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Abstract: Objective: To explore the characteristics of the ploidy status of Small Cell Lung Cancer (SCLC) cells and
assesses its efficacy in cytopathological diagnosis of SCLC. Methods: A retrospective analysis was performed on
patients who agreed to DNA image cytometry (DNA ICM) and serum tumor biomarker testing. Samples for ploidy
assessment, all from bronchial procedures, were analyzed using DNA ICM. Data on demographic features, patho-
logical characteristics, staging results, biomarkers such as neuron specific enolase (NSE) and Pro-gastrin-releasing
peptide (ProGRP) data, and ploidy status across different groups were collected. Corresponding statistical analyses
were conducted to examine differences in aneuploid status among the groups. Receiver operating characteristic
(ROC) curve analysis was used to evaluate the diagnostic efficacy of DNA ICM and tumor markers for diagnosing
SCLC. Results: A total of 74 patients with SCLC, 108 patients with NSCLC, and 74 patients with benign lesions were
included. The age range of all patients was 26 to 85 years, with 69% being male and 31% female. In terms of ploidy
status, single aneuploid cell peaks and double aneuploid peaks were observed in both SCLC and NSCLC groups.
The proportions of two types of aneuploid cell peaks differed significantly between the two groups (P=0.008). The
aneuploid cell ratio showed a high accuracy for small-cell lung cancer, with a sensitivity of 91.2% and a specificity
of 88.1%. There was no statistical difference in ploidy status between limited and extensive stages of SCLC. As for
biomarkers, the AUC (area under the curve) values were 0.921 for NSE and 0.928 for ProGRP, with a significant
difference in NSE between two stages of SCLC (P=0.015), while no significant difference was observed in ProGRP.
Conclusion: Aneuploid cell peaks in SCLC patients are mostly distributed in the near triploid range, possibly serv-
ing as a specific cytological marker for SCLC. DNA ICM is a highly sensitive tool that may be an adjunct for SCLC
diagnosis.
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Introduction

Lung cancer continued to have the highest mor-
bidity and mortality rates among malignant
tumors worldwide in 2022, according to global
cancer statistics [1]. Most cases were histologi-
cally confirmed to be non-small cell lung cancer
(NSCLC), while small cell lung cancer (SCLC)
accounted for approximately 15% of all lung
cancer cases [2]. However, SCLC is character-
ized by its high aggressiveness, rapid growth,
and tendency to metastasize early. Most
patients develop therapeutic resistance rapid-
ly, resulting in a five-year survival rate of merely
5-6% [3]. The 2-year relative survival rate for
extensive-stage patients is approximately 7%

to 8%, with a median survival time of 7 mon-
ths [3]. As a result, early identification and
accurate staging are critical for improving SCLC
prognosis.

Currently, chest CT, sputum cytology, serum
tumor marker detection, and liquid biopsy are
commonly used in clinical practice to screen for
lung cancer. Low-dose spiral CT (LDCT) has
been found to improve the early identification
of lung cancer and dramatically lower mortality
[4]. However, as detection rates improved, the
false-positive rate associated with LDCT in lung
cancer screening has also increased [5]. A
study conducted in China indicated that the
false-positive rate may reach 97.9% in individu-
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als with lung nodules [6]. While serum tumor
indicators offer a noninvasive and convenient
method, they often lack the necessary sensitiv-
ity and specificity. Although histology results
are considered as a gold standard, they can be
influenced by many factors, including tumor
size, restricted tissue sampling, and interob-
server variability [7, 8].

Cytology is a key step in screening for lung can-
cer. Nonetheless, its accuracy is influenced by
various factors, such as the expertise of the
diagnostician, the locations of the sample,
and inadequate sampling, which can pose a
risk of false negatives [9]. With advances in
cytopathology, bronchoscopy combined with
liqguid-based cytology has greatly improved the
sensitivity and specificity of lung cancer diagno-
sis compared to conventional cytology [10].
Moreover, the development of DNA quantitative
analysis technology, characterized by its objec-
tivity, convenience, and capacity to detect can-
cer cells before cell morphologic changes, has
introduced a new dimension to cytopathology.
Although its current use in lung cancer is limit-
ed, the diagnostic criteria have yet to be fully
established, and the results of some studies
vary widely [11-14].

