 

The US Veterans Health Administration (VHA), the largest inte- 

rated health care system in the United States, with 171 VA Med-

cal Centres and 1283 outpatient suites, is an egalitarian health 

ystem where Veterans receive equal care, decreasing the impact 

f socioeconomic factors. Importantly, most Veterans obtain all 

ealthcare exclusively at VA Medical Centres. The VHA has the 

argest and oldest medical record system. Data is collected and 

tored on the VA corporate data warehouse (CDW) and made avail-

ble to researchers via an informatics infrastructure. 

Our objectives in this cohort study were to 1) explore cancer as

n independent risk factor for COVID-19 infection and related out- 

omes, 2) report COVID-19 vaccine effectiveness in Veterans with 

arious cancers and a matched cohort of Veterans without cancer, 

nd 3) discern the effects of cancer type and anticancer drugs on

nfection, mortality, and vaccine effectiveness. 

ethods 

atient population 

We conducted a cohort study of US Veterans by mining

ata from VA C orporate D ata W arehouse (CDW) using the V A

n formatics and C omputing I nfrastructure (VINCI). The James J

eters VA Medical Centre, Bronx, New York Institutional Review 

oard approved this study. 

The VA N ational S urveillance T ool (VA-NST) is the authorita-

ive data source of all positive/negative COVID-19 data. Data made 

vailable through the VA C OVID-19 S hared D ata R esource (CSDR)

s updated hourly, which has allowed us to perform the analysis

rospectively. CSDR contains information on all Veterans with pos- 

tive/negative COVID-19 r eal- t ime p olymerase c hain r eaction (RT-

CR) test within the VA and uses natural language processing to

xtract data from notes in Veterans with a positive test elsewhere.

ur observation period covers December 14, 2020, the start date 

f vaccination at VA facilities (22), to January 25, 2022, the data

xtraction date and Veterans ≥18 years. 

efinitions 

Index date is the date when a Veteran had a first positive/first

egative COVID test in that hierarchical order or inpatient admis- 

ion date closest to the first positive/first negative test in the 15

ays prior. Index date for Veterans with multiple positive tests is

he date of first positive test. All Veterans were included, regard-

ess of reason for testing–screening, symptoms, travel, or prepro- 

edure. RT-PCR was standard test at most centres. Third dose of

RNA vaccines and second dose of viral vector vaccine were con-
idered “booster” doses. a
We identified Veterans with an active diagnosis of new or pre-

iously established cancer in the 2 years preceding the index date.

ematologic malignancies included leukemia, lymphoma, multi- 

le myeloma, myelodysplastic syndrome, and myelofibrosis, with 

he rest as solid tumors. We harvested data regarding 82 anti-

ancer drugs Veterans received at the time of/or preceding the in-

ex date within the observation period. We categorized drugs into 

hemotherapy, targeted therapy, and endocrine therapy (Supple- 

ental Table 1). 

utcomes 

COVID infection and all-cause mortality within 60 days after 

esting positive for COVID-19 were collected. 

tatistical analyses 

Using descriptive analysis, absolute and relative frequencies of 

ategorical demographic and comorbidity characteristics were pre- 

ented separately in the unvaccinated and vaccinated cohorts. Chi- 

quare tests were used to compare differences between cohorts. 

atching between the cancer cohort and noncancer control used a 

:1 ratio and age ±5 years, same gender, race, BMI, Elixhauser in-

ex categories, and vaccine status. For each predictor, a univariate 

ogistic regression model was tested first to compare risks amongst 

ther groups to the selected reference group for various compar- 

sons. A final multivariate model including all variables with sig- 

ificant association with outcomes and the covariates of time and 

ocation was built to obtain the adjusted odds ratios (aORs). Vac-

ine effectiveness was studied using conditional logistic regression 

odels for binary outcomes of COVID infection and death within 

0 days. Bonferroni correction adjusted for multiple comparisons, 

nd only tests with P < 0.001 were considered significant. Vaccine

ffectiveness was defined as (1-OR) ·100%. Kaplan-Meier method 

as used for time-to-event analyses employing SAS, version 9.4, 

nd R, version 3.6.1. Detailed methods, statistical analyses and di- 

ected acyclic graph (DAG) are described in Supplementary Ap- 

endix. 

