www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Clinical and genetic characteristics
of patients with TRG 0 and TRG

lll in esophageal squamous cell
carcinoma after neoadjuvant
therapy

Yanan Song'?, Yu Qi%3, Feng Li%>?, Rumeng Ding?, Tingting Liu?, LiYou?, Duolu Li**! &
Quancheng Kan'**

Neoadjuvant therapy (NAT) is an important treatment for patients with resectable locally advanced
esophageal squamous cell carcinoma (ESCC), but neoadjuvant resistance affects the overall treatment
outcome. Therefore, it is particularly important to accurately screen the population for NAT and
explore the mechanism of resistance. Usually, different chemotherapy regimens cause different drug
resistance mechanisms. Prior to combining immunotherapy with chemotherapy, extensive research
has been conducted on previous drug resistance mechanisms. Currently, the mainstream NAT for
ESCCinvolves chemotherapy combined with immunotherapy. We have witnessed the remarkable
effect of this combination therapy; however, there are still a considerable number of patients whose
tumor tissues show no change or even progress after NAT, and their drug resistance mechanisms
remain unclear. Hence, we aim to identify relevant evidence that can distinguish and predict the
effectiveness of NAT from a clinical perspective in order to provide a clinical basis for future screening
of suitable populations for NAT and discovery of drug resistance mechanisms. This study is based

in China’s high incidence area of esophageal cancer, where enrolled patients all receive the current
mainstream NAT regimen resulting in more reliable outcomes.
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(oN Overall survival
DFS Disease free survival

Esophageal cancer (EC) is one of the common malignant tumors in the digestive tract. Its incidence rate ranks
eighth among all malignant tumors worldwide, and its mortality rate ranks sixth'. In China, squamous cell car-
cinoma of the esophagus (ESCC), accounting for over 90% of cases, poses a serious threat to human health due
to its hidden onset, long duration, and regional characteristics of affected population**. Globally, new cases and
deaths from EC continue to increase*®. In 2020, there were approximately 604,000 new cases and 544,000 deaths
from EC worldwide. In China alone, there were 324,000 new cases and 301,000 deaths®. Particularly in Linzhou
City, China has the highest incidence and mortality rates globally’. Currently, surgical resection remains the
primary treatment option for EC?, but a significant number of patients are diagnosed at intermediate or advanced
stages where immediate surgery may not completely eradicate the cancerous focus®.

In recent years, with the maturity and promotion of preoperative neoadjuvant chemotherapy, especially the
emergence of neoadjuvant chemotherapy combined with immunotherapy, an increasing number of patients
with advanced EC have been given the opportunity to undergo surgery. This development greatly encourages
doctors and patients'’. Currently, as neoadjuvant regimens continue to improve and optimize, some patients’
cancer foci even completely disappear (TRG 0) after NAT. This not only reduces the surgical difficulty but also
significantly improves the complete resection rate of cancer foci. As a result, it further reduces the risk of post-
operative recurrence and metastasis' %

Although neoadjuvant therapy (NAT) has benefited most patients, there is still a considerable number of
patients who cannot meet the standard for surgical resectability after NAT. In some cases, cancer lesions may
even progress during NAT, which not only delays treatment but also increases the difficulty of surgery and may
ultimately result in abandoning surgical treatment altogether!®. Therefore, more accurate population screening
for NAT is necessary'®. This retrospective study collected clinical data from esophageal cancer patients who
received NAT and combined transcriptome sequencing data from pathological tissues before and after NAT to
explore the clinical and genetic characteristics of TRG 0 and TRG III patients after NAT. The goal was to identify
their clinical and genetic differences as a foundation for subsequent precise neoadjuvant population screening
and drug resistance mechanism mining.