DNA aneuploidy is a common characteristic of
malignant tumors and is associated with tumor
initiation, progression, recurrence, and thera-
peutic resistance in cancer. It results from
genetic instability and uncontrolled prolifera-
tion of tumor cells [15]. The detection and anal-
ysis of DNA aneuploidy can be performed by
flow cytometry (FCM) and imaging cytometry
(ICM). DNA-FCM is a cellular analysis approach
that utilizes hydrodynamic principles to achieve
high-speed and high-throughput analysis. DNA-
FCM is suitable for the rapid analysis of large
numbers of living cells or fresh tissue samples.
This technique is especially valuable in the
evaluation of hematologic and lymphoid malig-
nancies. DNA-ICM utilizes microscopic image
analysis to scan cell nuclei and measure their
Integrated Optical Density (IOD), thus indirectly
quantifying the relative DNA content. The DNA
index (DI) for each cell is calculated by compar-
ing its DNA content with that of a standard dip-
loid cell. A DI value above 1.0 typically indicates
DNA is hyperdiploid, whereas less than 1.0 is
hypodiploid. Aneuploidy, defined as the gain or
loss of chromatid or chromosome regions, is a
hallmark of malignant tumors [16]. According to

78

the European Society for Analytical Cellular
Pathology (ESACP) [17], DNA aneuploidy in-
cludes DNA stemline aneuploidy and rare
events. The former refers to a deviation of more
than 10% of the tumor cell population from the
diploid (2¢ + 0.2c) or tetraploid (4c = 0.4c)
regions, while the latter indicates the presence
of nuclei with DNA content > 5c¢, referred to as
5¢c exceeding events (5¢cEE) or 5¢ exceeding
rate (5CER). Several studies have shown that
the DNA content distributions of some solid
malignancies, including lung cancer, tend to be
in the near-triploid range [18-20]. Combined
with cellular morphology, DNA-ICM provides
useful information for tumor diagnosis, grad-
ing, prognostic assessment, and efficacy moni-
toring [21]. ICM is used in clinical cytopatho-
logic screening for cervical and oral cancers
due to its objectivity and ability to detect can-
cer cells before morphologic changes become
apparent. Thus, the ICM technique was chosen
to examine ploidy status in this study.

As an important cytopathologic detection
method, DNA ICM has been widely applied in
research on various cancers, including cervical,
esophageal, and oral mucosal cancers [14, 22,
23]. However, its application and in-depth study
in lung tumors, particularly in SCLC, remain lim-
ited. Genomic research on SCLC, especially
concerning DNA ICM, has received little atten-
tion to date.

Given the predictive potential and clinical value
of aneuploidy in other types of cancers, further
exploration of DNA aneuploidy detection using
DNA image cytometry for SCLC is necessary.
Therefore, our study collected DNA ploidy data
from 74 patients with SCLC and retrospectively
analyzed their clinical characteristics, tumor
marker levels, and DNA ploidy. We compared
these patients with those who suffered from
NSCLC and benign lung diseases to define the
characteristics of the distribution of ploidy
peaks in SCLC. Furthermore, we explored a cut-
off value of DNA ICM for diagnosing SCLC and
compared the different values between DNA
ICM and tumor markers for different stages of
SCLC.

Materials and methods
Patients and methods
The research was approved by the Ethics

Committee of the First Affiliated Hospital of
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Chongqing Medical University (Approval No.
2024-069-01). Patients with lung cancer who
underwent tracheoscopy and DNA ICM exa-
mination at the First Affiliated Hospital of
Chongqing Medical University were retrospec-
tively enrolled from July 2022 to July 2023. The
inclusion criteria were as follows: (1) patients
with primary lung cancer were diagnosed by
histopathology or cytology combined with im-
munohistochemistry; (2) all samples were col-
lected through bronchoscopy procedures,
including bronchoalveolar lavage fluid (BALF),
bronchial brushing samples, endobronchial
ultrasound-transbronchial needle aspiration
(EBUS-TBNA) and fine-needle aspiration sam-
ples; (3) all patients were newly diagnosed and
had not received prior treatments such as
chemotherapy or radiotherapy; (4) all patients
underwent tumor marker testing, including
ProGRP and NSE. Exclusion criteria: (1) patients
with primary malignancies from other systems;
(2) insufficient cells for DNA-ICM. Finally, the
study enrolled 74 patients with SCLC patients,
108 patients with NSCLC, and 74 patients with
benign lung diseases. The benign pulmonary
diseases included 34 cases of lung infection,
11 cases of interstitial lung disease, 16 cases
of tuberculosis, 5 cases of COPD, 3 cases of
bronchial asthma, and 5 cases of other benign
diseases. Lung cancer staging was performed
according to the UICC/AJCC 8th edition TNM
staging system, in which small-cell lung cancer
was staged in conjunction with the Veterans
Association of the United States of America
(VALG).

