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Abstract

Objective To determine whether the degree of parenchymal involvement on chest radiograph (CXR) at the time of COVID-

19 diagnosis and its early radiologic evolution can predict adverse events including hospitalization, intubation, and death

in patients with cancer.

Methods Retrospective study of 627 COVID-19-positive patients between March and April 2020, of which 248 had baseline

CXR within 72 h of diagnosis and 64 patients had follow-up wihtin72 h. CXRs were classified as abnormal (i.e., radiologic

findings suggestive of COVID-19 infection were noted), normal, or indeterminate. Baseline and follow-up severity scores

were calculated based on lung regions in abnormal CXRs. Statistical analysis was performed to determine associations

between abnormal CXR or severity score with adverse events.

Results Of 248 patients (median age = 65) with a baseline CXR, 172/248 (69%) had an abnormal baseline study, which was

associated with hospitalization (p <0.001), intubation (p =0.001), and death (p =0.005). For patients with solid neoplasms,

when adjusted for stage, it was associated with hospitalization (p =0.0002), intubation (p =0.019), and death (p=0.03).

The median baseline severity score was 3 (range = 1-10); the greater the score, the higher the likelihood of adverse outcome

(p <0.003 for all). A baseline severity score > 9 predicted > 50% probability of intubation and a score of > 10 predicted > 50%

of probability of death. The baseline severity score was not correlated with cancer-related treatment. Early radiologic pro-

gression was not correlated with hospitalization, intubation, or death.

Conclusion The degree of parenchymal involvement on CXR within 72 h of COVID-19 diagnosis is associated with adverse

outcomes in patients with cancer.

Key Points

e [n patients with cancer, the presence and severity of radiologic manifestation of COVID-19 on chest radiographs within
72 h of COVID-19 diagnosis are associated with hospitalization, intubation, and death.

e Early radiologic progression on chest radiographs is not correlated with adverse outcomes.

Keywords Neoplasms - COVID-19 - Radiograph - Hospitalization - Intubation

Abbreviations CXR Chest radiograph
AUC Area under the curve OR Odds ratio
CI Confidence interval PCR Polymerase chain reaction
COPD Chronic obstructive pulmonary disease ROC Receiver operating characteristic
COVID-19 SARS-CoV-2 virus
CT Computed tomography
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events [1-3]. Recent evidence from China, Italy, and the
USA indicate that patients with both cancer and COVID-19
infection have more severe symptoms and poorer outcomes
[3-5]. Recently, published data at a tertiary cancer institu-
tion in New York City revealed that 20% of patients with
cancer diagnosed with COVID-19 demonstrated severe dis-
ease with a mortality of 12%, whereas mortality was lower
at 7% for a general population with COVID-19 infection
who were admitted to an emergency department in the same
geographic area [6].

Multiple recent reports have focused on the radiologic
features of COVID-19, predominantly those seen on com-
puted tomography (CT) in the general population, with
limited information in patients with cancer. Given its wide
availability, chest radiographs (CXRs) are the primary imag-
ing modality utilized to evaluate COVID-19 patients. Recent
studies have demonstrated that the degree of parenchymal
involvement on CXR was predictive of adverse events in a
general population of adults [7-9].

A recent publication indicated that patients with cancer
deteriorated more rapidly than those without, justifying
more intensive surveillance in this setting. Therefore, the
aim of our study was to determine whether the degree of
parenchymal involvement on CXR at the time of diagnosis
and its early radiologic evolution can provide valuable infor-
mation in predicting adverse events including hospitaliza-
tion, intubation, and death in patients with cancer.