Object and method

Data and criteria of enrolled patients

Studying subjects and medication regimens

Patients with locally advanced ESCC who underwent neoadjuvant therapy (NAT) at the Department of Thoracic

Surgery, First Affiliated Hospital of Zhengzhou University, from January 2022 to December 2023 were enrolled.
Both groups received preoperative NAT with the regimen of "cisplatin + paclitaxel (albumin-bound

type) + carrelizumab." Cisplatin: 75 mg/m?, intravenous infusion on day 1 every 21 days for two cycles; pacli-

taxel (albumin-bound type): 125 mg/m?, intravenous infusion on day 1 and day 8, every 21 days for two cycles;

carrelizumab: 200 mg, intravenous infusion on day 1 for each cycle, lasting no less than 20 min and no more

than 60 min, every 21 days for two cycles.

Case inclusion and exclusion criteria
Inclusion criteria:

Age 45-90 years old, male or female;

ESCC confirmed by pathology;

Patients with locally advanced ESCC who have received two neoadjuvant therapies;

Surgery had been completed and tumor tissue available for transcriptome sequencing;

Surgical plan: radical resection of ESCC with esophagogastric reconstruction and at least 2-field lymph node
dissection was performed.

The tumor regression grade was TRG 0 or TRGIII.
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Exclusion criteria:

1. High ESCC (the distance between the upper end of the lesion and the incisor is less than 20 cm);

Multiple systemic lymph node metastasis (except para-cardia lymph node metastasis and left gastric lymph
node metastasis);

Patients who did not undergo surgery after NAT;

Patients with missing clinical laboratory and examination data;

The grade of tumor regression was between TRG 0 and TRGIIIL.

Patients who died after surgery;

N
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TRG classification criteria (NCCN)

TRG 0: no residual cancer cells;
TRG I: single cancer cell or cancer cell cluster;
TRG II: fibrotic response over residual cancer cells;
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TRG III: almost no fibrosis, visible large residual cancer;

A total of 54 patients were enrolled in this study, including 33 patients in TRG 0 group and 21 patients in
TRG III group. There was no significant difference in gender, age, body mass index, preoperative complications,
adverse habits and other related data between the two groups (P>0.05) (Table 1).

Collection and analysis of clinical laboratory and examination data during NAT

Clinical laboratory data included white blood cell count and tumor marker levels during NAT. Clinical examina-
tion data included CT and endoscopic ultrasound data before and after NAT to collect information on tumor
location, size, invasion level, and lymph node-related imaging. Pathological data mainly focused on the immu-
nohistochemical indicators of tumor tissues before NAT.

Collection and analysis of surgical data and postoperative hospital stay

The surgical data mainly included the visual description of tumors and lymph node status in the surgical field,
as well as the operation time, intraoperative blood loss, and duration of postoperative drainage tube indwelling.
The overall postoperative hospital stay was defined as the time from completion of the operation to recovery in
the hospital after discharge.

Collection and analysis of postoperative pathological data

The postoperative pathological data should include the number of lymph node dissections and the number of
patients with lymph node metastasis, as well as information on vascular invasion, nerve invasion, and resection
margin invasion.

Transcriptome sequencing of paired pathological tissues before and after NAT

The pathological tissues of 7 patients before and after NAT were randomly selected from each TRG 0 group and
TRG III group for transcriptome sequencing to explore the genetic differences between the two groups. In this
study, the transcription levels of pathological tissues were detected using the Illumina Novaseq 6000 sequencing
platform. Paired tumor tissue RNA was extracted and isolated with TRIzol reagent (M]JZol total RNA extraction
kit). The concentration and purity of total RNA were immediately detected after extraction from the tissue sam-
ples. The integrity of the RNA was assessed by agarose gel electrophoresis, followed by measurement of RIN value.
Then mRNA was isolated from total RNA and fragmented into small fragments approximately 300 bp in size.
mRNA served as a template for reverse synthesis of cDNA, which was then used for PCR amplification. The puri-
fied products were used to construct the final library. Bridge PCR amplification was performed on the Illumina
Novaseq 6000 sequencing platform to generate clusters. Significantly differentially expressed genes were selected
based on default criteria: FDR <0.05 & |log2FC|> 1. GO database and KEGG database were respectively utilized
for gene function enrichment analysis using GO terms and pathway enrichment analysis using KEGG pathways.