esults 

We identified 915,928 Veterans, including 688,541 who were 

nd 227,387 who were not vaccinated and had undergone COVID 

esting between 14DEC2020 and 25JAN2022 after appropriate ex- 

lusions detailed in Fig. 1 . To understand the cancer cohort, we

rst analyzed the noncancer cohort to establish references for 

omparison (Supplemental Fig. 1A/B). Forest plots summarize the 

elative risks of defined patient characteristics. The risk of COVID- 

9 infection and death within 60 days were chosen as metrics

ess subject to bias. The results underscore the enormous impor- 

ance of age on mortality, a risk modestly mitigated by vaccina-

ion. Additionally, females fared better than males with a lower 

isk of infection and of death within 60 days if infected. Infec-

ions were less likely in rural settings, but likelihood of dying

he same. Higher BMI was associated with a higher risk of infec-

ion and death within 60 days for the severely obese, risks miti-

ated by vaccination. Smoking was protective of infection but not 

f death. Finally, the risk of a higher Elixhauser index on death

ithin 60 days was mitigated by vaccination. To ensure results had

ot been biased by excluding the 137,240 Veterans who had a pre-

ious COVID-19 infection or vaccination and the 228,729 without 

ata after 14DEC2020, we conducted sensitivity analyses including 

hese Veterans and observed similar results (Supplemental Tables 

A/3B). 

We subsequently assembled a cohort of 157,072 Veterans di- 

gnosed with cancer, including 135,675 and 21,397 Veterans with 
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Fig. 1. Flow diagram. 
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9  
olid and hematologic malignancies, respectively. We then created

he matched “noncancer” control totalling 314,144 Veterans, in- 

luding 259,196, and 54,948 who were/were not vaccinated . The

igher percentage of vaccinated amongst the matched 314,144 Vet-

rans (82.5% v 75.2% of the 915,928 Veteran cohort) reflects a com-

arator driven by the cancer cohort comprised of Veterans more

ikely vaccinated (Supplemental Table 2). 

The forest plots in Fig. 2 show the number of events in paren-

heses and aORs (infection/ 2A or death within 60 days of infec-

ion/ 2B ) for all 157,072 Veterans without and 157,072 with a cancer

iagnosis, those with a hematologic or solid malignancy, and co-

orts of individual malignancies. Three comparisons are presented.

he first 2 comparisons examine the risk relative to a reference co-

ort of Veterans likewise vaccinated / unvaccinated to understand the

mpact of the underlying malignancy independent of vaccination.

he first comparison, depicted as black symbols , summarises re-

ults in unvaccinated Veterans with a cancer diagnosis, using as ref-

rence a cohort of unvaccinated Veterans without cancer. The sec-

nd comparison, depicted as blue symbols, presents results in vac-

inated Veterans with a cancer diagnosis using as reference a co-

ort of vaccinated Veterans without cancer. This comparison allows

ne to examine the impact of their cancer on vaccine effectiveness

ompared to vaccinated Veterans without cancer. The third compar-

son, depicted as red symbols, aligns with the corresponding blue

ymbols, and provides results in vaccinated Veterans without/with

 cancer diagnosis compared to unvaccinated Veterans without can-

er. This allows one to assess the benefit of vaccination across dif-

erent cohorts. 

