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Summary Rt

CT signs of COVID-19 pneumonia are detected in 48.4% of outpatient cancer patients and
are associated with the localization of neoplasms in the lungs, head and neck, as well as
with the presence of signs of pulmonary emphysema and coronary calcification.

Materials and methods
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Factors associated with CT signs of COVID-19 pneumonia (aPR and 95%CI?)
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Aim. To study the prevalence of pneumonia features associated with 2019 coronavirus disease (COVID-19) in cancer
patients based on chest computed tomography (CT) data using an artificial intelligence (Al) algorithm.

Materials and methods. A cross-sectional study was conducted as part of the ARILUS project. Using multitarget
Al, CT images of 1148 patients examined at the Arkhangelsk Clinical Oncology Dispensary from 01.04.2020 to
31.12.2021 were analyzed. Patients were divided into groups: without signs of pneumonia (n = 592, 51.6%) and
with signs of pneumonia (n = 556, 48.4%). In 95.3% of patients with pneumonia, the lesion volume was less than
25% (CT-1). Using multivariate Poisson regression, adjusted prevalence ratios (aPR) with 95% confidence intervals
(Cl) were calculated.

Results. For demographic characteristics such as gender, age, place of residence, no relationship with the presence
of signs of COVID-19 pneumonia was established. Topography of neoplasm is associated with the presence of
signs of COVID-19 pneumonia (reference group - cancers of the female genital organs): lung cancer - aPR 1.87;
95% Cl: 1.40-2.49; head and neck cancers — aPR 1.85; 95% Cl: 1.32-2.58; upper gastrointestinal tract - aPR 1.57;
95% Cl: 1.12-2.04; breast cancer — aPR: 1.38; 95% Cl: 1.00-1.90; p < 0.01. The presence of pulmonary emphysema
is associated with signs of COVID-19 pneumonia: aPR 1.25; 95% Cl: 1.09-1.45, p = 0.002. With an increase in the
Agatston score (AS) reflecting coronary artery calcification (reference group absence of calcification), the association
with the presence of signs of COVID-19 pneumonia increased — for AS 1-99: aPR 1.24; 95% Cl: 1.05-1.47; AS 100-
299: aPR 1.58; 95% Cl: 1.33-1.87; AS 300 and above: aPR 1.61; 95% Cl: 1.36-1.90; p < 0.001 for a linear trend.
Conclusion. Factors associated with the detection of COVID-19 pneumonia among cancer patients include the
localization of neoplasms in the lungs, head and neck organs, upper gastrointestinal tract, breast, and as well as the
presence of signs of emphysema and coronary calcification according to CT data.

Keywords: malignant neoplasms; pulmonary infiltration in COVID-19; artificial intelligence algorithm; population-
based cancer registry
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PacnpocTpaHeHHOCTb NPU3HaKOB NMHEBMOHUU, aCCOLMMPOBaAHHOM
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OpraHoB rpyAHOM K/1IETKU Y OHKONOrMYeCKUX 60/bHbIX:
uccneposaHue APUITUC
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Llenb. M3y4ntb pacnpocTpaHeHHOCTb NPU3HAKOB MHEBMOHWM, aCCOLMMPOBAHHON C KOPOHABUPYCHOW MHbEKLMeN
2019 roga (Coronavirus Disease 2019, COVID-19), y OHKONOrMYECKMX NALMEHTOB MO iaHHbIM KOMMbOTEPHO TOMO-
rpaduu (KT) opraHoB rpynHO KNETKM C MOMOLLbO anropruTMa UCKYCCTBEHHOTO MHTennekTa (MN).

Matepuanbl n meToabl. [1poBejeHO NonepeyHoe ncecneaoBaHue B pamkax npoekta APUJTAC. C noMOLLbK MybTH-
TapreTHoro M npoaHanuanpoBaHbl n306paxeHus KT 1148 nauneHToB, NPOXOAMBLUMX 06CNeA0BaHME B ApXxaHreNb-
CKOM KIMHWYECKOM OHKOMOr14yeckoM aucnaHcepe 3a nepuof ¢ 01.04.2020 no 31.12.2021. MauneHTbl pa3aeneHsi
Ha rpynnbl: 6e3 NpuaHakoB NHEBMOHWK (n = 592, 51,6%) W ¢ Npu3Hakamu nHeBMOHWW (n = 556, 48,4%). Y 95,3%
NaLMeHTOB C NHEBMOHWE 06beM nopaxeHns cocTasun MeHee 25% (KT-1). C noMoLLbto MHOrOMEPHOI perpeccum
MyaccoHa paccynTbIBany CKOPPEKTUPOBAHHbIE OTHOLLIEHNS pacnpocTpaHeHHocTel (cOP, adjusted prevalence ratio)
¢ 95% foBepuTENbHBIMY MHTEPBanamu (ON).

