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evaluations (symptom assessment, chest computed tomography, pulmonary
function tests, 6-min walk test). The association of clinical and radiological fac-
tors with ILAs at 3 and 6 months post-discharge was measured using univariable
and multivariable logistic regression.

Results: Sixty-six (70%) patients of cancer cohort had ILAs at 3months, of whom
39 had persistent respiratory symptoms. Twenty-four (26%) patients had persis-
tent ILA at 6 months after hospital discharge. In adjusted models, higher peak
RSI at admission was associated with ILAs at 3 (OR 1.5 per 5-point increase,
95% CI 1.1-1.9) and 6 months (OR 1.3 per 5-point increase, 95% CI 1.1-1.6) post-
discharge. Fibrotic ILAs (reticulation, traction bronchiectasis, and architectural
distortion) were more common at 6 months post-discharge.

Conclusions: Post-COVID-19 ILAs are common in cancer patients 3months
after hospital discharge, and peak RSI and older age are strong predictors of per-

sistent ILAS.
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1 | INTRODUCTION
After SARS-CoV-2 infection, interstitial lung abnormali-
ties (ILA),! are often observed in survivors and may rep-
resent a pulmonary form of the post-acute sequelae of
COVID-19 (PASC).? Post-COVID-19 ILAs may be associ-
ated with long-term pulmonary impairment and fibrosis,
as was seen during the severe acute respiratory syndrome
(SARS) coronavirus outbreak in 2003.3 Although, several
studies have noted a high rate of post-infection ILAs in
survivors of SARS-CoV-2 hospitalization,* a clearer un-
derstanding of the factors that lead to post-COVID-19
ILAs is lacking. Severity of illness, age, and elevated
serum inflammatory markers may increase the risk for the
development of ILAs following COVID-19 infection, but
the findings vary depending upon the timing of ILA char-
acterization and the composition of the post-COVID-19
cohort.>®

Cancer patients, particularly those with hematologic
malignancies, are at high risk for death after developing
SARS-CoV-2 pneumonia.7’8 However, it is unclear whether
the higher risk also contributes to an elevated incidence
of post-COVID-19 ILAs than the general population, or
if the elevated upfront mortality might result in a lower
rate of long-term ILAs due to attrition in the most severe
cases. Furthermore, it is uncertain whether risk factors for
post-COVID-19 ILAs are similar in cancer and non-cancer
patients. The purpose of this study was to measure the in-
cidence of post-COVID-19 ILAs in cancer patients who
survived to hospital discharge after SARS-CoV-2 pneumo-
nia and determine risk factors for persistent ILAs.

COVID-19, fibrosis, interstitial lung disease, pneumonia, post-infectious pulmonary

2 | METHODS

2.1 | Study design and population

We conducted an analysis of a prospective cohort at
a major cancer center (The University of Texas MD
Anderson Cancer Center, MDACC; cancer cohort) and in
patients without cancer at a tertiary referral center (The
University of Texas Health Science Center at Houston,
UTH; non-cancer cohort). At MDACC, we enrolled con-
secutive patients of at least 18 years of age who had con-
firmed SARS-CoV-2 pneumonia confirmed by nucleic
acid amplification testing from the nasopharynx or bron-
choalveolar lavage and were hospitalized for SARS-CoV-2
pneumonia between 2020 and 2021 and survived to hos-
pital discharge. Upon discharge, patients were systemati-
cally referred to a post-COVID-19 clinic and saw experts
from pulmonary medicine or infectious diseases between
June 2020 and June 2021, which corresponded to a full
year following the initial wave of COVID-19 in the United
States. A comprehensive pulmonary evaluation occurred
approximately 3months after hospital discharge and in-
cluded imaging and pulmonary testing.

At the Center of Excellence for COVID-19 care at
UTH (COE-UTH), patients with evidence of prior infec-
tion were evaluated regardless of need for hospitalization;
symptomatic patients underwent pulmonary evaluations
at the initial post-COVID-19 visit, followed by 3 and
6 months afterward. For this study, we only included pa-
tients who had been hospitalized at UTH for SARS-CoV-2
pneumonia in order to analyze all relevant data upon
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initial hospital admission. Figure 1 shows the selection
of our study cohorts, and Figure 2 shows a diagram of
post-COVID-19 evaluations. This project was approved by
the institutional review boards (MDACC 2020-0348, UTH
HSC-MS-20-0563).

