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Background: Single nucleotide polymorphisms (SNPs) of essential enzymes for

alcohol metabolism ADH1B, ADH1C, and ALDH2 are commonly regarded as

genetic biomarkers for esophageal squamous cell carcinoma (ESCC)

susceptibility. However, there have not been any reports on relations

between SNPs of these genes and the prognosis of postoperative

radiotherapy in ESCC. The current study aimed to understand the

associations between gene variants of alcohol metabolism and adjuvant

radiotherapy’s prognosis in ESCC.

Methods: This study retrospectively analyzed 110 ESCCpatients fromour institution

who received adjuvant radiotherapy after surgery. The SNPs of ADH1B rs1229984,

ADH1C rs1789924, and ALDH2 rs671 were detected by Sanger sequencing using

formalin-fixed paraffin-embedded tumor samples. A nomogram was drawn based

on prognostic factors associated with overall survival (OS).

Results: ADH1C rs1789924 (C>T) was associated with poor DFS andOS in ESCC

patients undergoing adjuvant radiotherapy. Multivariate analysis showed that

ADH1C rs1789924 (C>T) was one of the independent prognosis factors of DFS

and OS. However, the genotypes of ADH1B SNP rs1229984 and

ALDH2 rs671 were not associated with differences in the PFS and OS of

these patients. Compared with the AJCC staging system, the nomogram

containing the ADH1C genotype can more effectively and accurately predict

the survival time of ESCC after surgery and adjuvant radiotherapy.

Conclusion: ADH1C rs1789924 might be a prognostic genetic biomarker for

ESCC patients undergoing surgery and postoperative radiotherapy.
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1 Introduction

Esophageal cancer is known as the eighth most common

cancer worldwide and is the sixth leading cause of cancer-related

deaths (Sung et al., 2021). Domestically, it is the fifth most

common cancer and the fourth most common cause of cancer

death, with approximately 346,633 new cases and 323,600 deaths

in 2022 (Xia et al., 2022). China is one of the countries showing

the highest incidence rate of ESCC, a primary histological type of

esophageal cancer (Smyth et al., 2017). Alcohol consumption,

smoking, poor nutrition, and some dietary factors like

consumption of very hot beverages are considered risk factors

for ESCC. Genetic factors may also play a vital role in

susceptibility to ESCC (Smyth et al., 2017). A controlled study

of Chinese patients concluded that single nucleotide

polymorphisms (SNPs) of important enzymes for alcohol

metabolism ADH1B, ADH1C, and ALDH2 are commonly

regarded as genetic biomarkers of ESCC susceptibility (Gao

et al., 2013). In Liu’s study, ALDH2 rs671 affected not only

the susceptibility to ESCC but also its poor prognosis (Liu et al.,

2018). The ADH gene was also associated with the prognosis of

some other solid tumors (Wang et al., 2018; Shen et al., 2019;

Chen et al., 2020; Liu et al., 2020) and response to chemotherapy

(Khrunin et al., 2014; Le Morvan et al., 2015). However, there

have not been any reports on relations between SNPs of these

genes and the prognosis of postoperative radiotherapy in ESCC.

For resectable local advanced esophageal cancer, although

neoadjuvant chemoradiotherapy followed by surgery was

recommended, the vast majority of patients in China initially

choose surgery. Relevant studies have shown that treatment

failure is mainly due to local recurrence. Therefore,

postoperative adjuvant therapy has a significant effect.

According to Xiao’s research conclusion, postoperative

radiotherapy can effectively reduce the probability of

locoregional recurrence for all patients and can improve the

survival of stage III or positive lymph node metastatic esophageal

carcinoma (Xiao et al., 2003; Xiao et al., 2005). A randomized

controlled trial of phase III suggested that postoperative

radiotherapy, especially postoperative chemoradiotherapy,

significantly improved DFS and OS in stage IIB–III

esophageal squamous cell carcinoma (Ni et al., 2021). Even

for patients with relatively early-stage T2–3N0M0, it was also

well documented that postoperative radiotherapy significantly

increased the patients’ DFS and reduced the likelihood of the

local regional recurrence rate (Deng et al., 2020). Moreover,

significant variability in disease response is observed for patients

who underwent adjuvant radiotherapy. Several studies have

demonstrated a correlation between clinical factors and

prognosis. However, because such individual differences are

difficult to predict precisely, biomarkers must be identified to

screen patients for whom adjuvant therapy is not beneficial.

