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Background: This study aimed to investigate the prognostic value of tumor marker index

(TMI) based on preoperative cytokeratin 19 fragment (CYFRA 21–1) and squamous cell

carcinoma antigen (SCC-Ag) and the relationship between preoperative TMI and treatment

effectiveness of postoperative adjuvant chemotherapy for patients with esophageal squamous

cell carcinoma (ESCC).

Patients and Methods: Between January 2009 and December 2014, a total of 267 patients

with ESCCwho underwent radical resection were retrospectively enrolled. The TMI was defined

as the geometric mean of normalized CYFRA 21–1 and SCC-Ag levels. The clinical and

prognostic values of TMI were determined using univariate and multivariate survival analyses.

Results: Preoperative TMI level was associated with age, tumor size, pT stage, pN stage,

and CYFRA 21–1, SCC-Ag, neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte

ratio (PLR) levels. The 5-year overall survival rate of patients with high TMI was signifi-

cantly lower than that of patients with low TMI (P < 0.001). Univariate and multivariate

analyses revealed that TMI (P = 0.031) was an independent prognostic factor. Patients with

ESCC with high TMI level who underwent surgery combined with postoperative chemother-

apy had a significantly better prognosis than those who underwent surgery alone (P = 0.015).

However, no significant difference was observed in patients with low TMI level (P = 0.682).

Conclusion: TMI as a prognostic indicator of ESCC is superior to CYFRA 21–1 and SCC-

Ag. The TMI might be useful in predicting the therapeutic effectiveness of postoperative

chemotherapy and selecting patients who may benefit from postoperative chemotherapy.

Keywords: esophageal squamous cell carcinoma, CYFRA 21-1, SCC-Ag, tumor marker

index, adjuvant chemotherapy

Introduction
Esophageal cancer is the eighth most commonly diagnosed cancer worldwide.1 In

China, esophageal squamous cell carcinoma (ESCC) is the predominant histo-

pathological type. Despite the recent improvements in surgical techniques and

adjuvant therapies, esophageal cancer ranked fifth and fourth among all cancers

for incidence and mortality, respectively.2 Curative surgical resection is the best

approach in the treatment of patients with localized carcinoma. The National

Comprehensive Cancer Network (NCCN) guidelines for the diagnosis and treat-

ment of esophageal cancer recommend that, regardless of pT or pN stage, no
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additional treatment is needed for patients who have

undergone R0 resection.3 Neither prospective clinical

trials nor retrospective studies regarding the influence of

postoperative chemotherapy on the survival of patients

with ESCC have obtained a conclusion.4,5 Therefore, it

is of great importance to identify potential predictive

biomarkers for the benefit of postoperative adjuvant ther-

apy so that some patients could avoid the burden of toxic

chemotherapy treatment and improve their outcomes.

Tumor-related proteins that are generated by cancer

cells and secreted into the peripheral circulation could be

detected.6 In the clinical, peripheral proteins are com-

monly used as noninvasive tools to detect cancer, iden-

tify tumor progression, and predict prognosis.7 Presently,

cytokeratin 19 fragment (CYFRA 21–1), squamous cell

carcinoma antigen (SCC-Ag), carbohydrate antigen 72–4

are useful biomarkers for diagnosis, progression, and

prognosis evaluation of ESCC.8–11 Besides, several stu-

dies have reported the association between tumor mar-

kers (CYFRA 21–1 and SCC-Ag) and postoperative

adjuvant chemotherapy in ESCC.11,12 Therefore, these

biomarkers may guide the selection of patients with

ESCC who may benefit from postoperative chemother-

apy. However, the sensitivities and specificities of these

tumor markers are unacceptably low. Additionally, the

best biomarker for the selection patients for adjuvant

chemotherapy remains unknown. Therefore, if these

two biomarkers are used in combination, it may result

in a more accurate and useful biomarker for guiding

adjuvant therapy of ESCC. Recently, tumor marker

index (TMI) based on the CYFRA 21–1 and CEA levels

was introduced in non-small cell lung cancer (NSCLC)

by Muley et al13 and showed more strong prognostic

value in resected NSCLC.13,14 Tomita et al15 found that

TMI based on preoperative serum CEA and KL-6 levels

might be useful in the prediction of the prognosis of

patients with NSCLC. TMI, which is based on CYFRA

21–1 and SCC-Ag, was reported to be an independent

prognostic factor for patients with ESCC.16 From this

point of view, the TMI, which was established by com-

bining CYFRA 21–1 and SCC-Ag, may be a more useful

predictive biomarker for the selection of patients with

ESCC who may benefit from postoperative adjuvant

chemotherapy.

