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Abstract The elevation of alkaline phosphatase (ALP) and
lactate dehydrogenase (LDH) has been demonstrated to pre-
dict worse prognosis in various malignancies; however, their
prognostic value in esophageal squamous cell carcinoma has
not been well studied. We conducted a retrospective study of
906 patients with esophageal squamous cell carcinoma to ex-
plore their prognostic value for overall survival. The optimal
cutoff points for ALP and LDH were determined. We ana-
lyzed the association between the levels of ALP and LDH
and clinicopathological characteristics. Their prognostic value
for overall survival was explored by univariate and multi-
variate analysis. We also proposed the ALP and LDH clas-
sification and examined its prognostic value in the general
population and subgroups. The optimal cutoff points of
ALP and LDH to predict overall survival were 90.7 and
361.5 U/L respectively. Higher levels of ALP and LDH
were both associated with more advanced TNM stage
(P=0.003 and 0.002, respectively) and more distant metas-
tasis (P=0.001 and P<0.001, respectively). Both ALP
(≤90.7/>90.7 U/L) and LDH (≤361.5/>361.5 U/L) were
independent prognostic factors for overall survival in
esophageal squamous cell carcinoma (P=0.004 and
P<0.001 by multivariate analysis). The ALP and LDH
classification categorized patients into three subgroups
with distinct prognosis (P<0.001 by multivariate analysis)

and identified a small group of patients who had extremely
poor overall survival with a median of 4.2 months. In con-
clusion, ALP and LDH were both independent prognostic
factors for overall survival. A combination of the two in-
dexes might contribute to further identification of survival
differences in esophageal squamous cell carcinoma.
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Introduction

Esophageal cancer (EC) is one of the most common malig-
nancies across the world. China is an endemic area with a high
incidence of EC, which ranked the fourth most frequent newly
diagnosed case of cancer and the fourth leading cause of death
from cancer in 2008 [1]. There are two main histopathological
types, esophageal adenocarcinoma (EAC) and esophageal
squamous cell carcinoma (ESCC), and the latter is the domi-
nant type in China [2]. The tumor-node-metastasis (TNM)
classification system has been widely used for prediction of
prognosis [3]. However, even at the same TNM stage, patients
may present survival differences. Thus, more accurate evalu-
ation of prognosis is needed in clinical practice.

Some routinely tested serummarkers, such as alkaline phos-
phatase (ALP) and lactate dehydrogenase (LDH), have been
demonstrated to have prognostic value in various malignan-
cies. The elevation of ALP was shown to predict worse treat-
ment tolerance, treatment response, progress free survival
(PFS), and overall survival (OS) in patients with colorectal
cancer receiving palliative chemotherapy of FOLFOX4 [4]. It
was also found to be associated with worse prognosis in other
cancers, including prostate cancer [5, 6] and nasopharyngeal
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carcinoma [7]. The prognostic value of LDH in malignancies
has been more widely demonstrated. The level of LDH was
found to be a prognostic factor in small cell lung cancer [8],
metastatic renal cell carcinoma [9], breast cancer [10], naso-
pharyngeal carcinoma [11], prostate cancer [12], and lympho-
ma [13]. These serum markers are routinely tested, and they
have the superiority of rapid, inexpensive, and convenient ap-
plication in clinical practice. Thus, their prognostic value is
worthy of more investigations and broader applications.

Existing studies about the prognostic value of ALP in
ESCC are limited. Chau I et al. found that ALP≥100 U/
L was a risk factor for poor prognosis in locally ad-
vanced and metastatic esophagogastric cancer [14].
However, most of the cases included in their study were
diagnosed with EAC, and only 50 cases were confirmed
to be with ESCC. Another study by Kogo M et al.
suggested that ALP level could be a predictor for re-
sponse of ESCC to chemoradiotherapy, but they did not
evaluate its prognostic value. Several studies also ex-
plored the prognostic value of LDH in ESCC [15–17].
However, they were all small-scaled and the conclusions
were contradictory. Thus, we aimed to explore the prog-
nostic value of ALP and LDH in patients with ESCC in
this study.

Materials and methods

Ethics statement

All patients provided written informed consent for the infor-
mation to be used in our hospital database. Study approval
was obtained from independent ethics committees at Sun
Yat-sen University Cancer Center. This study was conducted
in accordance with the ethical standards of the World Medical
Association Declaration of Helsinki.

Study population

We retrospectively reviewed the medical records of
1295 patients potentially diagnosed with EC from
March 1, 1999 to December 31, 2010 in Sun Yat-sen
University Cancer Center in Guangzhou, China. Patients
with pathological diagnosis of EAC, esophageal small
cell carcinoma, esophageal carcinosarcoma, esophageal
leiomyoma, and other non-ESCC tumors were excluded.
Only those with ESCC were included in this study.
Then, patients missing information for important clini-
copathological characteristics, such as the TNM stage
and survival status, were further excluded. Finally, there
were 906 patients with pathologically confirmed ESCC
included in this study.