Pesynbratbl. [119 feMorpapuyecknx npru3aHakos: Nos, BO3PACT, MECTO XWUTENbCTBA CBSA3M C HAMYMEM MPU3HAKOB
nHeBMoHun COVID-19 He ycTaHoBMeHO. Jlokanusauus OMyxonuW accouumMpoBaHa C HajuMyMem npu3HakoB
nHeBMoHUKM COVID-19 (pedepeHTHas rpynna — onyxonu XXeHCKMX NofoBbIX OpraHoB): pak nerkoro — cOP 1,87; 95%
IW: 1,40-2,49; onyxonwu ronosbl 1 weun — cOP 1,85; 95%/M: 1,32-2,58; BepxHue 0TaeS bl XeNya04HO-KULWEYHOrO
TpakTa — cOP 1,51; 95% [AW: 1,12-2,04; pak mono4Hon xenesbl — cOP 1,38; 95% [11: 1,00-1,90; p < 0,01. Hannune
9AMMU3EMbI NETKMX aCCOLMMPOBAHO C Npu3Hakamu nHeBMoHuKM COVID-19: cOP 1,25; 95% AW: 1,09-1,45, p = 0,002.
C yBennyeHnem uHaekca AratctoHa (Agatston score, AS) kanbLMHO3a KOPOHapPHbIX apTepuil (pedepeHTHas rpynna
6e3 KanblHO3a) YBENNYNBaNACh accoUmMalLys ¢ Hannyuem npuaHakoB nHeBMoHUn COVID-19 - ans AS 1-99: cOP
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1,24;95% OW: 1,05-1,47; AS 100-299: cOP 1,58; 95% M: 1,33-1,87; AS 300 n Bbiwe: cOP 1,61; 95% AM: 1,36-1,90;
p < 0,007 ons nMHeRHoro TpeHaa.

3aknioueHne. GakTopamy, acCoLMMPOBAHHBIMU C BbIiBNEHWEM MHeBMOHMM COVID-19, ABNSOTCA NOKanmn3aums
HOBOO6PA30BaHWii B IETKOM, OpraHax rofoBbl 1 Len, BEPXHUX 0TAENaX XenyA04YHO-KMILEYHOrO TpaKTa, MOMOYHOIA
XENese, a TakxKe Hannune NPU3HaKOB AMMU3EMbI 1 KOPOHAPHOro KanbLMHO3a No AaHHbIM KT.

KnioueBble cnoBa: 310Ka4yecTBEHHbIE HOBOOOPA30BaHWS; neroyHas nHdunbTpaums npu COVID-19; anroputm mc-
KYCCTBEHHOI0 MHTE/NEKTa; NONyNALUMOHHBIA PErnCTp paka

Py6pukun MeSH:

HOBOOBPA30BAHVSA — OCJTOXHEHWSA

COVID-19 - ANATHOCTUYECKOE N30BPAXEHME

MHEBMOHNA BUPYCHAA - OMATHOCTNYECKOE M30BPAXEHNE

BOJIE3HM CONYTCTBYOWME

PYAHAA KITETKA - ANATHOCTMYECKOE M30BPAXEHWME
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YepHuHa B.10., benses M.I, Tombonesckuii B.A., BanbkoB M.H0. PacnpocTpaHeHHOCTb NpU3HAKOB MHEBMOHMK, ac-
counmpoBaHHoi ¢ nHbekumeir COVID-19, Ha KOMNbIOTEPHBLIX TOMOrpaMMax OpraHoB rpyAHOM KIETKM Y OHKO0rnYe-
CKUX 60NbHbIX: McenefoBaHne APUJINC. CeyeHoBekuin BeCTHUK. 2025; 16(2): 4-17. https://doi.org/10.47093/2218-
7332.2025.16.2.4-17
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HIGHLIGHTS

Gender, age, and place of residence are not associated with the risk of detecting signs of COVID-19 pneumonia in patients with malignant

neoplasms.

In lung, head and neck, upper gastrointestinal tract, and breast cancer, the frequency of detecting signs of COVID-19 pneumonia is 38-87%
higher compared with the reference group - tumors of the female genital organs.

The presence of pulmonary emphysema in patients with malignant neoplasms increases the risk of detecting signs of COVID-19

pneumonia by 25%.

The presence of coronary artery calcification in patients with malignant neoplasms increases the risk of detecting signs of COVID-19

pneumonia by 24-61%.

