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ABSTRACT

BACKGROUND: Chest computed tomography (CT) is the main modality used to diagnose lung lesions caused by COVID-19 infection. Since
2020, the use of this modality in the Krasnoyarsk krai has increased. However, the incidence of lung cancer decreased by 5.2%. The current
situation has raised concerns about missing radiographic signs typical of lung cancer and has stimulated the search for new diagnostic
modalities using artificial intelligence (Al) for data analysis.

AIM: The aim of the study was to evaluate the feasibility of using an Al algorithm to search for lung nodules based on chest CT data obtained
during the COVID-19 pandemic to identify lung cancer.

MATERIALS AND METHODS: The retrospective study included chest CT scans of patients from Krasnoyarsk krai diagnosed with COVID-19
reported in the PACS base between 1 November 2020 and 28 February 2021. The interval between chest CT and Al analysis ranged from
two years and one month to two years and five months. Chest-IRA algorithm was used. Al detected lung nodules with a volume greater than
100 mm?. The radiologists divided the results into three groups based on the potential for lung cancer. The assessment of the economic
benefits of using the Al algorithm considered the cost of wages and savings in the treatment of early-stage lung cancer, which affects gross
regional product.

RESULTS: The Al algorithm identified nodules in 484 out of 10,500 CT scans. A total of 192 patients with a high potential for lung cancer,
103 with no signs and 60 with inconclusive signs were identified, and 112 patients with a high and moderate potential for lung cancer did not
seek medical care. Al confirmed 100 (28.2%) histologically proven cases of lung cancer, with stages |-l detected in 35%.

Using Al instead of radiologists would save 25 months and 4 days of work, which is equal to 2 million 430 thousand rubles. Expected budget
savings due to early detection of lung cancer vary from 10 million 600 thousand to 12 million 500 thousand rubles for each 10,500 CTs.
The total economic effect for a five-year period would be from 259 million 400 thousand rubles to 305 million 100 thousand rubles.
CONCLUSION: The use of Al to evaluate chest CT scans demonstrates high performance in identifying lung nodules, including those
in patients with COVID-19, confirming its potential use for early detection of incidental lung nodules that might otherwise be missed.

Keywords: lung cancer; computed tomography; artificial intelligence; chest; health economics; performance evaluation.

To cite this article:

Zukov RA, Safontsev IP, Klimenok MP, Zabrodskaya TE, Merkulova NA, Chernina VYu, Belyaev MG, Goncharov MYu, Omelyanovskiy VV, Ulianova
KA, Soboleva EA, Blokhina ME, Nalivkina EA, Gombolevskiy VA. Detecting new lung cancer cases using artificial intelligence: clinical and economic
evaluation of a retrospective analysis of computed tomography scans 2 years after the COVID-19 pandemic. Digital Diagnostics. 2024;5(4):725-739.
DOI: https://doi.org/10.17816/DD630885

Received: 25.04.2024 Accepted: 25.08.2024 Published online: 05.11.2024
V-2
ECOCVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2024

725


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://doi.org/10.17816/DD630885
https://doi.org/10.17816/DD630885

726

OPUTVIHATTBHBIE MCCITE JOBAHIA Tom 5, Ne 4, 2024 Digital Diagnostics

DOI: https://doi.org/10.17816/DD630885

BoisBNeHMe HOBbLIX C/lyyaeB paKa NIErKoro ¢ NOMOLLbIO
MCKYCCTBEHHOr0 MHTENIeKTa: KNUHUYeCKas

M 3KOHOMMWYeCKas OL,eHKa peTpocrneKTUBHOr0 aHanusa
pesynbTaToB KOMNbIOTEpHOW ToMorpadumu yepes 2 roaa
nocne naHgemMuu COVID-19
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AHHOTALMA

06o0cHoBaHue. KoMnbioTepHas ToMorpadms opraHoB rPyAHON KNETKU — OCHOBHOM METO[, AMarHOCTUKM W3MEHEHWI NEroYHOi TKaHM,
BbI3BaHHbIX MHPeKumeit COVID-19. Tak, ¢ 2020 roaa B KpacHosipckoM Kpae yBenMumMach 4actoTa NpUMeHeHUs AaHHOTO UCCNef0BaHuA.
TeM He MeHee 3ab0/1eBaeMOCTb PaKoM NETKOr0 CHU3UNAch Ha 5,2%. CnoxwuBLUAACA CUTYaLMUs BbI3BaNa ONaceHust B OTHOLLEHUM MpoMycKa
PEHTTEHONOTMYECKUX U3MEHEHWIA, XapaKTepHbIX A paKa JIErkoro, U CTUMyNMpoBana NoMUCK HOBbIX AWarHOCTUYECKUX METOL0B, BKITHOYas
MCKYCCTBEHHBIA UHTENNEKT ANS aHann3a aHHbIX.

Llenb — oueHKa BO3MOXHOCTU UCMONb30BaHWA anropUTMa WUCKYCCTBEHHOrO WHTEN/EKTa, HanpaBNeHHOro Ha MOMCK NErOYHbIX Y308
Mo JaHHbIM KOMMbIOTEPHOW ToMorpadui OpraHoB rPyAHOM KIETKM, NonydYeHHbIM B nepuog, naHpemmu COVID-19, ons BbisBneHus paka
nérkoro.