Sample acquisition and processing

All samples were acquired through bronchos-
copy procedures conducted by qualified bron-
choscopists at the First Affiliated Hospital of
Chongqing Medical University. Prior to the
procedure, the experts preliminarily localized
the lesion site according to CT scan result.
Bronchoscopes or EBUS were used according
to an established process with the use of cone
beam computed tomography (CBCT) or virtual
navigation planners if necessary. Upon reach-
ing the target bronchial segment or suspicious
malignant area, techniques such as brush
cytology, bronchoalveolar lavage, fine-needle
aspiration, or EBUS-TBNA were used for sample
collection. Samples were immediately trans-
ferred to bottles containing a cell preservation
solution and then sent to the cytopathology
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department. The technician added mucus
treatment solutions into these bottles and
shook them on a vortex mixer for 10-15 min-
utes. The resulting mixture was collected into
50-mL centrifuge tubes and centrifuged at
2000 rpm for 5 min. The supernatant was dis-
carded, and the cell precipitate was added to 1
mL tris buffer (pH=7.4). Then, the cell suspen-
sions were mixed by shaking on the vortex
mixer. Half of the cell suspension was prepared
for liquid-based cytology with H&E staining for
cytological diagnosis; the other half was stained
with Feulgen stain for DNA ICM, whose slides
were automatically scanned by the MotiCyte-
auto system (Motic, Xiamen, China). The cell
preservation solution and liquid-based stai-
ning machine were from Guangzhou Anbiping
Medical Corporation.

Automated DNA-ICM

All Feulgen-stained slides were scanned and
processed using a fully automated DNA image
cytology analysis system, which consists of a
computer and an automated digital microscope
that automatically scans each cell nucleus on
the slides and measures parameters like the
IOD value and nuclear area, thereby calculating
a relative DNA content of the nuclei. The num-
ber of cells on the slides used for scanning
should be not less than 2000, and at least 500
epithelial cells had to be present. Ploidy analy-
sis of cellular DNA was performed according to
the software integrated into the ICM system.
The system automatically generated various
ploidy parameters for each slide, including the
maximum DNA Index (DI) value, the number of
aneuploid cells, and the 5cER. Additionally, DI
values for each cell nucleus were provided, and
DNA histograms were created. The median DI
was determined by calculating the median of
the top 20 highest DI values within each slide.
The system also supplied data regarding the
number of cells in the histogram, the number of
cells in the peaks, and the peak DI value.

Moreover, the analysis and interpretation of
DNA ploidy status and histograms followed the
consensus of ESACP. Specifically, DNA stem-
lines in histograms were automatically identi-
fied as peaks. DNA stemline aneuploidy is
exhibited when the mean nuclear DNA content
of a stemline deviates by more than +10%
from the diploid (2c) or tetraploid (4c) values.
Accordingly, the ploidy status was categorized
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Table 1. Clinical characteristics of lung cancer patients at

nificant. The optimal cutoff values
for continuous variables were calcu-

Benign
(n=74) od. Stacked bar graphs and ROC

lated using the Youden index meth-

baseline
Characteristic (Ef%; (ﬁgi)
Age
Median (range) 66 (37-85) 66 (40-84)
<65,n (%) 49 (45.4) 31(41.9)
> 65, n (%) 59 (54.6) 43 (58.1)
Gender, n (%)
Male 68 (63.0) 62 (83.8)
Female 40 (37.0) 12 (16.2)
Pathology type, n (%)
Adenocarcinoma 63 (58.3)
Squamous 37 (34.3)
NSCLC 8(7.4)
SCLC - 74
Stage, n (%)
| 7 (6.5) 1(1.4)
Il 5 (4.6) 3(4.1)
1] 26 (24.1) 9(12.2)
\Y 51 (47.2) 56 (75.7)
Unknown 19 (17.6) 5 (6.8)

57.5 (26-84)
49 (66.2)
25 (33.8)

curves of the ratio of peak number
composition of aneuploid cells were
plotted using GraphPad Prism 8.0,
and the DeLong method was used
to compare the statistical differenc-
es between the ROC curves.