Therefore, in the present study, we examined the clin-

ical and prognostic significance of TMI based on preo-

perative CYFRA 21–1 and SCC-Ag in patients with

ESCC. More importantly, we explored if the TMI could

be a predictor for selecting patients who may benefit from

postoperative adjuvant chemotherapy.

Patients and Methods
Patients
We retrospectively reviewed patients with ESCC who

underwent radical esophagectomy with lymph node dis-

section at the First Affiliated Hospital of Jinzhou Medical

University between January 2009 and December 2014.

Finally, a total of 267 patients with ESCC were enrolled

in this study according to the following eligibility criteria:

1) histologically proven ESCC; 2) absence of distant

metastasis and other malignant tumors; 3) absence of

neoadjuvant therapy, including chemotherapy, radiother-

apy, or chemoradiotherapy; 4) radical esophagectomy;

and 5) complete clinical pathology and follow-up data.

The depth of tumor invasion, lymph node metastasis,

and tumor-node-metastasis (TNM) staging were classified

according to the 7th edition of the UICC/AJCC TNM

classification.17 Histological grade was classified accord-

ing to the World Health Organization classification of

esophageal tumors.18 Clinical data, including demographic

and clinicopathological features, surgery, and postopera-

tive therapy, were collected from our medical records. This

study was approved by the ethics committee of the First

Affiliated Hospital of Jinzhou Medical University. All

patients provided written informed consent.

Postoperative Adjuvant Chemotherapy

Regimens
Based on the NCCN, Japanese Esophageal Society, and

Chinese Anti-Cancer Association guidelines,3,19,20 we did

not have a standardized protocol for postoperative adju-

vant therapy during the study period. In the present study,

a total of 95 (35.6%) patients with ESCC underwent

curative surgery alone, while 172 (64.4%) underwent sur-

gery combined with postoperative adjuvant chemotherapy.

Among the 172 patients who received adjuvant che-

motherapy, 108 (62.8%) received 5-fluorouracil infusion

plus cisplatin chemotherapy, 48 (27.9%) received pacli-

taxel plus platinum chemotherapy, and 16 (9.3%) received

an irregular regimen chemotherapy.

Measurement of Tumor Markers and TMI
Blood samples were obtained from all included patients

within 1 week preoperatively. CYFRA 21–1 and SCC-Ag

as the routine preoperative examination items were
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detected in the clinical laboratory in our hospital by com-

mercially available enzyme immunoassays using a Roche

E170 modular immunoassay analyzer (USA). The normal

upper limits were 3.3 μg/L for CYFRA 21–1 and 1.5 μg/L
for SCC-Ag. According to the normal upper limits of

tumor markers, patients were divided into low and high

groups.

The TMI was defined by determining the geometric

mean of the normalized values of the serum CYFRA 21–1

and SCC-Ag levels.16 Normalization was performed by

dividing individual marker values by corresponding diag-

nostic cut-off points, which were 3.3 μg/L for CYFRA 21–

1 and 1.5 μg/L for SCC-Ag. The TMI was calculated as

previously described.16

TMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CYFRA21� 1μg=L

3:3μg=L
� SCCμg=L

1:5μg=L

s

Follow-Up
After surgery, all patients were followed up in the out-

patient department every 3 months for the first 2 years and

then annually until death or the last follow-up. The follow-

up included recording the medical history, physical exam-

inations, chest computed tomography, and endoscopy (if

necessary). The last follow-up date was December 2018,

and the follow-up rate was 91.8%. The cases lost to

follow-up were treated as censored data for the analysis

of survival. The median follow-up duration of the 267

patients with ESCC was 36.0 months (range, 3–120

months). Overall survival (OS) was defined as the time

from the date of surgery to the date of death or final

clinical follow-up.

Statistical Analysis
The receiver operating characteristics (ROC) curve was used

to determine the optimal cutoff value of TMI used for prog-

nostic prediction. The correlations between preoperative TMI

level and clinicopathological characteristics were assessed

using the χ2 test. Survival curves were obtained according

to the Kaplan-Meier method, and comparison of survival

curves was conducted using the Log rank test. Furthermore,

factors deemed as potentially significant by univariate analy-

sis were subjected to a multivariate analysis with Cox pro-

portional hazards model to identify the independent

prognostic factors. A P-value < 0.05 was considered statisti-

cally significant. All statistical analyses were performed

using the SPSS 17.0 software (SPSS, Inc., Chicago, IL).