2.2 | Data collection

2.2.1 | [Initial admission

Clinical data were extracted from the electronic health re-
cord and included: demographics; comorbidities; admis-
sion laboratory tests, focusing on complete blood counts
with differentials, coagulation studies, and peak values for
the acute phase reactants lactate dehydrogenase (LDH), C-
reactive protein (CRP), ferritin, d-dimer, fibrinogen, and
erythrocyte sedimentation rate (ESR); maximal oxygen
requirement (need for non-invasive or invasive positive
pressure ventilation, the need for extracorporeal mem-
brane oxygenation, ECMO); need for renal replacement
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therapy (RRT) during admission; mortality (in-hospital,
or once discharged, before any outpatient follow-up).
We calculated Charlson Comorbidity Index (CCI) using
comorbidity data.’ Radiologic severity of the initial chest
radiograph and the most severe chest radiograph within
28days of admission was measured using the Radiologic
Severity Index (RSI), a semi-quantitative scoring tool that
reproducibly measures the radiologic severity of pneumo-
nia and is associated with mortality and other outcomes
(Table 1)."°'* Each radiograph was scored by two read-
ers (CB, SN), and the mean value was used for analyses.
Figure 3 shows an example of COVID-19 patients with
varying degrees of peak radiological severity (RSI).

The World Health Organization (WHO) clinical pro-
gression scale (Table 2) was used to measure the clinical
severity of the initial SARS-CoV-2 pneumonia. Because
all patients in this study were hospitalized and survived
to hospital discharge, the values ranged from 4 (hospi-
talized; no oxygen therapy) to 9 (mechanical ventilation
pO,/FiO, <150 and vasopressors, dialysis, or ECMO) for
patients who survived to post-COVID-19 evaluation.'?

Hospitalized for COVID-19*
609 patients
T 179 died within 3 months

\ 332 patients did not follow up
[Followed in Post-COVID-19 Clinic**

98 patients
; 1-[4 p 45 .

Group evaluated by subset
94 patients

|

excluded

Group A
(n=20, 21%)

Complete radiologic

resolution of COVID
pneumonia

No respiratory
symptoms

FIGURE 1 Selection of the final
study cohort (n=94).

Group C
(n= 42, 44 %)

Group B

Group D
(n=8, 9%)

(n= 24, 26%)

= Evidence of ILAs on
HRCT at 3 months
after hospital
discharge

Complete radiologic

Persistent ILAs on
HRCT at 6 months
after hospital
discharge

resolution of COVID
pneumonia

Ongoing respiratory
symptoms

Cohorts Hospitalization Ambulatory
Cancer
. ILA or respiratory
S D symptoms, then continue
follow up at 6 months
No ILA or respiratory
Non-Cancer @ symptoms, then discharge
from clinic
Data Collection
= Demographics = Respiratory symptoms
@ AM/ @ = Comorbidities = Pulmonary function testing
= Laboratory data = Six-minute walk test

FIGURE 2 Schema for post-
COVID-19 evaluations.

WHO Clinical Progression Scale = High Resolution CT Chest

= Radiologic severity of CXR (RSI)
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Predominant radiologic

pattern in lung zone score involvement

Normal lung 1 0%

Ground glass opacities 2 1%-24%

Consolidation 3 25%-49%
50%-74%
75%-100%

Pattern Extent of volumetric radiologic

TABLE 1 Scoring algorithm for the

Volumetric . . o a
radiologic severity index

score

0

1
2
3
4

“Radiologic severity index (RSI) scores are calculated by multiplying the predominant pattern for each
lung zone by the extent of volumetric radiologic involvement for that zone. The sum of scores from all six

zones gives the final RSI, ranging from 0 to 72.

CI556 (C)

SEMIERECT

FIGURE 3 Representative images of a patient with mild (A, RSI 7), severe (B, RSI 41), and very severe (C, RSI 70) SARS-CoV-2

RSI 7 ~ A RsI41
pneumonia.
2.2.2 | Post-COVID-19 clinical evaluations

All cancer patients received a comprehensive pulmonary
evaluation at the time of the initial post-COVID-19 fol-
low-up. Respiratory symptoms were captured at each visit
including cough, shortness of breath, and chest pain/tight-
ness. Low-dose high-resolution CT imaging (HRCT) scans
were performed at all visits and reviewed by a thoracic ra-
diologist. At MDACC, if no diagnostic imaging was being
performed as part of their cancer care, patients underwent
inspiratory, and expiratory HRCT. Specifically, pulmo-
nary evaluation included: measurements of spirometry,
including forced expiratory volume in 1s (FEV;), forced
vital capacity (FVC); plethysmography with total lung
capacity (TLC); diffusing capacity for carbon monoxide
(DLCO); 6-min walk tests (6MWT) and measured dis-
tance (in meters) and the SpO2 nadir (%). Patients with
no evidence of pulmonary impairment or ILAs on HRCT
were discharged from the clinic, while those with symp-
toms or ILAs were seen at 6 and 12months after hospital
discharge.

