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Abstract
Purpose: Our purpose was to establish the prevalence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in

asymptomatic patients scheduled to receive radiation therapy and its effect on management decisions.

Methods and Materials: Between April 2020 and July 2020, patients without influenza-like illness symptoms at four radiation

oncology departments (two academic university hospitals and two community hospitals) underwent polymerase chain reaction testing

for SARS-CoV-2 before the initiation of treatment. Patients were tested either before radiation therapy simulation or after simulation

but before treatment initiation. Patients tested for indications of influenza-like illness symptoms were excluded from this analysis.

Management of SARS-CoV-2-positive patients was individualized based on disease site and acuity.

Results: Over a 3-month period, a total of 385 tests were performed in 336 asymptomatic patients either before simulation

(n = 75), post-simulation, before treatment (n = 230), or on-treatment (n = 49). A total of five patients tested positive for

SARS-CoV-2, for a pretreatment prevalence of 1.3% (2.6% in north/central New Jersey and 0.4% in southern New Jersey/

southeast Pennsylvania). The median age of positive patients was 58 years (range, 38-78 years). All positive patients were

white and were relatively equally distributed with regard to sex (2 male, 3 female) and ethnicity (2 Hispanic and 3 non-

Hispanic). The median Charlson comorbidity score among positive patients was five. All five patients were treated for

different primary tumor sites, the large majority had advanced disease (80%), and all were treated for curative intent. The

majority of positive patients were being treated with either sequential or concurrent immunosuppressive systemic therapy

(80%). Initiation of treatment was delayed for 14 days with the addition of retesting for four patients, and one patient was

treated without delay but with additional infectious-disease precautions.
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Conclusions: Broad-based pretreatment asymptomatic testing of radiation oncology patients for SARS-CoV-2 is of limited value,

even in a high-incidence region. Future strategies may include focused risk-stratified asymptomatic testing.

© 2021 Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
In spring 2020, the rapid spread of COVID-19

caused widespread concern throughout the country. At

the peak of the pandemic, New Jersey had the second-

highest incidence of cases and death per capita due to

COVID-19, and a state of emergency was declared in

March 2020. Although testing in early April was lim-

ited to symptomatic patients only, the positivity rate

was over 50%, and by the middle of the month the

COVID-19 deaths peaked at 412 deaths on April 13—
over 20% of all COVID-19 related deaths in the

country.1

Though cases and death rates throughout the United

States were rising, there were no clear guidelines in

place for testing asymptomatic patients with severe

acute respiratory syndrome coronavirus-2 (SARS-

CoV-2). Early data during the pandemic revealed that

immunocompromised patients were a high-risk cohort

and that patients with cancer were particularly vulner-

able to COVID-19, making early detection invaluable

for their oncologic care.2 However, even among aca-

demic societies for cancer care, there was no clear

consensus on testing. American Society of Radiation

Oncology began issuing clinical guidance in late

March, with site-specific guidelines beginning in

April.3 The Yale School of Medicine had also put

forth their strategy for triaging patients, delaying treat-

ment, using personal protective equipment (PPE), and

limiting exposure to patients with the use of tele-

health.4 Notably, however, oncologic societies did not

comment on testing for asymptomatic patients.

This study aims to better clarify the utility of

asymptomatic SARS-COV-2 testing in the radiation

oncology setting. The logic underpinning an asymp-

tomatic testing strategy is that it would not only

prevent adverse outcomes among potentially immuno-

suppressed patients with cancer but would also miti-

gate the risk of asymptomatic transmission to other

patients and staff who share the linear accelerator

room environment. The limitations of such testing

was also understood, in that it provides only a

“snapshot” of infection status at a moment in time

and is not protective or predictive of future infection.

Therefore, our testing also did not take into account

exposures after the first day of treatment. This study

represents an unprecedented interinstitutional collabo-

ration, deployed in record time, to address this crucial

clinical question.
Methods and Materials
Implementation of asymptomatic testing
strategy

In mid-April 2020, during the peak of symptomatic

daily confirmed case incidence of COVID-19, the New

Jersey Statewide Cancer Program Collaboration Group

(NJCPCG) was formed to share best practices for the safe

treatment of patients with cancer in the pandemic setting.

