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Title: Pretreatment elevated mean corpuscular volume as an indicator for high risk

esophageal second primary cancer in patients with head and neck cancer

Abstract

Objective

Esophageal cancer is the most common second primary cancer (SPC) in patients with

head and neck cancer (HNC). Esophageal SPC has a negative impact on survival.

Elevated mean corpuscular volume (MCV) is an accepted predictor of esophageal cancer

risk. The aim of this study was to elucidate the usefulness of elevated MCV as an indicator

of a high risk for esophageal SPC.

Methods

We retrospectively reviewed the medical records of patients with oropharyngeal,

hypopharyngeal, and laryngeal squamous cell carcinoma who underwent

chemoradiotherapy between 2003 and 2012. We excluded patients younger than 20 years

or who had received treatment for esophageal cancer and who had a histologically

unproven lesion. Patients were divided into two groups according to their MCV. The cut-

off for MCV was defined by receiver operating characteristics curve analysis. The



primary endpoint was the cumulative incidence of esophageal SPC.

Results

A total of 295 patients were included. The median follow-up period for surviving patients

was 7.4 years and the optimal cut-off point was 99.0 fL.. One hundred ninety-five patients

(66%) had an MCV < 99.0 fL and 100 (34%) had an MCV > 99.0 fL. The 5-year

cumulative incidence in patients with an MCV < 99.0 fLL and > 99.0 fL. was 8.7% and

27%, respectively. In the multivariate analysis, an MCV > 99.0 fL (HR=2.2; 95%CI, 1.1-

4.2) was an independent risk factor.

Conclusion

MCV > 99.0 fL was found to be a risk factor for esophageal SPC. We, therefore,

recommend that patients with an MCV > 99.0 fL should undergo intensive monitoring.

Keywords

Head and neck cancer; second primary cancer; esophageal cancer; mean corpuscular

volume; aldehyde dehydrogenase; field cancerization.



Introduction

The risk of second primary cancer (SPC) in patients with head and neck cancer (HNC) is

higher than that in the general population [1, 2]. The sites of SPC formation in the upper

aerodigestive tract are exposed to common carcinogens such as alcohol and tobacco, and

this process is referred to as “field cancerization” [2, 3]. Esophageal cancer is the most

common SPC in patients with HNC [3]. The reported prevalence of synchronous or

metachronous esophageal cancer ranges from 0% to 22% [1]. Esophageal SPC has a

negative impact on the survival of patients with HNC, with the 3-year overall survival

rate estimated to range from 0% to 15% [4], while early diagnosis and treatment of an

esophageal SPC may improve the prognosis of patients with HNC [3, 5, 6]. Superficial

esophageal cancers are resected by minimally invasive techniques such as endoscopic

submucosal dissection [3].

Head and neck cancer and esophageal cancer have common risk factors such as

alcohol and smoking [7, 8]. Elevated mean corpuscular volume (MCV) is also an accepted

predictor of esophageal cancer risk [7, 9]. MCV is a measure of the average volume of a

red blood cell. An elevated MCV correlates with deficiencies in folic acid and vitamin

B12. In addition, MCV is particularly elevated in heavy drinkers with inactive aldehyde

dehydrogenase-2 (ALDH2) [10, 11]. However, few studies have been conducted to



evaluate the influence of elevated MCV in patients with HNC [12], and there have been

no reports on risk factors for esophageal SPC in patients with HNC.

The aim of this study was to elucidate the usefulness of elevated MCV as an indicator

of a high risk for esophageal SPC in patients with HNC.

Material and methods

Study design

We retrospectively reviewed the medical records of patients with oropharyngeal,

hypopharyngeal, or laryngeal squamous cell carcinoma who underwent

chemoradiotherapy in Hokkaido University Hospital between January 2003 and

December 2012. We excluded patients younger than 20 years as well as those who had

received treatment for esophageal cancer, had a histologically unproven lesion, or for

whom pretreatment MCV data were unavailable. An esophageal SPC was defined as a

malignancy proven by histological study. An esophageal SPC was classified as a

synchronous SPC if identified within 6 months of primary HNC diagnosis. The data for

esophageal and other-site SPCs were collected from the medical records up to December

2020. This study was approved by the Institutional Review Board of Hokkaido University

Hospital (No. 021-0088) and the study was performed in accordance with the tenets of



the 1964 Declaration of Helsinki and its later amendments or comparable ethical

standards. Informed consent was obtained from all individual participants included in the

study.