Therefore, the purpose of our study is to more comprehensively

and accurately understand the correlation between the variations

of alcohol metabolism genes and the prognosis of adjuvant

radiotherapy in ESCC.

2 Materials and methods

2.1 Patients

By sorting out and summarizing the relevant data on ESCC

patients who were selected for postoperative radiotherapy in the

Radiation Oncology Department of Renji Hospital from April

2008 to October 2018, 110 patients were retrospectively analyzed.

The main inclusion criteria were as follows: 1) the age of the

patients must be between 18 and 80 years; 2) according to the

eighth edition staging system promulgated by the American Joint

Committee on Cancer (AJCC), the patients must meet the

diagnostic criteria for stage II–IVa thoracic esophageal

squamous cell carcinoma; 3) the overall condition of the

patients must be good, that is, the Eastern Cooperative

Oncology Group performance status of 0 or 1; 4) there should

be no abnormality in liver, kidney, and bone marrow functions;

5) all the patients should have undergone radical surgery in the

Department of Thoracic Surgery of Renji hospital and received

adjuvant radiotherapy in 3 months after surgery; 6) formalin-

fixed, paraffin-embedded tumor tissue of the patients should be

available; and 7) the patients should be under a regular follow-up

after treatment. The exclusion criteria were as follows: 1) Patients

with palliative resection and tumor residual; 2) tumor tissue

should be unavailable; 3) radiation dose should be less than

40 Gy; 4) loss of follow-up after treatment; and 5) concurrent

malignancy or previous malignancy within the past 5 years. This

study was approved by the ethics committee of Renji Hospital.

2.2 Treatment

2.2.1 Surgery
All patients underwent esophagectomy and lymph node

dissection. The surgical plan was chosen according to the

different locations of the tumor. For example, esophageal

cancers in the upper and middle thoracic segments were

generally suitable for Ivor Lewis or McKeown surgery, while

those located in the lower thoracic segment were more suitable

for Sweet esophagectomy. All patients were R0 resectioned.

2.2.2 Adjuvant radiotherapy
The optimal time to receive adjuvant radiation therapy is

4–12 weeks after surgery. All patients before 2011 were treated

with three-dimensional conformal radiotherapy; after 2011, most

of the patients received intensity-modulated radiotherapy

(IMRT). The median radiation dose was 50 Gy, ranging from

40 to 60 Gy in 20–30 fractions (2 Gy per fraction). The clinical

target volume (CTV) was determined by the location of the

Frontiers in Genetics frontiersin.org02

Xu et al. 10.3389/fgene.2022.988433

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.988433


primary tumor and the positive nodes found during pathological

examination or surgery. For upper thoracic tumors, the boundary

of the CTV was at the superior border of the cricothyroid

membrane, whereas for midthoracic tumors, the border was at

the superior border of the first thoracic vertebra. The lower

border was located 3.0 cm below the carina andmay also be at the

lower border of the tumor bed, combined with the location of the

tumor. The CTV includes the bilateral supraclavicular region and

mediastinal stations 2R/L, 4R/L, 7, and 8, according to the tumor

location. The planning target volume (PTV) was formed by a

uniform 0.5 cm expansion around the CTV. Chemotherapy

(sequential or concurrent with radiotherapy) was given if

necessary.

2.3 Follow-up

Follow-up is required after the treatment. The frequency of

follow-up is quarterly for the first 2 years after surgery, semi-

annually for the second 2 years, and can be extended to yearly

thereafter. Diagnostic imaging and endoscopic biopsy are mainly

used to check for esophageal recurrence. Enhanced CT, MRI, or

PET-CT is used to check whether there is local recurrence and

distant metastasis, and fine needle aspiration is also required if

necessary.

2.4 Genotyping assays

DNA was extracted from paraffin block sections of tumor

samples during surgery with the aid of Qiagen kits. The SNPs of

ADH1B rs1229984, ADH1C rs1789924, and ALDH2 rs671 were

detected by Sanger sequencing. The primers used for PCR are

listed as follow: rs1229984-F: 5′-CTTTCGTCTCTCATTGCCT-
3′, rs1229984-R: 5′-TAACCTTGGGGATAAACTGA-3’;
rs1789924-F: 5′-TAAAGAAATGGGCACCGA-3′, rs1789924-R
5′-CCCCTTTGCTGTGACTGA-3’; and rs671-F: 5′-CCCATA
ACCCCCAAGAGT-3′, rs671-R: 5′-CAGAGCAGAGGCTGG
GTC-3’. The PCR product was sequenced on an ABI 3100

DNA analyzer (Applied Biosystems, Foster City, CA, United

States), and the data were analyzed by Sequencer 4.9 software.