Statistical methods

The statistical data from this study were analyzed using SPSS 21.0 software. Univariate analysis was conducted
using Chi-square, T test, or Fisher’s exact test, while multivariate analysis was performed using a logistic regres-
sion model. Unpaired T test was used for analyzing unpaired sample data. A significance level of P<0.05 was
considered statistically significant.

Group

TRG* 0 TRG IIT
Project (n=33) (n=21) P
Gender
Male 23(69.7%) | 15(71.43%) | >0.9999
Female 10 (30.3%) 6 (28.57%)
Age (years) 64.55+8.77 | 62.69+6.67 0.4993
BMIP (kg/cmz) 24.61+340 |24.18%+3.12 0.6634
Complication
Fitness 20 (60.61%) | 16 (76.19%) 0.3749
Underlying diseases® 13 (39.39%) |5 (23.81%)
Bad hobbies (Male, smoking or/and alcohol)
Yes 17 (73.91%) | 10 (66.67%) 0.7219
No 6 (26.09%) 5(33.33%)

Table 1. Basic information of enrolled patients. *Tumor regression classification. "Body Mass Index.

“Hypertension, diabetes mellitus, Coronary heart disease.
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Statement
This project has been approved by the Ethics Committee of Scientific Research and Clinical Experiment at the
First Affiliated Hospital of Zhengzhou University, confirming that all methods were performed in accordance

with relevant guidelines and regulations. All enrolled patients signed informed consent to ensure their right to
make an informed decision.

Retrospective registration

The study has been registered inthe Ethics Committee of Scientific Research and Clinical Experiment of the First
Affiliated Hospital of Zhengzhou University, Ethics code: 2022-KY-0175-002.

Ethical approval and consent to participate
This project has been approved by the Ethics Committee of Scientific Research and Clinical Experiment of the
First Affiliated Hospital of Zhengzhou University and confirmed that all methods were performed in accord-

ance with the relevant guidelines and regulations. All enrolled patients signed informed consent to ensure their
right to informed consent.

Consent for publication
All authors approve the manuscript for publication.

Results

Based on clinical data

Clinical test results during NAT have been obtained

The level of CA125 in the TRG 0 group was significantly lower than that in the TRG III group before neoadju-
vant therapy (*P<0.05). Analysis of white blood cell levels during neoadjuvant therapy showed that the white
blood cell level in the TRG 0 group was lower than that in the TRG III group, and this difference was statistically
significant (*P < 0.05). After using drugs to increase white blood cell count, the white blood cell level in the
TRG 0 group became higher than that in the TRG III group, and this difference was also statistically significant
(*P<0.05) (Fig. 1).
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Figure 1. Clinical blood test results of the enrolled patients. (A) Tumor marker data from patients prior to
NAT. (B) Information on the white blood cell counts in enrolled patients during various time periods:'The
initial white blood cell count in enrolled patients; “The toxicity reaction of white blood cells towards
chemotherapy drugs; *The sensitivity of white blood cells towards leukocyte-raising drugs.
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Original lesion information of the enrolled patients
The data of endoscopic ultrasound and CT scans were collected for the enrolled patients before NAT. The results
showed no significant difference in the location, length, maximum thickness, and depth of invasion of the pri-
mary tumor between the TRG 0 group and TRG III group (P> 0.05). There was also no significant difference
in neck, chest, abdominal lymph nodes, and periesophageal lymph nodes between the two groups (P >0.05).
Additionally, there was no significant difference in cTNM stage between the two groups (P> 0.05) (Table 2).
The analysis of immunohistochemical results from pathological tissue revealed no significant difference in
AE1/AE3, CK5/6, P40, P63, CK7, CK8/18, SYN , CD56, CgA , Ki-67 (%) , and CPS between the TRG 0 group
and TRG III group (P> 0.05) (Table 3).

Surgical and postoperative pathological data of (the enrolled patients

Based on the surgical records of the enrolled patients, the results showed that there was no significant difference
in tumor invasion within the surgical field, cervical and abdominal lymph node enlargement, number of lymph
nodes removed, positive surgical margins, operation time, intraoperative blood loss, and postoperative hospital
stay between the TRG 0 group and the TRG III group (P> 0.05). However, there were significant differences in
chest lymph node enlargement within the surgical field, number of patients with lymph node metastasis, vas-
cular invasion), perineural invasion and postoperative drainage tube indwelling time between the two groups
(*P<0.05) (Table 4).