Treatment

Pretreatment MCV was determined from initial pretreatment blood counts. A receiver

operating characteristics (ROC) curve for incidence of esophageal SPC during the

observation period was plotted to verify the optimal cut-off point for pretreatment MCV.

Every patient was evaluated by clinical examination, contrast-enhanced computed

tomography (CT) imaging, esophagogastroduodenoscopy, and positron emission

tomography, where possible. Clinical stage was determined before treatment by the

Cancer Board consisting of head and neck surgeons, radiation oncologists, diagnostic

radiologists, dentists, and medical oncologists. Tumor-node-metastasis status was

classified according to the Union for International Cancer Control (UICC), 7th edition.

HPYV status of oropharyngeal cancer was determined by pl6 immunostaining. We

have performed pl6 immunostaining at our institution since 2009. In patients with

oropharyngeal cancer who were treated between 2003 and 2008, we checked for HPV

status by p16 immunostaining if specimens were available.



The irradiation dose was from 65 to 70 Gy (median 70 Gy). Although the

concomitant chemotherapy consisted of various regimens, approximately 74% of all

patients received cisplatin, 20% received docetaxel, and 4.1% received carboplatin.

Statistics

All statistical analyses were performed using the JMP Pro 16.0.0 statistical software (SAS

Institute, Cary, NC). MCV was reported as the median value and inter quartile ranges

(Q1-Q3). Correlations between MCV and clinicopathological characteristics were

evaluated using the Kruskal-Wallis test or Wilcoxon test. The primary outcome was

cumulative incidence of esophageal SPC. The time of interest was defined as from the

first day of treatment to the date of esophageal SPC diagnosis or last follow-up for which

data were available. The cumulative incidence of esophageal SPC was estimated using

the Kaplan-Meier method, and differences in probabilities between curves were evaluated

by log-rank test. The level of statistical significance was set at p < 0.05. Univariate HRs

and corresponding 95% confidence intervals (CI) were calculated according to the Cox

proportional hazards model, including age, gender, alcohol consumption, smoking,

anatomical site, clinical stage, and MCV. Alcohol consumption was converted to ethanol

per week and used to divide subjects into four categories of never or rare (< 70 g/week),



light (71-140 g/week), moderate (141-280 g/week), and heavy (> 280 g/week). An ever

smoker was defined as a patient who had smoked at least 1 cigarette a day for at least 1

year. Multivariate Cox regression analysis was performed for all parameters with a P-

value < 0.2 based on the univariate analysis. Variance inflation factor (vif) was estimated

to exclude multicollinearity; a vif value < 5 was considered as satisfactory.

The cumulative incidence of other-site SPC was calculated in the same manner

as that for esophageal SPC.

Results

Patient characteristics and pretreatment MCV

The clinical characteristics of the 295 patients enrolled for this study are shown in Table

1. The median follow-up period for surviving patients was 7.4 years. Fifty-four of the 116

patients with oropharyngeal cancer underwent pl16 immunostaining. The number of p16-

positive and -negative patients was 23 (43%) and 31 (57%), respectively. Table 2 shows

the relationships between clinicopathological characteristics and MCV. Overall, the

median pretreatment MCV was 95.7 fL in all patients. The median pretreatment MCV

was higher in male than in female patients (P < 0.001), in ever drinkers than in never

drinkers (P < 0.001), in ever smokers than in never smokers (P=0.0015), and in p16-



negative than in p16-positive patients (P < 0.001).

ROC curve analysis showed the optimal cut-off point (0.64) was 99.0 fL, with a

sensitivity of 0.57 and specificity of 0.70. Based on this cut-off value, patients were

divided into two groups. One hundred ninety-five patients (66%) had an MCV < 99.0 {fL

and 100 (34%) had an MCV > 99.0 fL. Table 3 shows the number of patients with MCV

>99.0 fL in each clinicopathological category.