Matepuanbl u MeToabl. B petpocnekTuBHOE MccneoBaHWe BOLLNM pesyNbTaTbl KOMMBIOTEPHOM TOMOrpaduu opraHoB rpyAHOI KieTky
nauveHToB 3 KpacHospckoro Kpas ¢ guarHosom COVID-19 u3 PACS-apxusa, BbinonHeHHble B nepuog ¢ 01.11.2020 no 28.02.2021.
WHTepBan BpeMeHW Mexay NpoBeAEHHBIMW KOMMbIOTEPHBIMKU TOMOrpadusaMM U NPUMEHEHNEM anrOPUTMa UCKYCCTBEHHOMO WMHTENNEKTA
COCTaBWN OT [BYX JIET M OZHOM0 MecsLa A0 ABYX JIET U NsTM MecsleB. Mcnonb3oBanu anroputM UcKyccTBeHHoro uHTennekTa Chest-IRA.
OH BbISBNAN NErOYHble Y3kl 06bEMOM Gonee 100 MM®. PeHTreHonorv pasnenunu pesynbTaTbl Ha TpU rpynnbl B 3aBUCMMOCTY OT BEpOAT-
HOCTM paKa nérkoro. OLeHKa 3KOHOMUYECKOi BbIrofbl MPUMEHEHUS anropuTMa YuYuUTbIBaNa 3aTpathl Ha 3apaboTHylo NiaTy M 3KOHOMMIO
Ha NIeYeHUM paHHUX CTafUiA paKa NIErKOro, BAUAIOLLYI0 Ha BaNOBOW PErvOHaNbHBIA NPOLYKT.

Pesynbtarbl. 113 10 500 pe3ynbTaTtoB KOMMLIOTEPHOW TOMOTPaduu, anropuT™ UCKYCCTBEHHOTO UHTEJNEKTa BbISBI Y310Bble 06pa3oBaHmus
B 484 cnyyasx. OnpepeneHbl 192 naumeHTa ¢ BbICOKOM BEPOATHOCTLHO paka Niérkoro, 103 — 6e3 npusHakoB n 60 — ¢ HeybeauTenbHbIMM
npusHakamu. 112 naumeHTOB € BbICOKOI M CpeAHeN BEPOATHOCTBIO paKa NIErkoro He obpaluanicb 3a Me[ULMHCKOM noMoLubio. [pume-
HeHWe MCKYCCTBEHHOro MHTenneKTa no3sonmno nogreepauts 100 (28,2%) ructonormyecku BepuMUMPOBAHHBIX Clly4aeB paKa JIErKoro,
npu 31oM |-Il ctapus BbisiBneHa B 35%.

Mcnonb3oBaHMe MCKYCCTBEHHOTO MHTENEKTa BMECTO PEHTTEHONOroB CIKOHOMMNO bl 25 Mec. u 4 gHa pabotel — 2 430 Thic. pybnei.
OxmnpaeMas sKoHOMMA bLoLKeETa B CBA3M C BbISBNEHWEM paKa JIErKoro Ha paHHen ctaguu Bapbupyet ot 10 600 Toic. go 12 500 Thic. pybnen
Ha kaxaple 10 500 koMnbloTepHbIX ToMorpaduit. 06LmMiA 3KoHOMUYecKUI 3ddeKT 3a NaTb ieT — ot 259 400 Teic. Ao 305 100 Thic. pybne.
3aknioyeHue. Vcnonb3oBaHWe MCKYCCTBEHHOTO MHTENNEKTa AN aHanM3a pe3ynbTaToB KOMMbIOTEPHONM ToMorpadumu opraHoB rpyn-
HO KNETKU [eMOHCTPUPYET BbICOKYI0 3QPEKTUBHOCTL B OTHOLLEHWM BbISBNIEHWS Y3N10BbIX 00pa30BaHUN NETKKX, B TOM umuciie Ha doHe
COVID-19, uyTo nopTBEPKAAET MEPCMEKTMBLI €ro0 NPUMEHEHNA [N paHHero 0BHapyXeHus CydyaiHbIX NEroYHbIX Y3N10B, KOTOPblE MOr-
N Bbl BbITb NPONYLLEHBI.

KnioyeBble cnoBa: pak NErKOro; KOMnbloTepHas TOMorpadus; UCKYCCTBEHHBIA MHTENEKT; FPyLHas KNeTKa; 3KOHOMUKa 34paBooXpa-
HeHuS; oLeHKa 3QHEKTUBHOCTH.
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BACKGROUND

Lung cancer is one of the cancers with the highest global
prevalence and mortality rates. An estimated 2.2 million cases
of lung cancer and 1.8 million deaths from this condition are
reported each year [1]. The standardized lung cancer incidence
in Russia is 20.8 cases per 100,000 population, with a 2.7%
increase since 2020 [2]. Lung cancer rates across several Russian
regions, notably the Krasnoyarsk Krai, are concerning. It ranks
third among all malignancies reported in the Krasnoyarsk Krai,
with breast and skin cancer being the most prevalent.