We measured the presence of ILAs at 3 and 6 months
after hospital discharge. The adjudication of ILAs was re-
viewed by expert thoracic radiologists and an interstitial
lung disease specialist (IM) reviewed chest HRCT and
characterized the features of ILAs if present. Consistent
with Fleischner Society definitions, we defined ILAs as
the incidental finding of non-dependent abnormalities
that affected more than 5% of the cross-sectional area
of at least one of three lung zones on CT images.'*"
ILAs were characterized as fibrotic when CT findings
of architectural distortion, reticulation, traction bron-
chiectasis, and/or honeycombing are present (Figure 4).
Ground glass opacities (GGO), tree-in-bud nodules, and
mosaic attenuation were considered to be non-fibrotic
ILAs. We categorized patients into four groups accord-
ing to ILAs and symptom status: Group A, complete
resolution of radiologic and clinical respiratory symp-
tom; Group B, no evidence of post-COVID-19 ILAs but
had ongoing respiratory symptoms; Group C, evidence
of ILAs at 3months after hospital discharge regardless
of symptoms, but resolution of radiologic changes by
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TABLE 2 World Health Organization (WHO) clinical
progression scale.

Patient state Descriptor Score
Uninfected Uninfected; no viral RNA 0
detected
Ambulatory mild Asymptomatic; viral RNA 1
disease detected
Symptomatic; independent 2
Symptomatic; assistance 3
needed
Hospitalized: Hospitalized, no oxygen 4
moderate disease therapy

Hospitalized; oxygen by mask 5
or nasal cannula

Hospitalized: severe
disease

Hospitalized; oxygen by NIV 6
or high flow
Intubation and mechanical 7
ventilator, pO,/FiO,>150
or SpO,/Fi0,>200
Mechanical ventilation 8
pO,/FiO, <150 (SpO,/
FiO, < 200) or vasopressors
Mechanical ventilation 9
pO,/Fi0, <150 and
vasopressors, dialysis, or
ECMO
Dead Dead 10
Abbreviations: ECMO, extracorporeal membrane oxygenation; FiO, fraction

of inspired oxygen; NIV, non-invasive ventilation; PO, partial pressure of
oxygen; SpO,, oxygen saturation.

6 months; Group D, presence of ILAs at 6 months regard-
less of symptoms after hospital discharge. In the event
that a patient had evidence of ILAs prior to SARS-CoV-2
pneumonia, we only considered them to have ILAs at 3
or 6 months post-discharge if the ILAs were newly evi-
dent after SARS-CoV-2 pneumonia. Figure 5 shows rep-
resentative images from patients with transient (group
C) and persistent (group D) ILAs.

2.3 | Statistical analysis

Median and interquartile ranges (IQR) for continuous
variables and analyzed continuous data using Wilcoxon
rank-sum tests were reported. Counts (1) and percent-
ages (%) were used to describe categorical variables, and
chi-squared or Fisher's exact tests were used to ana-
lyze categorical data. The association of variables with
post-COVID-19 ILAs at 3 and 6 months were measured
using univariable logistic regression, and all variables
with p<0.25 in univariable analyses were included into
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an initial multivariable model, and then used backward
elimination to keep only variables with p<0.05 in the
final model. The intraclass correlation coefficient was
computed to assess the absolute agreement between two
physicians in rating RSI, using the two-way random ef-
fects model and “single rater” unit. The analyses were per-
formed using R Statistical Software (version 4.1.1; R Core
Team, 2021) and Stata (version 17; StataCorp).