Based on the transcriptome data)

Sensitive gene characteristics of tumor tissues before and after NAT in TRG 0 group

In the paired detection analysis of clinical samples from TRG 0 patients before and after NAT, there were four
genes (RTN4R, ADTRP, CASK and SIX4)whose expression levels were significantly decreased after NAT. These
genes were common to all patients in this group. The expression levels of RTN4R, ADTRP, and CASK showed
statistical significance (*P <0.05) (Fig. 2G-I). They play important roles in mediating axon growth, cell migra-
tion, protein scaffold formation, and neural cell differentiation (Fig. 2A). Functional enrichment analysis using
the GO database revealed that CASK and SIX4 is associated with the function of RNA polymerase II while

Group

TRG 0 TRG III
Project (n=33) (n=21) P
Tumor location (cm)
Upper end® 27.13+3.04 |28.07+2.84 0.3602
Lower end® 31.96+3.45 |32.73+3.32 0.5037
Tumor length (cm) 5.25+1.70 510+1.58 0.7560

Tumor thickness (mm) 16.02+6.02 | 15.67+4.80 0.8722

Degree of infiltration (Ultrasound gastroscopy)

Muscularis propria 2 (6.06%) 2 (9.52%)
Full-thickness 17 (51.52%) | 5 (23.81%) 0.1300
Outer mold 14 (42.42%) | 14 (66.67%)
Lymph nodes located in the cervical, thoracic, and abdominal
region (CT)
Cervical
Swollen 1 (3.03%) 1 (4.76%) 0.6814
Normal 32(96.97%) | 20 (95.24%)
Thoracic
Swollen 14 (42.42%) | 10 (47.62%) 0.7827
Normal 19 (57.58%) | 11 (52.38)
Aabdominal regions
Swollen 7 (21.21%) 5(23.81%) >0.9999
Normal 26 (78.79%) | 16 (76.19%)
Peri-esophageal lymph nodes (EUSY)
Swollen 17 (51.52%) | 10 (47.62%) | >0.9999
Normal 16 (48.48%) | 11 (52.38%)
TNME staging (AJCC' 8th edition)
II 5 (15.15%) 3(14.28%)
11 22 (66.67%) | 14 (66.67%) 0.9942
v 6(18.18%) | 4 (19.05)

Table 2. The initial lesion data of the patients included. *Distance between upper end and incisor. ®Distance
between lower end and incisor. “‘Computed Tomography. Endoscopic Ultrasonography. ¢Classification of
malignant tumors. fAmerican Joint Committee on Cancer.
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Group
Project TRG 0 TRG III P
AE1/AE3
+ 7 (87.5%) 4(100%) >0.9999
- 1(12.5) 0(0)
CK5/6
+ 9 (81.9%) 4(80%) >0.9999
- 2 (18.1%) 1 (20%)
P40
+ 8 (88.9%) 5(83.3%) >0.9999
- 1(11.1%) 1 (16.7%)
P63
+ 5 (83.3%) 4(100%) >0.9999
- 1(16.7%) 0(0)
CK7
+ 2(33.3%) 2 (50%) >0.9999
- 4 (66.7%) 2 (50%)
CK8/18
+ 4(57.1%) 3 (100%) 0.4750
_ 3 (42.9%) 0(0)
SYN
+ 0(0) 1 (25%) >0.9999
- 3 (100%) 3 (75%)
CD56
+ 0(0) 2 (50%) 0.4667
- 2 (100%) 2 (50%)
CgA
+ 1(25%) 1(25%) >0.9999
- 3(75%) 3 (75%)
Ki-67(%) 50.2+30.1 50.7+24.8 >0.9999
CPS* 826+11.42 11.7+11.28 0.4234

Table 3. Immunohistochemical data of the original tumor tissue in enrolled patients (Ratio of patients with
positive indicators to all patients tested). *Combined Positive Score.