A radiation-oncology subspecialty division of this group

met weekly to discuss PPE use, sanitization practices,

screening of patients, and preventative measures, as well

as the treatment of patients with confirmed COVID-19.

During this period (extending to June 1, 2020), state gov-

ernors’ executive orders in the region (New Jersey, New

York, Pennsylvania) restricted so-called “elective” sur-

geries. At the same time, increased testing capabilities

were deployed within the region as a component of the

US federal response.

The US Centers for Disease Control (CDC) was dis-

couraging the practice of asymptomatic testing among

the general public; however, there was increasing interest

in testing asymptomatic patients with cancer before the

initiation of treatment. Routine pretreatment testing was

first deployed to inpatient (and, soon after, outpatient)

chemotherapy patients with the rationale of identifying

early infection in a potentially immunosuppressed popu-

lation. With increased testing capacity, attention turned

to outpatient radiation oncology, where the main ratio-

nale for pretreatment asymptomatic testing was prevent-

ing occult transmission to therapy staff and other patients

who all share the same linear accelerator space. Although

limitations of one-time testing were understood, by late-

April 2020, most institutions in the NJCPCG had imple-

mented an asymptomatic testing strategy to complement

other widely adopted preventative measures (symptom

and exposure questionnaires, limiting visits, social dis-

tancing, and PPE).
Institutional participation

This study represents a retrospective review of prospec-

tively collected databases of asymptomatic patients tested

for COVID-19 at 4 institutions participating in the

NJCPCG: 2 academic medical centers (MD Anderson at

Cooper University Hospital, Camden, NJ and Rutgers Can-

cer Institute of NJ, New Brunswick, NJ) and 2 community

http://creativecommons.org/licenses/by-nc-nd/4.0/
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hospitals (Trinitas Health System, Elizabeth, NJ and Holy

Redeemer Hospital, Medowbrook, PA). These institutions

matched their COVID-19 testing databases to patient infor-

mation, including demographic, disease-site, medical

comorbidity, and treatment details. Databases were then

deidentified, and interinstitutional contracting was executed

to allow sharing of limited data sets and compilation at the

coordinating institution (MD Anderson at Cooper Univer-

sity Hospital ) under an expedited retrospective institu-

tional review board protocol (#20-437).

Patients who commenced outpatient radiation therapy

during a 3-month period (April 27, 2020-July 31, 2020)

and who had no symptoms of influenza-like illness and

who underwent polymerase chain reaction testing for

SARS-CoV-2 before the initiation of treatment were eli-

gible for inclusion in this analysis. Patients who were

tested for the indication of influenza-like illness symp-

toms, inpatients, and those who refused testing were

excluded. Testing strategy varied among institutions and

included testing of all patients or selected patients based

on risk (nursing home patients, those undergoing chemo-

therapy, inability to wear a mask). Patients were tested

before simulation, after simulation but before first treat-

ment, and/or at selected intervals on-treatment, according

to varying institutional capabilities. Patients who were

found to be asymptomatic positive for COVID-19 were

managed according to best practices, considering disease

factors and evolving CDC guidelines.
Statistical analysis

The coordinating institution carried out statistical

analysis of the limited data sets using R Core Team
Fig. 1 Laboratory-confirmed cases of severe acute respiratory synd

from February to July 2020 (source: www.cdc.gov). The red highlighte
software (Vienna, Austria; http://www.R-project.org/).

Two-tailed Fisher’s exact test was used to assess whether

the dependence of positive pretreatment COVID-19

results on an explanatory variable was statistically signifi-

cant (a < 0.05). To analyze combination of variables, 2-

tailed Fisher’s exact test was used, but, for the contin-

gency table, the independent variable was considered

positive if both explanatory variables were positive. If

either or both were negative, the independent variable

was considered negative. This allowed analyzing multi-

ple explanatory variables in combination to assess if hav-

ing both increased the proportions of positive

pretreatment COVID-19 results. The null hypothesis was

that the relative proportions of the positive pretreatment

COVID-19 results were independent of the explanatory

variable.
Results
During a 3-month period, a total of 385 polymer-

ase chain reaction nasal swab tests for SARS-CoV-2

were performed in 336 asymptomatic radiation oncol-

ogy patients. According to the CDC, the 7-day aver-

age of daily confirmed cases in our region ranged

from 3197 in late April to 295 in late July 2020

(Fig 1). The percent positivity rate ranged from 43%

to under 2%.1 The demographics and medical comor-

bidities of the 336 analyzed patients are shown in

Table 1. A majority of patients were ≥45 years

(89.9%), approximately 20% were African American,

15% were Hispanic, and a majority (53.3%) had a

comorbidity score >5.
rome coronavirus-2 (SARS-CoV-2) in the state of New Jersey

d box indicates the period of time for the presented study.