3 | RESULTS
In the cancer cohort, 609 patients were hospitalized for
COVID-19 between March 2020 and March 2021, of
whom 430 were alive at 3months after hospital discharge
(Figure 1). Of these 430, 98 patients were seen in the
MDACC post-COVID-19 clinic between June 2020 and
June 2021. Of these 98, four patients were excluded be-
cause ILAs could not be properly evaluated: two patients
lacked HRCT imaging, and two patients had new pneu-
monia not related to COVID-19. The final cancer cohort
used in our analyses consisted of 94 patients. The initial
non-cancer cohort included 295 patients self-referred to a
post-COVID-19 clinic (COE-UTH) between June 2020 and
June 2021. We excluded 182 patients who were not hos-
pitalized and 38 who were hospitalized at another facil-
ity and did not have inpatient data available for analyses.
Of the remaining 75 patients, 30 were excluded because
HRCT was not performed after hospital discharge. The
final non-cancer cohort included 45 patients eligible for
analyses. None of the patients had more than one episode
of SARS-CoV-2 infection.

The characteristics of the study cohort are presented
in Table 3. Out of 94 cancer patients, 28 patients (30%)
had complete resolution of infiltrates on chest HRCT at
3months after hospitalization. 20 (21%) of these 28 pa-
tients did not report any respiratory symptoms on fol-
low-up clinic visit (Group A), while 8 had persistent
symptoms of cough or shortness of breath (Group B, 9%).
66 (70%) patients had persistent opacities at 3 months after
discharge and were considered to have persistent ILAs. Of
these, 42 had ILAs at 3 months but not 6 months after hos-
pital discharge (Group C, 44%), while 24 had persistent
ILAs at 6 months after hospital discharge (Group D, 26%).
Among patients in Group C or D, 39/66 (59%) had per-
sistent respiratory symptoms at 3months after hospital
discharge. In the non-cancer cohort, after excluding 14 pa-
tients who were not evaluable at 6 months post-discharge,
26/31 (84%) had evidence of ILAs at 3months (Group
C), and 17/26 (65%) had active respiratory symptoms. Of
these 31 patients, 14/31 (45%) had evidence of ILAs at
6months (Group D). Patient-reported respiratory symp-
toms included dyspnea (77%), cough (39%) or chest pain/
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FIGURE 4 Representative images of interstitial lung abnormalities (ILAs). Arrows illustrate representative abnormalities, while the
inset figure shows the abnormalities with 50% magnification. (A-C) ILAs seen at 3 months. (A) Ground-glass opacities (GGOs). (B) Reticular
opacities. (C) Reticular opacities and non-emphysematous cysts. (D-H) Examples of ILAs seen at 6 months. (D) Reticular opacities and
bronchiectasis. (E) Air trapping. (F) Lower lobe consolidation. (G) Honeycombing and traction bronchiectasis. (H) Architectural distortion
and GGOs.

7 ™ T FIGURE 5 Representative images of
two separate patients with transient (A, B)
and persistent (C, D) ILAs. (A) Imaging
from the initial SARS-CoV-2 pneumonia

(A) (B)

with complete resolution (B) 6 months
after hospital discharge. (C) Imaging from
the initial SARS-CoV-2 pneumonia in a
patient with persistent ILAs (D) 6 months
after hospital discharge, including
reticular and ground-glass opacities and
architectural distortion, highlighted by the
white arrows.
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TABLE 3 Characteristics of the study cohort.
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PT, s 14.0 (13.3-14.8)
INR 1.11 (1.05-1.22)
PTT, s 33 (29-36)

Peak fibrinogen, mg/dL
Peak CRP, mg/dL

Peak ESR, mm/h

Peak ferritin, mg/dL

Peak LDH, U/L

Peak D-dimer, pg/mL

CXR data, median (IQR)

CXR RSI score on admission

Peak CXR RSI score

611 (513-683)
103 (48-181)

74 (50-98)

1441 (468-3073)
322 (251-428)
1.1(0.7-2.2)

13.0 (6.5-21.6)
21.0 (15.3-30.8)

Cancer Non-cancer
Demographics N=94 N=45
Age (range), years 60 (50-69) 54 (45-65)
Sex, male, N (%) 50 (53) 22(49)
Race, N (%)
White 60 (64) 12 (26)
Black 9 (10) 10 (22)
Hispanic 22 (23) 16 (36)
Asian 3(3) 3(7)
Others 0(0) 4(7)
Laboratory data, median (IQR)
White blood count, x10°/L 4.3(2.4-6.5) 6.0 (4.6-8.6)
Hemoglobin, g/L 11.5(9.1-13.0) 13.4(12.0-14.8)
Hematocrit, % 35(28-39) 41 (36-43)
Platelet count, x10°/L 157 (103-221) 191 (156-248)
Neutrophil count, x10°/L 3.0 (1.4-4.5) 5.0 (3.4-7.1)
Lymphocyte count, x10°/L 0.7 (0.5-1.1) 0.7 (0.9-1.1)