48 (64.9)
26 (35.1) Results

Clinicopathologic features

We enrolled a total of 256 patients
with lung diseases, detailed in in
Table 1. Among the 74 patients with
benign lung diseases, the median
age was 57.5 years, ranging from 26
to 84 years, with 48 (64.9%) males
and 26 (35.1%) females, and the
majority of 34 (45.9%) patients had
lung infections, as mentioned previ-

as follows: (i) Diploid: The main peak is located
in the 2C region (DI=0.9-1.1). (ii) Tetraploid: The
main peak is located in the 4C region (DI=1.80-
2.20). (iii) Aneuploid: The main peak is not
located in the 2C or 4C region, with a DI
between 1.1-1.8 or DI > 2.2.

Serum tumor markers test

The tumor markers detected included ProGRP
and NSE. A morning fasting venous blood sam-
ple of 3 mL was collected from patients, and
serum was obtained by centrifugation at 3000
rom. Serum tumor markers were detected
using an electrogenerated chemiluminescence
machine (Cobas e 602). The reference ranges
of serum tumor markers were 25.3-77.8 pg/mL
for ProGRP and 0-16.3 ng/mL for NSE.

Statistical analysis

All analyses were performed using SPSS 26.0
software. The Mann-Whitney U test was used to
analyze the difference in ploidy-related param-
eters between different groups. Pearson’s chi-
square test was used to compare the differ-
ences in the distribution of ploidy peaks
between groups. All statistical tests were two-
sided tests, and P < 0.05 was considered sig-
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ously. Among the 74 patients with
SCLC and 108 patients with NSCLC,
the median age of both groups was 66 years, of
which 43 (58.1%) patients in the SCLC group
were > 65 years old. Most SCLC cases were
male (83.8%), and most of them (87.9%) were
in the intermediate-advanced stage at the time
of initial diagnosis.

59 (54.6%) patients in the NSCLC group were >
65 years of age, 63% of patients were male,
and 71.3% of patients were in stage lll and IV at
the initial diagnosis. The pathology results
showed 63 adenocarcinomas, 37 squamous
carcinomas, 1 adenosquamous carcinoma,
and 8 non-small cell lung cancers-not other-
wise specified (NSCLC-NOS).

Cellular morphology and ploidy status of SCLC
cells

SCLC cells usually present with basophilic, rela-
tively large nuclei, which tend to exhibit a high
nuclear/cytoplasmic ratio due to scant cyto-
plasm (Figure 1A). The nuclei of these cells are
sorted according to their DI values from small-
est to largest. In general, SCLC cells follow the
principle of a positive correlation between
nuclear size and DI value, meaning that a larger
nucleus corresponds to a higher DI value.
Moreover, the size of the DI value is related to
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Figure 1. Morphologic features and DNA ploidy results by DNA ICM analysis in liquid-based cytology specimens
from two patients with SCLC. The nuclei exhibited a round or ovoid shape, the nucleoli were finely structured, the
nucleoplasm ratio was severely dysregulated, and nuclear mosaicism was less prominent in some tumor cells. The
phenomenon of clustered distribution of cancer cells in small clusters was seen. A. Liquid-based cytology pictures of
small-cell carcinoma cells (x400). Scale bars are 50 yum. B. Immunohistochemical staining of the cellular wax block
with synaptophysin antibody (+, brown) (x400 magnification). Scale bars are 50 ym. C. DNA ploidy results from
patient samples using ICM analysis, with carcinoma cells arranged in descending order of DI values.