Esophageal SPC

Forty-four of the 295 patients had esophageal SPC. The number of synchronous and

metachronous esophageal SPCs was 21 and 23, respectively. The median time to

metachronous esophageal SPC was confirmed from the first day of treatment to be 3.7

(Q1-Q3, 2.3-6.2) years. The 5-year cumulative incidence of esophageal SPC was 14%

(Fig. 1a). The cumulative incidence of esophageal SPC was higher in patients with an

MCV > 99.0 than those with an MCV < 99.0 fL (Fig. 1b, P < 0.001). The 5-year

cumulative incidence in patients with an MCV < 99.0 fL and > 99.0 fL. was 8.7% and

27%, respectively. Table 4 shows the univariate and multivariate analyses of variables

predictive of esophageal SPC. In the univariate analysis, alcohol consumption (moderate

drinkers (HR=8.5; 95%CI, 1.8-41), heavy drinkers (HR=8.7; 95%CI, 2.1-36)),



hypopharyngeal cancer (HR=6.5; 95%CI, 2.2-19), and MCV > 99.0 (HR=2.9; 95%CI,

1.6-5.2) were significant predictor of esophageal SPC. In the multivariate analysis,

hypopharyngeal cancer (HR=4.7; 95%ClI, 1.3—-17), and MCV >99.0 fL. (HR=2.20; 95%CI,

1.0-3.8) were independent risk factors for esophageal SPC. Multicollinearity was

assessed and collinearity between variables was found not to be a concern on

multivariable analysis.

Other-site SPCs

Overall, 114 SPCs were diagnosed during the follow-up period (Table 5). The second

most frequent SPC was HNC (n=24), followed by lung cancer (n=17) and stomach cancer

(n=10). The cumulative incidence of head and neck SPCs was higher in the patients with

an MCV > 99.0 fL than in those with an MCV <99.0 fL (Fig. 2a). An elevated MCV was

not associated with the cumulative incidence of lung, stomach, or other-site SPCs (Fig.

2b, ¢, d).

Discussion

In the current study, the cumulative incidence of esophageal SPC was higher in patients

with an MCV > 99.0 fL than in those with an MCV < 99.0 fL. Studies have shown the



3-year overall survival rate of patients with esophageal SPC to be 0—15% [4], while, the

3-year overall survival rates for patients with early and advanced esophageal SPCs were

reported to be 77.7% and 21.7%, respectively [6]. Early detection of esophageal SPC

would improve treatment outcomes for patients with HNC; therefore, clarifying the

indicators of a high risk for esophageal SPC is important.

MCYV was reported to a predictor for esophageal squamous cell carcinoma and found

to be a biomarker for alcohol abuse accompanied by inactive heterozygous aldehyde

dehydrogenase 2 (ALDH?2) [7, 13]. A combination of inactive ALDH2 and heavy alcohol

consumption is a well-known risk factor for esophageal cancer [14]. Ethanol is mainly

metabolized to acetaldehyde by alcohol dehydrogenase and further oxidized to acetate

by aldehyde dehydrogenase (ALDH) [15]. At least 4-5 classes of ALDH isoenzymes

exist and ALDH2 is the most important, possessing a high affinity to acetaldehyde [16].

A single point mutation in the ALDH2 gene results in the ALDH2*2 allele, which is

characterized by a reduced ability to metabolize acetaldehyde [17]. After alcohol

consumption, the blood concentration of acetaldehyde is 19 and 6 times higher in

individuals homozygous or heterozygous for the *2 allele of ALDH?2, respectively, as

compared with those with wild-type homozygotes [10]. Growing evidence exists in

support of the notion that acetaldehyde rather than alcohol itself is carcinogenic [16, 18].

10



The International Agency for Research on Cancer certified acetaldehyde associated with

alcohol consumption as a group I carcinogen for the esophagus and head and neck region

[8]. The heterozygous ALDH2*2 allele itself is not a carcinogen, and past studies

reported that the ALDH2*2 allele was not associated with a risk for esophageal cancer

among never drinkers [19, 20].

The combination of heavy alcohol consumption and the heterozygous ALDH2*2

allele is known to result in high exposure to acetaldehyde. A previous study reported that

the relationship between alcohol consumption and elevated MCV is mediated mainly by

exposure to acetaldehyde [10]. Therefore, elevated MCV may be used as a surrogate

marker for high exposure to acetaldehyde. Alcohol and smoking are well known

carcinogens for the esophagus and head and neck region [8]. However, neither alcohol

consumption or smoking was significantly associated with esophageal SPC in the

multivariate analysis (Table 4). In the current study, the rate of moderate or heavy

drinkers and smokers was 64% (156/245) and 89% (216/244), respectively (Table 2).