Starting in Fig. 2 A, comparing outcomes to results in Veterans

ithout cancer who were not vaccinated , an “apparent protection

f cancer” is seen in Veterans with solid tumor diagnoses who

ere not vaccinated , with lower aORs for infection ( black sym-

ols, all solid tumor cohorts), but not in those with hematologic

alignancies. A higher risk of infection among vaccinated Veter-

ns is seen in those with hematologic malignancies ( blue symbols).

till, when compared to unvaccinated controls ( red symbols), there

s a meaningful reduction in the aORs. As regards death within

0 days after infection, shown in Fig. 2 B, amongst the unvacci-

ated ( black symbols), Veterans with hematologic malignancies

ared worse (aOR, 1.539, P < 0.0 0 01) than those with solid tumors

aOR, 0.837, P < 0.0 0 01), a differential that persists even amongst

accinated Veterans ( blue symbols, aOR of 2.154, P < 0.0 0 01, for
hose with hematologic malignancies versus a statistically insignif-

cant aOR of 0.960 for those with a solid tumor diagnosis). Among

eterans with hematologic malignancies, vaccination effectively re- 

uced infection incidence ( Fig. 2 A, red symbols). Still, its impact on

eath within 60 days of infection was blunted (aOR, 2.154 amongst

accinated Veterans, blue symbols) and did not provide meaningful

rotection compared to the unvaccinated noncancer reference (aOR

.866, not significant, red symbols). Furthermore, amongst vacci-

ated Veterans with solid tumor diagnoses, the risk of death within

0 days of COVID infection was significantly greater in Veterans

ith a diagnosis of lung cancer (aOR, 1.955, P < 0.0 0 01) or mul-

iple cancers (aOR, 1.493, P < 0.0 0 01), despite having similar risks

f infection when compared to vaccinated Veterans without cancer

 Fig. 2 A/B, blue symbols, with vaccinated non-cancer as reference).

mportantly, in Veterans diagnosed with lung cancer, vaccination

id not protect from death when compared to the overall unvac-

inated non-cancer cohort ( Fig. 2 B, red symbols). Note here that

hile small numbers in some cohorts limit confidence in statisti-

al validity of results, for most cohorts, there is confidence in their

alidity (see figure legend and Supplemental Methods). 

Fig. 3 A/B presents estimates of vaccine efficacy in reducing risk

f infection from and death due to COVID-19, which was 92% in

he control cohort. The vaccine efficacy to prevent infection in Vet-

rans with a hematologic or solid tumor malignancy was 89% and

2%, respectively, and is further broken down into disease-based

ohorts. Vaccine efficacy to prevent death of 85% further demon-

trates poorer outcomes for Veterans with hematologic malignan-

ies. We examine vaccine efficacy over time in Fig. 4 A/B. Fig. 4 A

ocumenting the beneficial impact of vaccination without/with the

ddition of the booster, shows comparability of results in Veterans

ithout/with a diagnosis of cancer and in the unvaccinated again

hows the “apparent protective effect of a cancer diagnosis.” Sur-

rising efficacy is seen with a single dose of an mRNA vaccine.

ig. 4 B compares the impact of boosters across the three common

rands. An increase in the pace of infection (decline in vaccine ef-

cacy) begins sooner with the Janssen vaccine and about 6 months

fter start of vaccination with the Pfizer-BioNTech and Moderna

roducts with boosters moving curves to the right without mean-

ngful impact on the eventual rates of rise (infection). 

Turning to the impact of cancer therapies, we identified 19,307

eterans on active treatment before the index date with 4,374,

,747, and 9,106 Veterans receiving chemotherapy, targeted and en-
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Fig. 2. Adjusted odds ratios for infection ( 2A ) and death within 60 days of infection ( 2B ) presented as forest plots. The vertical line at 1 represents the risk of infection 

or death within 60 days of infection for the respective reference cohort. The data is shown as the means with their respective confidence intervals. Movement to the right 

occurs when the risk is increased, while movement to the left represents a reduction in the risk. See text for a description of the black , blue, and red symbols. Both 

unvaccinated and vaccinated Veterans with hematologic malignancies are seen to be at greater risk than those with solid tumors for COVID-19 infection ( 2A ) and except for 

lung cancer and “multiple” cancers, at more risk for death within 60 days ( 2B ). As regards solid tumors, multiple refers to Veterans with more than one cancer diagnosis 

with prostate and lung cancer often one of those. 
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Fig. 3. Estimates of vaccine efficacy in Veterans without/with a diagnosis of cancer 

as regards infection ( 3A ) and death within 60 days of infection ( 3B ). The data is 

plotted for all Veterans without/with a cancer diagnosis and with a cancer diagno- 

sis by hematologic or solid tumor malignancy and across individual malignancies. 