Table 2. Comparison of DNA ploidy parameters between SCLC and NSCLC groups

SCLC NSCLC U/x? P
Max DI, M (P25, P75) 5.26 (3.83, 6.86) 5.92 (4.17, 7.39) 2507.00 0.122
Median DI, M (P25, P75) 3.38 (2.43,3.98) 3.62 (2.74, 4.18) 2722.00 0.444
5cER, M (P25, P75) 0.1217 (0.0254, 0.2093)  0.1506 (0.0642,0.3343) 2392.00 0.05*
Distribution of aneuploid peaks, DI value (%) - - 11.64 0.008*
No aneuploid peak (6%) (24.4%)

Single aneuploid peak 1.2-1.8 (47.7%) 1.2-1.8 (32.9%)

2.5-3.5 (40.3%) 2.5-4.2 (31.9%)

2.5-3.2 (6%) 3.0-5.0 (10.8%)
Notes: Max DI represents for the maximum DI; median DI, namely, the median DI of the first 20 cells greater than 5C; 5¢cER: 5¢ exceeding rate.
We used 5cER to represent the percentage of cells with DI greater than 5c¢ in this study. The DI value of a single aneuploid peak refers to the DI

value of the first aneuploid peak, the DI value of double aneuploid peaks refers to the Dl vale of the second one, and the DI value of multiple
aneuploid peaks refers to the DI value of the third one. *, P < 0.05.

Double aneuploid peak
Multiple aneuploid peak

the area of the nucleus as well as the staining
depth of the nucleus (Figure 1). Additionally, we
analyzed the DNA ploidy status of each patient.

Analysis of aneuploid peak in the SCLC group

Figure 2 shows several representative cases of

Table 2 presents the comparison of ploidy sta-
tus between SCLC and NSCLC groups. There
was no significant difference in the maximum
DI values (referred to as ‘max DI') or in the
median DI of the top 20 cells exceeding 5c¢
(referred to as ‘median DI') between the two
groups. Nevertheless, significant differences
were observed in the percentage of cells with
DI greater than 5c¢ (referred to as ‘5¢ER’) and in
the distribution of aneuploid peaks between
the two groups.

81

different types of aneuploid peaks. In small cell
lung cancer, aneuploid cell peaks are catego-
rized as: (1) single aneuploid peaks, which are
mostly observed between 2C and 4C (i.e., DI
value between 1.2 and 1.8); (2) double aneu-
ploid peaks, with the first peak appearing
between 2C and 4C (i.e., DI value between 1.2
and 1.8), and the second peak often having a
Dl value twice that of the first; (3) multiple aneu-
ploid peaks, with varying heights in histograms
like skyscrapers, indicating extreme chromo-

Int J Clin Exp Pathol 2025;18(2):77-88
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Figure 2. Different types of aneuploid peaks in representative cases as analyzed by DNA ICM. A. Absence of abnormal aneuploid peaks: the pattern is commonly ob-
served in specimens from benign diseases or those with a very low percentage of tumor cells; B. Single aneuploid peak (represented by the cluster of orange points):
this pattern was observed in two representative cases of SCLC; C. Double aneuploid peak (the two clusters of orange and red points): this pattern was observed in
two representative cases of SCLC; D. Multiple aneuploid peak (several clusters of orange and red points), which were observed in two representative cases of SCLC.
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AUCs of 0.921 and 0.928,
respectively. At the defined
cutoff values, their sensitivi-
ties were 0.853 and 0.824,
and the specificities were
0.898 and 1, respectively.
We then compared the statis-
tical differences in the AUC of
each parameter by DelLong’s
method. We found that the
AUCs of several ploidy metrics
and tumor markers men-
tioned above were statistical-
ly different, as shown in Table
4.

Figure 3. Proportions of aneuploid peak counts in patient samples with

NSCLC, SCLC, and benign lesions.

somal instability in tumor cells. The analysis of
aneuploid peaks in the SCLC group, as shown
in Table 2 and Figure 3, revealed that among
74 patients, single aneuploid peaks were pre-
dominant (47.7%), followed by double aneu-
ploid peaks (40.3%). Multiple aneuploid peaks
(denoting the presence of three or more aneu-
ploid peaks) were rare (6%). It is worth noting
that a majority of the cases (94%) each exhibit-
ed a peak with DI values between 1.2 and 1.8.
As for the second peak in the double aneuploid
peak cases and the third peak in the multiple
aneuploid peak cases, the range of these
peaks’ DI values in NSCLC varied more exten-
sively than that in SCLC (Table 2).