Methods
Study population

Our retrospective study was approved by the institutional
review board and was compliant with the Health Insurance
Portability and Accountability Act. The need for written
informed consent was waived. A total of 745 patients had
a confirmed positive test for SARS-CoV-2 by respiratory
polymerase chain reaction (PCR) detection at a tertiary
cancer center in an urban setting from March 11 to April
20, 2020. Patients without cancer diagnosis were excluded,
resulting in 627 cancer patients (Fig. 1). When clinically
indicated, patients with a suspected respiratory infection
received CXR studies as part of their standard care. We
reviewed patients who had a “baseline CXR” performed
within 72 h of COVID-19 diagnosis, and similarly, we
reviewed the first “follow-up CXR” within 72 h of the
initial study. We considered this timeline based on the four
stages of COVID-19 evolution on CT described by Pan
et al [10], with stage 1 (i.e., early stage) beginning from
day 0 and extending to day 4 from the onset of symp-
toms, and stage 2 (i.e., early progressive stage, with CT
scans demonstrating a significant increase in the number
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Fig. 1 Flowchart of inclusion and exclusion criteria of the study sam-
ple. Abbreviations: CXR, chest radiograph

COVID-19 positive patients with cancer,
Baseline CXR and follow-up CXR within 72
hours from baseline: N=64

of lesions) from day 5 to day 8. To our knowledge, no stag-
ing of the disease has been reported on CXR. Thus, based
on their classification of stages, we wanted to include the
initial radiologic assessment (within the early stage) and
the follow-up assessment (within the late early stage or
early progressive stage), with the aim of assessing if early
changes on CXR in the early stages of COVID-19 disease
are associated with adverse events.

Exclusion criteria included patients without a cancer
diagnosis, patients with CXRs performed after 72 h of
COVID-19 diagnosis, and patients with indeterminate CXRs
due to extensive background disease (Fig. 1).

Some of the patients included in our study population
were previously described in the supplemental material of
a prior publication analyzing clinical determinants for the
severity of COVID-19 in patients with cancer. Their study
population included 423 patients, of whom 207 had a CXR;
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however, radiologic findings were not included in their out-
come analysis [6].

Clinical parameters

The electronic medical record was reviewed up to 3 months
after COVID-19 diagnosis. Patient age at diagnosis, sex,
date of COVID-19 diagnosis, type of malignancy, and tumor
stage were recorded. Cancer type was recorded according
to the site of origin and cancers were classified into one of
three groups: hematologic malignancies, solid tumors, or
central nervous system neoplasms. For solid neoplasms, the
tumor stage was recorded at the time of COVID-19 diagno-
sis. Tumor stages 0-3 were classified as early/locoregional
disease stage and tumor stage 4 was classified as advanced
metastatic disease stage. In addition to tumor stage, patients
with no evidence of disease (NED) were also recorded. NED
patients with stage 4 disease were grouped into the early/
locoregional disease stage. For hospitalized patients, date of
hospital admission, intubation, and death were recorded and
determined to be adverse outcome parameters. In the case of
non-hospitalized patients, we reviewed the electronic medi-
cal record to record only death as an outcome. Of note, some
laboratory markers were not available for all patients on the
dates of CXRs, especially for non-hospitalized patients, and
were not included in our model.

Cancer-related treatments such as thoracic surgery
(wedge resection, lobectomy, and pneumonectomy), sys-
temic therapy within 6 months of COVID-19 diagnosis
(cytotoxic chemotherapy, immunotherapy, and targeted ther-
apy including tyrosine kinase inhibitors or targeted mono-
clonal antibodies), and radiotherapy to the chest were also
recorded. Comorbidities including hypertension, diabetes,
chronic obstructive pulmonary disease (COPD), asthma, and
obstructive sleep apnea were recorded.

Imaging assessment

Consensus reads were performed on all portable semi-erect
anteroposterior or posteroanterior and lateral CXRs (Gen-
eral Electric Carestream DRX) within 72 h of diagnosis and
the next radiologic follow-up CXR within 72 h of the base-
line CXR. Each CXR was reviewed by two of five thoracic
radiologists (R.PJ., J.A.F., AJ.P., C.C.L., with 2-8 years of
thoracic radiology experience) and then in consensus with
a senior thoracic radiologist (M.G. with 24 years of experi-
ence) who adjusted any initial disagreement.