The number of chest computed tomography (CTs)
in the Krasnoyarsk Krai has increased significantly
since 2020 due to the COVID-19 pandemic (36,577 in 2019 vs.
236,234 in 2021). However, the lung cancer prevalence in this
region declined by a mere 5.2% in comparison to 2019.

One potential reason is undiagnosed pulmonary nodular
lesions brought on by alterations typical of COVID-19-associated
pneumonia. This necessitates the search for novel diagnostic
tools to enhance the effectiveness of lung cancer detection.
Artificial intelligence (Al) is one such instrument that can serve
as the primary component of hybrid diagnostics in lung cancer.
During the first stage, the Al systems execute the initial screening
of the CT findings; during the second stage, the Al-selected
images are reviewed by specialist physicians to reach a final
decision. Thus, in 2022, the population of Krasnoyarsk Krai
participated in the pilot project “Retrospective Analysis of Chest
CT Findings Using the Chest-IRA Al Algorithm by IRA-Labs.”

AIM: To evaluate the effectiveness of an Al algorithm
for lung nodule detection based on chest CT findings acquired
during the COVID-19 pandemic to detect lung cancer.

MATERIALS AND METHODS
Study design

This was an observational, single-center, retrospective,
cross-sectional, single-arm study. The study design
is illustrated in Fig. 1.
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484 ¢ Chest CT findings where Al detected lung nodules
355 & Chest CT findings reevaluated by experts
Chest CT scans with true positive Al algorithm
252 ¢ findings
159 & Alive (as of January 9, 2023)
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Eligibility criteria
The study sample was established based on the inclusion

and exclusion criteria.
Inclusion criteria:

« Chest CT findings for patients from the Krasnoyarsk Krai
PACS, both male and female;

o Chest CT performed without intravenous contrast
for COVID-19, with the findings being interpreted
by radiologists between November 1, 2020, and February 28,
2021;

 Age of patients >18 years;

 Chest CT scans are available in the DICOM file format.
Exclusion criteria:

+ Available chest CT scans are in the non-DICOM file format;

« False-positive Al findings;

+ (T slice thickness >1.5 mm;

+ Incomplete chest CT findings;

« Significant motion artifacts;

 Recovery of anonymized patient data are unfeasible.

Study setting

Chest CT scans were conducted at the Krasnoyarsk
Regional Clinical Oncological Dispensary (named
after A.l. Kryzhanovsky).

Study duration

The study employed chest CT results collected
between November 1, 2020, and February 28, 2021.
The interval between chest CT and Al analysis varied
from two years and one month to two years and five months.
The specialists evaluated the results between December 5,
2022, and January 9, 2023.

Intervention

The Toshiba Aquilion 64, GE Revolution EVO, and GE
Healthcare Revolution Discovery CT scanners were used
for conducting chest CT scans in accordance with the standard

10016 Chest CT findings where Al detected no lung nodules
129 Excluded due to de-anonymization errors
Excluded by experts due to false-positive
103 : s
Al algorithm activation
92 Deceased
95 Case follow-up for MN
26 Written refusal or failure to show up

Fig. 1. Study design. CT, computed tomography; Al, artificial intelligence; MN, malignant neoplasm; C34, malignant neoplasm
of the bronchus and lung according to the International Classification of Diseases, 10th revision.

DAl https://doi.org/1017816/DD630885




ORIGINAL STUDY ARTICLES

protocol: X-ray tube voltage 120 kV with automated tube
voltage selection; rotation time 0.50 s; pitch 0.938; slice
thickness 1 mm.

AlL CT findings included in the study were processed using
the Chest-IRA Al algorithm (LungNodules-IRA, v4.0). This
algorithm was validated using a dedicated calibration dataset
obtained in the Moscow Experiment [3]. The Chest-IRA algorithm
was approved for use in compliance with the rules for clinical
trials involving Al-based software because it exceeded
the accuracy threshold of at least an ROC AUC of 0.81 [4].
The parameters of the Chest-IRA algorithm are as follows: ROC
AUC 0.96; sensitivity 0.94; specificity 0.94; and accuracy 0.94 [3].

The Chest-IRA algorithm is based on two neural networks.
The semantic segmentation of lung lesions and nodules
is carried out by the first neural network (N1). N1 was
trained using the publicly available LIDC-IDRI dataset [5],
which includes chest CT findings for 1,018 patients, with lung
nodule labeling using binary masks. N1 creates a binary
mask for an input image. The mask is divided into connected
components; some correspond to lung nodules and lesions,
while others are false positives. The second neural network
(N2) classifies the connected components as true positives
or false positives to lower the false-positive rate. N2 was
trained using a dataset of 2,351 chest CT findings. Open data
were labeled based on the coordinates of various N1 findings
and classification labels.

The IRA-Labs algorithm is the first differential diagnosis
algorithm based on medical sorting of chest CT results.
It uses the following classification: histologically confirmed
lung cancer, bacterial pneumonia, COVID-19-associated
pneumonia, or no abnormalities [6].