2.5 Statistical analyses

Further statistical analyses were carried out with the help of

SPSS 22.0 software (SPSS Inc., Chicago, IL, United States).

Categorical variables were compared using Pearson’s chi-

squared or Fisher’s exact tests. Survival analysis was

performed by the Kaplan–Meier method, followed by log-rank

tests. Univariable and multivariable Cox regression analyses were

then used to identify risk factors for disease-free survival (DFS)

and overall survival (OS). OS time was the interval from the date

of surgery to death or the most recent follow-up time, which was

31 December 2021. DFS is defined as survival time without

disease progression from the date of surgery. All p-values

were two-sided; values of p < 0.05 were considered statistically

significant. R 3.4.4 software (Institute for Statistics and

TABLE 1 Clinical features and genotypes of all the patients.

Characteristic Total N = 110 (%)

Age (years)

≥65 35 (31.8)

<65 75 (68.2)

Gender

Male 90 (81.8)

Female 20 (18.2)

Location

Upper 18 (16.4)

Middle 50 (45.5)

Lower 42 (38.2)

Length (cm)

<5 cm 60 (54.5)

≥5 cm 50 (45.5)

pT stage

T2 20 (18.2)

T3 66 (60.0)

T4 24 (21.8)

pN stage

N0 39 (35.5)

N1 47 (42.7)

N2 18 (16.4)

N3 6 (5.5)

TNM stage

II 31 (28.2)

III 75 (68.2)

IVa 4 (3.6)

Adjuvant chemotherapy

Yes 60 (54.5)

No 50 (45.5)

rs1229984 genotypes

TT 38 (34.5)

TC 35 (31.8)

CC 5 (4.5)

Unknown 32 (29.1)

rs1789924 genotypes

CC 100 (90.9)

CT 10 (9.1)

rs671 genotypes

GG 49 (44.5)

GA 48 (43.6)

AA 3 (2.7)

Unknown 10 (9.1)
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Mathematics, Vienna, Austria) was used to draw a nomogram of

potential prognostic factors significantly associated with OS, and

the calibration curve and the concordance index (C-index) were

used to judge its accuracy.

3 Results

3.1 Patient characteristics

In the study, the relevant data on 110 ESCC patients who

received adjuvant radiotherapy were selected as the research

sample. The clinical characteristics of these patients are

detailed in Table 1. The selected patients ranged in age from

44 to 80 years, with an average age of 61 years. In the overall

sample, 75 patients had stage III, 31 had stage II, and 4 had stage

IVa disease. Only 78 patients were evaluable for

rs1229984 genotypes, including 38 patients with genotype TT,

35 patients with genotype TC, and 5 patients with genotype CC.

All 110 patients were evaluated for rs1229984 SNP status,

including 100 patients with wild-type CC and 10 patients with

variant-type CT; 100 patients were evaluable for rs671 genotypes,

including 49 patients with genotype GG, 48 with genotype GA,

and 3 with genotype AA.

3.2 Comparing DFS and OS of patients in
different genotypes

During follow-up, 67 patients died and 69 patients were with

disease progression. For the surviving patients, the median

follow-up time was 70 months. The mean DFS was

22.2 months (95% CI: 15.2–29.1 months), and the mean OS

was 32.0 months (95% CI: 20.3–43.7 months) for the whole

group of patients. The genotypes of ADH1C SNP

rs1789924 were significantly associated with differences in the

PFS and OS. The patients with variant-type CT had much worse

DFS and OS than those with wild-type CC (Figure 1). The mean

DFS was 22.8 months in patients with rs1789924 CC type and

12.8 months in patients with rs1789924 CT type (p = 0.01), and

the mean OS was 33.0 and 19.0 months, respectively (p = 0.01).

However, the genotypes of ADH1B SNP rs1229984 and

ALDH2 rs671 were not associated with differences in the PFS

and OS of these patients. The clinical characteristics of different

rs1229984 genotypes are shown in Supplementary Table S1.

There were no significant differences between the two groups

in all clinical features except tumor length. More patients in the

mutant group had tumors longer than 5 cm.