Application of DNA ICM to the screening of
small cell lung cancer

The area under the curves (AUCs) for 5¢ER, the
number of cells > 5¢, median DI, and max Dl in
the SCLC group were 0.966, 0.962, 0.862, and
0.838, respectively (Table 3). Furthermore, we
applied the Youden Index to confirm the optimal
threshold for each parameter in SCLC. The
thresholds lay on the largest Youden index point
of each ROC curve, which were 0.0142 for
5cER, 5.5 for the number of cells > 5¢, 2.557
for median DI, and 2.6395 for max DI (Figure 4;
Table 3). Specifically, 0.0142 for 5¢cER and 5.5
for the number of cells > 5¢ were the appropri-
ate cutoff points for SCLC.

Furthermore, we also evaluated the efficacy of
serum tumor markers specific to SCLC, as
depicted in Figure 4 and Table 3. NSE and
ProGRP demonstrated high accuracy with
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DNA ICM and the stages of
SCLC

Among the 74 patients with SCLC, 9 patients
were in the limited stage, and 65 patients were
in the extensive stage. As Table 5 and Figure 5
show, the results of Mann-Whitney U test indi-
cated no significant difference in each ploidy
parameter between limited and extensive stag-
es of small cell lung cancer (P > 0.05). In addi-
tion, we analyzed and compared the differenc-
es of tumor markers between the stages of
small cell lung cancer. The results showed that
ProGRP had no significant difference between
the limited and extensive stage of SCLC
(P=0.087), while NSE had a significant differ-
ence between the two stages (P=0.015).

Discussion

DNA aneuploidy serves as a marker of malig-
nant cells [24]. Through special staining of DNA
nuclei, digital scanning, and optical measure-
ment of 10D, a computerized DNA quantitative
analysis system can provide information about
the content and changes in ploidy status of
nuclei and give objective values. Thus, it can
assist pathologists in identifying benign and
malignant cells and offer an objective and sci-
entific basis for diagnosis. In our study, DNA
ICM technology was applied to evaluate the
ploidy status of SCLC cells and the application
of DNA ploidy analysis for cytopathologic diag-
nosis of SCLC.

The efficacy and threshold of DNA ICM for lung
cancer detection remain controversial. Several
studies have investigated the application of
ICM for lung cancer detection, with reported
thresholds for aneuploid cell counts ranging

Int J Clin Exp Pathol 2025;18(2):77-88
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Table 3. Cutoff points of ploidy and tumor markers for diagnosing SCLC

AUC 95% Cl Sensitivity ~ Specificity = Cutoff value
ProGRP 0.928 0.877-0.978 0.824 1 151.05
NSE 0.921 0.884-0.975 0.853 0.898 15.8
Max DI 0.838 0.769-0.907 0.956 0.593 2.6395
Median DI 0.862 0.795-0.930 0.75 0.949 2.557
Number of cells with DI greater than 5¢ 0.962 0.933-0.991 0.956 0.831 5.5
BcER 0.966 0.933-0.991 0.912 0.881 0.0142

Notes: Max DI represents the maximum DI. Median DI is the median DI of the first 20 cells greater than 5C. 5¢cER: 5¢ exceed-
ing rate. We used 5cER to represent the percentage of cells with DI greater than 5c in this study.
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2% data collection, which led to
selection bias and, conse-
quently, a high rate of true
positives. Another cause for
this discrepancy may have
been the varying rates of posi-
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specimen types. Apart from
that, primary malignant tu-
mors at different sites have
various thresholds for DNA
ICM [25]. A multicenter large-
sample esophageal cancer
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Figure 4. ROC curve of ploidy values and tumor markers for diagnosing SCLC.
5cER: 5¢ exceeding rate. We used 5¢ER to represent the percentage of cells
with DI greater than 5c in this study. The number of cells > 5¢ means the
number of cells with DI greater than 5¢. Median DI is the median DI of the
first 20 cells greater than 5C. Max DI represents for the maximum DI.