We do not think that either alcohol consumption or tobacco smoking is an appropriate

indicator as a majority of patients were both drinkers and smokers. Rather, we consider

an MCV > 99.0 fL to be a stronger and more appropriate indicator for esophageal SPC.

If ALDH2 gene status were examined, alcohol consumption would become a reliable
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indicator.

In the current study, an elevated MCV was also significantly associated with the

cumulative incidence of head and neck SPC. Although the relationship between MCV

and the incidence of HNC has not been reported, acetaldehyde or the combination of

alcohol consumption and the heterozygous *2 allele is a known risk factor for HNC [17].

The relationship between elevated MCV and head and neck SPC is consider to be similar

to that of esophageal SPC. Intensive follow-up is also needed for the head and neck

region in patients with elevated MCV. Early detection of head and neck SPC may

improve treatment outcomes [21], while an elevated MCV 1is not associated with

incidence of other-site SPC. This may be due to the fact that acetaldehyde is not a

significant carcinogenic factor except for the esophagus and head and neck region.

Smoking was also found to be associated with elevated MCV (Table 2). It is

speculated that one of the mechanisms by which smoking affects MCV is through the

compensatory response to reduced oxygen capacity [11, 13]. Inhalation of acetaldehyde

in tobacco smoke may also affect MCV as acetaldehyde is one of the major chemical

constituents of tobacco smoke [22]. Therefore, elevated MCV may be one indicator for

lung cancer as tobacco smoking is a well-known risk factor. In the current study,

although no significant difference was observed, the cumulative incidence of lung-SPC

12



was higher in patients with an MCV > 99.0 fL (Fig 2b). Patients with HPV-negative

oropharyngeal cancer had a higher MCV than did those with HPV-positive

oropharyngeal cancer (Table 2), which is in agreement with the results of a previous

study [12]. We think the lower rate of ever drinkers among patients with HPV-positive

oropharyngeal cancer can explain these results. The number of heavy drinkers was 14 of

20 (70%) and 4 of 28 patients (14%) in HPV-negative and -positive groups, respectively.

In the current study, an MCV > 99.0 fL and anatomical site (hypopharynx) were both

associated with the cumulative incidence of esophageal SPC. A past study reported that

hypopharyngeal cancer is a risk factor for esophageal SPC [23]. On the other hand, there

have been no reports to date that an elevated MCYV is a risk factor for esophageal SPC.

Several studies have recommended intensive endoscopic monitoring for patients with

hypopharyngeal cancer due to the high incidence rates of esophageal SPC [1, 24].

Intensive endoscopic monitoring would improve the detection rate and treatment

outcomes of esophageal SPCs [1, 3]. In the current study, MCV > 99.0 fL was found to

have as great an impact as anatomical site. We, therefore, suggest patients with an

elevated MCV should also undergo intensive endoscopic monitoring to improve

treatment outcomes.

We acknowledge several limitations to this study. First, the cut-off point for
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pretreatment MCV was determined by ROC curve analysis. In the current study, the

number of esophageal SPCs was 44. A larger sample size would provide a more valid

cut-off point. Second, follow-up strategies for esophageal SPC were not defined. Early-

stage esophageal SPC may not be detected during the observation period; therefore, a

prospective study is required to validate our results.

Conclusion

An MCV > 99.0 fL. was found to be a risk factor for esophageal SPC in patients with

HNC. We, therefore, recommend patients with an elevated MCV should undergo

intensive endoscopic monitoring.

FIGURE LEGENDS

Table 1. title: Patient characteristics.

Table 2. title: Median values and interquartile range (Q1-Q3) for mean corpuscular

volume (MCV) according to clinicopathological characteristics.

never or rare (< 70 g ethanol/week), light (71-140 g ethanol/week), moderate (141-280

g ethanol/week), heavy (> 280 g ethanol/week).
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Table 3. title: The number of patients with MCV > 90 fL in each clinicopathological

category.

never or rare (< 70 g ethanol/week), light (71-140 g ethanol/week), moderate (141-280

g ethanol/week), heavy (> 280 g ethanol/week).