13.2 (12.6-14.5)
1.0 (0.94-1.12)
33(30-37)

635 (562-737)
106 (64-168)

65 (39-87)

496 (237-1368)
443 (301-549)
1.2(0.7-2.0)

19.5 (11.0-29.9)
26.5 (18-38.8)

Clinical severity data
WHO clinical progression scale, N (%)
4 17 (18)
5 49 (52)
6 24(25)
7 1(1)
8 2(2)
9 1(1)
Charlson Comorbidity Index, median (IQR) 19.5(11-30)

4(9)

2(4)

15(33)

0(0)

1(2)

3(7)

54 (44.5-65)

Abbreviations: CRP, C-reactive protein; CXR, chest radiograph; ESR, erythrocyte sedimentation rate; ILA, interstitial lung abnormalities; INR, international
normalized ratio; IQR, interquartile range; LDH, lactate dehydrogenase; PT, prothrombin time; PTT, partial prothrombin time; RSI, Radiographic Severity

Index; WHO, World Health Organization.

tightness (13%), followed by non-respiratory symptoms
including fatigue (60%), GI disturbances (7%), anosmia
(3%), sleep disturbances (2%), or anxiety (2%) (Table S1).
Pulmonary function data in patients with ILAs are avail-
able in the Online Supplement.

3.1 | Persistent ILAs at after hospital
discharge in cancer patients

Univariable predictors of 3-month ILAs in cancer patients
(Groups C and Group D) are reported in Table 4. We
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TABLE 4 Univariable and multivariable analysis of cancer cohorts with and without interstitial lung disease at 3 months.
Univariate analysis crude Multivariate analysis adjusted
OR (95% CI) p value OR (95% CI) p value

Demographics
Age >60years 1.7 (0.7-4.2) 0.24 3.7 (1.1-11.8) 0.03
Sex 0.39

Male 1.5 (0.6-3.6)

Female Reference
Type of cancer 0.55

Hematological tumor 0.8 (0.3-2.0)

Solid tumor Reference
Intrathoracic malignancy 7.2(0.3-158) 0.21
Prior immunotherapy 2.2 (0.3-19.9) 0.48
Prior thoracic radiation 4.1(0.2-110.8) 0.40
Chemotherapy within 30 days 1.0 (0.4-2.3) 0.93
Laboratory data

White blood count 1.0 (0.9-1.1) 0.88

Hemoglobin 0.8 (0.6-1.0) 0.03

Hematocrit 0.9 (0.9-1.0) 0.02

Platelet count 1.0 (0.9-1.0) 0.28

Neutrophil count 0.9 (0.8-1.1) 0.32

Lymphocytes 1.1(0.9-1.3) 0.47

PT 1.0 (0.8-1.2) 0.84

PTT 1.0 (1.0-1.1) 0.48

Peak fibrinogen 1.0 (1.0-1.0) 0.81

Peak CRP 1.3(1.0-1.8) 0.06

Peak ESR 1.1(0.9-1.2) 0.40

Peak ferritin >1000 mg/dL 3.0(1.2-7.5) 0.02

Peak LDH >300U/L 2.1(0.8-5.1) 0.12

Peak D-dimer >1 pg/mL 2.3(0.9-5.7) 0.08
Radiographic data

CXR RSI score on admission 1.5 (1.0-2.1) 0.04

Peak CXR RSI score 1.5 (1.2-2.0) 0.003 1.5(1.1-1.9) 0.004
Clinical severity data

WHO clinical progression scale 0.11

4-5 Reference
6-9 2.5(0.8-7.3)
Charlson Comorbidity Index 1.0(0.9-1.3) 0.65

Abbreviations: CRP, C-reactive protein; CXR, Chest radiograph; ESR, erythrocyte sedimentation rate; ILA, interstitial lung abnormalities; INR, international
normalized ratio; LDH, lactate dehydrogenase; OR, odds ratio; PT, prothrombin time; PTT, partial prothrombin time; RSI, Radiographic Severity Index; WHO,

World Health Organization. Bold just indicates statistically significant.

dichotomized age (> or <60years), ferritin (< or >1000 mg/
dL), LDH (< or >300U/L), and d-dimer (< or >1 pg/mL)
because these variables did not meet the linearity as-
sumption for our models. In univariable analyses, ferri-
tin >1000 (OR 3.0, 95% confidence interval [CI], 1.2-7.5,
p=0.02), RSI score on admission (OR 1.5, 95% CI, 1.0-2.1,

p=0.04) and peak RSI (OR 1.5, 95% CI, 1.2-2.0, p=0.003)
were associated with ILAs at 3months. Intraclass cor-
relation coefficient was 0.80 for admission RSI (95% CI
0.71-0.86) and 0.82 for peak RSI (95% CI 0.76-0.87), in-
dicating good agreement between readers. Cancer type
(solid vs. hematologic) was not associated with the risk
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TABLE 5 Pattern of post-COVID-19 ILAs at 3 and 6 months
after hospital discharge in cancer patients.