Results
Clinicopathological Characteristics of

Patients
The clinicopathological characteristics of patients are sum-

marized in Table 1. There were 219 men and 48 women,

with a median age of 60 years (range, 44–79 years). A

total of 185 (69.3%) patients were former or current smo-

kers. Moreover, 22 patients had tumors in the upper third

of the esophagus, 150 in the middle third, and 95 in the

lower third. Tumors of 143 (53.6%) patients were ≥ 4.0 cm

in size, pT3 (94, 35.2%) and pT4a (97, 36.3%) diseases

were observed in 71.5% of the patients, and positive

lymph nodes were observed in 122 (45.7%) patients.

There were 119 (44.6%) patients with TNM stage I–II

and 148 (55.4%) patients with TNM stage III.

Correlations Between Preoperative TMI

and Clinicopathological Characteristics
The best cutoff value for TMI was 0.599 (sensitivity,

75.0%; specificity, 62.8%; and area under the ROC

curve, 0.691; Figure 1). Using this cutoff value, the

patients were subdivided into two subgroups: 141

(52.8%) patients with TMI > 0.599 (high TMI group)

and 126 patients (47.2%) with TMI ≤ 0.599 (low TMI

group). The correlations between the preoperative TMI

level and clinicopathological characteristics are shown in

Table 1. An increased preoperative TMI level correlated

closely with age (P = 0.033), tumor size (P = 0.020), pT

stage (P = 0.004), pN stage (P = 0.035), CYFRA 21–1

level (P < 0.001), SCC-Ag level (P < 0.001), NLR level (P

< 0.001), and PLR level (P = 0.007). However, no statis-

tically significant association was observed between pre-

operative TMI level and sex, smoking history, tumor

location, tumor grade, body mass index (BMI), and post-

operative adjuvant chemotherapy (P > 0.05).

Prognostic Value of Preoperative TMI
The 1-, 3-, and 5-year OS rates in all patients were 84.6%,

51.7%, and 37.3%, respectively. Kaplan–Meier analysis

showed that the low-CYFRA 21–1 group had a markedly

higher 5-year OS rate than the high-CYFRA 21–1 group

(40.5% vs. 28.7%; P = 0.012; Figure 2A) and the low-

SCC-Ag group had a markedly higher 5-year OS rate than

the high-SCC-Ag group (39.2% vs. 31.2%; P = 0.025;

Figure 2B). Furthermore, the 5-year OS rate in patients

with ESCC with a high TMI level was 25.7%, which was
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significantly lower than that in patients with a low TMI

level (50.2%, P < 0.001; Figure 2C).

The results of the univariate analysis revealed that age;

smoking history; tumor grade; tumor size; pT stage; pN

stage; CYFRA 21–1, SCC-Ag, TMI, NLR, and PLR levels;

and postoperative chemotherapy were significantly related to

patients’ prognosis (P < 0.05). Further multivariate analysis

revealed that tumor grade (HR, 1.495; 95%CI, 1.089–2.053;P

= 0.013), pT stage (HR, 1.247; 95% CI, 1.027–1.515; P =

0.026), pN stage (HR, 1.699; 95% CI, 1.235–2.336; P =

0.001), TMI levels (HR, 1.453; 95% CI, 1.035–2.040; P =

0.031), and postoperative chemotherapy (HR, 0.686; 95% CI,

0.490–0.961; P = 0.028) were independent prognostic factors

in patients with ESCC (Table 2). However, preoperative serum

CYFRA 21–1 (HR, 1.263; 95% CI, 0.896–1.779; P = 0.182)

and SCC-Ag (HR, 1.049; 95% CI, 0.655–1.386; P = 0.801)

levels were not independent prognostic factors. These results

showed that, compared with preoperative CYFRA 21–1 and

SCC-Ag, the preoperative TMI was a better indicator signifi-

cantly associated with OS of patients with ESCC.

Association of Preoperative TMI with

Postoperative Adjuvant Chemotherapy
In the present study, postoperative adjuvant chemotherapy

was performed in 172 (64.4%) patients. To further evaluate

the prognostic value of TMI in different subgroups of

patients with ESCC, the patients were further classified

according to the postoperative adjuvant chemotherapy status.