Table 4. title: Univariate and multivariate Cox regression analyses for esophageal second

primary cancer.

never or rare (< 70 g ethanol/week), light (71-140 g ethanol/week), moderate (141-280

g ethanol/week), heavy (> 280 g ethanol/week).

Table 5. title: All second primary cancers diagnosed during the follow-up period.

Figure 1. Kaplan-Meier estimates of cumulative incidence of esophageal second primary

cancer. MCV = mean corpuscular volume.

Figure 2. Kaplan-Meier estimates of cumulative incidence of (a) head and neck, (b) lung,

(c) stomach, and (d) other-site second primary cancers. MCV = mean corpuscular volume.

SPC = second primary cancer

Disclosure statement

Funding The authors did not receive support from any organization for the submitted

work.

15



Conflicts of interest/Competing interests The authors have no relevant financial or non-

financial interests to disclose.

REFERENCES

1. Bugter O, van de Ven SEM, Hardillo JA, Bruno MJ, Koch AD, Baatenburg de Jong

RJ. Early detection of esophageal second primary tumors using Lugol

chromoendoscopy in patients with head and neck cancer: A systematic review and meta-

analysis. Head Neck. 2019;41:1122-1130. https://doi.org/10.1002/hed.25548

2. Iwatsubo T, Ishihara R, Morishima T, Maekawa A, Nakagawa K, Arao M, et al.

Impact of age at diagnosis of head and neck cancer on incidence of metachronous

cancer. BMC Cancer. 2019;19:3. https://doi.org/10.1186/s12885-018-5231-7

3. Chung CS, Lo WC, Chen KC, Lin CL, Wen MH, Hsieh CH, et al. Clinical benefits

from endoscopy screening of esophageal second primary tumor for head and neck

cancer patients: Analysis of a hospital-based registry. Oral Oncol. 2019;96:27-33.

https://doi.org/10.1016/j.oraloncology.2019.06.038

4. Hamada Y, Mizuno T, Tanaka K, Katsurahara M, Horiki N, Yamada R, et al.

Esophageal squamous cell neoplasia is an independent negative prognostic factor for

head and neck cancer patients. Int J Clin Oncol. 2018;23:243-248.

16


https://doi.org/10.1002/hed.25548
https://doi.org/10.1186/s12885-018-5231-7
https://doi.org/10.1016/j.oraloncology.2019.06.038

https://doi.org/10.1007/s10147-017-1201-3

5. Morita M, Kumashiro R, Kubo N, Nakashima Y, Yoshida R, Yoshinaga K, et al.

Alcohol drinking, cigarette smoking, and the development of squamous cell carcinoma

of the esophagus: epidemiology, clinical findings, and prevention. Int J Clin Oncol.

2010;15:126-134. https://doi.org/10.1007/s10147-010-0056-7

6. Lim H, Kim DH, Jung HY, Gong EJ, Na HK, Ahn JY, et al. Clinical significance of

early detection of esophageal cancer in patients with head and neck cancer. Gut Liver.

2015;9:159-165. https://doi.org/10.5009/gn113401

7. Zheng YZ, Dai SQ, Li W, Cao X, Li Y, Zhang LJ, et al. Prognostic value of

preoperative mean corpuscular volume in esophageal squamous cell carcinoma. World J

Gastroenterol. 2013;19:2811-2817. https://doi.org/10.3748/wjg.v19.118.2811

8. Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, Bouvard V, et al. WHO

International Agency for Research on Cancer Monograph Working Group. A review of

human carcinogens--Part E: tobacco, areca nut, alcohol, coal smoke, and salted fish.

Lancet Oncol. 2009;10:1033-1034. https://doi.org/10.1016/s1470-2045(09)70326-2

9. Yoshida N, Kosumi K, Tokunaga R, Baba Y, Nagai Y, Miyamoto Y, et al. Clinical

Importance of Mean Corpuscular Volume as a Prognostic Marker After Esophagectomy

for Esophageal Cancer: A Retrospective Study. Ann Surg. 2020;271:494-501.