3.3 Univariate and multivariate analyses
for DFS and OS

In the univariate analysis of clinical characteristics and

genotypes, as shown in Table 2, TNM stage, N stage, tumor

length, and ADH1C were significantly correlated with DFS. The

variables with p < 0.2 in univariate analysis were subjected to

multivariate analysis. In addition, independent associations

between TNM stage, tumor length, and ADH1C and DFS

were confirmed by multivariate analysis. In the analysis of the

variables associated with the OS, age, TNM stage, N stage, tumor

length, and ADH1C were significantly associated with OS. In

addition, in multivariate analysis, age, TNM stage, tumor length,

and ADH1C were independently associated with OS (Table 3).

FIGURE 1
Disease-free survival (A) and overall survival (B) curves of the patients with different ADH1C rs1789924 genotypes. CC: wild type; CT: variant
type.
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Therefore, we considered that ADH1C SNP rs1789924 might be

one of the independent prognostic factors for ESCC patients who

underwent surgery and adjuvant radiotherapy.

3.4 Nomogram for predicting OS

Based on the five prognostic factors screened in the

multivariate Cox regression analysis, a nomogram was drawn

for predicting 1-year, 3-year, and 5-year survival probabilities

(Figure 2A). The 5-year OS probability calibration curve showed

that the predicted values of the nomogram had a high agreement

with the actual observed values of OS (Figure 2B). In addition, the

calculated C-index result for the predicted nomogram was 0.662

(95% CI: 0.625–0.700). Afterward, the accuracy of the predicted

results of the nomogram and the AJCC staging system was

compared in detail with the help of ROC analysis. The

calculation found that the AUC values of the OS of the

predicted nomogram in the aforementioned three different

periods were 0.662, 0.731, and 0.767, which were obviously

higher than 0.564, 0.626, and 0.625 of the staging system. The

nomogram has a better discriminative ability than the AJCC

staging system (Figure 3). These results suggested that the

nomogram, including the ADH1C genotype and other clinical

characteristics, is better at predicting survival for ESCC after

surgery and adjuvant radiotherapy.

4 Discussion

This study focuses on analyzing associations between SNPs

of essential enzymes for alcohol metabolism ADH1B, ADH1C,

and ALDH2 and survival in esophageal cancer patients receiving

postoperative radiotherapy. We had shown a significant

association between ADH1C rs1789924 genotypes with DFS

and OS. The patients with variant-type rs1789924 had much

worse DFS and OS than those with wild-type rs1789924.

Alcohol metabolism mainly depends on alcohol

dehydrogenases (ADH), which oxidize ethanol to acetaldehyde

or ketones (Zhang, Mai, and Huang 2010). ADH1B and ADH1C

are the most common ADH genes and encode the most critical

components of the ADH enzyme subunit. Alcohol metabolism

also requires another enzyme, encoded by ALDH2. It has a high

affinity to acetaldehyde and is able to facilitate the conversion of

acetaldehyde to non-toxic acetate (Seitz and Stickel 2007). There

are three SNPs, rs1229984 in ADH1B at 4q23, rs1789924 near

ADH1C at 4q23, and rs671 in ALDH2 at 12q24, significantly

associated with the risk of ESCC in the Chinese population (Gao

et al., 2013). The SNP rs1229984 is a missense polymorphism

(A>G, His48Arg) within the ADH1B gene, which encodes a

more active ADH enzyme. The SNP rs1789924, located at 5′ near
the gene region of ADH1C, may affect transcription factor

binding. The SNP rs1789924 has a significant relationship

with another SNP, rs698, at 4q23. The variant A allele of

TABLE 2 Univariate analysis of clinical parameters and rs1789924 genotypes in predicting DFS.

Univariate analysis Multivariate analysis

Parameter Comparison p-value HR 95% CI p-value HR 95% CI

Age <65 vs ≥65 0.150 1.423 0.880–2.303 0.057 1.609 0.986–2.625

Stage II vs III & IVa 0.037* 1.811 1.035–3.170 0.030* 1.965 1.066–3.622

N stage N0–1 vs N2–3 0.016* 1.915 1.127–3.253 0.079 1.664 0.943–2.936

Tumor length <5 cm vs ≥5 cm 0.033* 1.663 1.041–2.655 0.031* 1.718 1.051–2.809

ADH1C CC vs CT 0.011* 2.392 1.219–4.694 0.022* 2.289 1.125–4.658

*p < 0.05.