The 2019 coronavirus disease (COVID-19) pandemic
significantly affected the diagnosis and treatment of
malignant neoplasms (MN). During the pandemic, a
substantial decline in global MN incidence rates was
observed [1, 2], including in the Russian Federation
[3], primarily due to quarantine measures. Breast and
cervical cancer screening programs, along with other
cancer screenings, were suspended during the pandemic
and later gradually resumed with scheduled visit intervals
to reduce staff density and enhance infection control
protocols [4]. In the Arkhangelsk region, the decrease
in MN incidence during the COVID-19 pandemic was
largely attributed to reduced detection of early-stage
cervical, lung, and colorectal cancers [5].

Compared to other visualization methods, chest
computed tomography (CT) has one of the highest
sensitivity rates in detecting lung abnormalities
associated with COVID-19 pneumonia. CT can identify
characteristic lung changes in COVID-19 patients even
before positive laboratory test results are obtained [6].
Meanwhile, artificial intelligence (AI) algorithms enable
highly accurate detection of minimal lung changes on
CT scans in asymptomatic and mild COVID-19 cases
that do not require hospitalization. An independent
evaluation of one such algorithm, developed by IRA Labs
LLC (Moscow, Russia), demonstrated high diagnostic
performance in detecting COVID-19 pneumonia signs:
Receiver Operating Characteristic Area Under the Curve
(ROC AUCQC) - 0.98, sensitivity - 0.95, specificity - 0.94,
and accuracy - 0.94 [7].

During the COVID-19 pandemic, population-based
cancer registries (PBCRs), with their large sample sizes
and broad population coverage, were well-suited for
monitoring shifts in cancer stage distribution at initial
diagnosis and survival analysis. However, challenges
arose in determining the exact stage at diagnosis due
to delays in surgical interventions and pathological
assessments. Given that chest CT scans were frequently
performed for MN patients during outpatient visits
and hospitalizations in the COVID-19 era, signs of
pneumonia—including clinically silent cases - could
also be tracked.

The Arkhangelsk Regional and Nenets Autonomous
Okrug (NAO) Cancer Registry was established in
1998 and has maintained satisfactory completeness in
recording and tracking MN patients from initial diagnosis

to outcome since 2000. Data on deceased MN patients are
updated monthly by cross-referencing mortality records
from the Arkhangelsk Regional Medical Information
and Analytical Center with the registry database. The
registry’s completeness, accuracy, and timeliness have
undergone multiple international audits, including
within the “Cancer on Five Continents”, CONCORD,
and VENUSCANCER programs [8-10]. The registry
also contains codes for the immediate causes of death
in cancer patients, enabling the estimation of cancer-
specific survival and non-cancer mortality rates.

Study objective: to assess the prevalence of COVID-
19-associated pneumonia signs in a population-based
cohort of MN patients using Al-assisted chest CT
analysis.

MATERIALS AND METHODS

A cross-sectional study was conducted as part of
the Arkhangelsk Research on the Impact of Multitarget
Artificial Intelligence for Computed Tomography on
Reducing Non-Cancer Lethal Outcomes in Patients with
Malignant Neoplasms (ARILUS) project [11].

Data Collection

To achieve the study’s objective, all chest CT scan
series from the central medical imaging archive of the
Arkhangelsk Clinical Oncology Dispensary (ACOD)
were extracted for the period from April 1, 2020, to
December 31, 2021, corresponding to the COVID-19
pandemic.

Chest CT scans during this period were performed
for two main indications: routine diagnostic workup
and staging of MN; exclusion of viral pneumonia signs
in hospitalized patients who developed COVID-19
symptoms (atadmission, all patients were required to have
no respiratory symptoms and a negative nasopharyngeal/
oropharyngeal swab test for COVID-19). A total of
11,173 CT scans were performed during this period, of
which 3533 were conducted for healthcare workers or
private-pay patients without MN.

Selection of valid images for processing was
performed considering Al algorithm limitations,
specifically excluding cases with lung atelectasis based
on radiologists’ interpretation reports, contrast-enhanced
CT series based on DICOM tag analysis (ProtocolName
Tag 0018,1030).
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After deidentification, all valid CT series were sent
for analysis by IRA Labs LLC (Moscow, Russia) Al
system. At this stage, cases with severe motion artifacts,
slice thickness >1.5 mm and incomplete lung scanning
area were excluded. The total number of patients with
valid CT studies was 1542.

After processing all images by the AI algorithm,
they were sent via secure channel to ACOD using the
key - insurance number of individual personal account
(INTPA), and merged with the database of PBCR of
Arkhangelsk Region and NAO, extracted on 15.04.2024.
The total PBCR database contained information on
137,773 patients registered with MN diagnosis at the
data extraction date, with INIPA data available for
62,988 patients. INIPA data in PBCR of Arkhangelsk
Region and NAO have been recorded since January 1,
2021 for all newly registered patients, and during 2021
INIPA numbers were added for follow-up category
patients. For the entire registration period (01.01.2000-
15.04.2024), completeness of INIPA data was 45.7%.
Data extraction from PBCR was necessary to establish
causes of death in patients with available INIPA data.
Among patients with valid CT studies, 394 had cancer
but their INIPA data were unavailable, making outcome

Chest CT scans at ACOD form 01.04.2020 to 31.12.2021
N= 3

)

BHYTPEHHWE BOJIESHU

assessment impossible (the ARILIS study part on
outcome assessment is considered separately and will be
presented independently). Patients without INIPA data
were excluded from the study.