Baseline CXR studies were classified as normal, abnor-
mal, or indeterminate. When available, baseline studies were
compared with prior imaging studies to ensure that findings
were new. If a patient’s prior CXR demonstrated findings,
the case was classified as having background disease. If
no findings were detected on the baseline CXR or no new

findings were noted when compared to prior imaging, the
baseline CXR was determined to be normal. Studies with
extensive background metastases, large neoplasms, effu-
sions, or post-treatment changes that would significantly
obscure new findings were classified as indeterminate. A
study was determined to be abnormal if airspace and/or
reticulonodular opacities were noted. Airspace opacities
were divided into patchy opacities and segmental or lobar
consolidations. Findings were further classified as unilat-
eral or bilateral and as predominantly in the inferior lobes
or diffused (involving upper and lower lobes). In order to
establish the degree of parenchymal involvement, an experi-
mental scoring system was developed, in which each lung
was divided into six zones (Fig. 2). Each zone was assigned
a score for the absence (0 points) or presence of airspace
or reticulonodular opacities (1 point). All zone scores were
added to obtain a total score (minimum O to maximum 12).
Other scoring systems as the Brixia score evaluated the lung
parenchyma by dividing it into three zones (upper, middle,
and lower zone) and each zone was scored from 0O to 3 based
on the type of lung abnormality (1 point for interstitial infil-
trates, 2 points for interstitial and alveolar with interstitial
predominance and 3 points for interstitial and alveolar with
alveolar predominance). In addition, the extent of lung
abnormalities was then estimated visually estimating and
averaging the percentage of lung involvement [11]. Our aim
was to develop a more simplified score based on the pres-
ence or absence of any parenchymal abnormality within the
zones of the lung parenchyma.

In order to assess the radiological evolution, follow-up
CXRs were scored similarly to baseline CXRs; delta scores
were calculated by subtracting the follow-up score from
the baseline score. Studies were classified as unchanged or
improved if the delta score was 0 or negative. Studies with a
delta score > 1 were deemed to have progressed.

Statistical analysis

Frequencies were used to aggregate clinical and demo-
graphic information among the COVID-19-positive patients.
We used the chi-square test and the Wilcoxon rank-sum
test to ascertain differences between normal and abnormal
CXRs and other clinical and demographic information. We
performed univariable and multivariable logistic regres-
sion to assess the predictiveness of abnormal CXR and the
effect of the numeric severity score on clinical outcomes,
which consisted of hospital admission, mechanical venti-
lation, and death. In our multivariable model, we adjusted
for age, gender, type of primary cancer, and presence of
comorbidities. In addition, solid tumors were adjusted for
tumor stage (early/locoregional versus advanced metastatic
disease). We also performed logistic regression before and
after adjusting for age and type of primary cancer for the
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Fig.2 a Severity score assessment. Each lung is first divided into
three zones: upper (from the apex to the trachea), middle (from the
trachea to the inferior hilar markings), and inferior (from the inferior
hilar markings to the costophrenic angles). The lungs are then divided
into peripheral and medial sections divided by a plane extending from

effect of early progression on clinical outcome and for the
effect of treatment type on early progression. Simple linear
regression and multivariable linear regression were used to
analyze the effect of specific treatment types on the numeric
severity score. Results were reported as odds ratios (ORs)
for logistic regression models and coefficients for the linear
regression model with 95% confidence intervals (CI). We
tested to see if the mean severity score of the baseline CXR
changed significantly from baseline to the follow-up time-
point using a paired t-test with 95% CI. A p value of <0.05
was considered statistically significant. All analyses were
conducted in SAS (Version 9.4).

Results
Patient demographics and clinical characteristics

Of the 627 diagnosed patients, 297 had a CXR performed
from 9 days pre- to 17 days post-COVID-19 diagnosis. Of
the 297 patients, 279 patients had a “baseline CXR” (per-
formed within 72 h of COVID-19 diagnosis) and after
excluding 31 patients with an indeterminate baseline CXR,
a total of 248 patients remained with either a normal or
abnormal baseline CXR. Similarly, in order to capture early
radiologic evolution, we included the first follow-up CXR
performed within 72 h after the baseline CXR, available in
64 patients.