In patients with ESCC who underwent surgery alone, the 5-

year OS rate in patients with a high TMI level was 16.9%,

which was significantly lower than that in patients with a low

TMI level (50.7%, P = 0.001; Figure 3A). In patients with

ESCC who underwent surgery and postoperative adjuvant

Table 1 Correlations Between the TMI Level and Clinicopathological

Features of Patients with ESCC (n=267)

Characteristics n TMI Level χ2 P value

Low High

Sex 2.915 0.088

Male 219 98 (44.7%) 121 (55.3%)

Female 48 28 (58.3%) 20 (41.7%)

Age (years) 4.559 0.033*

≤60 132 71 (53.8%) 61 (46.2%)

>60 135 55 (40.7%) 80 (59.3%)

Smoking history 1.986 0.159

No 82 44 (53.7%) 38 (46.3%)

Yes 185 82 (44.3%) 103 (55.7%)

Tumor location 1.162 0.559

Upper thoracic 22 9 (40.9%) 13 (59.1%)

Middle thoracic 150 75 (50.0%) 75 (50.0%)

Lower thoracic 95 42 (44.2%) 53 (55.8%)

Tumor grade 2.520 0.284

Well differentiated 15 10 (66.7%) 5 (33.3%)

Moderately

differentiated

191 89 (46.6%) 102 (53.4%)

Poorly differentiated 61 27 (44.3%) 34 (55.7%)

Tumor size (cm) 5.434 0.020*

<4 124 68 (54.8%) 56 (45.2%)

≥4 143 58 (40.6%) 85 (59.4%)

pT stage 13.544 0.004*

T1 16 12 (75.0%) 4 (25.0%)

T2 60 32 (53.3%) 28 (46.7%)

T3 94 49 (52.1%) 45 (47.9%)

T4a 97 33 (34.0%) 64 (66.0%)

pN stage 4.451 0.035*

N0 145 77 (53.1%) 68 (46.9%)

N+ 122 49 (40.2%) 73 (59.8%)

CYFRA 21-1 13.346 <0.001*

Low 192 104 (54.2%) 88 (45.8%)

High 75 22 (29.3%) 53 (70.7%)

SCC-Ag 26.593 <0.001*

Low 201 113 (56.2%) 88 (43.8%)

High 66 13 (19.7%) 53 (80.3%)

NLR 15.398 <0.001*

Low 123 74 (60.2%) 49 (39.8%)

High 144 52 (36.1%) 92 (63.9%)

PLR 7.318 0.007*

Low 125 70 (56.0%) 55 (44.0%)

High 142 56 (39.4%) 86 (60.6%)

BMI 1.953 0.162

<23 156 68 (43.6%) 88 (56.4%)

≥23 111 58 (52.3%) 53 (47.7%)

(Continued)

Table 1 (Continued).

Characteristics n TMI Level χ2 P value

Low High

Adjuvant

chemotherapy

0.220 0.639

No 95 43 (45.3%) 52 (54.7%)

Yes 172 83 (48.3%) 89 (51.7%)

Note: *Significant difference.
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carci-

noma; CYFRA 21–1, cytokeratin 19 fragment; SCC-Ag, squamous cell carcinoma

antigen; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; BMI,

body mass index.
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chemotherapy, the 5-year OS rate in patients with a high TMI

level was significantly lower than that in patients with a low

TMI level (31.0% vs. 49.8%, P = 0.006; Figure 3B).

The 5-year OS rate in 172 patients who received adjuvant

chemotherapy was 40.2%, which was significantly higher

than that in patients who did not received adjuvant che-

motherapy (31.9%, P = 0.038, Figure 4A). Furthermore, we

explored whether the TMI is correlated with the therapeutic

effect of postoperative chemotherapy in patients with ESCC.

Our results revealed that, in patients with ESCC with high

TMI level, those who underwent surgery combined with

postoperative adjuvant chemotherapy had a significantly bet-

ter prognosis than those who underwent surgery alone (χ2=
5.931, P = 0.015, Figure 4B). However, this difference of OS

between the two groups cannot be observed in patients with

low TMI level (χ2= 0.168, P = 0.682, Figure 4C).