The final analysis included 1148 patients (Fig. 1).

The combined database for analysis included the
following variables: patient identification code, INIPA,
age at the time of CT scan, sex, type of residential locality
(urban/rural), MN diagnosis code under the International
Classification of Diseases, 10th Revision (ICD-10).
The data for all the variables for the study period were
100 per cent complete.

Al Algorithm for COVID-19-Associated

Pneumonia Diagnosis

To detect qualitative and quantitative (percentage of
lung involvement) infiltrative changes characteristic of
COVID-19viral pneumonia (classifiedas UO7 under ICD-
10) [12], we used a medical Al-based software developed
by IRA Labs LLC (Moscow, Russia): “Software for
CT Scan Analysis Using Al Technology ‘Intelligent
Radiology Assistants’”, Technical Specifications (TU):
58.29.32-001-44270315-2021, Registration Certificate
(Roszdravnadzor): No. RZN 2024/22895! (Fig. 2).

Exclusion criteria:

o | ° absence of malignancy (n = 3533)
| atelectasis (n = 124

* intravenous contrasting (n = 2106)

\ 4
Chest CT scans prepared for processing by an Al algorithm
n = 5410

A

De-identification of data, processing by Al algorithm
n=5410

Exclusion criteria:

¢ marked motor artifacts (n = 586)

o] ° theslice thickness > 1.5 mm (n = 3268)
Pl ¢ incomplete lung scan area (n = 14)

A

Valid data
n=1542

—>

PBCR of the Arkhangelsk region and the NAO from 01.01.2020 to
15.04.2024
N=137,773

-

Included in the analyses
n=1148

Data INIPA is available
n=62,988

! !

No evidence of COVID-19 COVID-19 pneumonia
pneumonia revealed
n=>592 n=>556

FIG. 1. Flowchart of the study.

Exclusion criterion:
* No INIPA data (n = 394)

Note: ACOD - Arkhangelsk Clinical Oncological Dispensary; Al - artificial intelligence; CT — computed tomography; INIPA - insurance number
of individual personal account; NAO — Nenets Autonomous Okrug; PBCR - population-based cancer registry.

! Website of the Federal Service for Surveillance in Healthcare (Roszdravnadzor). State Register of Medical Devices and Organizations
(Individual. Entrepreneurs), Engaged in the Production and Manufacturing of Medical Devices https://roszdravnadzor.gov.ru/services/misearch

(access date: 10.12.2024).

CEYEHOBCKWM BECTHUK T. 16, Ne 2, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 2, 2025 9



INTERNAL DISEASES

Y IRA LABS

FIG. 2. Processing of chest computed tomography images using multi-target artificial intelligence technology.

Note: Lung tissue lesions of COVID-19 - associated pneumonia (orange) are presented as percentages for each lung. Also highlighted are lung
nodules (red), their size and volume, fluid in the pleural cavity (yellow), its volume and densitometric density units, and vessel diameters (green).

Depending on the presence or absence of signs of
pneumonia associated with COVID-19, all patients
included in the database (n = 1148) were divided into two
groups: without signs of pneumonia (n = 592, 51.6%)
and with signs of pneumonia (n = 556, 48.4%). Notably,
in most patients in the second group - 530 (95.3%) -
the lesion volume was less than 25% (CT-1), signs of
moderate (CT-2) and moderate (CT-3) pneumonia were
found in 22 (4%) and 4 (0.7%) patients.

The Al-based software utilized in this study features
a multitarget algorithm, enabling concurrent assessment
of pulmonary emphysema, aortic and pulmonary trunk
diameters, coronary artery calcification, bone mineral
density of thoracic vertebrae (Fig. 2).

Statistical Methods

For ease of analysis and interpretation, all
variables were categorized as ordinal (age, coronary
artery calcification, bone mineral density), nominal
(ICD-10 diagnosis codes/MN groups), binomial (sex,
pulmonary emphysema, aortic aneurysm/dilation,
pulmonary trunk dilation). Frequency distribution
comparisons were performed using Pearson’s chi-
square test.