http://www.R-project.org/
http://www.cdc.gov


Table 1 Patient demographics (N= 336)

Age (years)

Median (range) 62 (4-89)

N %

Age category

<45 y 34 10.1

45-65 y 178 53.0

>65 y 124 36.9

Regional location

North/central New Jersey 106 31.5

Southern New Jersey 201 59.8

Pennsylvania 29 8.6

Treatment institution

CUH 201 59.8

HRH 29 8.6

R-CINJ 67 19.9

THS 49 14.6

Race

African American 66 19.6

Asian 21 6.3

White 249 74.1

Ethnicity

Hispanic 49 14.6

Non-Hispanic 287 85.4

Sex

Female 191 56.8

Male 145 43.2

Charlson comorbidity score

≤5 157 46.7

6-10 134 39.9

>10 45 13.4

Table 2 Disease site and treatment specifications

(n = 336)

N %

Primary disease category

Central nervous system 20 6.0

Head and neck 26 7.7

Thoracic 62 18.5

Breast 91 27.1

Gastrointestinal 29 8.6

Genitourinary 43 12.8

Gynecologic 27 8.0

Other* 38 11.3

AJCC stage category

0-1 82 24.4

2-3 123 36.6

4 127 37.8

N/A 4 1.2

Treatment intent

Curative 245 72.9

Palliative 91 27.1

Role of radiation therapy

Definitive 103 30.7

Adjuvant 128 38.1

Neoadjuvant 6 1.8

Oligometastatic 12 3.6

Palliative 87 25.9

Type of radiation therapy planned

EBRT 313 93.2

Brachytherapy 5 1.5

EBRT + brachytherapy 18 5.4

Radiopharmaceutical 0 0.0

Role of chemotherapy

None 145 43.2

Concurrent 63 18.8

Sequential (prior) 112 33.3

Sequential + concurrent 16 4.8

Abbreviations: AJCC = American Joint Committee on Cancer;

EBRT = external beam radiation therapy.

* Includes sarcoma, lymphoma, skin cancers, and benign conditions.
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Disease site, stage, and treatment information are

presented in Table 2. The top 3 disease-sites for

patients undergoing treatment were breast (27.1%),

thoracic (18.5%), and genitourinary (12.8%) malignan-

cies. In terms of stage, the overwhelming majority of

patients were treated for locally advanced or metastatic

disease (74.4%). Radiation therapy was largely exter-

nal-beam treatment without brachytherapy (93.2%),

and a majority of patients were undergoing some

form of sequential and/or concurrent chemotherapy

(56.8%).

The testing strategy for the 385 tests that were per-

formed as well as the testing results are shown in

Table 3. Approximately 70% of patients tested were

undergoing radiation therapy alone with no other patient

risk factors. The overwhelming majority of patients

were tested after simulation but before first treatment

(67.8%), and most tests results were available within 24

to 72 hours (78.4%). A total of five positive tests were

observed, for a pretreatment asymptomatic prevalence

rate of 1.3%. The details and management strategy of

the five positive patents are shown in Table 4. Initiation

of treatment was delayed for 14 days with the addition
of retesting for four patients, and one patient with

locally advanced head and neck cancer was treated

without delay but with additional infectious-disease pre-

cautions (therapists in full PPE, treatment at the end of

the day with a terminal room clean).