from 3-4. Sensitivity across these studies var-
ied from 62.3%-82.8, while specificity ranged
from 87.5%-100% [11, 12, 25-27]. These find-
ings suggest a trend where the specificity of
ICM tends to be higher than its sensitivity.
However, the current study showed that the
sensitivity was 95.6% and the specificity was
59.3% at a threshold of 2.64 for the maximum
value of DI. The sensitivity was 95.6%, and the
specificity was 83.1% at an aneuploid cell num-
ber of 5.5. These results indicate a markedly
different trend compared to earlier studies in
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I screening study [13] revealed
80 100 that a DNA coptent of 5.8¢c
and an aneuploid cell number
of 3 were the optimal cut-off
values for screening esopha-
geal cancer. A prospective
diagnostic experiment by Li
[28] et al. indicated that the
diagnostic criteria for the
aneuploid using DNA ICM as a
noninvasive detection of oral
precancerous lesions and cancer in the Chinese
population were DI > 2.3 and DI > 3.5, respec-
tively. Meng [11] et al. reported that the optimal
aneuploidy threshold for DNA quantitative
image cytometry in the diagnosis of malignant
pleural effusion was 4 cells with DI values
exceeding 2.5¢. Therefore, the results of these
studies varied widely, which may be influenced
by several factors such as different sample
sizes, heterogeneity of the enrolled subjects,
differences in study design, and tumor origin
[29]. This finding suggests that the combination
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Table 4. Comparison of AUC of ploidy param-
eters and tumor markers in SCLC

Difference of

Statistic P value value of AUC
O-@ -0.692 0.489 -0.024
O-® -2.145 0.032* -0.091
®-® -2.088 0.037* -0.089
O-@ -3.552  <0.001* -0.127
O-® -4.067 < 0.001* -0.124
@-® -1.606 0.108 -0.067
@-® -1.45 0.147 -0.065
@-@ -3.041 0.002* -0.103
-3 -3.256 0.001% -0.100
®-® 0.05 0.96 0.002
®-@ -1.419 0.156 -0.036
®-® -1.164 0.244 -0.032
®-® -1.254 0.21 -0.038
®-® -1.117 0.264 -034
@-® 0.220 0.826 0.004

@ The maximum DI; @ The median DI of the first 20
cells greater than 5C; (3 The number of cells with DI
greater than 5¢; @ The percentage of cells with DI
greater than 5¢; ® NSE; © ProGRP; *, De Long test, P
< 0.05.

of multiparametric diagnosis by DNA ICM could
be considered in some specific tumors like
SCLC, despite the fact that DNA ploidy analysis
is often used as a positive criterion (at least 3
aneuploid cells with DI > 2.5) in the screening
of most tumors. Further studies are needed to
prove whether the combination of several
parameters of ploidy analysis is helpful for
diagnosing SCLC.

Aneuploidy peaks, a typical feature of genetic
instability, are often closely associated with the
initiation and progression of malignant tumors.
A meta-analysis integrating 35 relevant studies
pointed out that the incidence of aneuploidy in
NSCLC was 65% (95% Cl: 64%-67%) [30]. Given
this significant association, we examined the
distribution of DNA aneuploidy peaks in SCLC
(shown in Figures 2, 3). Even though the maxi-
mum and median DI values of 74 SCLC patients
were not statistically different from those of the
NSCLC patients, these two values of SCLC were
lower than those of NSCLC in general. Our study
also found that the 5¢ER, the number of cells >
5¢ and the proportion of aneuploid peaks dif-
fered between the two groups, which led to the
conclusion that these three values were higher
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in the SCLC group. Surprisingly, our findings in
the present study were similar to the results
reported by Hu et al. [26]. Specifically, while
NSCLC exhibited a higher level of DI value com-
pared to SCLC, this conclusion seems to con-
flict with the observation that both the counts
and proportions of aneuploid cells were higher
in SCLC than in NSCLC. However, these findings
are consistent with the morphologic features
and aggressive biological behavior of SCLC. In
other words, the smaller nuclear size of SCLC
cells resulted in a lower DI value, and its more
aggressive behavior led to a larger number of
aneuploid cells.