Data collection

Clinicopathological information and prognostic indexes were
retrospectively collected. All the pathological diagnoses were
confirmed by pathologists in our department. Morphological-
ly indistinguishable tumors were further distinguished with
immunohistochemical indicators. The pathological informa-
tion was collected from the pathological reports. Some previ-
ously confirmed prognostic factors were included in our study
to adjust the prognostic effect of ALP and LDH, such as the
prognostic nutritional index (PNI; calculated by the formula of
10×albumin (g/dL)+0.005×lymphocyte count/uL), the neu-
trophil–lymphocyte ratio (NLR), and the platelet–lymphocyte
ratio (PLR). The pretreatment information of ALP, LDH, PNI,
NLR, and PLR were collected from the test reports. Other
information such as age, sex, diagnostic date, the body mass
index (BMI; calculated byweight (kg)/height (m)2), and treat-
ment were collected from the medical records.

Treatment and follow-up

The treatment strategies were made according to the National
Comprehensive Cancer Network (NCCN) Clinical Practice
guidelines. Patients included in this study were at diverse
TNM stages from I to IV, along with a long diagnosis time
span; therefore, there was a great diversity of treatment mo-
dalities in this study. To simplistically analyze the impact of
treatment on survival of patients, we categorized all the pa-
tients into curative treatment group and palliative treatment
group.

Follow-up schedules were also established and applied re-
ferring to the NCCN Clinical Practice Guidelines. For those
who received curative treatment, the follow-up was scheduled
every 3 months for the first 2 years, then every 6 months for
another 3 years, and every year thereafter. For those who re-
ceived palliative treatment, regular treatment and follow-up
was conducted at the outpatient department and/or inpatient
department. In addition, for those who did not follow the
schedule to come back to our hospital, we had a special
follow-up department to conduct telephone interviews.

Statistical analysis

We used SPSS 13.0 (SPSS Inc., Chicago, IL, USA) to perform
all the statistical analysis. A two tailed P value <0.05 was
considered statistically significant. Differences of clinicopath-
ological parameters between groups were evaluated by chi-
square test, Mann–Whitney U test or Kruskal–Wallis H test
based on the type of data and comparisons. The definition of
the OS interval was the duration between the date of diagnosis
and the date of death or last contact. The optimal cutoff points
for continuous prognostic indexes were determined by the
method proposed by Jan Budczies et al. They developed cutoff
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finder, which was a freely available web application that could
translate a continuous variable into a clinical decision by de-
termining an optimal cutoff point. It was implemented based
on the R statistical language, and the web application was
straightforward to use [18]. The Kaplan–Meier method was
used to estimate the survival differences in univariate analysis.
Multivariate Cox regression analysis was performed to evalu-
ate the prognostic value of the variables with significant prog-
nostic value identified by univariate analysis.

Results

Patient characteristics

The median age was 58 years old, with a range of 30–88 years
old. There were 710 (78.4 %) male patients and 196 (21.6 %)
female patients. The majority (804, 88.7 %) of patients were
diagnosed with non-metastatic ESCC. The number of patients
from stage I to III was 93 (10.3 %), 357 (39.4 %), and 354
(39.1 %), respectively. Only 102 (11.3 %) cases were at stage
IV. One hundred one (11.2 %) patients had tumors located in
the upper esophagus, while 544 (60.0 %) and 261 (28.8 %) in
the middle and lower esophagus, respectively. There were 699
(77.2 %) patients receiving curative treatment, while 207
(22.8 %) patients received treatment for palliative purpose.

The association between ALP, LDH,
and clinicopathological characteristics

The value of ALP ranged from 27.0 to 259.0 U/L, with a
median of 69.0 U/L. The value of LDH ranged from 11.0 to
851.0 U/L, with a median of 156.0 U/L. The suggested normal
ranges of ALP and LDH were 30–110 and 109–245 U/L,
respectively, according to the reagent used to detect the levels
of ALP and LDH in our hospital. The optimal cutoff points to
distinguish the differences of OS were determined to be 90.7
and 361.5 U/L for ALP and LDH, respectively, by cutoff
finder. Using the optimal cutoff points, we categorized all
the patients into subgroups to analyze the correlation of the
levels of ALP and LDH with the clinicopathological charac-
teristics of patients with ESCC (Table 1). There were 781
(86.2 %) patients with a lower level of ALP (≤90.7 U/L) and
125 (13.8 %) patients with a higher level of ALP (>90.7 U/L).
There were 895 (98.8 %) patients with a lower level of LDH
(≤361.5 U/L) and 11 (1.2 %) patients with a higher level of
ALP (>361.5 U/L). We found that higher levels of both ALP
and LDH were related with more advanced TNM stage (P=
0.003 and 0.002, respectively) and more distant metastasis
(P=0.001 and P<0.00,1 respectively). In addition, a higher
level of LDH was also associated with poorer tumor differen-
tiation (P=0.02). We found no association of the levels of
ALP and LDH with other clinicopathological characteristics.