17


https://doi.org/10.1007/s10147-017-1201-3
https://doi.org/10.1007/s10147-010-0056-7
https://doi.org/10.5009/gnl13401
https://doi.org/10.3748/wjg.v19.i18.2811
https://doi.org/10.1016/s1470-2045(09)70326-2

https://doi.org/10.1097/SLA.0000000000002971

10. Yokoyama T, Saito K, Lwin H, Yoshiike N, Yamamoto A, Matsushita Y, et al.

Epidemiological evidence that acetaldehyde plays a significant role in the development

of decreased serum folate concentration and elevated mean corpuscular volume in

alcohol drinkers. Alcohol Clin Exp Res. 2005;29:622-630.

https://doi.org/10.1097/01.alc.0000158842.24218.03

11. Yokoyama M, Yokoyama A, Yokoyama T, Hamana G, Funazu K, Kondo S, et al.

Mean corpuscular volume and the aldehyde dehydrogenase-2 genotype in male

Japanese workers. Alcohol Clin Exp Res. 2003;27:1395-1401.

https://doi.org/10.1097/01.ALC.0000085589.47243.8D

12. Borsetto D, Polesel J, Tirelli G, Menegaldo A, Baggio V, Gava A, et al. Pretreatment

High MCV as Adverse Prognostic Marker in Nonanemic Patients with Head and Neck

Cancer. Laryngoscope. 2021;131:E836-E845. https://doi.org/10.1002/lary.28882

13. Yokoyama A, Yokoyama T, Muramatsu T, Omori T, Matsushita S, Higuchi S, et al.

Macrocytosis, a new predictor for esophageal squamous cell carcinoma in Japanese

alcoholic men. Carcinogenesis. 2003;24:1773-1778.

https://doi.org/10.1093/carcin/bgg142

14. Matsuo K, Hamajima N, Shinoda M, Hatooka S, Inoue M, Takezaki T, et al. Gene-

18


https://doi.org/10.1097/SLA.0000000000002971
https://doi.org/10.1097/01.alc.0000158842.24218.03
https://doi.org/10.1097/01.ALC.0000085589.47243.8D
https://doi.org/10.1002/lary.28882
https://doi.org/10.1093/carcin/bgg142

environment interaction between an aldehyde dehydrogenase-2 (ALDH2)

polymorphism and alcohol consumption for the risk of esophageal cancer.

Carcinogenesis. 2001;22:913-916. https://doi.org/10.1093/carcin/22.6.913

15. Crous-Bou M, Rennert G, Cuadras D, Salazar R, Cordero D, Saltz Rennert H, et al.

Polymorphisms in alcohol metabolism genes ADH1B and ALDH2, alcohol

consumption and colorectal cancer. PLoS One. 2013;8:e80158.

https://doi.org/10.1371/journal.pone.0080158

16. Seitz HK, Meier P. The role of acetaldehyde in upper digestive tract cancer in

alcoholics. Transl Res. 2007;149:293-297. https://doi.org/10.1016/1.trs1.2006.12.002

17. Boccia S, Hashibe M, Galli P, De Feo E, Asakage T, Hashimoto T, et al. Aldehyde

dehydrogenase 2 and head and neck cancer: a meta-analysis implementing a Mendelian

randomization approach. Cancer Epidemiol Biomarkers Prev. 2009;18:248-254.

https://doi.org/10.1158/1055-9965.EPI-08-0462

18. Seitz HK, Matsuzaki S, Yokoyama A, Homann N, Vikevéinen S, Wang XD.

Alcohol and cancer. Alcohol Clin Exp Res. 2001;25:137S-143S.

https://doi.org/10.1097/00000374-200105051-00024

19. ChangJS, Hsiao JR, Chen CH. ALDH2 polymorphism and alcohol-related

cancers in Asians: a public health perspective. J Biomed Sci. 2017;24:19.

19


https://doi.org/10.1093/carcin/22.6.913
https://doi.org/10.1371/journal.pone.0080158
https://doi.org/10.1016/j.trsl.2006.12.002
https://doi.org/10.1158/1055-9965.EPI-08-0462
https://doi.org/10.1097/00000374-200105051-00024

https://doi.org/10.1186/s12929-017-0327-y

20. Zhao T, Wang C, Shen L, Gu D, Xu Z, Zhang X, et al. Clinical significance of

ALDH2 rs671 polymorphism in esophageal cancer: evidence from 31 case-control

studies. Onco Targets Ther. 2015;8:649-59. https://doi.org/10.2147/OTT.S76526

21. Katada C, Tanabe S, Koizumi W, Higuchi K, Sasaki T, Azuma M, et al. Narrow

band imaging for detecting superficial squamous cell carcinoma of the head and neck in

patients with esophageal squamous cell carcinoma. Endoscopy. 2010;42:185-190.

https://doi.org/10.1055/s-0029-1243963

22. Cao J, Belluzzi JD, Loughlin SE, Keyler DE, Pentel PR, Leslie FM. Acetaldehyde, a

major constituent of tobacco smoke, enhances behavioral, endocrine, and neuronal

responses to nicotine in adolescent and adult rats. Neuropsychopharmacology.