The Chest-IRA algorithm (LungNodules-IRA, v4.0)
examined the obtained images; when lung nodules
of >100 mm® were detected, the algorithm provided their
location, size, and volume. Calcifications were eliminated
from the algorithm’s classification of nodular lesions.
The algorithm had the following limitations:

« Chest CT findings had to include at least one series of lung
images with axial slices;
« The spacing between slices in a series had to be consistent

(for >95% of slices) and not exceed 3 mm;

« Aseries had to cover an area greater than 192 x 192 x 96 mm.

Main study outcome

The study’s null hypothesis was that the Al algorithm
does not substantially enhance early lung cancer detection
when compared to the conventional interpretation of CT
findings by radiologists.

The effectiveness of the Al algorithm in detecting lung
cancer was the study’s endpoint. The efficacy of the algorithm
was determined employing the following parameters:

« Number of lung cancer cases detected using the Al
algorithm;

» Proportion of early-stage (I-Il) lung cancer cases
detected;

Vol. 5 (4) 2024
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Sensitivity and specificity of the Al algorithm in identifying

lung nodules;

« False-positive rate of the Al algorithm;

« Comparative analysis of the interpretation of CT findings
by the Al algorithm and radiologists.

These parameters might be regarded as surrogate
endpoints since they indirectly represent the potential
impact of Al on the main objective: lowered lung cancer
mortality. The true endpoint in this case was lung cancer
mortality; however, its assessment necessitates long-term
monitoring.

Additional study outcomes

To calculate the Al algorithm’s economic impact, labor
expenses were evaluated while accounting for the average
income of radiologists in the Krasnoyarsk Krai. Moreover,
the cost-effectiveness of treating patients with early-stage
versus advanced lung cancer was assessed [7, 8.
The economic impact was also analyzed in terms of the life
years gained and their potential contribution to the gross
regional product.

Outcomes registration

Chest CT findings deemed abnormal according to the Al
algorithm were reviewed once by one of the four radiologists
at the Krasnoyarsk Regional Clinical Oncological Dispensary
(named after A.l. Kryzhanovsky) with over ten years
of experience in thoracic radiology.

Subgroup analysis

During the analysis of the CT scans, the patients were
divided into three groups:

+ Group 1 included patients with a high probability of lung
cancer (images with signs of lung tumors);
« Group 2 included patients with no signs of lung cancer

(false-positive algorithm activation);
 Group 3 included patients with inconclusive signs of lung

cancer.

Patients in group 1 exhibited solid lung nodules
with a diameter of =6 mm and >5 nodules with benign
signs [7]. Benign tumor indicators included areas of ground-
glass opacity with a diameter of <6 mm, perifissural nodules,
and benign calcification. Patients whose examination findings
did not meet these criteria were placed in group 3.

Each patient's medical records were reviewed
to determine the accuracy of the Al algorithm and the need
for further examinations in patients with aberrant findings.

Ethical review

The study was approved by the local ethics committee
of the Krasnoyarsk Regional Clinical Oncological Dispensary
(named after A.l. Kryzhanovsky) (source: Meeting Minutes
No. 48/1 of February 9, 2023). Since the study employed
anonymized patient data, it was in accordance with all
applicable legal standards for personal data and medical
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privacy. Each study group was allocated a unique encryption
key, allowing for the subsequent identification of patients
requiring additional examinations (patients with lung
cancer signs) in a cancer center. Data were anonymized
and forwarded to the IRA-Labs platform.

Statistical analysis

Sample calculation principles. A sensitivity evaluation
with the lower bound of the 95% Cl of at least 85%
and an expected sensitivity of 95% required approximately
93 positive cases. A specificity assessment with the same
accuracy and an expected sensitivity of 95% required
approximately 93 negative cases. Given that the incidence
of suspicious cases is 4.6%, a sample size of approximately
2,022 CT examinations was shown to be adequate
for identifying 93 positive cases (93/0.046). Thus, the minimal
recommended sample size in this study was determined
to be 2,022 CT examinations. However, the study employed
a substantially larger sample of 10,500 CT examinations,
which enhances the statistical power and accuracy
of the results.

Statistical analysis methods. Descriptive statistics
(calculating absolute and relative frequencies for categorical
variables) were used to assess the primary study data. For
continuous data, ranges were computed; for time intervals,
the median and ranges were ascertained. The economic
analysis included the following: man-hours and labor expenses
in rubles, treatment cost savings, potential contribution
to the gross regional product, and a comparative analysis
of early lung cancer detection rates in the Krasnoyarsk Krai
and Russia. Thus, the study mostly employed descriptive
statistics and economic analytical techniques.
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RESULTS

Participants

The study analyzed 10,500 chest CT data from patients
residing in the Krasnoyarsk Krai PACS (56% male, 44%
female; ages 28-91 years) (Fig. 1).

Primary results

The Al algorithm identified lung cancer signs in 484 images
(4.6% of cases). The results of 129 CT examinations (26.6%)
were excluded from the study due to de-anonymization errors.

Radiologists categorized the 355 Al-selected photos
into three groups (Fig. 2):

« Group 1 comprised patients with a high probability
of lung cancer (192 images; 39.7% of the images selected
by Al [1.83% of all examinations]);

« Group 2 consisted of patients with no signs of lung cancer
(103 images; 21.3% of the images selected by Al [0.98%
of all examinations]);

» Group 3 included patients with inconclusive signs
of lung cancer (60 images; 12.4% of the images selected
by Al [0.57% of all examinations]).