Small cell lung cancer has been shown to have
a rapid doubling time, with an average doubling
time of 2-3 months. This rapid cell proliferation
is usually associated with cell cycle accelera-
tion, and the DNA index is one crucial metric for
assessing DNA content. In rapidly proliferating
tumors, more cells may be in the DNA synthesis
phase (S phase) and have abnormal mitosis
due to the accelerated cell cycle [15]. Con-
sequently, this can result in the presence of
aneuploid cells, which possess DNA content of
more than normal diploid (2N) cells, approach-
ing or exceeding triploid (3N) levels. As observed
in this study, 94% cases with SCLC showed
peaks of DI value between 1.2-1.8, suggesting
that SCLC belongs to the group of tumor types
with a considerable number of near triploid
cancer samples. Further observation found
that there were only 40.3% of cases with SCLC
that showed another replication peak of the
1.2-1.8 peak. The lower incidence of double
aneuploid cell peaks in some samples may be
due to the relatively low total number of tumor
cells, which are insufficient to produce a signifi-
cant double peak phenomenon. For samples
with sufficient cell numbers, the mechanism
behind the failure to observe a second replica-
tion peak may require in-depth discussion with
the help of genomic results. The small number
of cases with no aneuploid cell peak may be
related to a limited number of cells collected by
bronchoscopy or restriction of the sampling
site. For small cell lung cancer with multiple
aneuploid cell peaks, although this phenome-
non is observed in only a small proportion of
cases (6%), it remains unclear whether fur-
ther research into this subset is warranted.
Additional case data are needed to reveal fur-
ther biological characteristics of small-cell car-
cinoma in combination with genomics.
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Table 5. Comparison of ploidy values and tumor markers for SCLC staging
Stage M (P25, P75)

U P
Limited stage Extensive stage
Max DI 3.98(3.81, 7.32) 5.35 (3.88, 6.98) 201 0.42
Median DI 3.12 (2.35, 3.55) 3.48 (2.52,4.13) 175 0.196
Number of cells with DI greater than 5¢ 63 (7, 97) 64 (15, 236) 195.5 0.404
BcER 0.0516 (0.0371, 0.2374) 0.0927 (0.2226, 0.2359) 233 0.837
ProGRP 398.2 (62.8,521.6) 1083 (310.35, 4774) 189  0.087
NSE 15.9 (11.9, 21.3) 57 (27.7, 114.05) 122 0.015*
*, P <0.05.
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Figure 5. Difference in ploidy parameters and tumor markers between limited stage (LS) and extensive stage (ES) of
SCLC. A. No statistical difference in the maximum DI value between LS and ES of SCLC; B. No statistical difference
in the percentage of cells with DI greater than 5¢ between LS and ES of SCLC; C. A statistical difference in NSE be-
tween LS and ES of SCLC; D. No statistical difference in the median DI of the first 20 cells greater than 5C between
LS and ES of SCLC; E. No statistical difference in the number of aneuploid cell peaks between LS and ES of SCLC; F.
No statistical difference in ProGRP between LS and ES of SCLC. Error bars depict standard error of the mean (SEM).
*, P <0.05; NS, not significant.

In summary, this is a small sample, single-cen- point out the importance of aneuploidy in the

ter retrospective study that considers and com-
pares multimodal data, and the conclusions
need to be verified in multicenter and prospec-
tive studies. Given that many studies [31-33]
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prognostic assessment of solid tumors, this
controversy is particularly important in the
overall context of precision medicine. Despite
some studies indicating that aneuploidy is not
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an independent prognostic factor by multivari-
ate analysis [34, 35], the broader implications
of aneuploidy remain critical for understanding
tumor biology and guiding therapeutic strate-
gies. In the future, we plan to construct a diag-
nostic predictive model using machine learning
methods, with external validation. We will also
conduct a longitudinal study to evaluate the
efficacy of DNA-ICM for monitoring the progres-
sion and prognosis of lung cancer. The elevated
DI values observed in the nuclei of SCLC cells
reflect the genomic instability and aneuploidy
characteristic of this tumor type. The genomic
disorganization of SCLC is reflected by elevated
DI values, which serve as a quantitative mea-
sure of the degree of nuclear abnormality and,
in turn, may reflect highly aggressive behavior
and poor prognosis in SCLC. Therefore, it is
worthwhile to continue promoting this technol-
ogy in primary hospitals, and possibly combine
it with deep learning to improve the accuracy
and reliability of diagnosis.
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