TABLE 3 Univariate analysis of clinical parameters and rs1789924 genotypes in predicting OS.

Univariate analysis Multivariate analysis

Parameter Comparison p-value HR 95% CI p-value HR 95% CI

Age <65 vs ≥65 0.028* 1.732 1.060–2.829 0.008* 1.979 1.199–3.268

Stage II vs. III & IVa 0.029* 1.934 1.070–3.494 0.024* 2.106 1.105–4.016

N stage N0–1 vs. N2–3 0.011* 1.999 1.173–3.405 0.083 1.662 0.936–2.951

Tumor length <5 cm vs. ≥5 cm 0.017* 1.798 1.109–2.915 0.018* 1.836 1.109–3.038

ADH1C CC vs. CT 0.014* 2.339 1.191–4.595 0.03* 2.196 1.079–4.470

*p < 0.05.

Frontiers in Genetics frontiersin.org05

Xu et al. 10.3389/fgene.2022.988433

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.988433


rs671 (G>A, Glu504Lys) was able to significantly reduce the

metabolic activity of the ALDH2 enzyme for acetaldehyde (Yuan

et al., 2013). Gao and other related scholars selected 2,139 ESCC

cases and 2,273 control cases as samples and found that minor

alleles of rs1229984 and rs1789924 could significantly increase

the risk of ESCC. On the contrary, the minor allele of rs671 could

significantly reduce its risk (Gao et al., 2013). This study explored

the correlation between these genetic biomarkers for ESCC

prognosis. We only found that the variant T allele of

rs1789924 in ADH1C was associated with the prognosis of

ESCC patients electing for surgery and receiving adjuvant

radiotherapy.

Some analyses found that ADH1C plays a vital role in

developing breast, liver, colorectal, and lung cancers. Some

studies found that the expression of ADH1C was significantly

downregulated in hepatocellular carcinoma tumor samples

compared with normal liver samples and whose high

expression of ADH1C was significantly associated with a good

survival rate in liver cancer patients (Chen et al., 2020; Liu et al.,

2020). It has also been concluded that with the continuous

reduction of ADH1C expression levels, the prognosis of

colorectal cancer patients can gradually worsen (Li et al.,

2022). The conclusion of the study by Kumamoto et al.,

(2019) showed that ADH1C could also be used to predict the

recurrence rate of stage III colorectal cancer patients after

chemotherapy. For lung cancer patients, high expression of

ADH1B, ADH1C, ADH4, and ADH5 genes can achieve a

better prognosis. In addition, the expression of ADH family

members was associated with smoking status, clinical stage, and

chemotherapy status (Wang et al., 2018). Feng’s study showed

that the upregulated expression of ADH1C enhances cisplatin

resistance of lung adenocarcinoma cells (Jiang et al., 2022). Some

studies have shown the correlation between SNPs of ADH1C and

cancer prognosis. The SNP rs698 in ADH1C significantly affects

complete tumor response in ovarian cancer patients receiving

cisplatin for chemotherapy (Khrunin et al., 2014). A randomized

phase III trial found that another SNP rs1693482 in ADH1C

FIGURE2
Prediction nomogram for overall survival. (A) Nomogram
predicts OS based on age, TNM stage, N stage, tumor length, and
ADH1C genotype. (B) Calibration curve of the nomogram.

FIGURE3
ROC curves present the predictive power for 1-year, 3-year, and 5-year OS. (A) AJCC stage. (B) Nomogram. ROC: receiver operator
characteristic; AJCC: American Joint Committee on Cancer.
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significantly affected OS in breast cancer patients undergoing

neoadjuvant chemotherapy and without the need to achieve PCR

(Le Morvan et al., 2015). Through a study in Xinjiang Han and

Kazakh populations in China, it was found that ALDH2 rs671

(G>A) is not only closely related to the susceptibility to ESCC in

Kazak populations but also significantly correlated with poor

prognosis of EC in both Kazak and Han ethnic groups (Liu et al.,

2018).

It is understood that this study is the first to show that SNP

rs1789924 near ADH1C significantly affected the DFS and OS of

ESCC patients undergoing surgery and adjuvant radiotherapy. In our

multivariate analysis, the rs1789924 genotype was the independent

prognostic factor for both DFS and OS. In the multivariate analysis,

we also demonstrated that some clinical characteristics were

correlated with survival. For these patients, the TNM stage and

tumor length were independently associated with PFS, and the TNM

stage, tumor length, and age were independently associated with OS.