Fig. 3 and Fig. 4 illustrate the Al algorithm findings.

As of September 1, 2023, among the 252 patients
in groups 1 and 3:

93 patients had succumbed by the time of the analysis:
— 52 patients were being monitored for malignant

neoplasms at the time of the study (lungs, bronchi,
and other locations with lung metastases);

— 11 patients with no lung metastases were being

followed up for other malignant neoplasms;

— 30 patients were not being monitored for cancer;

[ Total: 10,500 chest CT findings ]

484 chest CT findings (4.6% of the total number):
lung cancer signs detected by the Al algorithm

252 images (2.4%):
lung cancer signs

159 patients (1.5%):
alive

no lung cancer signs

103 images (0.98%): 129 images (1.23%):
de-anonymization error

93 patients (0.88%):
deceased

55 patients (0.52%):
case follow-up for MN
at the KRCOD

L to the KRCOD for MN

I 104 patients (0.99%):
did not present

30 patients ( 0 29%) ] 63 patients (0.6%):
did not present case follow-up for MN
to the KRCOD for MN J at the KRCOD

lung metastases other MNs

9 patients (0.08%): i 0
[MN of bronchus and lungyJ [ SIEEIEEESY, }

MN without lung

11 patients (0.1%):
metastases

lung metastases

52 patients (0.49%):
MN of bronchus and lung,

Fig. 2. Analysis of chest computed tomography findings employing artificial intelligence CT, computed tomography; Al artificial
intelligence; KRCOD, Krasnoyarsk Regional Clinical Oncological Dispensary (named after A.l. Kryzhanovsky); MN, malignant neoplasm.
The red dashed line indicates that 134 people did not seek medical attention for malignant neoplasms.
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« 159 patients were alive:

— 46 patients were being followed up for malignant
neoplasms at the time of the study (lungs, bronchi,
and other locations with lung metastases);

- 9 patients were being observed for other malignant
neoplasms without lung metastases;

— 10 patients experienced stage I-Il lung cancer, while
seven patients exhibited stage IlI-IV lung cancer.

» A total of 104 patients who had not sought medical
care for malignant neoplasms were invited
for a follow-up chest CT:

— Nine patients submitted a formal refusal of further
testing and treatment;

— 17 patients did not show up for a follow-up examination;

— A total of 78 patients were examined, and the diagnosis
was histologically verified: two patients exhibited

% For research use only
IRA-LABS, LungNodules-IRA v4.0

A 31 x 26 mm nodule (mean size according to Fleischner Society
criteria: 29 mm) with a volume of 8,792 mm? in the left lung.

Fig. 3. Left lung nodule detected by artificial intelligence.
The detected nodule is marked by the red square.
Image with a high probability of lung cancer.

% For research use only
IRA-LABS, Lung Nodules-IRA
A 13 x 11 mm nodule (mean size according to Fleischner Society
criteria: 12 mm) with a volume of 920 mm? in the right lung. |
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stage la and Ib lung cancer (Fig. 5), while 76 patients
experienced other pulmonary diseases (Table 1).

Thus, lung cancer was confirmed in 100 out of 355 patients
(28.2%) selected using the Al algorithm.

Thirty-five percent of lung cancer cases were detected
at stages I-Il, while 65% were identified at stages IlI-IV.
The lung cancer lesions in all the identified patients were
histologically confirmed and analyzed based on the diagnostic
date. During the seven years of follow-up prior to the use of Al,
90 lung cancer cases (90%) were identified; the remaining
patients underwent a chest CT to assess treatment efficacy.
In 50% of patients (n = 50), lung cancer was detected
in the interval between the CT examination performed in this
study and the use of Al, provided that this period was 762—
881 days. Newly diagnosed lung cancer cases were identified
in this study as those found following the application of Al.

The analysis of the CT findings, based on which
the patients were included in group 2, revealed that the Al
algorithm identified the following (Fig. 6):
 Fibrotic changes in the lung tissue in most cases

(71 patients; 68.9%);

« Infiltration regions (14 patients; 13.6%);
« Hamartomas (11 patients; 10.7%);
+ Lung tissue vessels (3 images).

Radiologists identified intrapulmonary lymph nodes (1.0%)
and tuberculomas (1.0%) in a few isolated cases based
on the results of the Al system.

The Al algorithm also detected other lung diseases.

Secondary results

Economic efficiency assessment

It is crucial to evaluate both the clinical efficacy
of the experiment and the economic impact of the Al
algorithm.

% For research use only
IRA-LABS, Lung Nodules-IRA

A 13 x 8 mm nodule (mean size according to Fleischner Society criteria:
[ 11 mm) with a volume of 449 mm? in the left lung.

Fig. 4. Nodules in the right (a) and left (b) lungs detected by artificial intelligence. The detected nodules are marked by the red square.

Images with inconclusive signs of lung cancer.
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]

Fig. 5. Chest computed tomography findings in patients with confirmed lung cancer (blue arrows). a, cystic and solid mass in the left lung
(stage la); b, solid mass in the right lung (stage Ib).