3months 6months
Number of ILAs, N 65 24
Reticulation, N (%) 38 (58) 19 (79)
Consolidation 20 (30) 5(21)
Ground glass opacity 60 (92) 21 (87)
Traction bronchiectasis 27 (41) 13 (54)
Architectural distortion 12 (18) 7 (29)
Honeycombing 1(0) 1(0)
Cysts 4(6) 3(4)
Air trapping 26 (40) 9(37)

One patient found to have ILD at 6 months post-COVID-19 lacked a
matching 3-month CT scan.

for post-COVID-19 ILAs. Multivariable logistic regression
models showed that age >60years (OR 3.7, 95% CI 1.1-
11.8, p=0.03) and peak RSI (OR 1.5 per 5-point increase,
95% CI 1.1-1.9, p=0.004) associated with ILAs 3 months
after hospital discharge. A multivariable model for persis-
tent 6-month ILAs found that only higher peak RSI (OR
1.3 per 5-point increase, 95% CI 1.1-1.6; p=0.01) during
the hospital course were significantly associated with 6-
month ILA persistence (Table S3). Models including non-
cancer patients found similar results and are reported in
Table S4, and the diagnostic performances of models with
cancer patients are reported in Table S5.

3.2 | Radiologic characteristics of ILAs at
3 and 6 months after hospital discharge

Table 5 compares the prevalence of specific ILAs at 3 and
6 months after hospital discharge only in cancer patients.
Air trapping at 3 months was negatively associated persis-
tent ILA at 6 months (OR 0.3, 95% CI 0.1-0.9), but other
3-month ILAs were not associated with persistent ILAs
at 6months. Fibrotic ILAs, including reticulation, trac-
tion bronchiectasis, and architectural distortion, were
more common in those with persistent ILAs at 6 months
than those with ILAs at 3months, regardless of 6-month
status (60% at 3months vs. 88% at 6 months, p=0.01).
Honeycombing and cystic changes were rare throughout
the cohort observation period.

4 | DISCUSSION

Our study demonstrates that a substantial proportion of
cancer patients who survived to hospital discharge dur-
ing the initial waves of COVID-19 had changes consistent
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with ILAs at 3months. While most ILAs resolved by
6 months, about 25% of patients had persistent ILAs, and
these patients were more likely to have impaired gas dif-
fusion at 3months after hospital discharge and to have fi-
brotic ILAs at 6 months after hospital discharge. Severity
of SARS-CoV-2 pneumonia, as measured by peak RSI
within 28days of hospital admission predicted the pres-
ence of ILAs at 3 and 6 months after hospital discharge.
Our study suggests that cancer patients frequently develop
ILAs after SARS-CoV-2 pneumonia, and that those at risk
for persistent ILAs can potentially be identified within
the first month after SARS-CoV-2 pneumonia, setting the
stage for targeted longitudinal surveillance programs.

The primary finding of our current study is that cancer
patients had a high prevalence of ILAs at 3 and 6 months
after hospital discharge for SARS-CoV-2 pneumonia.
Cancer patients are often excluded from clinical trials
and other studies due to their active malignancy, but they
are also at high risk for developing complications from
non-cancer health conditions, such as COVID-19. Our
work reinforces that cancer patients may benefit similarly
from post-COVID-19 surveillance. In fact, the high rate of
mortality after hospital discharge in cancer patients with
COVID-19 may argue for even closer monitoring of this
high-risk group.

The high rate of post-COVID-19 ILAs confirms ob-
servations noted after the 2003 SARS pandemic, when
Antonio and associates demonstrated that 62% of the
patients with SARS-CoV pneumonia had radiologic ev-
idence of fibrosis such as parenchymal bands, traction
bronchiectasis and other lung abnormalities at a mean of
37days after hospital discharge.'® Risk factors associated
with post-SARS ILAs included older age, ICU admission,
elevated LDH, and peak opacification on chest radio-
graphs. Hui and colleagues reported that 30% of the pa-
tients who survived SARS-CoV infection in 2003 had ILAs
at 6months.” Patients with more severe disease (reflected
by a higher peak LDH level) and those that required ICU
support were more likely to have persistent ILD. The ex-
tent of post-SARS ILAs was associated with impairments
in FVC, TLC, and DLCO.