RTN4R and ADTRP are associated with cell surface composition (Fig. 2B). Analysis of The Cancer Genome
Atlas (TCGA) database demonstrated high expression levels of CASK (Fig. 2D), RTN4R (Fig. 2E) in EC tissues
with statistically significant differences observed (*P<0.05). Patients with high RTN4R expression had longer
disease-free survival compared to those with low RTN4R expression; this difference was statistically significant
as well (*P<0.05). Similarly, patients with high SIX4expression had longer overall survival than those with low
SIX4 expression,and the difference was also statistically significant (*P <0.05). Transcriptome cross-validation
indicated no significant difference in the expression levels of selected genes before and after NAT in the TRG III
group (P>00.05) (Fig. 2K-N).

Non-sensitive gene characteristics of tumor tissues were analyzed before and after NAT in TRG III group
In the paired analysis of clinical samples from TRG III patients before and after NAT, a total of 5952 genes whose
expression levels did not change significantly before and after NAT were common to all patients in the TRG III
group (Fig. 3A). A total of 12,024 EC-related genes and 3804 housekeeping genes were detected from the TCGA
database. The sequencing gene set was overlapped with the EC gene set to obtain the EC-related genes in these
sequencing results, and then the housekeeping genes were removed. Finally, 2042 NAT-insensitive genes were
obtained (Fig. 3B). The genes were ranked according to their level of gene expression, and the top 100 genes with
RPKM values were selected for cluster analysis. The results showed that ACTB, FTH1, YWHAZ, RPS2, ACTG1,
ALDOA, RPL23AP42, PKM, ENO1, PABPC1 HSP90AB1 EEF1G RPL18A CFL1 had the highest gene expression
levels among them (Fig. 3C). Functional enrichment analysis using GO database on this TOP14 gene set revealed
that these genes mainly functioned in cadherin binding nuclear transcription mRNA catabolic process glycolysis
(Fig. 3D). KEGG pathway enrichment analysis also indicated that these TOP14 genes played important roles in
glycolysis glucose metabolism synthesis amino acid biosynthesis carbon metabolism signaling pathways (Fig. 3E).
The TCGA database showed that in the expression analysis of EC and adjacent tissues, ACTB (Fig. 4A),
YWHAZ (Fig. 4C), RPS2 (Fig. 4D), ACTGI (Fig. 4E), ALDOA (Fig. 4F), PKM (Fig. 4H), ENO1 (Fig. 41), PABPC1
(Fig. 4]), HSP90ABI (Fig. 4K), EEF1G (Fig. 4L), RPL18A (Fig. 4M) and CFL1 (Fig. 4N) were highly expressed in
EC tissues, and the difference was statistically significant (*P <0.05). In the analysis of DFS in patients with EC,
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Group
Project TRG0(n=33) | TRGIII (n=21) | P
Assessment of tumor infiltration during surgery
No visible infiltration 27 (81.82%) 13 (61.91%) 0.1036
Infiltration 6 (18.18%) 8(38.09%)
Intraoperative assessment of lymph node status
Cervical
Swollen 7 (21.21%) 2(9.52%) 0.4538
Normal 26 (78.79%) 19 (90.48%)
Thoracic
Swollen 20 (60.61%) 19 (90.48%) 0.0378
Normal 13 (39.39%) 2(9.52%)
Aabdominal regions
Swollen 21 (63.64%) 17 (80.95%) 0.2924
Normal 12 (36.36%) 4 (19.05%)
Number of lymph nodes removed 35.32+9.89 34.13£10.06 0.7318
Number of patients with lymph node metastasis
Yes 8 (24.24%) 11 (52.38%) 0.0448
No 25 (75.76%) 10 (47.62%)
Vascular invasion
Yes 0(0) 7 (33.33%) 0.0007
No 33 (100%) 14 (66.67%)
Perineural invasion
Yes 2 (6.06%) 11 (52.38%) 0.0004
No 31(93.94%) 10 (47.62%)
Positive surgical margins
Yes 0(0) 2(9.52%) 0.1468
No 33 (100%) 19 (90.48%)
Duration of surgery (min) 286.5+61.5 222+60.8 0.1741
Hemorrhage during surgical procedures (ml) | 150 +50 134.5+68.5 0.7694
Postoperative drainage tube duration (d) 7.65+2.21 9.56+3.99 0.0348
Postoperative hospital stay (d) 9.5(3+2.89 10.79+3.82 0.1988