Statistical analysis using univariate and multivariate

Fisher’s exact test to determine factors predictive of a

positive test are presented in Table 5. Regional loca-

tion (north/central New Jersey, P = .024) as well

as Hispanic ethnicity (P = .036) were found to be

statistically significant on univariate analysis. On mul-

tivariate analysis, patients treated with concurrent and/

or sequential chemotherapy who were Hispanic

(P = .005) or who had locally advanced disease

(P = .019) were at highest likelihood for a positive

asymptomatic test.
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Table 3 COVID testing details

N %

Radiation oncology-ordered tests: N = 385

Rationale for testing

Routine (radiation therapy only) 270 70.1

Concurrent chemo-radiation therapy 69 17.9

Nursing facility/recent hospitalization 8 2.1

Previous positive COVID test 1 0.3

Unable to wear mask 29 7.5

Multiple aforementioned reasons 8 2.1

Timing of COVID testing

Presimulation 75 19.5

Postsimulation, pretreatment 261 67.8

On-treatment 49 12.7

Type of COVID test

PCR swab (outside laboratory) 56 14.5

PCR swab (on-site) 329 85.5

In-house antigen 0.0

Sputum 0.0

Time to COVID results

<24 hours 47 12.2

24-72 hours 302 78.4

>72 hours 36 9.4

Radiation oncology patients: N = 336

Prior COVID testing

None 277 82.4

Yes (asymptomatic) 57 17.0

Yes (symptomatic) 1 0.3

Prior COVID results

N/A 277 82.4

Negative 56 16.7

Positive 2 0.6

Radiation oncology-ordered tests: N = 385

COVID result

Negative 380 99.0

Positive 5 1.3

Plan of care for COVID+

N/A 380 99.0

Delay radiation therapy +/− retest 4 1.0

Proceed with radiation therapy + precautions 1 0.3

Radiation oncology patients: N = 336

On-treatment retesting

None 287 85.4

Yes (asymptomatic) 49 14.6

Yes (symptomatic) 0 0.0

Interruption of radiation therapy course*

None 277 82.4

Yes (non-COVID-related) 57 17.0

Yes (COVID-related) 1 0.3

Abbreviations: COVID = coronavirus disease; PCR = polymerase

chain reaction.

* Unplanned early termination of radiation therapy or interrup-

tions >7 days.
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Table 5 Univariate and multivariate analyses

Univariate analysis using Fisher’s Exact Test

Variable Odds ratio P value 95% confidence interval

Ethnicity: Hispanic 9.293 .024 1.4-75.8

Regional location: North/central 8.980 .036 1.1-218.6

Primary disease stage: Locally advanced 7.126 .062 0.9-173.5

Regional location: South 0.164 .162 0.8-148.8

Role of radiation therapy: Definitive 3.416 .174 0.5-27.8

Type of radiation planned: EBRT + brachy 4.618 .242 0.2-37.5

Type of radiation planned: EBRT 0.285 .300 0.1-28.2

Primary disease category: H&N 3.060 .333 0.1-24.4

Primary disease category: GYN 2.933 .344 0.1-23.4

Chemotherapy: Yes 3.080 .395 0.3-152.6

Age: <45 y 2.258 .415 0.1-17.9

Multivariate analysis

Variable 1 Variable 2 Odds ratio P value 95% confidence interval

Ethnicity: Hispanic Chemotherapy: Yes 17.596 .005 2.6-144.3

Primary disease stage: Locally advanced Chemotherapy: Yes 11.576 .019 1.1-570.5

Abbreviations: EBRT = external beam radiation therapy; GYN = gynecologic; H&N = head and neck.
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Discussion
Asymptomatic COVID-19 infections have been

reported since the beginning of the pandemic, with the

CDC estimating 40% of infections to be asymptomatic

and a latency time of six days.5 Several prior studies have

found variable asymptomatic rates ranging from 20% to

75% of cases, thus suggesting that isolation of symptom-

atic patients as the sole strategy of controlling the pan-

demic is likely to be ineffective.6,7 Specifically, Hellewell

et al8 demonstrated that the probability of control

decreases with an increase in asymptomatic transmission,

a decrease in proper contact tracing, and a longer time

from infection to isolation. Although masks have been

shown to mitigate transmission among both symptomatic

and asymptomatic individuals, prior studies have indicated

the need to impose stricter contact tracing and testing

regardless of symptoms, especially given that the spread

of COVID-19 is largely driven by asymptomatic cases.9

Data on testing in asymptomatic patients with cancer

remains scarce, and early studies have found the asymp-

tomatic rate to be uncertain and highly variable. An early

study from Germany tested 139 asymptomatic patients

with cancer before beginning radiation treatment from

April 17 to May 8 and found one positive patient, trans-

lating into a COVID prevalence rate of 0.72%.10 In

another study by a hospital in Dubai, 85 asymptomatic

patients with cancer were tested between March 13 and

April 4. Seven patients (8.24%) of those tested were

positive for COVID-19. All of them subsequently devel-

oped symptomatic disease.11 In a study by Lee et al12

from the United Kingdom, 1226 patients undergoing
chemotherapy from April 3 to June 22 were tested, with

an asymptomatic rate of 0.6%.