Discussion
Currently, the efficacy of postoperative treatment, especially

postoperative chemotherapy for patients with ESCC remains

controversial, with no consensus being reached.21,22 Several

studies have indicated that postoperative adjuvant chemother-

apy compared with surgery alone could improve the outcome

of patients with lymph nodes metastasis.22,23 However, there

are substantial differences in survival for patients with similar

TNM stage with the same treatment regimens.24 With regard

to the toxicity and different survival benefit of postoperative

adjuvant chemotherapy, potential predictive biomarkers for

patients with ESCC are needed to identify those who could

benefit from adjuvant chemotherapy. In this study, we inves-

tigated the associations between TMI based on preoperative

CYFRA 21–1 and SCC-Ag levels and clinicopathological

characteristics and survival in patients with ESCC.We initially

reported that preoperative TMI may be helpful in predicting

Figure 1 ROC curve analysis of theTMI of the survival status in 267 patients with ESCC.

Notes: The optimal cut-off value was 0.599 according to ROC analysis (area 0.691,

P<0.001).
Abbreviations: ROC, receiver operating characteristic; TMI, tumor marker index;

ESCC, esophageal squamous cell carcinoma.

Figure 2 Kaplan-Meier survival analyses according to the CYFRA 21–1, SCC-Ag,

and TMI levels in patients with ESCC.

Notes:Kaplan-Meier curve of overall survival based on (A) CYFRA 21–1 level (40.5% vs.

28.7%, P=0.012); (B) SCC-Ag level (39.2% vs. 31.2%, P=0.025); (C) TMI level (50.2% vs.

25.7%, P < 0.001).

Abbreviations: CYFRA 21–1, cytokeratin 19 fragment; SCC, squamous cell carcinoma

antigen; TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma.
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the efficacy of postoperative adjuvant chemotherapy in

patients with ESCC.

Blood tumor biomarkers have advantages of being inex-

pensive easily accessible and allowing measurements in the

clinic. Besides, tumor biomarkers have potential applications

in cancer diagnosis, relapse detection, and prognosis

prediction.25 It is well known that CYFRA 21–1 and SCC-

Ag are important tumor markers for ESCC and correlated with

clinicopathological parameters and prognosis.26,27 In this

study, we analyzed the associations between CYFRA 21–1

and SCC-Ag and clinicopathological variables and prognosis

in patients with ESCC. Our results showed that increased

preoperative CYFRA 21–1 and SCC-Ag levels were related

to depth of tumor invasion, lymph node metastasis, and TNM

stage in patients with ESCC. Our results were consistent with

those of the studies byMao et al28 andCao et al.24Although the

univariate analysis showed that increased CYFRA 21–1 and

SCC-Ag levels were related to poor prognosis in patients with

ESCC, we failed to show the independent prognostic value in

the multivariate analysis. The results of the survival analyses

were consistent with those of the study by Qiao et al.16 This

result may be explained by relatively low sensitivity of

CYFRA 21–1 and SCC-Ag in ESCC.

To improve the accuracy of tumor markers in evaluating

patients’ prognosis, Muley et al13 initially introduced an algo-

rithm based on CYFRA 21–1 and CEA, which was known as

the TMI. By analogy, Qiao et al16 also established a new TMI

based on CYFRA 21–1 and SCC-Ag and revealed that TMI

was an independent prognostic factor in ESCC. In the present

study, the multivariate survival analysis also demonstrated the

Table 2 Univariate and Multivariate Analyses for Overall Survival in 267 Patients with ESCC

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Sex (Male/Female) 0.770 (0.513–1.157) 0.208

Age (≤ 60/> 60) 1.387 (1.021–1.885) 0.037* 1.297 (0.940~1.790) 0.114

Smoking history (None/Yes) 1.429 (1.011–2.019) 0.043* 1.315 (0.919~1.882) 0.134

Tumor location (Upper/Middle/Lower) 1.075 (0.841~1.373) 0.565

Tumor grade (Well/Moderately/Poorly) 1.554 (1.149~2.101) 0.004* 1.495 (1.089~2.053) 0.013*

Tumor size (<4/≥4) 1.473 (1.079–2.010) 0.015* 1.241 (0.893~1.725) 0.198

pT stage (T1/T2/T3/T4a) 1.363 (1.139~1.630) 0.001* 1.247 (1.027~1.515) 0.026*

pN stage (N0/N+) 1.864 (1.370~2.536) 0.000* 1.699 (1.235~2.336) 0.001*

TMI (Low/High) 1.959 (1.427~2.691) 0.000* 1.453 (1.035~2.040) 0.031*

CYFRA 21–1 (Low/High) 1.514 (1.091~2.101) 0.012* 1.263 (0.896~1.779) 0.182

SCC-Ag (Low/High) 1.472 (1.047~2.069) 0.025 1.049 (0.655~1.386) 0.801

NLR (Low/High) 1.441 (1.056~1.966) 0.021* 1.006 (0.714~1.420) 0.971

PLR (Low/High) 1.457 (1.069~1.985) 0.017* 1.210 (0.871~1.682) 0.256

BMI (<23/≥23) 0.801 (0.586~1.095) 0.163

Adjuvant chemotherapy (N0/Yes) 0.719 (0.525~0.984) 0.038* 0.686 (0.490~0.961) 0.028*