Table 1. Distribution of the lung lesions identified during a follow-up examination

Abnormal Number of patients
Pulmonary hamartoma 17
Lung nodules 13
Post-inflammatory changes in the lungs 12
Tuberculoma 7
Benign neoplasm of the bronchus and lung 4
Sarcoidosis 3
Post-operative changes in the lungs 2
Pulmonary cyst 2
Fibrotic changes in the lungs 1
Chronic obstructive pulmonary disease 1
Pneumosclerosis 1
Other interstitial lung diseases with mention of fibrosis 1
Normal 12

Note. Patients diagnosed with benign neoplasm of the bronchus and lung: surgical treatment (2 patients) and consultation (2 patients) at the Krasnoyarsk
Regional Clinical Oncological Dispensary named after A.l. Kryzhanovsky; a patient diagnosed with other interstitial lung disease with mention of fibrosis:
surgical treatment in a cancer center (St. Petersburg).

% For research use only % For research use only

IRA-LABS, LungNodules-IRA IRA-LABS, Lung Nodules-IRA
A 17 x 10 mm nodule (mean size according to Fleischner Society
criteria: 14 mm) with a volume of 1,095 mm® in the right lung.

A 9 x7 mm nodule (mean size according to Fleischner Society
criteria: 8 mm) with a volume of 327 mm? in the right lung.

Fig. 6. Examples of the most common cases of false-positive artificial intelligence algorithm activation. g, fibrotic changes classified
as a lung nodule; b, lung tissue infiltration area classified as a lung nodule.
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The average pay of 96,900 rubles for radiologists
in the Krasnoyarsk Krai was used to calculate potential
labor costs (Table 2). A radiologist processes approximately
400 CT results per month (20 examinations per day). An initial
sample of 10,500 images would therefore take a radiologist
26 months and 25 days to analyze, whereas the Al algorithm
independently assessed 10,016 examinations, saving
25 months and 4 days of work. For this scope of work,
a healthcare facility would need to spend 2,430 thousand
rubles (which is equivalent to $27421 or ¥196,830) on salary,
excluding taxes and other payments.

Another method for assessing the effectiveness of the Al
algorithms is based on the cancer treatment cost savings.
Based on data from the Krasnoyarsk Regional Clinical
Oncological Dispensary [named after A.l. Kryzhanovsky],
at 2023 prices, the average cost of treating stage I-Il lung
cancer is 352 thousand rubles ($3,872 or ¥28,512) per patient.
This means that the total cost of treatment for 35 patients
in the early stages of the disease will be 12,350 thousand
rubles ($135,811 or ¥1,066,000) (Table 3). Assuming
an average treatment cost of 587 thousand rubles ($6,465
or ¥47,606), patients with advanced lung cancer will incur
treatment costs of 20,570 thousand rubles ($226,278 or
¥1,666,229). Thus, the anticipated direct regional budget

Vol. 5 (4) 2024
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savings resulting from the detection of patients with early
lung cancer will be 8,220,000 rubles ($90,466 or ¥666,162)
per 10,500 patients undergoing a chest CT.

Another commonly used method for assessing
the economic impact is based on the life years gained
and their potential contribution to the gross regional
product. Patients with early-stage lung cancer who receive
timely detection have a 90% 5-year survival rate. Thus,
157 years and 5 days of life can be saved for 35 patients.
According to data from the Federal State Statistics Service
for the Krasnoyarsk Krai, the financial equivalent of the life
years saved can be estimated at 173,250 thousand rubles
($1,905,750 or ¥14,033,250) if the gross regional product
is calculated to be 1,100 thousand rubles (Table 4).

Furthermore, as the implications of early cancer detection
with Al algorithms are noted concurrently, calculated
effects can be summed together. These include healthcare
professional time and salary savings, reduced treatment
costs, and a potential contribution to the gross regional
product owing to enhanced five-year survival rates. Thus,
the overall cost can be expected to be 183,009 thousand
rubles ($2,022,907 or ¥14,895,949) for 35 identified patients
with early lung cancer per 10,500 chest CT examinations
over 5 years.

Table 2. Comparison of the financial effects on two analysis models for chest computed tomography scan results

Parameters Model 1 Model 2

Baseline number of chest computed tomography findings 10,500
Number of chest computed tomography findings excluded from reassessment by 0 10.016
aradiologist '
Number of chest computed tomography findings reassessed by a radiologist 10,500 484
Time required to reassess chest computed tomography findings 26 months
(400 computed tomography scans per month) and 25 days I month and 21 days

. 2,543,625 rubles 117,249 rubles
Cost of reassessment by a physician (monthly salary: 96,900 rubles) (627980 or ¥206.033)  ($1.290 or ¥9497)
Physician time savings 0 months 25 months and 4 days
Financial savings (employing artificial intelligence without payment) 0 rubles ($22 6;462960’ 3;7ré¥r;]9%l%s3 6)

Note. Model 1: all computed tomography findings were evaluated by a radiologist. Model 2 (two-stage analysis): all computed tomography findings
were assessed by the artificial intelligence algorithm; subsequently, a radiologist reassessed images with lung cancer signs.