Other than our initial results published in abstract

form,13 to our knowledge there have been no published

results of asymptomatic testing in radiation oncology

patients in the United States. Although asymptomatic

cases contribute to a significant amount of transmission,

our study indicates that blanket asymptomatic testing

may not be the optimal strategy in reducing this transmis-

sion in this population. Rather, a more targeted approach

based on high-risk factors may provide more value. There

are several important factors that are associated with an

increased risk for transmission and adverse outcomes.

For example, minority populations have been shown to

be disproportionately affected by the pandemic, with a

higher rate of cases, hospitalizations, and deaths.14-16 In a

study by Goyal et al,15 minority children were found to

have higher rates of infection, whereas children with the

highest median family income had lower rates of infec-

tion. Moreover, Kim et al16 showed that non-English

speakers were not only less likely to have completed test-

ing, but also had a 4.6-fold higher proportion of positive

cases compared with English speakers. Finally, Mu~noz-
Price et al17 showed that black race, age greater than 60,

and male sex were associated with positive COVID-19

tests in a study of 2595 patients.

In addition to race-based disparities in COVID-19 out-

comes, cancer continues to be a negative risk factor for

outcomes in patients with COVID-19. Specifically, Al-

Shamsi et al18 showed that compared with the general

population, patients with cancer not only had a signifi-

cantly higher rate of coronavirus (29.4% vs 0.5%), but
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also that these patients were significantly more likely to

be hospitalized (28.1% vs 10.4%). Furthermore, Pinato

et al19 showed European patients with cancer with

COVID-19 had a 33% mortality rate, and that male sex,

age greater than 65, and the presence of fewer than two

comorbidities before infection were significantly associ-

ated with the development of a complication from

COVID-19.

Our study found limited utility with regard to general-

ized COVID-19 testing of radiation oncology patients

despite the high incidence of cases in the area. Our study

is in agreement with prior studies that found low positiv-

ity rates in asymptomatic patients with cancer, including

the aforementioned study from Germany, which found a

positivity rate of less than 1%.10 Additionally, in a recent

study by Jan et al,20 which was performed at one of the

institutions included in the current study during the same

time-period, multiple surfaces were tested for SARS-

COV-2 in a radiation oncology clinic, but zero positive

samples were collected, thereby indicating the safety of

radiation oncology clinics and the importance of treating

without delay.

Although the strength of our study is that it is the only

study detailing the results of asymptomatic testing in

radiation oncology patients in the United States, it also

has limitations. First, given that each institution had vary-

ing methods for determining risk and the need for

COVID testing, our study may be limited by sampling

bias. Nevertheless, the demographics of our patient popu-

lation as seen in Tables 1 and 2 demonstrate that we have

a representative sample of the radiation oncology popula-

tion. Second, our study is limited by the fact that only a

small percentage of patients tested positive, resulting in

large 95% confidence intervals and limited statistical

comparisons. However, the fraction of asymptomatic

patients was hypothesized to be small, and the statisti-

cally significant findings in this study do warrant further

consideration.

In summary, our study sought to determine the preva-

lence of asymptomatic COVID-19 rates in patients with

cancer. We found a low pretreatment prevalence of 1.3%,

thereby suggesting that broad-based pretreatment asymp-

tomatic testing of radiation oncology patients for SARS-

COV-2 is of limited value even in the setting of high

community prevalence. Should there be another wave of

infections, this study may help with implementing testing

in asymptomatic patients, ultimately leading to a decrease

in asymptomatic transmission and a reduction in disrup-

tions in care. Although current measures to mitigate risk

such as the use of masks, social distancing, and hand

hygiene are important, future strategies should focus on

targeted asymptomatic testing for high-risk patients,

including those with advanced stage cancer, those in

active chemotherapy, and underserved populations.
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