@ Springer

the lung apex to the diaphragmatic domes. Each zone is assigned 1
point if opacities were noted or O points if the parenchyma is normal.
b A 69-year-old man with follow-up chest radiograph (CXR) at 48 h
from baseline, with patchy airspace opacities in all zones bilaterally,
with a total score of 11

Demographics and clinical characteristics of the study
sample (n =248 with normal or abnormal baseline CXR)
are summarized in Table 1. Across the entire study sam-
ple, 90/248 (36%) patients had a hematologic malignancy,
1/248 (0.4%) had a central nervous system neoplasm,
and 157/248 (63%) patients had a solid malignancy,
the most common being hepatobiliary/gastrointestinal
neoplasm (44/157, 28%), breast cancer (38/157, 24%),
and lung cancer (29/157, 18%). Of the 157 patients who
had solid tumor malignancy, 82/157 (52%) patients had
early/locoregional disease and 75/157 (48%) patients had
advanced metastatic disease. Of the 31 patients who had
NED at the time of COVID-19 diagnosis, 29/31 (94%)
patients had early/locoregional disease (20 stage 0-1
disease and 9 stage 3 disease), and 2/31 (6) patients had
baseline stage 4. Most patients (73%, 181/248) had at
least one comorbidity; 97/248 (39%) patients had two
or more comorbidities. Hypertension was the most fre-
quent comorbidity present (61%, 151/248), followed
by diabetes (27%, 67/248), chronic obstructive pulmo-
nary disease (13%, 32/248), asthma (12%, 31/248), and
obstructive sleep apnea (12%, 29/248). Cytotoxic chem-
otherapy (26%, 65/248) was the most frequent therapy
within 6 months of a COVID-19 diagnosis, followed by
targeted therapy (14%, 32/248) and radiation therapy
(14%, 35/248). Only 15 patients had history of lung resec-
tions, four of which were performed within 6 months of
COVID-19 diagnosis.
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Table 1 Demographic and AIIN=248  Normal N=76  Abnormal N=172  p value
clinical characteristics of the
entire study sample, including Age (median, IQR) 65 (18) 62 (22) 66 (16) 0.11
patients with n(?rmal and Sex
abnormal baseline chest ’
radiography (CXR) Male (%) 132 (53) 39 (51) 93 (54) 0.68
Female (%) 116 (47) 37 (49) 79 (46) —
BMI (median, IQR) 27 (7.8) 27 (6.3) 27 (8.4) 0.13
Numeric score (median, IQR) 2(4) 0 (0) 3.0 (3.0) <.0001
Cancer type
Solid tumor (%) 157 (63) 52 (68) 105 (61) 0.45
Liquid tumor (%) 90 (36) 24 (32) 66 (38) —
CNS tumor (%) 1) 0(0) 1) L
Cancer stage (n=157)
Early stage (%) 82 (52) 26 (50) 56 (53) 0.6939
Late stage (%) 75 (48) 26 (50) 49 (47) —
Treatment types
Cytotoxic (%) 65 (26) 24 (32) 41 (24) 0.20
Immunotherapy (%) 23 (9) 8(11) 15 (9) 0.65
Targeted therapy (%) 43 (17) 16 21) 27 (16) 0.30
Surgery (%)
Radiation therapy (%) 15(6) 5D 10(6) 0.81
35(14) 14 (18) 21 (12) 0.19
Clinical outcome
Hospital admission (%) 180 (73) 40 (53) 140 (81) <.0001
Intubation (%) 42 (17) 2(3) 40 (23) <.0001
Death (%) 42 (17) 4(5) 38 (22) 0.0011
Presence of one or more comorbid 181 (73) 50 (66) 131 (76) 0.08
conditions (%)
Patients with follow-up XR 72 h (%) 64 (26) 9 (12) 55 (32) 0.0008
Follow-up status N=64 N=9 N=55
Unchanged or improved (%) 26 (41) 2 (22) 24 (44) 0.44
Progressed (%) 38 (59) 7 (78) 31 (56) —