Compared to Veterans without a diagnosis of cancer, vaccine efficacy amongst Vet- 

erans with a diagnosis of cancer is comparable in preventing infection and death 

within 60 days of infection, except for preventing death in Veterans with diagnoses 

of leukemia. Asterisks coincide with P -value of difference between the cohort of 

vaccinated compared the corresponding unvaccinated in each group. 
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Fig. 4. Kaplan-Meier plots of cumulative COVID-19 infection over time. Fig. 4 A 

demonstrates comparable impact of vaccination and of boosting in Veterans with- 

out/with a diagnosis of cancer. Comparable results with a single dose of the mRNA 

vaccines are observed in the group of Veterans who received only one dose of either 

mRNA vaccine [Full dose v One dose: HR, 0.827, 95%CI, 0.728–0.939, P = 0.0033]. 

Hazard ratios for combined Noncancer + Cancer (95%CI): One dose vs. Unvacci- 

nated: 0.260 (0.229–0.295). Full dose vs. Unvaccinated: 0.220 (0.213–0.228). Full 

dose + booster v Unvaccinated: 0.141 (0.141–0.150). The analysis excludes 733 Vet- 

erans who died and 262 who were infected before the 2nd dose could be admin- 

istered. See Supplementary Fig. 2 for discussion and alternate plots. Fig. 4 B docu- 

ments an increasing rate of infection that begins sooner with the Janssen vaccine 

and at 6–8 months after completing both vaccinations with the Pfizer-BioNTech and 

Moderna mRNA products. For the 3 vaccinations, the administration of a booster 

delays the rise of the infections but does not meaningfully change the qualitative 

shape of the rising curve consistent with transient increases in the level of immu- 

nity but not a change in immune competence and its durability. 
ocrine therapies, respectively. Fig. 5 and Supplemental Fig. 3 pro-

ide insights into the impact of cancer treatment in both unvac-

inated and vaccinated Veterans. With a relatively high 47% inci-

ence of COVID-19 infection in unvaccinated Veterans with a di-

gnosis of cancer, neither Veterans with a solid tumor diagno-

is (HR 0.931, 95%CI, 0.845–1.027, P = 0.1537) nor those with a

ematologic malignancy (HR 1.009, 95%CI 0.873–1.166, P = 0.9030)

xperienced a further increase in infection risk with the admin-

stration of anticancer therapies as shown in Fig. 5 A. However,

n vaccinated Veterans, a different picture emerges. While at 8%,

he overall incidence of infection in vaccinated Veterans is much

ower, as shown in Fig. 5 A, compared to Veterans not undergo-

ng active treatment (untreated in Fig. 5 A), the cumulative inci-

ence of infection over time rose more rapidly in those treated

ith chemotherapy and/or targeted therapy in either hematologic

alignancies (HR, 2.064, 95%CI, 1.825–2.333), P < 0.0 0 01) or solid

umors (HR, 1.759, 95%CI, 1.608–1.923, P < 0.0 0 01). Furthermore,

s shown in Fig. 5 B, amongst vaccinated Veterans with a hema-

ologic malignancy, an increase in the risk of infection with treat-

ent was observed with the administration of chemotherapy (HR,

.993, 95%CI, 2.484–3.607, P < 0.0 0 01) or targeted therapies (HR,
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Fig. 5. A and B compares the (cumulative) probability of infection in those who did or did not receive chemotherapy and/or targeted therapy for their cancer during the 