In our cohort, 70% of patients who followed up in the
clinic had abnormal interstitial lung findings at 3 months
after COVID-19 pneumonia. While most had resolution
of ILAs at 6 months, a substantial minority (26%) did not.
Older age and greater peak severity of pneumonia were
the main predictors of ILAs at 3months after discharge,
while only greater peak severity of pneumonia was asso-
ciated with persistent ILAs at 6 months after discharge.
Though peak RSI was the best marker of initial severity,
we found similar evidence that patients with 3- and 6-
month post-COVID-19 ILAs were also more likely to have
higher levels of the acute phase reactant ferritin, and had
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a higher (but not statistically significant) odds of having
a WHO severity scale of 6 or greater, indicating severe
disease, which support our conclusion that the initial
severity of SARS-CoV-2 pneumonia is the primary deter-
minant of post-COVID-19 ILAs. Though ferritin was as-
sociated with 3-month ILAs in univariable analyses, only
RSI remained significant in multivariable models, which
is likely a reflection of RSI being a more direct measure
of the initial lung injury at the time of SARS-CoV-2 infec-
tion. Our findings suggest that RSI could be incorporated
as a screening criterion for entry into a high-risk cohort
for ILA surveillance, but the accuracy and efficacy of such
an effort would need to be confirmed prospectively in fu-
ture studies.

Our findings in cancer patients are consistent with
other studies of primarily non-cancer patients. For exam-
ple, in a study of 145 patients with COVID-19, of whom
109 were hospitalized, about two-thirds had residual ILAs
at follow-up at about 100days after the initial pneumo-
nia.'® In another study of 208 patients hospitalized for
COVID-19, 64% had abnormal chest HRCT findings at
1year after hospital discharge.'” Age >50years and severe
initial illness, defined as a respiratory rate >30 breaths/
minute, oxygen saturation <93% at rest on room air, or ar-
terial partial pressure of oxygen/fraction of inspired ox-
ygen <300mmHg, were associated with post-COVID-19
ILAs. In both studies, the predominant ILAs were GGOs
and reticulations. A recent large study of 3700 individuals
with COVID-19 who were discharged from UK hospitals
found that in 255 patients with imaging at a median of
113 days after hospital discharge, nearly 80% had ILAs,>
and in 33 patients with subsequent imaging at a median
of 161days after hospital discharge, 28 (85%) continued
to demonstrate ILAs. ILAs were more common among
males, individuals aged >60years, and in those who re-
quired cardiopulmonary support such as invasive ventila-
tion. Finally, in a study of 144 patients discharged from
the hospital after SARS-CoV-2 pneumonia in China, 39%
of patients had evidence of ILAs 2years after hospital
discharge.

On the other hand, we found that the majority of pa-
tients with ILAs at 3months after hospital discharge have
resolution by 6 months after hospital discharge. Whether
this reflects differences between patients with and with-
out cancer is unclear. For example, it is possible that can-
cer patients with very severe SARS-CoV-2 are more likely
to die during the initial hospitalization, and therefore
could not contribute to the burden of ILAs months later.
Newer imaging modalities, such as photon-counting CT*!
or 129XeMRI** may be more sensitive than conventional
CT at identifying subtle ILAs. Because ILAs contribute to
the mortality in patients with cancer through an increased

risk for drug-induced pneumonitis and likely other mech-
anisms,* we suggest that the increased rate of ILAs after
COVID-19in this population may be an important finding.