This result was consistent with our previous study (Xu et al., 2016)

and some other scholars’ studies (Zou et al., 2020). For ESCCpatients

undergoing surgery, the pathological stage is the most critical

prognostic factor and the key basis for adjuvant therapy after

surgery. Although postoperative adjuvant therapy is not

recommended for patients with R0 resection according to the

NCCN guidelines, for stage IIb–III patients, especially those with

positive lymph nodes, adjuvant radiotherapy can effectively reduce

the local relapse and improve survival. A phase III randomized

controlled trial in China has demonstrated that postoperative

treatment (PORT/POCRT) may significantly prolong the survival

in these patients. The pathological TNMstage and treatment regimen

can significantly affect the DFS and OS (Ni et al., 2021). In our study,

the TNM stage was also found as an independent prognostic factor

for OS and DFS, but the predictive capability for survival was poor.

Therefore, it is necessary to explore a better predictive survival model

that can provide counseling and treatment guidance services to

patients. The nomogram (including the rs1789924 genotype)

based on the multivariate analysis results during this study can be

used to predict OS accurately in ESCC patients.

In our study, rs1789924 variant-type CT was identified only in

9.1% (10/110) of patients, which was lower than the frequency

reported in the former research (Gao et al., 2013). This may be due

to the small sample size of our research, which was the first

limitation to the study. Second, this was a retrospective, single-

center study that might limit the results’ universality. The result

should be validated in a larger population in the future study.

Third, as it was a retrospective study, we could not obtain

information on the drinking history of all patients, so we did

not concern about this aspect. Finally, the mechanism of action of

ADH1C in cancer has not been clearly understood, and more

extensive and in-depth mechanism studies are needed to better

understand the role of rs1789924 in ESCC. Therefore, extensive

sample collection and molecular mechanism studies are needed to

expand the study to validate these preliminary results and explore

the mechanisms of impact.

5 Conclusion

Our study first reported a significant association between

ADH1C rs1789924 genotypes with DFS and OS for ESCC

patients undergoing surgery and postoperative radiotherapy.

The SNP of rs1789924 was an independent prognostic factor

for these patients. The developed nomogram integrating

clinical features and the rs1789924 genotype showed

superior prediction ability for OS, which might help us

develop individualized postoperative adjuvant therapy

strategies.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material; further

inquiries can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of Renji Hospital. The ethics

committee waived the requirement of written informed consent

for participation.

Author contributions

XM, YB, and QY designed this study; XX, ZS, JL, and LZ

analyzed the data; XX and ZS wrote the manuscript; LR, LX, and

XW collected the data; XM and LZ revised the manuscript. All

authors contributed to the manuscript and approved the

submitted version.

Funding

This study was sponsored by the Science and Technology

Commission of Shanghai Municipality (21ZR1438500), the

Incubating Program for Clinical Innovation of Renji Hospital

(PYDY-DZX-009), the National Natural Science Foundation of

China (81972854), and the Renji Hospital promotion project of

National Natural Science Foundation of China (RJTJ22-

MS-030).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Frontiers in Genetics frontiersin.org07

Xu et al. 10.3389/fgene.2022.988433

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.988433


The reviewerWY declared a shared parent affiliation with the

author(s) QY, LZ, XM, XX, ZS, LR, XW, and LX to the handling

editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors, and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fgene.

2022.988433/full#supplementary-material

References

Chen, Q., Li, F., Gao, Y., Xu, G., Liang, L., and Xu, J. (2020). Identification of
energy metabolism genes for the prediction of survival in hepatocellular carcinoma.
Front. Oncol. 10, 1210. doi:10.3389/fonc.2020.01210

Deng, W., Yang, J., Ni, W., Li, C., Chang, X., Han, W., et al. (2020).
Postoperative radiotherapy in pathological T2-3N0M0 thoracic esophageal
squamous cell carcinoma: Interim report of a prospective, phase III,
randomized controlled study. Oncologist 25 (4), e701–e708. doi:10.1634/
theoncologist.2019-0276

Gao, Y., He, Y., Xu, J., Xu, L., Du, J., Zhu, C., et al. (2013). Genetic variants at 4q21,
4q23 and 12q24 are associated with esophageal squamous cell carcinoma risk in a
Chinese population.Hum. Genet. 132 (6), 649–656. doi:10.1007/s00439-013-1276-5