period of observation. Fig. 5A looks at the impact of vaccination status on the probability of infection presented according to a diagnosis of either a hematologic malignancy 

or a solid tumor. Fig. 5B compares the results in those treated with either chemotherapy or targeted therapies to those not treated according to their diagnosis of either a 

hematologic malignancy or a solid tumor. In both figures the order of the legend tracks with the curves from top to bottom. A total of 157,072 Veterans with a diagnosis 

of cancer were evaluated, with 19,307 having received one of the 82 therapies identified in Supplementary Table 1. Figs. 5C and D present distribution plots looking at the 

occurrence of infection or death following infection. The data are shown for those who had not been vaccinated separately from those who were vaccinated and presented 

separately for those with a diagnosis of either a hematologic malignancy or a solid tumor. The X-axis is time after the receipt of therapy and the Y-axis the percent of all 

those treated in whom infection or death was recorded in successive 20-day time intervals–each bar comprises 20 days. Fig. 5 C shows the fraction of infections occurring 

closer in time to and more likely impacted by treatment was higher in the unvaccinated and those with hematologic malignancies. Fig. 5 D peaks of death 4 weeks following 

infection consistent with most deaths more likely caused by the infection than as a result of the underlying disease. 
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a

D

a  

r

c  
.781, 95%CI, 1.546–2.051, P < 0.0 0 01), with augmentation of infec-

ions also recorded for Veterans with a diagnosis of a solid tumor

reated with either chemotherapy (HR 2.328, 95%CI 2.075–2.611, 

 < 0.0 0 01) or targeted therapies (HR 1.328, 95%CI 1.166–1.513,

 < 0.0 0 01). These observations emerge when comparing outcomes

mongst vaccinated Veterans but note that vaccination was very ef- 

ective in reducing the incidence of infections compared to unvac- 

inated Veterans ( red font in Supplementary Fig. 3A). And while

ig. 5 A/B depicts outcomes over the entire observation period, 

ig. 5 C/D illustrates the interval of vulnerability following treat- 

ent administration for those receiving anticancer therapies. 

C displays the occurrence of infections over time amongst Veter- 

ns receiving anticancer therapies. Day zero is the last day of ther-

py administration before the infection in these graphics. While 

he vulnerable period after a treatment likely varies depending on 

isease and treatment, one can confidently assume it encompasses 

he first 30 days, extending to 45 days, 60 days, or even longer

fter some therapies. With the Y-axis in 5C recording the percent
f infections in successive 20-day periods (bars along X-axis), one 

an see that compared to Veterans with a solid tumor diagnosis

ndergoing systemic therapy, Veterans with hematologic malignan- 

ies receiving therapy have a higher percentage of infections occur- 

ing closer to the administration of their treatment–median times 

o infection of 25–36 days v 71–102 days, P < 0.01 for those with

iagnoses of solid tumors, suggesting a larger percentage of infec- 

ions in those with hematologic malignancies can be ascribed to 

ecent treatment. Peaks of death after infection followed (median 

4–33 days v 27–54 days), again supporting a proximate infection 

s an event likely responsible for their deaths ( 5D ). 

iscussion 

We present an extensive analysis of over one million Veter- 

ns who had COVID-19 testing at a VHA facility where they also

eceived medical care. This well-annotated real-world cohort in- 

ludes 157,072 Veterans with a diagnosis of a new or established
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ancer within the two years preceding the index test date matched

o 157,072 Veterans without a cancer diagnosis. This allowed us to

erform conditional logistic regression analyses to ascertain vul-

erability to infection, death within 60 days of infection, and the

fficacy of COVID-19 vaccination across a diverse group of cancers. 