Abbreviations: BMI, body mass index; IQR, interquartile range

Baseline chest radiograph findings and association
with adverse outcomes

Most patients had an abnormal baseline CXR (69%), with
incidence of hospitalization, intubation, and death detailed in
Table 1. An abnormal baseline CXR was significantly asso-
ciated with increased odds of hospital admission (OR =3.56,
95% CI=1.95-6.52, p<0.0001), intubation (OR=10.91,

95% C1=2.54-46.82, p=0.0013), and death (OR =4.56,
95% CI: 1.55-13.46, p=0.0058) (Table 2). At baseline, the
median severity score was 3 (range = 1-10). In the subset
of patients with solid tumor, after adjusting the model for
tumor stage, an abnormal baseline CXR was significantly
associated with hospital admission (p =0.0002), intubation
(p=0.0196), and death (p =0.0348) (Table 3). Increased
baseline severity scores were significantly associated with

Table 2 Association between

) Outcome Unadjusted model Adjusted model*
abnormal baseline chest
radiograph (CXR) (72 h within OR (95% CI) p value OR (95% CI) p value
COVID-19 diagnosis) and
clinical outcomes in the entire Hospital admission 3.94 (2.18,7.12) <.0001 3.56 (1.95, 6.52) <.0001
study sample Intubation 11.21 (2.63,47.72) 0.0011 10.91 (2.54, 46.82) 0.0013
Death 5.10 (1.75, 14.87) 0.0028 4.56 (1.55, 13.46) 0.0058

Abbreviations: CI, confidence interval; OR, odds ratio

*Adjusted for age, sex, presence of comorbid conditions, type of primary cancer diagnosis (liquid, solid,

CNS)
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Table 3 Association between abnormal baseline chest radiograph (CXR) (72 h within COVID-19 diagnosis) and clinical outcomes in the subset

of patients with solid tumors (model adjusted for tumor stage)

Outcome Unadjusted model Adjusted model*
OR (95% CI) p value OR (95% CI) p value
Hospital admission 4.32 (2.09, 8.91) <.0001 4.42 (2.03, 9.60) 0.0002
Intubation 12.00 (1.56, 92.11) 0.0169 11.52 (1.48,89.67) 0.0196
Death 4.84 (1.38,16.92) 0.0135 3.97 (1.10, 14.33) 0.0348
Abbreviations: CI, confidence interval; OR, odds ratio
*Adjusted for age, sex, presence of comorbid conditions, and categorical staging
Table 4 Association between Outcome Unadjusted model Adjusted model*
the baseline chest radiograph
(CXR) numeric severity score OR (95% CI) p value OR (95% CI) p value
and clinical outcomes in the
entire study sample Hospital admission 1.43 (1.23, 1.67) <.0001 1.39 (1.19, 1.63) <.0001
Intubation 1.31 (1.15, 1.50) <.0001 1.29 (1.14, 1.47) <.0001
Death 1.29 (1.14, 1.46) <.0001 1.27 (1.11, 1.44) 0.0003

Abbreviations: CI, confidence interval; OR, odds ratio

*Adjusted for age, sex, presence of comorbid conditions, type of primary cancer diagnosis (liquid, solid,

CNS)

Table 5 Association between the baseline chest radiograph (CXR)
numeric severity score and clinical outcomes in the subset patients
with solid tumors (model adjusted for tumor stage)

Outcome Unadjusted model Adjusted model*

OR (95% CI)  pvalue OR(95%CI)  p value

Hospital admis- 1.38 (1.14, 0.0006 1.35(1.11, 0.0027
sion 1.66) 1.64)

Intubation 1.35 (1.14, 0.0005 1.34 (1.12, 0.0015
1.60) 1.61)

Death 1.36 (1.16, 0.0001 1.33(1.12, 0.0011
1.60) 1.58)

Abbreviations: CI, confidence interval; OR, odds ratio

*Adjusted for age, sex, presence of comorbid conditions, type of pri-
mary cancer diagnosis, and staging in a categorical variable

increased odds of hospital admission (OR=1.39, 95%
CI: 1.19-1.63; p<0.001) intubation (OR =1.29, 95% CI:
1.14-1.47; p<0.001), and death (OR=1.27, 95% CI:
1.11-1.44; p<0.001) (Table 4). Similarly, in the subset of
patients with solid tumors, after adjusting for tumor stage,
increased baseline severity scores were significantly asso-
ciated with hospital admission (p=0.0027), intubation
(»p=0.0015), and death (p=0.0011) (Table 5).