Table 3. Estimated financial effect of lowered treatment costs in patients with advanced lung cancer attained by implementing

the artificial intelligence algorithm

Parameters

Treatment costs in all
patients identified at early
stages (n = 35)

Treatment costs per patient

Treatment costs in patients with stage Ill-IV lung cancer (combination

therapy: surgical treatment + chemoradiotherapy, excluding
immunotherapy costs)

Treatment costs in patients with stage I-Il lung cancer

Economic efficiency of mitigated treatment costs in patients with
advanced lung cancer (excluding immunotherapy costs)

587735 rubles 20,570,725 rubles
($6,465 or ¥47,606) ($226,278 or ¥1,666,229)
352,757 rubles 12,346,495 rubles
($3,880 or ¥28,573) ($135,811 or ¥908,659)
234,978 rubles 8,224,230 rubles
($2,585 or ¥19,033) ($90,466 or ¥666,162)
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Table 4. Cumulative financial effect of artificial intelligence in reassessing computed tomography results to detect lung cancer signs

Parameters

Project savings

Radiologist salary savings

Reduced treatment costs in patients with advanced lung cancer
(35 patients with early stages)

Economic impact over five years, taking into account the estimated
gross regional product per life years saved

Cumulative economic impact over one year

Cumulative economic impact over five years, considering
the life years saved

2,426,376 rubles ($26,690 or ¥196,536)

8,224,230 rubles ($90,466 or ¥666,162)

173,250,000 rubles ($1,905,750 or ¥14,033,250)
10,650,606 rubles ($11,157 or ¥862,699)

183,900,606 rubles ($2,022,907 or ¥14,895,949)

DISCUSSION

Summary of the primary results

During a retrospective analysis of chest CT findings
using the Al algorithm, 355 cases were selected
from 10,500 processed images for reanalysis by experts
of the Krasnoyarsk Regional Clinical Oncological Dispensary
(named after A.l. Kryzhanovsky). Based on the chest CT changes,
252 patients (2.4%) were included in groups 1 and 3. There
were 35 patients with stage I-Il lung cancer and 65 patients
with stage lll-IV lung cancer. The expected direct regional
budget savings resulting from the detection of patients
with early lung cancer was estimated to be 8,220,000 rubles
(890,466 or ¥666,162) per 10,500 patients undergoing a CT
scan.

Discussion of the primary results

In most patients, the Chest-IRA Al algorithm reliably
diagnosed lung nodules with a high or moderate probability
of lung cancer secondary to COVID-19-associated
inflammatory alterations. These data support the efficacy
of the hybrid retrospective assessment of chest CT findings.
Notably, the average proportion of detected early lung cancer
cases (stages I-Il) in Russia does not exceed 30% [9]. This
is partly due to the inadequate efficacy of photofluorography
conducted during medical check-ups in adults in terms
of early lung cancer diagnosis. Detecting neoplasms larger
than 1 cm, even with modern X-ray technologies, demands
skilled radiologists and patient-specific examination
of risk factors, such as family history, occupational factors,
and infectious or chronic diseases. Thus, X-ray tests typically
detect advanced lung cancer, where curative therapy is not
feasible, and the prognosis is generally unfavorable [10].

High-quality, timely screening for lung cancer
is a potential solution to this issue. Low-dose computed
tomography (LDCT) is the most effective technique; it detects
twice as many small foci and three to four times as many
focal lesions as X-ray imaging. The National Lung Screening
Trial, the most extensive study on the subject conducted

in the USA, demonstrated that LDCT as a screening tool
lowered lung cancer mortality by 16% compared to chest
X-ray [10]. In selected adult populations, LDCT has been
recommended as a lung cancer screening method
during physical examinations since 2015 as part of a pilot
project in Krasnoyarsk'. nLDCT was performed in high-risk
patients who met all the following criteria: males aged 50-
64 years residing in Krasnoyarsk with a smoking index >30.
Between 2015 and 2017, when LDCT was incorporated
into the lung cancer screening protocols, the lung cancer
detection rate was 17.1 per 1,000 examined high-risk patients,
which was 30 times higher than that of photofluorography
or X-ray imaging (0.57 per 1,000 examined patients) [11].
This strategy has been used across Krasnoyarsk Krai
since 2018. It was included in the medical check-up standards
for selected adult populations in 2019, along with an expansion
of the high-risk criteria (Fig. 7).

The use of LDCT as a lung cancer screening tool
between 2015 and 2021 improved the early lung cancer
detection rate; in the Krasnoyarsk Krai, the detection rates
became higher than the Russian average. In the Krasnoyarsk
Krai, the early lung cancer detection rate improved from 22.1
per 100,000 population in 2015-34.2 per 100,000 population
in 2021 (a 54.8% increase). From 27.3 per 100,000 people
in 2015 to 29.6 per 100,000 population in 2021 (an 8.4%
rise), the average early lung cancer detection rate in Russia
improved. Moreover, between 2015 and 2021, the Krasnoyarsk
Krai experienced a decline in lung cancer mortality by 7.0%
(from 48.7 to 45.3 per 100,000 population), in contrast
to the Russian average, which increased by 13.2% (from 34.1
to 38.6 per 100,000 population) during the same period [2].