Association strength was quantified through
unadjusted (univariate) and adjusted (multivariate)
prevalence ratios (PR) with 95% confidence intervals
(CI). PR was calculated using Poisson regression (both
univariate and multivariate forms) with the standard

formula. This approach was selected over logistic
regression to avoid overestimation of effect measures
given the high prevalence of the outcome variable.
Only predictor variables showing an association
with CT-detectable pneumonia signs at significance
level (p) less than 0.15 in preliminary analyses were
retained in the final adjusted model.

The prevalence of identified cases of the
phenomenon under study among people
with a risk factor®

Prevalence ratio - -
The prevalence of identified cases of the

phenomenon under study among people
without a risk factor®

2 The presence of signs of COVID-19 pneumonia on CT was taken as
arisk factor.

The reference categories included age below 40
years, urban residence, absence of signs of pulmonary
emphysema, aortic dilation and osteoporosis, MNs of the
female genital organs (ICD-10 codes C51-58), as well as
absence of signs of coronary artery calcification. For the
rank variables, the significance level for the linear trend
was calculated by including the categories listed in the
table as continuous variables.

In all statistical procedures, the critical significance
level (p) was set at 0.05.

Statistical analysis was performed using Stata v.18
(Stata Corp., TX, USA).
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RESULTS In .the analyzed cohort, sex distribution was
approximately equal, while CT signs of pneumonia

The distribution of characteristics by study groups is o .
were detected significantly more frequently in men than

presented in Table 1.

Table 1. Characteristics of the groups

Feature Total No evidence of COVID-19 pneumonia COVID-19 pneumonia p-value
(n=1148) (n =592) (n = 556)
Sex
female 634 (55.2) 374 (63.2) 260 (46.8) 0,001
male 514 (44.8) 218 (36.8) 296 (53.2) '
Age, years
0-39 43 (3.8) 27 (4.6) 16 (2.9)
40-49 115 (10) 72 (12.2) 43(7.7)
50-59 236 (20.6) 126 (21.3) 110 (19.8) 0.002
60-69 456 (39.7) 238 (40.2) 218 (39.2) :
70-79 250 (21.8) 113 (19.1) 137 (24.6)
80 and older 48 (4.1) 16 (2.6) 32 (5.8)
Place of residence
urban 860 (74) 457 (72.5) 403 (74.9)
rural 288 (26) 135 (27.5) 153 (25.1) n-s.
ICD-10 codes, cancers
051.—58, Malignant neoplasms of female 122 (10.6) 80 (13.5) 42(7.6)
genital organs
C0-14, C30-32, Head and neck cancers 47 (4.1) 19(3.2) 28 (5.0)
C15, C16, Upper GIT cancers 140 (12.2) 60 (10.1) 80 (14.4)
C18-25, Lower GIT cancers 238(20.7) 148 (25.0) 90 (16.2)
C34, Lung cancer 185 (16.1) 55(9.3) 130 (23.4) <0.001
C43-49, Skin and soft tissues cancer 74 (6.5) 37 (6.3) 37 (6.6)
C50, Breast cancer 151(13.2) 79 (13.3) 72 (13.0)
C61, Prostate cancer 50 (4.4) 29 (4.9) 21(3.7)
C64-68, Urinary system cancers 76 (6.6) 39 (6.6) 37 (6.7)
other neoplasms 65 (5.6) 46 (7.8) 19 (3.4)
Lung emphysema
no 1064 (92.7) 574 (97.0) 490 (88.1) 0,001
revealed 84 (7.3) 18 (3.0) 66 (11.9) '
Aortal aneurism
no 1125 (98.4) 581 (98.6) 544 (98.2)
revealed 18 (1.6) 8 (1.4) 10(1.8) s
Aortal dilation
no 777 (68.0) 426 (72.3) 351 (63.4) 0.001
revealed 366 (32.0) 163 (27.7) 203 (36.6) :
Pulmonary trunk dilation
no 627 (65.8) 305 (67.8) 322 (64.0)
revealed 326 (34.2) 145 (32.2) 181 (36.0) s
Coronary artery calcification, Agatston index
0 518 (47.3) 321 (57.6) 197 (36.5)
1-99 264 (24.1) 133 (23.9) 131(24.3) 0,001
100-299 139 (12.7) 48 (8.6) 91 (16.9) '
300 and more 175 (16.0) 55 (9.9) 120 (22.3)
Osteoporosis, osteopenia
no 355 (32.3) 201 (35.5) 154 (28.8)
osteopenia 428 (38.9) 214 (37.9) 214 (40.0) <0.05
osteoporosis 317 (28.8) 150 (26.6) 167 (31.2)

Notes: Data are presented as the absolute number of patients with the symptom and the proportion in the group expressed as a percentage
(in parentheses). Pathological signs of aortic aneurysm/dilation, pulmonary trunk dilation, coronary calcification, and osteopenia were not
assessed in all CT series due to either incomplete organ visualization or algorithm limitations.