Table 4. Surgical and postoperative pathological data of enrolled patients.

patients with high expression of ACTB (Fig. 4A), ACTGI (Fig. 4E), PKM (Fig. 4H), ENO1 (Fig. 4I), PABPC1
(Fig. 4]) , HSP90ABI (Fig. 4K) , and CFLI (Fig. 4N) in cancer tissues had longer DFS than those with low expres-
sion. The difference was statistically significant (*P<0.05). In the OS analysis of patients with EC, patients with
high expression of ACTB (Fig. 4A), FTHI (Fig. 4B), and PKM (Fig. 4H) in cancer tissues had longer OS than
those with low expression,and the difference was statistically significant (*P <0.05). Patients with low expression
of RPL23AP42 in cancer tissues had longer OS than those with high expression (Fig. 4G) and the difference was
statistically significant (*P <0.05). This gene may have potential value as a drug target.

Transcriptome cross-validation showed that in the TRG 0 group, there was no significant difference before and
after NAT (P> 0.05) for screening genes ACTB (Fig. 5A), RPS2 (Fig. 5C), ACTG1 (Fig. 5E), ALDOA (Fig. 5F),
RPL23AP42 (Fig. 5G), PABPC1 (Fig. 5]), HSP90AB1 (Fig. 5K), EEF1G (Fig. 5L), and RPL18A (Fig. 5M). The
expression levels of screened genes YWHAZ (Fig. 5C), PKM (Fig. 5H), ENO1 (Fig. 5I), and CFL1 (Fig. 5N)
decreased significantly after NAT (*P<0.05). The expression level of the screening gene FTH1 increased sig-
nificantly after NAT (*P<0.05). TCGA database showed that genes CASK, SIX4, ENO1 and PKM are highly
expressed in a variety of cancer tissues (Fig. 50-R).

Discussion

In this study, we found that the existing tests and examinations still cannot effectively distinguish between sensi-
tive patients and non-genetic patients before NAT. Preoperative NAT has become an important means for the
radical cure of EC in the current guidelines for diagnosis and treatment'®. However, accurately screening the
appropriate population for NAT still faces great challenges'®. Although many studies have attempted to reveal
the correlation between its clinical characteristics and therapeutic effect, its specific clinical characteristics have
not been clearly established!’".

This study demonstrated that the change in white blood cell levels during NAT can predict the effective-
ness of NAT to a certain extent. Neoadjuvant sensitive patients appear to be more susceptible to the effects of
chemotherapy drugs on white blood cell counts. In this study, the white blood cell levels of TRG 0 patients were
significantly lower than those of TRG III patients after NAT. This can be explained by the homogeneity of patient
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Figure 2. Gene characteristics of TRG 0 patients, their expression in cancer and adjacent tissues, and their
correlation with prognosis.

cells; although cancer cells undergo heterogeneous transformation, all cells in the body still contain the same gene
sequence®. Additionally, TRG 0 patients are more likely to recover from myelosuppression after neoadjuvant
chemotherapy with leukemotropic drugs. The sensitivity of the body to leukemotropic drugs is closely related to
the type and degree of bone marrow suppression caused by chemotherapy drugs, as well as the patient’s overall
physical condition?'. Under identical neoadjuvant regimens, differences in patient constitution become a primary
factor. However, this phenomenon also objectively predicts the therapeutic effect of NAT.