This analysis with a cut-off date of 25JAN2022 captures the

elta and omicron waves in the United States [23] and updates

n earlier unpublished analysis with a cut-off date of 25SEP2021.

he high infectivity of the delta and omicron variants is captured

n the current update, with overall rates of infection in the current

nalysis more than double those in the previous analysis at 51%

ompared to 21% in unvaccinated Veterans and 8% compared to 3%

n those vaccinated , percentages emulated amongst Veterans with

 diagnosis of cancer. 

Age, a recognized vulnerability factor since the outset of the

andemic, emerges as the most important of all factors analyzed

ith aORs for death within 60 days rising with increasing age

Supplemental Fig. 1B). The reason(s) for increasing mortality with

ge remain(s) unclear but is unlikely due solely/primarily to an ag-

ng innate or adaptive immune system given very modest aORs for

nfection (as opposed to death) in unvaccinated Veterans of 1.11 and

.53 for those 60–70 years of age and over 80, respectively, and

alues for vaccine effectiveness of 90%–95% consistent with orig-

nal reports for the 2 commercially available RNA vaccines in vol-

nteers of all ages. Additionally, while co-morbidities are often dis-

ussed as risk factors, aORs ranging from 1.6–3.9 for death within

0 days are dwarfed by the age vulnerability. Whether due to more

evere cytokine storms, epigenetic changes or other factors, age re-

ains an important area of research [24 , 25]. 

Turning to Veterans with a diagnosis of cancer, a more nuanced

icture emerges ( Fig. 2 A/B). In unvaccinated Veterans, lower aORs

or infection in those with compared to those without cancer, un-

ikely to reflect a protective effect of cancer, but rather more at-

ention to personal health practices such as mask-wearing, hand-

ashing, and social distancing by those with a cancer diagnosis

26] . Furthermore, although vaccines were very effective in pre-

enting infection in Veterans with diverse cancers ( red symbols in

ig. 2 A), they were less effective in Veterans with some hema-

ologic malignancies ( blue symbols in Fig. 2 A). Among vaccinated

eterans, higher aORs for infection than the matched control with-

ut a cancer diagnosis were found in those with hematologic

alignancies–with diagnoses of chronic lymphocytic leukemia, 

ther leukemia, lymphoma, and myeloma primarily responsible for

he difference. This may eventually be explained by a poorer an-

ibody response due to inherent impairment of humoral and cel-

ular immunity or possibly drugs used in treatment [27-31] . Look-

ng at the 60-day mortality endpoint ( Fig. 2 B), we found signifi-

antly higher aORs for death consistent with reduced vaccine ef-

ectiveness amongst Veterans with hematologic malignancies, with 

esults possibly driven by those with chronic lymphocytic leukemia

nd myeloma. Amongst those with solid tumors, we found higher

ORs for death only in Veterans with lung or multiple cancers (of-

en including lung cancer as one diagnosis) 

While recognizing differences amongst Veterans with different

ancer diagnoses, it was gratifying to see (1) vaccine efficacy com-

arable to that of Veterans without cancer when comparing the

ntire cancer cohort; (2) the ability of a booster to delay rises

n the incidence of infections; and (3) the almost certain benefit

f personal hygiene practices amongst unvaccinated Veterans with

ancer ( Figs. 3 and 4 ). Importantly, the efficacy of vaccination in

reventing death of individuals with a diagnosis of cancer from

OVID-19, a metric that includes vaccine efficacy in preventing in-

ection and death if infection acquired, is exceptionally high. 

Finally, looking at the impact of treatment on COVID-19 infec-

ion and mortality in Veterans with cancer, the data demonstrate

 complex picture driven primarily by higher cumulative rates of
nfection, with rises in death rates in those recently treated. The