2007;32:2025-2035. https://doi.org/10.1038/sj.npp.1301327

23. Lee KD, Lu CH, Chen PT, Chan CH, Lin JT, Huang CE, et al. The incidence and

risk of developing a second primary esophageal cancer in patients with oral and

pharyngeal carcinoma: a population-based study in Taiwan over a 25 year period. BMC

Cancer. 2009;9:373. https://doi.org/10.1186/1471-2407-9-373

24. Ni XG, Zhang QQ, Zhu JQ, Wang GQ. Hypopharyngeal cancer associated with

synchronous oesophageal cancer: risk factors and benefits of image-enhanced

20


https://doi.org/10.1186/s12929-017-0327-
https://doi.org/10.2147/OTT.S76526
https://doi.org/10.1055/s-0029-1243963
https://doi.org/10.1038/sj.npp.1301327
https://doi.org/10.1186/1471-2407-9-373

endoscopic screening. J Laryngol Otol. 2018;132:154-161.

https://doi.org/10.1017/S0022215117002493

21


https://doi.org/10.1017/S0022215117002493

Characteristic

Overall 295
Gender

Male 262

Female 33
Age, years

Median (range) 61 (37-79)

Follow-up period, years

Median (range) 7.4 (0.37-17)
Site

Oropharynx 116

Hypopharynx 108

Larynx 71

T classification
1-2 143
34 147

N classification

0 94
1-3 196
Stage
I 63
-1V 227
HPV
Negative 23
Positive 31

Unknown 62




Median MCV (Q1-Q3) P-value
Overall 295 95.7 (91.6-100.5)
Gender <0.001
Male 262 96.2 (92.1-101)
Female 33 92.2 (87.2-96.0)
Age 0.074
<61 148 95.1 (91.0-99.8)
61< 147 96.2 (92.1-101.3)
Alcohol consumption <0.001
Never or rare 67 91.6 (89.0-95.0)
Light 22 95.0 (90.5-99.9)
Moderate 30 94.7 (92.0-102)
Heavy 126 98.2 (93.3-102)
Smoking status 0.0015
Never 28 92.9 (88.7-95.0)
Ever 216 95.9 (91.9-100.5)
Site 0.11
Oropharynx 116 94.8 (90.7-99.5)
Hypopharynx 108 96.3 (92.4-101.6)
Larynx 71 95.8 (91.6-100.2)
T classification 0.94
1-2 143 95.7 (91.9-100.2)
3-4 147 95.4 (91.4-100.3)
N classification 0.50
0 94 95.9 (92.3-100.2)
1-3 196 95.4 (91.3-100.4)
Stage 042
-1l 63 95.8 (92.8-100.5)
n-1v 227 95.4 (91.3-100.2)
Hb (g/dL) 0.65
<12 37 95.8 (91.8-105.5)



12 < 263 95.8 (91.6-100.2)

p16 <0.001
Negative 23 98.7 (94.8-101.5)
Positive 31 90.9 (88.5-95.0)




MCV 2 90 fL, n (%)

Overall

Gender
Male

Female

Age
<61
61 <

Alcohol consumption
Never or rare
Light
Moderate

Heavy

Smoking status
Never

Ever

Site
Oropharynx
Hypopharynx
Larynx

T classification
1-2
3-4

N classification
0
1-3

Stage
[-11
-1v

Hb (g/dL)
<12

295

262
33

148
147

67
22
30
126

28
216

116
108
71

143

147

94
196

63
227

37

100 (34)

96 (37)
4(12)

42 (28)
58 (39)

9 (13)
6 (27)
10 (33)
55 (44)

4 (14)
76 (35)

32 (28)
43 (40)
25 (35)

47 (33)

50 (34)

32 (34)
55 (28)