Jiang, F., Shen, Q., Zhang, F., Fu, J., Hu, L., Wang, J., et al. (2022). ADH1C
facilitates cisplatin resistance of lung adenocarcinoma cells. DNA Cell. Biol. 41 (6),
631–640. doi:10.1089/dna.2021.0877

Khrunin, A. V., Khokhrin, D. V., Moisseev, A. A., Gorbunova, V. A., and
Limborska, S. A. (2014). Pharmacogenomic assessment of cisplatin-based
chemotherapy outcomes in ovarian cancer. Pharmacogenomics 15 (3), 329–337.
doi:10.2217/pgs.13.237

Kumamoto, K., Nakachi, Y., Mizuno, Y., Yokoyama, M., Ishibashi, K., Kosugi, C.,
et al. (2019). Expressions of 10 genes as candidate predictors of recurrence in stage
III colon cancer patients receiving adjuvant oxaliplatin-based chemotherapy. Oncol.
Lett. 18 (2), 1388–1394. doi:10.3892/ol.2019.10437

Le Morvan, V., Litiere, S., Laroche-Clary, A., Ait-Ouferoukh, S., Bellott, R.,
Messina, C., et al. (2015). Identification of SNPs associated with response of
breast cancer patients to neoadjuvant chemotherapy in the EORTC-10994
randomized phase III trial. Pharmacogenomics J. 15 (1), 63–68. doi:10.1038/
tpj.2014.24

Li, M., Liu, Z., Song, J., Wang, T., Wang, H., Wang, Y., et al. (2022). Identification
of down-regulated ADH1C is associated with poor prognosis in colorectal cancer
using bioinformatics analysis. Front. Mol. Biosci. 9, 791249. doi:10.3389/fmolb.
2022.791249

Liu, P., Zhao, H. R., Li, F., Zhang, L., Zhang, H., Wang, W. R., et al. (2018).
Correlations of ALDH2 rs671 and C12orf30 rs4767364 polymorphisms with
increased risk and prognosis of esophageal squamous cell carcinoma in the
Kazak and Han populations in Xinjiang province. J. Clin. Lab. Anal. 32 (2),
e22248. doi:10.1002/jcla.22248

Liu, X., Li, T., Kong, D., You, H., Kong, F., and Tang, R. (2020). Prognostic
implications of alcohol dehydrogenases in hepatocellular carcinoma. BMC Cancer
20 (1), 1204. doi:10.1186/s12885-020-07689-1

Ni, W., Yu, S., Xiao, Z., Zhou, Z., Chen, D., Feng, Q., et al. (2021). Postoperative
adjuvant therapy versus surgery alone for stage IIB-III esophageal squamous cell
carcinoma: A phase III randomized controlled trial. Oncologist 26 (12),
e2151–e2160. doi:10.1002/onco.13914

Seitz, H. K., and Stickel, F. (2007). Molecular mechanisms of alcohol-mediated
carcinogenesis. Nat. Rev. Cancer 7 (8), 599–612. doi:10.1038/nrc2191

Shen, X. Y., Liu, X. P., Song, C. K., Wang, Y. J., Li, S., and Hu, W. D. (2019).
Genome-wide analysis reveals alcohol dehydrogenase 1C and secreted
phosphoprotein 1 for prognostic biomarkers in lung adenocarcinoma. J. Cell.
Physiol. 234 (12), 22311–22320. doi:10.1002/jcp.28797

Smyth, E. C., Lagergren, J., Fitzgerald, R. C., Lordick, F., Shah, M. A., Lagergren,
P., et al. (2017). Oesophageal cancer. Nat. Rev. Dis. Prim. 3, 17048. doi:10.1038/
nrdp.2017.48

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A.,
et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 71 (3),
209–249. doi:10.3322/caac.21660

Wang, P., Zhang, L., Huang, C., Huang, P., and Zhang, J. (2018). Distinct
prognostic values of alcohol dehydrogenase family members for non-small cell
lung cancer. Med. Sci. Monit. 24, 3578–3590. doi:10.12659/MSM.910026

Xia, C., Dong, X., Li, H., Cao, M., Sun, D., He, S., et al. (2022). Cancer statistics in
China and United States, 2022: Profiles, trends, and determinants. Chin. Med. J. 135
(5), 584–590. doi:10.1097/CM9.0000000000002108