COVID-19 - Coronavirus Disease 2019; CT - computed tomography; GIT - gastrointestinal tract; ICD-10 - International Classification of
Diseases 10th Revision; n.s. - not significant.
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women. The distribution of age categories was skewed
towards older age groups in patients with COVID-19
pneumonia (Table 1).

In the study population, the most common tumor sites
were the lower gastrointestinal tract (GIT) (20.7%), lung
cancer (16.1%), breast cancer (13.2%), and upper GIT
cancer (12.2%). The frequency of pneumonia detection
varied significantly depending on cancer location:
the highest rate was observed in lung cancer patients
(70.3%), followed by head and neck malignancies
(59.6%) and upper GIT cancers (57.1%). In patients
with skin and soft tissue malignancies, the frequency of
COVID-19 pneumonia was 50%; breast cancer (47.7%),
urinary tract (48.7%), prostate cancer (42%), lower GIT
(37.8%), female genital tract (34.4%), and other sites
(29.2%) (Table 1).

Indicators of cardiovascular and pulmonary
pathology, as well as signs of osteoporosis detected
by Al-based multitarget CT analysis, were unevenly
distributed. Signs of pulmonary emphysema, aortic
dilation, presence and severity of coronary artery
calcification, and osteoporosis were more prevalent
in the group with COVID-19 pneumonia. However,
no significant differences were found between the two
groups in the distribution of aortic aneurysm/dilation and
pulmonary trunk dilation.

The results of univariate and multivariate Poisson
regression analyses are presented in Table 2.

In the unadjusted model, pneumonia sign prevalence
was significantly higher in men (by 40%) than women,
but after adjustment for other factors, gender differences
became insignificant. Prevalence of COVID-19 signs on
CT progressively increased with age (p for trend <0.001),
but intergroup differences reached statistical significance
only for age group >80 years, where COVID-19 signs
were recorded 1.8 times more frequently than in reference
group (<40 vyears). However, after including other
variables in the multivariate model, all age differences in
COVID-19 sign prevalence disappeared.

Rural residents had 13% higher prevalence of
COVID-19 signs on CT in univariate analysis, but
differences did not reach statistical significance
(»p = 0.058). The multivariate model showed no
differences between urban and rural cancer patients in
COVID-19 sign prevalence.

In the multivariate model, prevalence of COVID-19-
associated pneumonia signs was 51-87% higher in
lung cancer, head and neck tumors, and upper GIT
tumors compared to female genital tumors. It was also
significantly higher in breast cancer. For lower GIT
tumors and prostate cancer, pneumonia sign prevalence
did not differ significantly from the reference group.

Pulmonary emphysema signs were significantly
associated with COVID-19 in both univariate and
multivariate analyses. In patients with emphysema,
after adjustment for all available factors, prevalence of

COVID-19-associated pneumonia signs was 25% higher
than in those without emphysema.

Radiological signs of aortic aneurysm or dilation
were significantly associated with COVID-19 in
univariate analysis, but no independent associations
between this sign and pneumonia signs on CT were
found. Another potential predictor of increased
cardiovascular mortality - coronary artery calcification
level measured by Agatston score — was associated with
higher probability of COVID-19 pneumonia in both
univariate and multivariate models. Adjusted PRs for
pneumonia signs increased from 1.24 (95% CI 1.05-
1.47) to 1.61 (95% CI 1.36-1.90) for scores 1-99 to
2300 compared to the no-calcification reference group.
Aortic aneurysm and pulmonary trunk dilation were
associated with pneumonia signs on CT at significance
level >0.15 in univariate modeling and were not included
in the multivariate model.

Prevalence of COVID-19 signs progressively
increased with osteoporosis severity (p = 0.015 for trend)
in univariate analysis. After including other factors in the
model, PRs decreased to statistically insignificant levels.

DISCUSSION

Our study found that half of MN patients admitted
to ACOD in 2020-2021 for specialized treatment had
signs of COVID-19-associated pneumonia, with most
cases showing <25% lung involvement. We identified
independent factors associated with COVID-19
pneumonia detection: cancer topography in lungs, head/
neck, upper GIT, and breast, as well as presence of
emphysema and coronary calcification on CT.

The COVID-19 pandemic significantly impacted
cancer diagnosis and treatment organization: mortality
reached 23.4% in hospitalized patients [13], mainly
from pneumonia against 3-15-fold increased thrombosis
rates [14]. Approximately 15-30% of hospitalized
patients developed acute respiratory distress syndrome,
increasing mortality risk [15]. Lung involvement volume
on CT predicts COVID-19-associated pneumonia
mortality [16]. COVID-19-associated pneumonia can
be asymptomatic in 50% of patients [17, 18], which is
consistent with our findings.