The receiver operating characteristic (ROC) curve of
the baseline severity score against adverse outcome param-
eters demonstrated that the severity score had acceptable
discrimination regarding hospitalization (area under the
curve (AUC)=0.74), intubation (AUC =0.73), and death
AUC=0.73).

@ Springer

Probability plots show that a baseline severity score of >9
increased the probability of intubation by >50% while a
score of > 10 increased the probability of death by >50%
(Fig. 3). A severity cutoff for hospitalization was difficult
to establish given that 53% of the patients with normal and
81% of patients with abnormal CXR were hospitalized, and
regardless of the radiologic severity, just by being diagnosed
with COVID-19, patients had a probability of hospitaliza-
tion of > 50%.

The baseline severity score was not associated with any
prior cancer-related treatments. While there was a trend
towards negative regression between the severity score and
some prior treatments (surgery, targeted therapy, and immu-
notherapy), none of these associations was statistically sig-
nificant (p > 0.05).

Of the 68 non-hospitalized patients, 4 patients died (6%)
within the 3-month follow-up period post-COVID-19 diag-
nosis. One patient had a normal baseline CXR, and per
the hospice note, the patient died of stage 4 breast cancer
complications. Another lymphoma patient had an abnormal
baseline CXR with a score of 3, and per the outside hos-
pital note, the patient died of bacteria-related sepsis from
a urinary tract infection. The third patient had lymphoma
and an abnormal baseline CXR with a score of 5; per the
outside hospital note, the patient died of COVID-19-related
complications. The last patient had metastatic melanoma and
an abnormal baseline CXR with a score of 7; this patient
was transferred to another institution, and unfortunately, the
cause of death was not entered into our electronic medical
record.
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Fig.3 Probability plots demonstrate that a baseline chest radiograph severity score of >9 (a) increased the patient’s probability of intubation
by >50% and a score of > 10 (b) increased the patient’s probability of death by >50%

Early evolution on chest radiograph and association
with adverse outcomes

Out of the 248 patients, 64/248 (26%) patients had early
follow-up CXR, all of whom were hospitalized. There
was a significant difference between the baseline average
score and the one at follow-up: 3.72 (£ 2.75) versus 5.16
(£2.89), p<0.001 (Fig. 4). Of the 76 patients who had
a normal baseline CXR, nine also had a follow-up CXR,
among whom seven showed new radiologic manifestations
of the disease with an average severity score at follow-up of

Fig.4 Comparison of baseline

and follow-up chest radiograph

(CXR) mean severity score 60

(»<0.01)
55
50
45
40

35

30

3.7 (range=1-10). All seven patients with new radiologic
manifestations were hospitalized; one patient who was hos-
pitalized also died. Of the 172 patients who had an abnormal
baseline CXR, 55 also had a follow-up CXR, among whom
24 improved or remained stable (11 intubated, 7 died) and
31 had increased findings with an average score of 5.1 and a
delta average score of 1.3 (16 intubated and 12 died) (Figs. 5
and 6).

Worsening early radiologic progression on CXR was not
found to be associated with intubation, death, or prior cancer
treatment (p > 0.05) (Table 6).

5.16

, 372
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Fig.5 An 81-year-old man with
chronic lymphocytic leukemia,
without diagnosed comorbidi-
ties, treated with ibrutinib, with
a baseline chest radiograph
(CXR) with a severity score of
3 (a). Within 48 h, the patient
deteriorated clinically, neces-
sitating mechanical intubation.
b On follow-up CXR, the sever-
ity score increased to 10. The
patient passed away on day 38
of hospitalization

AP 72" SEMILERECTA

Fig.6 A 69-year-old man with
a history of renal cell carci-
noma and hypertension, not on
systemic therapy, who presented
to urgent care with fever. a