Xiao, Z. F., Yang, Z. Y., Liang, J., Miao, Y. J., Wang, M., Yin, W. B., et al. (2003).
Value of radiotherapy after radical surgery for esophageal carcinoma: A report of
495 patients. Ann. Thorac. Surg. 75 (2), 331–336. doi:10.1016/s0003-4975(02)
04401-6

Xiao, Z. F., Yang, Z. Y., Miao, Y. J., Wang, L. H., Yin, W. B., Gu, X. Z., et al. (2005).
Influence of number of metastatic lymph nodes on survival of curative resected
thoracic esophageal cancer patients and value of radiotherapy: Report of 549 cases.
Int. J. Radiat. Oncol. Biol. Phys. 62 (1), 82–90. doi:10.1016/j.ijrobp.2004.08.046

Xu, X., Xie, H. Y., Zhou, D., Huang, R. H., Bai, Y. R., Yuan, J., et al. (2016).
Comparison and prognostic analysis of adjuvant radiotherapy versus salvage
radiotherapy for treatment of radically resected locally advanced esophageal
squamous cell carcinoma. Biomed. Res. Int. 2016, 8548694. doi:10.1155/2016/
8548694

Yuan, H., Ma, H., Lu, F., Yuan, Z., Wang, R., Jiang, H., et al. (2013). Genetic
variants at 4q23 and 12q24 are associated with head and neck cancer risk in China.
Mol. Carcinog. 52, E2–E9. doi:10.1002/mc.21929

Zhang, G. H., Mai, R. Q., and Huang, B. (2010). Meta-analysis of ADH1B and
ALDH2 polymorphisms and esophageal cancer risk in China. World
J. Gastroenterol. 16 (47), 6020–6025. doi:10.3748/wjg.v16.i47.6020

Zou, B., Tu, Y., Liao, D., Xu, Y., Wang, J., Huang, M., et al. (2020). Radical
esophagectomy for stage II and III thoracic esophageal squamous cell carcinoma
followed by adjuvant radiotherapy with or without chemotherapy: Which is more
beneficial? Thorac. Cancer 11 (3), 631–639. doi:10.1111/1759-7714.13307

Frontiers in Genetics frontiersin.org08

Xu et al. 10.3389/fgene.2022.988433

https://www.frontiersin.org/articles/10.3389/fgene.2022.988433/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.988433/full#supplementary-material
https://doi.org/10.3389/fonc.2020.01210
https://doi.org/10.1634/theoncologist.2019-0276
https://doi.org/10.1634/theoncologist.2019-0276
https://doi.org/10.1007/s00439-013-1276-5
https://doi.org/10.1089/dna.2021.0877
https://doi.org/10.2217/pgs.13.237
https://doi.org/10.3892/ol.2019.10437
https://doi.org/10.1038/tpj.2014.24
https://doi.org/10.1038/tpj.2014.24
https://doi.org/10.3389/fmolb.2022.791249
https://doi.org/10.3389/fmolb.2022.791249
https://doi.org/10.1002/jcla.22248
https://doi.org/10.1186/s12885-020-07689-1
https://doi.org/10.1002/onco.13914
https://doi.org/10.1038/nrc2191
https://doi.org/10.1002/jcp.28797
https://doi.org/10.1038/nrdp.2017.48
https://doi.org/10.1038/nrdp.2017.48
https://doi.org/10.3322/caac.21660
https://doi.org/10.12659/MSM.910026
https://doi.org/10.1097/CM9.0000000000002108
https://doi.org/10.1016/s0003-4975(02)04401-6
https://doi.org/10.1016/s0003-4975(02)04401-6
https://doi.org/10.1016/j.ijrobp.2004.08.046
https://doi.org/10.1155/2016/8548694
https://doi.org/10.1155/2016/8548694
https://doi.org/10.1002/mc.21929
https://doi.org/10.3748/wjg.v16.i47.6020
https://doi.org/10.1111/1759-7714.13307
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.988433

	Genetic variant of ADH1C for predicting survival in esophageal squamous cell cancer patients who underwent postoperative ra ...
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Treatment
	2.2.1 Surgery
	2.2.2 Adjuvant radiotherapy

	2.3 Follow-up
	2.4 Genotyping assays
	2.5 Statistical analyses

	3 Results
	3.1 Patient characteristics
	3.2 Comparing DFS and OS of patients in different genotypes
	3.3 Univariate and multivariate analyses for DFS and OS
	3.4 Nomogram for predicting OS

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