Risk factors for severe disease include older age,
male sex and comorbidities. In our study, age and
male sex were not independent pneumonia risk factors.
However, older patients and men in general population
have higher risk of coronary vessel atherosclerosis and
emphysema - factors that showed independent effects on
pneumonia risk in our study. This highlights the need for
comprehensive risk assessment.

Our analysis showed substantially higher pneumonia
prevalence in lung, upper GIT, and head/neck cancer
patients versus cohort average. Smoking is the most
important modifiable risk factor for these MNs. While
some early studies suggested protective association
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Table 2. Association between COVID-19 pneumonia and studied characteristics

Feature cPR with 95% ClI p-value aPR with 95% CI p-value
Sex
female 1.00 (ref.) <0.007° 1.00 (ref.) ns
male 1.40 (1.25-1.58) ' 1.15(0.98-1.35) "
Age, years
0-39 1.00 (ref.) 1.00 (ref.)
40-49 1.00 (0.64-1.58) 0.87 (0.56-1.36)
50-59 1.25 (0.83-1.89) 0,001 0.86 (0.56-1.30) -
60-69 1.28 (0.86-1.92) : 0.80 (0.53-1.21) "
70-79 1.47 (0.98-2.21) 0.95 (0.63-1.45)
80 and older 1.79 (1.16-2.77) 1.09 (0.69-1.71)
Place of residence
urban 1.00 (ref.) s 1.00 (ref.) s
rural 1.13(1.00-1.29) - 1.06 (0.93-1.20) o
ICD-10 codes, cancers
C51-58, Malignant neoplasms of female genital organs 1.00 (ref.) 1.00 (ref.)
C0-14, C30-32, Head and neck cancers 1.73(1.23-2.43) 1.85(1.32-2.58)
C15, C16, Upper GIT cancers 1.66 (1.25-2.20) 1.51 (1.12-2.04)
C18-25, Lower GIT cancers 1.10 (0.82-2.47) 1.06 (0.78-1.45)
C34, Lung cancer 2.04(1.57-2.65) <0.001 1.87 (1.40-2.49) <0.001
C43-49, Skin and soft tissues cancer 1.45(1.04-2.03) ’ 1.40 (0.99-1.93) ’
C50, Breast cancer 1.39(1.03-1.86) 1.38 (1.00-1.90)
C61, Prostate cancer 1.22(0.81-1.83) 1.07 (0.70-1.63)
C64-68, Urinary system cancers 1.41(1.01-1.98) 1.39(0.98-1.98)
other neoplasms 0.85(0.54-1.33) 0.78 (0.48-1.25)
Lung emphysema
no 1.00 (ref.) <0.001 1.00 (ref.) 0.002
revealed 1.71(1.50-1.94) : 1.25 (1.09-1.45) '
Aortal dilation
no 1.00 (ref.) 0.001 1.00 (ref.) s
<VU. ..
revealed 1.23(1.09-1.38) 0.96 (0.85-1.10)
Coronary artery calcification, Agatston index
0 1.00 (ref.) 1.00 (ref.)
1-99 1.30 (1.11-1.54) .00 1.24 (1.05-1.47) 0,001
100-299 1.72(1.46-2.03) ’ 1.58 (1.33-1.87) '
300 and more 1.80 (1.55-2.09 ) 1.61(1.36-1.90)
Osteoporosis, osteopenia
no 1.00 (ref.) 1.00 (ref.)
osteopenia 1.15(1.00-1.33) 0.015° 1.11(0.95-1.27) n.s.2

osteoporosis

1.21(1.05-1.39)

1.10(0.93-1.29)

Notes: @ p for linear trend.

aPR - adjusted prevalence ratio; Cl - confidence interval; cPR - crude prevalence ratio; n.s. - not significant; Ref - reference category.

between smoking and COVID-19 severity (“smoker’s
paradox” [19]), most authors link tobacco smoking with
increased risk of symptomatic SARS-CoV-2 infection
and disease progression [20, 21]. A recent US analysis
found current tobacco smoking significantly associated
with increased hospitalization (Odds Ratio (OR) 1.72;
95% CI: 1.62-1.82; p < 0.001), ICU admission (OR

1.22; 95% CI. 1.10-1.34; p < 0.001) and all-cause
mortality (OR 1.37; 95% CI: 1.20-1.57; p < 0.001) after
adjustment [22]. Our assumption about smoking and CT
opacity probability is further supported by more frequent
pneumonia signs in men, who smoke more.

Among healthcare Al services, radiology has the
most products. Russia’s largest Al radiology project is
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the Experiment on Using Innovative Computer Vision
Technologies for Medical Image Analysis in Moscow
Healthcare System, which processed >12 million
radiological studies. In this project, IRA Labs LLC
leads the maturity matrix for comprehensive chest CT
Al by performance quality (ROC AUC) [7]. Using this
algorithm detects pneumonia signs more frequently than
unaided interpretation.