21 (33)
76 (33)

12 (32)



12 < 263 88 (33)

p16
Negative 23 11 (48)
Positive 31 4 (13)




Univariate analysis

Multivariate analysis

n HR (95% Cl) P-value HR (95% Cl) P-value
Gender 0.080 0.28
Female 33 1 1
Male 262 5.9 (0.81-42.7) 3.2 (0.40-25)
Age 0.73
<61 148 1
61< 147 1.1 (0.62-2.0)
Alcohol consumption 0.014 0.13
Never or rare 67 1 1
Light 22 2.9 (0.41-20) 0.29 2.9 (0.41-20) 0.29
Moderate 30 8.5 (1.8-41) 0.0075 5.8 (1.2-28) 0.031
heavy 126 8.7 (2.1-36) 0.0032 3 (1.2-24) 0.028
Smoking status 0.51
Never 28 1
Ever 216 1.5 (0.46-4.9)
Site <0.001 0.046
Larynx 74 1 1
Oropharynx 118 2.6 (0.83-8.1) 0.10 3.1 (0.8-12) 0.10
Hypopharynx 109 6.5 (2.2-19) <0.001 4.7 (1.3-17) 0.015
T classification 0.89
1-2 143 1
34 147 1.0 (0.57-1.9)
N classification 0.14 0.96
0 94 1 1
1-3 196 1.7 (0.84-3.4) 0.98 (0.43-2.2)
Stage 043
il 63 1
=1V 227 1.4 (0.64-2.9)
Hb (g/dL) 0.13 0.10
12< 259 1 1
<12 35 1.9 (0.84-4.3) 2.0 (0.86-4.9)
MCV (fL) <0.001 0.044
<99 195 1 1
99< 100 2.9 (1.6-5.2) 2.0 (1.0-3.8)




Site

Overall

Esophagus
Head and neck
Lung

Stomach
Colon and rectum
Bladder
Prostate

Liver

Pancreas

Gall bladder
Uterine cervix
Renal pelvis
Breast

Skin
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5 08
3
3
0.6
2y
£6
2 8 04
e 14% (n=295)
S
(SR
Number at risk Years

295 247 210 190 170 151 113 96 85 71 53



5 0.8 P <0.001
@
c
S ., 06
2y
£6
5=
23 04 MCV 2 99.0 fL 27% (n=100)
P ;
Ee
O g
0 T T T T T
o 1 2 3 4 5 6 7 8 9 10
Number at risk Years

MCV299.0fL100 78 64 56 45 39 33 28 26 23 17
MCV<99.0fL195 169 147 134 125 112 80 68 59 48 36



5 0.8 P=0.020
2y
& 06
25 04
g5 MCV 299.0 fL 10% (n=100)
ER -
32 027 MCV <990 fL 25%(n 195)
o 1 2 3 4 5 6 7 8 9 10
Number at risk Years

MCV299.0fL100 87 68 59 51 44 37 35 31 25 18
MCV<99.0fL195 178 152 139 130 117 84 73 53 53 39



0.8

0.6

04

Cumurative incidence of

lung SPC

0.2

Number at risk

P=0.051

MCV >99.0 fL 6.1% (n=100)
MCV <99.0 fL 3.3% (n=195) .--*

Years

MCV>99.0fL100 89 70 59 52 46 37 31 28 24 19
MCV<99.0fL195 179 154 141 132 119 87 76 66 56 40



0.8

0.6

04

Cumurative incidence of

stomach SPC

0.2

MCV <99.0 fL 0.51% (n=195)

P=0.67

MCV 299.0 fL 1.0% (n=100)

0 T T
o 1 2 3 4
Number at risk

f f T T T
5 6 7 8 9 10
Years

MCV299.0fL100 90 71 62 53 48 40 34 29 26 21
MCV<99.0fL195 178 154 142 133 121 87 75 64 55 41



s o8l P=0.77
é 0.6
2y
%g 0.4+
25 ol MCV > 99.0 fL 4.5% (n=100)
3% 77| MCV<99.0fL 3.0% (n=195)
o 1 2 3 4 5 6 7 8 9 10
Number at risk Years

MCV299.0fL100 90 70 59 50 46 39 32 30 26 22
MCV<99.0fL195 175 152 138 129 117 85 74 64 53 42
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