The mechanisms underlying post-COVID-19 ILAs
are not well understood. Autopsy studies have shown
that severe SARS-CoV-2 pneumonia results in dense al-
veolar fibrosis®* associated with increases in the expres-
sion of pro-fibrotic factors such as transforming growth
factor beta (TGFp) and connective tissue growth factor
(CTGF) in alveolar epithelial cells.”> MUCS5B polymor-
phisms are well known to be associated with the risk
of idiopathic pulmonary fibrosis,® and in a postmor-
tem study of 21 patients who died after COVID-19, both
MUCS5B and MUCS5AC transcript levels were elevated
in the subacute and chronic disease phases, and 93% of
COVID-19 lungs suitable for distal lung studies exhibited
MUC5B-driven mucus accumulation in distal airways.?’
Interestingly, dexamethasone, which is commonly given
to treat SARS-CoV-2 pneumonia,28 diminished MUCS5B-
induced mucus accumulation in an in vitro model, but
since most patients already receive dexamethasone to
treat COVID-19, it is unclear whether administering addi-
tional upfront broad anti-inflammatory therapies would
necessarily further lower the risk for post-COVID-19
fibrosis. Additionally, familial pulmonary fibrosis is asso-
ciated with mutations that predispose to shorter telomere
lengths, such as in the telomere-related genes TERT and
TERC,®3! and recent work demonstrates that shorter
blood leukocyte telomere length is associated with ra-
diographic ILAs at 4months after COVID-19 infection.’
We found that while GGOs were the predominant ILA at
3months after hospital discharge, those with persistent
ILAs at 6 months tended to have features of fibrosis, in-
cluding reticulation and traction bronchiectasis, which is
consistent work by Han et al showing that more than half
of patients who were seen 2years after hospital discharge
for SARS-CoV-2 pneumonia had fibrotic ILAs.*® These
observations suggest that there may be shared mech-
anisms whereby SARS-CoV-2 may predispose toward
persistent ILAs. Future studies are needed to determine
whether antifibrotic therapies currently in use to treat in-
terstitial lung diseases also have a role to prevent or treat
post-COVID-19 fibrosis.

There are several limitations to our analysis. First, while
patients were systematically referred to PASC clinics after
hospital discharge, the cancer cohort included only 25%
of discharged patients, thus possibly resulting in either a
survival bias, where healthy survivors were more likely
to present to a clinic, or a bias toward more symptomatic
patients, both of which may limit generalization of our
findings. This former bias was likely to be present in the
non-cancer cohort, where patients self-referred, typically
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due to ongoing pulmonary symptoms, and therefore our
primary analyses focused on cancer patients. While we
performed secondary analyses including non-cancer pa-
tients, these must be interpreted with caution due to the
suspected selection bias with self-referral. In addition, the
limited timeframe and the lower rate of post-discharge
follow-up limited our sample size for analyses. Secondly,
about 40% of non-cancer patients did not have HRCT
during the first visit in the PASC clinic and were excluded
from this analysis. Third, while we surmise that the higher
prevalence of GGOs at 3 months post-discharge represents
transient inflammation in most patients, while the greater
prevalence of fibrotic ILAs in patients with persistent ILAs
6 months after discharge represents true fibrosis, we were
not able to directly investigate the lung pathology in these
cases. Furthermore, we did not perform genomic analyses
for mutations related to common interstitial lung diseases
or evidence for ongoing inflammation in the blood to con-
firm whether mechanisms in sporadic interstitial lung dis-
eases and post-COVID-19 ILAs were similar. Fourth, we
determined the presence of symptoms based upon a clini-
cal evaluation, but did not use a patient-reported outcome
instrument. Fifth, this work was performed during the
early period of the pandemic, but as new variants, thera-
pies and vaccinations continue to change the landscape of
COVID-19, further studies may be needed to confirm the
incidence of post-COVID-19 ILAs. In fact, recent variants
(e.g., Omicron subtypes) have shown milder initial radio-
graphic severity.*>** Nevertheless, our study is unique and
provides valuable information derived from a multidis-
ciplinary PASC clinic created in the earliest days of the
pandemic.

In conclusion, post-COVID-19 ILAs are common in
cancer patients 3 months after hospital discharge. Though
most ILAs resolve by 6 months after hospital discharge,
up to a quarter of patients have persistent ILAs, which
tend to be more fibrotic. Peak RSI during the initial SARS-
CoV-2 pneumonia and older age are strong predictors of
persistent post-COVID-19 ILAs and may allow for more
focused post-COVID-19 monitoring. As the pandemic
continues to evolve, further studies are needed to continu-
ally investigate the changing incidence of post-COVID-19
ILAs with new variants. Furthermore, there is a need to
develop evidence-based algorithms to diagnose and treat
post-COVID-19 ILAs, particularly to standardize measure-
ments of RSI and to clarify the role of antifibrotic thera-
pies. Additionally, mechanistic studies that clarify the role
of host responses and pathogen-mediated injury to the
lung may illuminate new therapeutic avenues to mitigate
post-COVID-19 ILAs. Finally, our work shows the need
to develop new paradigms for post-infectious pulmonary
surveillance in order to mitigate long-term morbidity after
serious pulmonary infections.
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