Study strengths include population-based design,
using all available CTs for analysis. PBCR data
completeness was previously validated at high
levels. For example, the mortality/incidence ratio in
Arkhangelsk Region and NAO PBCR for 2008-2017
is 0.58, comparable to Eastern European registries.
Death certificate only (DCO) rate is 4.5%, higher than
in European countries, but this can be explained by high
autopsy rates (>60% in MN patients) and, subsequently, a
high rate of accident postmortem cancers. The difference
between cases registered in PBCR during 2008-2017
and annual reports versus 5-year updated data is <3%
[10].

Reliable PBCR patient data enabled assessment of
lung infection prevalence in a representative MN patient
cohort and provided high statistical power. Another key
advantage is using objective Al-derived radiological
criteria, revealing higher viral pneumonia probability
with chronic lung (emphysema) and coronary vessel
diseases.

Study Limitations

Chest CT was used both for routine MN staging/
diagnosis and COVID-19 symptom evaluation.
Separating these streams was impossible in this design.
However, hospitalization rules during pandemic required
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baseline disease exclusion, making hospital-acquired
infection risk random and dependent only on analyzed
factors.

Correlation of CT pneumonia signs with SARS-
CoV-2 PCR results was impossible. However, during
the pandemic, other viral infections rarely caused
pneumonia [23]. Moreover, many cases with clear clinical
manifestations had initial negative nasopharyngeal
PCR, with COVID-19 later confirmed by repeat PCR or
seroconversion [24].

Incomplete INIPA data in PBCR. However, we
assume most patients undergoing chest CT during
04/2020-12/2021 were in follow-up category by 2021.
Among 1542 patients with validated CTs and Al analysis,
74.4% matched PBCR records.

The cancer registry doesn’t collect smoking data,
preventing independent assessment of this factor’s
impact on CT pneumonia sign risk.

Future Research Directions

Clinical significance of incidentally detected CT
pneumonia signs in MN patients will be assessed in
survival and cause-of-death analyses. Since age was an
independent mortality risk factor in some COVID-19
pneumonia studies [25, 26], we plan to analyze the
overall cohort survival by age.

CONCLUSION

In this analysis, half of the patients admitted to
Arkhangelsk oncology center during COVID-19
pandemic showed CT signs of pneumonia. Independent
factors associated with COVID-19 pneumonia detection
include tumor location (lung, head/neck, upper GIT,
breast) and CT signs of emphysema and coronary
calcification.

BKJIAL ABTOPOB

A.A. [lsyeHKo - pa3paboTKa KOHLENLMY MCCIIeNOBaHus, pas-
paboTKa METONOJIOTUM, aHaaM3 pPabOThI, COCTaBIE€HME YePHO-
BMKA DPYKONVICH, KPUTMUECKUI NEPeCMOTD TEKCTa, MHTepIpeTa-
IVsT pe3y/IbTaToB JCC/IENOBAHNS, OKOHYATeIbHOE YTBEPKIEeHMe
pykorcu. A.M. TI'p>knbGOBCKMII - pa3paboTKa METOAOJIOTHH,
CTaTUCTUYECKUII aHAIM3 M €ro MHTepIpeTanysi, KPUTUIeCKUI
MepecMOTp TEeKCTa, VHTEePIpeTanysl pe3y/IbTaToB UCCAeSOBaHMS.
M.A. Borganos, [I.B. Borganos, B.}O. Uepuuna — aHanmm3 paGoThl,
KPUTUYECKUI TE€PeCMOTD TEKCTa, MHTEePIIpeTauusl pe3ysibTaToB
uccnenosanys. E.A. HasapoBa - anamm3 paGoThbl, KPUTUUECKUI
[epecMOTp TEeKCTa, VHTEePIpeTalysl Pe3y/IbTaToB UCCAeSOBaHMs.
A.A. Mengo, M.T. BesnsieB — KpUTHUECKIIE TIEPECMOTP TEKCTA, VH-
TepIipeTanysl pe3yibTatoB uccienosanus. B.A. ['omb6oneBckuii,
M.IO. BanbkoB — HayuyHOe PYKOBOLACTBO, pa3paboTKa KOHLIEMINU
UCCIIeNOBaHMsI, Pa3BUTHE METOROIOT VM, KDUTUIECKUI IEPECMOT]
TEKCTa, MHTePIIpeTalys pe3y/IbTaToB MCCIenoBaHysl. Bce aBTOpBI
YTBEepPOWIN OKOHYATEeIbHYIO BEPCHUIO CTAaThI.
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