The baseline chest radiograph
(CXR) had a severity score of
7. The patient suffered clinical
deterioration within 24 h, for
which he required mechani-
cal ventilation. b On follow-
up CXR, the severity score
decreased to 2. The patient was
discharged after 51 days of
hospitalization

Table 6 Association between early radiologic progression, based on
the difference of the severity score between baseline chest radiogra-
phy (CXR) and follow-up CXR, and clinical outcomes

Outcome  Unadjusted model Adjusted model*

OR (95% CI) p value OR (95% CI) p value
Ventilator  1.26 (0.44,3.61)  0.67 1.35(0.43,4.24) 0.61
Death 1.47 (0.47,4.64) 0.51 1.49 (0.46,4.86) 0.50

Abbreviations: CI, confidence interval; OR, odds ratio

*Adjusted for age, sex, presence of comorbid conditions, and type of
primary cancer diagnosis

Discussion

As the COVID-19 pandemic continues to affect patients
worldwide, the aim of our study was to determine if the
severity of the radiologic manifestations of the disease and
its evolution can help predict adverse outcomes in patients
with cancer as hospitalization, intubation, and death. Our

@ Springer

study determined that baseline parenchymal involvement on
CXR but not early radiologic progression is associated with
adverse outcomes.

Immunosuppression from malignant disease or its treat-
ment renders many susceptible to infection, and moreover,
studies have demonstrated that patients with cancer who
have COVID-19 have worse outcomes compared with the
general population [3-5, 12]. It has been also been dem-
onstrated in viral etiologies that the extent of radiologic
involvement is associated with a worse outcome [12, 13].
Despite the lower reported sensitivity of CXR (69%) versus
CT (97-98%), CXR is the primary imaging modality used
for the clinical management of COVID-19 patients. Few
studies have demonstrated that baseline CXR can predict a
worse outcome in COVID-19 patients. To our knowledge,
this is the first study to address whether the extent of the
radiologic manifestation of COVID-19 and its early radio-
logic evolution can help predict outcomes in patients with
cancer [7-9]. We found that while the degree of parenchy-
mal involvement on chest radiograph within 72 h of COVID-
19 diagnosis is associated with adverse outcomes including
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hospitalization, intubation, and death in patients with cancer,
worsening early radiologic progression on chest radiograph
was not associated with these same adverse outcomes.

Most patients (69%) in our study had an abnormal base-
line CXR (within 72 h of COVID-19 diagnosis), which is
in agreement with the 50-69% range reported in the gen-
eral population [7, 14]. The presence of radiologic find-
ings on baseline CXR was significantly associated with
an increased risk of hospitalization, mechanical ventila-
tion, and death in our study, similar to prior reports in the
general population [7, 15]. We had a higher incidence of
hospitalization (73%) when compared with a prior report
from a tertiary cancer institution where 40% of the onco-
logic population was hospitalized; this discrepancy might
be explained by a selection bias within our study sample,
since patients included in this study had to have both a
positive RT-PCR and CXR within 72 h of diagnosis and
the indication for the CXR close to the date of diagnosis
might have been related to worst clinical presentation [6].
In addition, known immunosuppression and added comor-
bidities may have prompted the clinical teams to have a
lower threshold for hospitalization.

The severity of parenchymal involvement was signifi-
cantly associated with hospitalization, mechanical ventila-
tion, and death, which is in agreement with prior reports
in the general population. Toussie et al scored the severity
of parenchymal involvement on CXR based on lung zones
and demonstrated that the severity score was independently
predictive of hospitalization and intubation; due to the small
number of cases and short follow-up period, they were not
able to statistically assess the relationship between the
severity score and death [7]. Balbi et al developed a scor-
ing system, based on anatomical location and the type of
lung abnormality, as well as estimating the percentage of
parenchymal involvement. They found that the higher the
Brixia score, the more significantly it was associated with
death. The main predictor of the need for ventilatory sup-
port was the higher percentage of lung parenchyma involved
[11]. Yang et al developed a severity score on chest CT
based on the involvement of lung segments and found that
higher scores were significantly associated with severe ver-
sus mild clinical presentation of the disease; however, they
had very few cases of mechanical ventilation [16]. Yuan
et al scored involvement on CT based on the density of the
findings (score =1, normal parenchyma; 2, ground glass;
and 3, consolidation) as well as the extent of the involve-
ment per lung zones (upper, middle, and lower lung) and
found that a certain cutoff of the score was predictive of
mortality (sensitivity 85.6%, specificity 84.5%) [15]. Park
et al demonstrated regarding volumetric assessment on CT
that a higher volume of normally aerated parenchyma was
significantly associated with lower rates of intubation and
death [17].