Note: *Significant difference.
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma; CYFRA 21–1, cytokeratin 19 fragment; SCC-Ag, squamous cell carcinoma antigen;

NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; BMI, body mass index; HR, hazard ratio; CI, confidence interval.

Figure 3 Kaplan-Meier survival analysis according to the TMI level of patients with ESCC who underwent surgery alone (A, P=0.001) and those who underwent surgery

with chemotherapy (B, P=0.006).
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma.
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powerful prognostic value of TMI based on CYFRA 21–1 and

SCC-Ag in patients with ESCC.

The JCOG 9204 clinical trial and several studies have

demonstrated that there is a significant disease-free survival

benefit from surgery combined with adjuvant chemotherapy

compared with surgery alone in patients with advanced stage

ESCC.22,23,29 However, adjuvant chemotherapy is also

associated with considerable side effects and morbidity, and

some patients will not benefit from adjuvant chemotherapy.

Therefore, there is an urgent need to seek biomarkers for

identifying what therapy is optimum for a given patient.

Some studies reported that CYFRA 21–1 is valuable in pre-

dicting the efficacy of chemotherapy, radiotherapy, or chemor-

adiotherapy in patients with ESCC.12,30 Yang et al11 reported

that patients with ESCC with low CA19–9, CEA, SCC-Ag

levels may be more likely to benefit from the postoperative

chemotherapy. Besides, some molecular biomarkers in ESCC

have also been reported to be able to predict efficacy of

therapy.31,32 However, to date, the optimum biomarker for

predicting efficacy of chemotherapy is unknown. Therefore,

our aim was to identify predictive biomarkers to individualize

adjuvant chemotherapy in patients with ESCC.

The measurement of serum CYFRA 21–1 and SCC-Ag

levels is inexpensive and routinely available in the clinical.

Our results demonstrated that the TMI, by combining

CYFRA 21–1 and SCC-Ag, could increase the prognostic

evaluation. Therefore, it seems that the TMI may also

increase the predictive value and serve as a new variable

for predicting efficacy of adjuvant chemotherapy in

patients with ESCC. Our results showed that postoperative

adjuvant chemotherapy in patients with ESCC with high

TMI level prolonged survival compared with surgery

alone. However, in patients with low TMI level, adjuvant

chemotherapy could not prolong the outcomes. Our results

indicated that patients with ESCC with high TMI level

may benefit from postoperative adjuvant chemotherapy.

Thus, from these results, it can be hypothesized that the

TMI based on CYFRA 21–1 and SCC-Ag may be as a

valuable marker for identifying patients with ESCC who

could benefit from postoperative chemotherapy. However,

further large-scale sample and prospective studies in this

area are warranted to validate these results.

To the best of our knowledge, this is the first study to

demonstrate that the TMI based on CYFRA 21–1 and

SCC-Ag has predictive implications for patients with

ESCC with respect to postoperative adjuvant chemother-

apy. However, our study has some limitations. First, this

was a retrospective study, and all data were collected from

one single institution. Thus, selection bias might be under-

estimated. Second, patients with T4a disease in the study

did not receive neoadjuvant therapy, which may influence

the treatment effect. Moreover, we acknowledge that

tumor biology is complex and the TMI alone will not

determine the treatment plan. In the clinical setting, more

Figure 4 Kaplan-Meier survival analyses between the surgery plus chemotherapy

group and the surgery alone group of patients with ESCC.

Notes: (A) for all patients (P=0.038); (B) for high TMI patients (P=0.015); (C) for

low TMI patients (P=0.682).
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell

carcinoma.
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clinicopathological variables are needed to be taken into

consideration.

Conclusion
TheTMI,which is basedonpreoperativeCYFRA21–1andSCC-

Ag, appears to be an independent prognostic factor for patients

with ESCC. Furthermore, a close correlation was observed

between TMI level and the efficacy of postoperative adjuvant

chemotherapy. The TMI may help in the selection of patients

with ESCC who may benefit from adjuvant chemotherapy.
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