Recent research indicates that Al is as accurate
as radiologists in predicting the risk of lung cancer. Complex
lung cancer screening using Al algorithms demonstrates
high efficacy (ROC AUC 94.4%) and improves the accuracy
of radiologist conclusions, with an absolute reduction
in the false-positive and false-negative rates by 11% and 5%,
respectively [11]. A recent systematic review that evaluated
the effectiveness of Al in diagnosing and predicting lung cancer

! Letter of the Ministry of Health of the Krasnoyarsk Krai No. 71/08-26/9923 of May 15, 2015. On Lung Cancer Screening in Medical Check-up Programs

for Selected Adult Populations
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Fig. 7. Evolution of lung cancer screening in the Krasnoyarsk Krai.

« Krasnoyarsk
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« Age 50-64 years

« Smoking index =30

found that radiologists utilizing Al algorithms were more
accurate in their examination of CT scan results. Al algorithms
predict tumor grade reliably and accurately, as indicated
by the method’s high sensitivity and specificity [12].

Goncalves et al. [13] employed SWOT analysis to ascertain
the advantages, disadvantages, opportunities, and risks
of using Al algorithms to detect lung cancer. The advantages
included the high accuracy of modern algorithms, reduced
workload, and a lowered risk of errors in lung cancer diagnosis.
The main disadvantage, as per the authors, is the need
for real-world validation studies before implementation
in clinical practice. The risks included confidentiality and data
security concerns, as well as the use of biased samples
for algorithm training. In 21.3% of all CT scans in which
the Al system identified lung nodules (103 images), experts
observed false-positive Al algorithm activation. In most
cases (71 images; 68.9%), the Al algorithm incorrectly
classified areas of lung tissue scarring as signs of lung
cancer. The absolute number was within the permissible
range for review, even though the false-positive Al algorithm
activation rate was comparatively high. Moreover, the project
primarily aimed to detect the maximum number of patients
with suspected lung cancer based on chest CT findings
obtained during the COVID-19 pandemic. For this purpose,
a low Al algorithm activation threshold was employed.
However, a reduction in the target parameters may occur when
specificity is prioritized over sensitivity when establishing
the Al activation threshold. As specificity increases, the rate
of false-positive Al findings (and workload) and the number
of findings also increase, contributing to the risk of undetected
lung cancer.

Ziegelmayer et al. [14] used the Markov model
to determine the economic efficiency of an Al algorithm
during the first stage of lung cancer screening. The authors
concluded that utilizing Al during primary screening saves
$1,240 per patient, with a willingness to pay $100,000
for quality-adjusted life years, confirming the economic
efficiency of this approach. Both during the study and five
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years later, our method of reanalysis of chest CT findings
using Al for the detection of lung cancer signs can also
be considered economically feasible. Life years gained,
lower treatment costs for patients with advanced disease,
and a notable reduction in the need for doctors to reevaluate
chest CT results—all of which take into account the patients’
potential future economic contribution to the area—are
indicators of cost savings. The cumulative effect (salary
savings, reduced treatment costs, and potential contribution
to the gross regional product) over five years is estimated
at 183,900 thousand rubles ($2,022,907 or ¥14,895,949).

However, since the following two patient groups were left

out of our estimates, the overall economic benefits might

be greater:

« Patients with de-anonymization errors;

« Patients who received a postmortem cancer
diagnosis between the time of the chest CT scan
and the commencement of the retrospective study.

If the data of all 484 patients were analyzed,
with no de-anonymization errors and an early-stage
distribution comparable to that of the 355 patients included
in the analysis, the number of patients with early lung
cancer identified using Al would be 43. Thus, the cumulative
economic impact (2,430 thousand rubles + 10,105 thousand
rubles + 236,005 thousand rubles from reassessment,
lowered treatment costs, and life years saved, respectively)
was 249,080 thousand rubles ($2,739,880 or ¥20,175,480)
over five years.

« Krasnoyarsk Krai

 Male

« Age 45-64 years

« Smoking index =20

« Medical check-up
standard

Study limitations

This study has several limitations. First, there
is its retrospective design; nevertheless, the design aligned
with the study aim. Second, only the results where the Al
algorithm identified lung nodules greater than 100 mm? were
reevaluated by a radiologist. This was done to preserve
resources and time when reevaluating large datasets.
The economic efficiency assessment did not consider
lowered immunotherapy costs in patients with advanced
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disease, as well as indirect costs. Another limitation is that
the Al algorithm was developed to detect lung nodules rather
than lung cancer. Thus, the Al algorithm findings encompassed
diverse conditions, which necessitated additional studies
to confirm lung cancer.

CONCLUSION

The use of Al technology to analyze large sets of chest
CT scans conducted for various indications may contribute
to ancillary lung nodule detection. This includes CT findings
from screening programs or examinations for lung diseases
other than lung cancer, such as COVID-19. The Chest-IRA Al
algorithm has demonstrated encouraging results. However,
additional research is required to determine the efficacy
and safety of this algorithm in real-world practice. Further
information is needed on how Al technology affects lung
cancer detection rates and the feasibility of incorporating
it into current diagnostic processes. It is crucial to continue
research and clinical trials in this promising but inadequately
studied area.
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