Neoadjuvant non-responsive patients appear to predict worse surgical and pathological outcomes. In this
study, the proportion of patients with lymph node metastasis was higher in the TRG III group compared to the
TRG 0 group. Postoperative pathological results revealed more severe vascular invasion and perineural invasion
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Figure 3. Gene characteristics, GO function enrichment, and KEGG pathway enrichment information are
provided for TRG III patients.

in tumor tissue from the TRG III group. The relationship between neoadjuvant resistance and tumor progression
has not been fully established because it is uncertain whether there is heterogeneous transformation in tumor
tissue during this period, wherein cells expressing chemotherapy-sensitive genes are eliminated and replaced by
other non-sensitive cells; however, regardless of the mechanism, it leads to adverse clinical outcomes. This also
underscores the necessity of combination therapy*.

The duration of drainage tube placement is shorter in the TRG 0 group compared to the TRG III group.
Although there are various factors influencing the duration of drainage tube placement, postoperative complica-
tions like persistent pleural effusion, surgical site hemorrhage, chylothorax, and decreased albumin levels* play
a significant role. These factors greatly contribute to extended drainage tube placement after surgery. Therefore,
it can be deduced that patients who have a complete response to neoadjuvant therapy have a lower occurrence
rate of postoperative complications compared to non-responding patients.

Transcriptome sequencing results of enrolled patients showed that drug sensitivity genes CASK and SIX4 in
TRG 0 patients may regulate the growth, proliferation, and differentiation of cancer cells and other advanced
life processes by affecting the positive regulation of RNA polymerase II transcription®**. This may be related to
the mechanism of action of neoadjuvant drugs. For example, platinum drugs mainly bind to DNA and inhibit
cell division and proliferation to achieve the effect of cancer treatment?. Paclitaxel can inhibit cell mitosis by
enhancing and stabilizing tubulin polymerization while preventing microtubule depolymerization, thus achieving
an anti-cancer effect?”’. Camrelizumab binds to the PD-1 receptor and blocks the PD-1/PD-L1 pathway, thereby
blocking immune suppression mediated by the PD-1 pathway, especially immune suppression caused by tumor
cells?. The premise for anti-tumor drugs is that their theoretical targets are not mutated; however, continuous
heterogeneous changes in tumor cells are an unchangeable fact. In cross-validation of transcriptome data from
TRG III patients, the expression levels of CASK and SIX4 remained relatively unchanged before and after NAT.
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Figure 4. The expression of drug-insensitive genes in cancer and paracancerous tissues and the relationship
between their content and prognosis in TRG III patients.

We hypothesize that there might be a resistance regulatory mechanism in TRG III patients inhibiting down-
regulation of CASK and SIX4 juvant resistance.

In this study, neoadjuvant drug non-sensitive genes ENO1 and PKM mainly focus on the basic life processes
of cells such as amino acid biosynthesis, glycolysis, and glucose metabolism synthesis in TRG III patients. These
two genes play a crucial role in the fundamental cellular processes®**’. The TCGA database showed a significant
increase in the expression of ENO1 and PKM in EC tissues, which may be closely related to the rapid growth and
invasion of tumor cells®'. However, during cross-validation of transcriptome data from the TRG 0 group, there
was a significant decrease in the expression levels of ENO1 and PKM after NAT. We hypothesize that there may
be some resistance regulatory mechanism present in the tumor tissues of TRG III patients that maintains normal
expression levels of ENO1 and PKM, thereby ensuring that cancer cell’s normal anabolic process is not affected.
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Figure 5. Transcriptome cross-validation of drug-insensitive genes in patients with TRG 0 is being conducted
(A-N); Expression of CASK, SIX4, ENO1 and PKM in multiple cancer types (O-R).

TCGA database showed that genes CASK, SIX4, ENO1 and PKM are highly expressed in a variety of cancer
tissues and are important anticancer drug targets. Therefore, in-depth exploration of their abnormal regulatory
mechanisms in NAT has important clinical value for increasing the drug sensitivity of neoadjuvant patients.

Conclusion

The change in white blood cell count during NAT for ESCC can be used as a clinical indication to predict the
effect of NAT to some extent. Neoadjuvant resistance may indicate a worse pTNM stage. Transcriptome data
suggest that there may be resistant regulatory mechanisms in the tumor tissues of TRG III patients, allowing
normal growth and anabolic processes of tumor cells.
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