The probability plots in our study demonstrated that a
baseline score of >9 and > 10 was predictive of increased
risk of intubation and death, respectively. We also found in
our study that further parenchymal involvement (the equiva-
lent of over four parenchymal zones) correlated with intuba-
tion, similar to Toussie et al who reported that parenchymal
involvement of over three lung zones (approximate equiva-
lent to a score of > 6 on our severity scale) was predictive
of intubation [7]. No studies have established a cutoff for
parenchymal involvement and death on CXR.

We found no significant association between the baseline
score and any cancer-related treatment. We believe this is
related to the small sample size for each treatment type. A
larger study by Robilotti et al found that recent systemic
treatment was not associated with a higher risk of compli-
cations [6].

While follow-up severity scores within 72 h after base-
line CXR were overall significantly increased from the
baseline in our study, early radiologic evolution was not
found to be significantly associated with any adverse out-
come or any cancer-related treatment, probably due to the
small number of follow-up CXRs included in our study
(only 26%). Other studies have reviewed the progression
of COVID-19 patients on CT. Pan et al reported that 86%
of patients had progressive findings on CT 3-14 days
after diagnosis [18]. Li et al reviewed follow-up CTs in
24 patients approximately 5 days post-baseline scan, notic-
ing progression of findings in 75% of patients [19]. In our
study, only 59% of patients progressed radiologically. This
disparity is probably due to the lower sensitivity on CXR
compared with CT.

Wong et al evaluated the evolution of the severity
score over time on CXR and found significant differ-
ences between different times points including base-
line (0-3 days from symptoms onset) and follow-up at
4-6 days which is similar to our results. However, they
did not perform any statistical analysis on the evolution of
CXR with clinical outcome [14]. Interestingly, Park et al
demonstrated that a marked increase in CT scores in a
short period of time was associated with increased mortal-
ity and that stability of the parenchymal involvement was
associated with survival; however, the follow-up time was
not specified [17].

There are several limitations in our study. First of all,
it is important to emphasize that our study was designed
during the first COVID-19 outbreak, a fast-evolving wave
between March and April 2020 deeply marked by challenges
such as testing capacity, laboratory test delays, and limited
health resources that overwhelmed hospitals worldwide and,
therefore, may have been prone to various forms of bias.
Considering that our study population was varied in terms
of primary cancer and treatments that were either cancer-
related or COVID-19 related, it is possible that patients in
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our heterogenous sample have confounding effects from
other factors that were not fully evaluable in our population,
thus limiting the generalizability of our results. Furthermore,
our assessment was based on the date of COVID diagnosis
and not on the onset of symptoms as was done in Pan et al
[18]. This was decided due to the fact that within our study
sample, many patients were symptomatic prior to infection
due to their cancer diagnosis, active treatment, or recent sur-
gery. We also did not correlate the severity score with the
clinical severity of the disease based on symptoms or vital
signs. Imaging classification was determined by consensus,
and therefore, inter-reader agreement was not evaluated.
Finally, the small number of follow-up patients probably
influenced the absence of association between early evolu-
tion and outcome. Future prospective studies with a greater
sample, adequate adjustment for different comorbidities,
laboratory correlations, and longer follow-up are needed to
establish more meaningful associations.

In summary, the degree of parenchymal involve-
ment at baseline is associated with adverse outcomes
in patients with both cancer and COVID-19. Baseline
radiological assessment of severity using an objec-
tive scoring system as presented in this study may
help triage patients with cancer who may need more
aggressive treatment and closer monitoring with
hospitalization.
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