bservation of incidence peaks soon after treatment, especially

n unvaccinated Veterans and those with hematologic malignan-

ies that then decline over time likely describe an acute/subacute

reatment-prompted rise in infections followed by a gradual re-

urn to a lower number/rates of infections occurring in those

ore ill, with more active cancers that would have required treat-

ent and during the pandemic may have found themselves in

ore vulnerable situations. This is supported by the data in both

ig. 5 and Supplemental Fig. 3, with the latter summarizing aORs

onfining the period of acquired infection to within 60 days of

reatment, a period more likely impacted by recent therapies,

ith the contribution of additional factors such as disease activity

nd overall well-being contributing to the Kaplan Meier plots in

ig. 5 . These analyses can discern differentials between Veterans

ith solid and hematologic malignancies, the latter more vulner-

ble after recent therapies. These observations concur with oth-

rs in our analyses and the literature reporting greater vulnera-

ility for those with hematologic malignancies [14 , 17 , 32] . Specifi-

ally, we found higher aORs for infection in Veterans with either

ematologic malignancies or solid tumors treated with chemother-

py or targeted therapies–which in those with hematologic malig-

ancies included proteasome inhibitors, anti-CD20, and anti-CD38 

ntibodies–with adverse outcomes blunted by vaccination. These 

esults implicate use of these therapies as possibly more detri-

ental [27 , 33-36] . For several cohorts, statistically valid aORs for

ortality implicate recently administered therapies as causative or

trong contributors to the infection and resultant death. However,

e advise caution in interpreting results in smaller cohorts as the

ata was further subdivided. 

As with all similar observational analyses, limitations inherent

n analyzing any extensive data set apply to our study. Estimation

f “vaccine efficacy” is encumbered by the same variables encum-

ering all such analyses: 1) receipt of vaccine was voluntary, 2) de-

pite our effort s to control for variables, the vaccinated population

annot be considered directly comparable to the unvaccinated pop-

lation, and 3) “vaccine efficacy” here, as in every analysis, likely

eflects not just efficacy of the vaccine but includes some contri-

ution from health practices, and hence “vaccine efficacy” is likely

omewhat overestimated. In assessing the impact of therapies ad-

inistered, we cannot exclude the existence of differences be-

ween those treated for their cancer and those not treated–either

ore “healthy” or more ill. Finally, with large numbers, statistical

alidity achieved for some outcomes may not be clinically mean-

ngful. 

Important attributes include the large amount of data analyzed

rom Veterans with extensive follow-up and for which much in-

ormation not prospectively gathered was harvested without bias.

lso importantly, care was administered in the most egalitarian

ealth care system in US, minimizing the impact of many variables,

specially access to health care. While we did not obtain cause-

pecific mortality, peaks of death 4 weeks following infection

 Fig. 5 D) are consistent with most deaths more likely caused by

he infection than as a result of the underlying disease. Finally, the

eterans included represent a real-world patient population with

any co-morbidities, allowing these variables to be explored in

epth during a period that included both the delta and omicron

waves.”

In conclusion, we report one of the largest datasets on COVID-

9 infection and death within 60 days of infection in Veterans

ithout/with a cancer diagnosis. Age, gender, BMI, and the Elix-

auser comorbidity index had measurable impacts on the aORs for

nfection and/or death. However, a more nuanced influence of a

ancer diagnosis emerged. While vaccine effectiveness in prevent-

ng COVID-19 infections was comparable amongst Veterans with-

ut/with a cancer diagnosis, aORs for infection and death varied
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cross different cancers, with efficacy reduced in those with hema- 

ologic malignancies. The impact of ongoing therapy varies, pre- 

luding a single guideline. Still, data suggest that administration of 

hemotherapy and some targeted therapies increases risks of in- 

ection and death from infection in those diagnosed with hema- 

ologic malignancies and solid tumors, underscoring the need to 

onitor those receiving treatment carefully and consider COVID 

re-exposure prophylaxis before starting therapy. Notably, the sim- 

larity between this and a previous analysis we completed before 

he omicron and delta waves suggests host factors are more im-

ortant than viral differences, and confidently expecting the host 

ill not change meaningfully, the present observations can inform 

pproaches to future variants. Despite differences in efficacy, vac- 

ination was exceptionally beneficial and should be encouraged for 

ll patients with a diagnosis of cancer. 
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