The association between ALP, LDH, and overall survival

The median follow-up time was 29.6 months, with a range of
0.2–167.0 months. The median OS was 39.6 months. By uni-
variate analysis, we identified the following characteristics to
be significantly associated with OS: the TNM stage
(P< 0.001), distant metastasis (P< 0.001), surgery
(P<0.001), treatment purpose (P<0.001), BMI (P<0.001),
PNI (P<0.001), NLR (P=0.003), PLR (P<0.001), ALP
(P<0.001), and LDH (P<0.001). In contrast, the following
factors were not associated with OS: sex (P=0.10), age (P=
0.15), tumor location (P=0.87), and tumor differentiation (P=
0.21). In multivariate analysis, the TNM stage (P<0.001),
surgery (P<0.001), PNI (P<0.001), ALP (P=0.004), and
LDH (P<0.001) remained as independent prognostic factors
(Table 2). The survival curves of ALP (≤90.7/>90.7 U/L) and
LDH (≤361.5/>361.5 U/L) for OS by Kaplan–Meier method
were shown in Figs. 1 and 2, respectively.

We further classified the patients into three subgroups ac-
cording to both levels of ALP (≤90.7/>90.7 U/L) and LDH
(≤361.5/>361.5 U/L): group I: patients with a lower level of
both ALP (≤90.7 U/L) and LDH (≤361.5 U/L), group III:
patients with a higher level of both ALP (>90.7 U/L) and
LDH (>361.5 U/L), and group II: all the rest of the patients.
As a result, there were respectively 774 (85.4 %), 128
(14.1 %), and 4 (0.4 %) patients classified into group I, II,
and III. The median OS of patients in group I, II, and III were
45.4, 23.7, and 4.2 months, respectively. The univariate anal-
ysis suggested that the ALP and LDH classification was sig-
nificantly prognostic for OS of patients with ESCC. After
adjustment by TNM stage, surgery, and PNI, which had been
demonstrated to be independent prognostic factors, the ALP
and LDH classification remained an independent prognostic
factor. Compared with patients in group I, patients in both
groups II and III showed significant worse OS (HR 95 % CI
1.56 (1.23–1.97), P<0.001 and HR 95 % CI 5.06 (1.83–
14.02), P=0.002, respectively), and patients in group III had
the worst OS among the three groups (Table 3). The prognos-
tic value of the ALP and LDH classification for OS was
presented in Fig. 3.

The prognostic value of the ALP and LDH classification
in subgroups

To further test the prognostic value of the ALP and LDH
classification in patients with ESCC, we repeated the univar-
iate and multivariate analysis in subgroups of patients strati-
fied by the following clinicopathological and treatment char-
acteristics: sex (male/female), age (≤58/>58 years), tumor lo-
cation (upper/middle/lower esophagus), degree of differentia-
tion (poorly or not/moderate/well differentiated), tumor stage
(I+II+III/IV), surgery (no/yes), and treatment purpose
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(curative/palliative treatment). The detailed results were
shown in Table 3.

In univariate analysis, the ALP and LDH classification was
found to be a significant prognostic factor in all subgroups of
patients except for females. The multivariate analysis was

performed adjusted by all possible prognostic factors as listed
in Table 2 except for the one used for patient stratification. It
was demonstrated that the ALP and LDH classification
remained significantly and independently prognostic in most
subgroups. Its prognostic value for OS in ESCC was not

Table 1 Correlation of the ALP
and LDH with the
clinicopathological characteristics
of patients

Characteristic ALP (U/L) LDH (U/L)

≤90.7
No. (%)

>90.7

No. (%)

P value ≤361.5
No. (%)

>361.5

No. (%)

P value

Gender 0.49 NA

Male 615 (78.7) 95 (76.0) 699 (78.1) 11 (100.0)

Female 166 (21.3) 30 (24.0) 196 (21.9) 0 (0.0)

Age (year) 0.18 0.86

≤58 399 (51.1) 72 (57.6) 465 (52.0) 6 (54.5)

>58 382 (48.9) 53 (42.4) 430 (48.0) 5 (45.5)

TNM stage (AJCC, 7th) 0.003a 0.002a

I 82 (10.5) 11 (8.8) 93 (10.4) 0 (0.0)

II 319 (40.8) 38 (30.4) 354 (39.6) 3 (27.3)

III 303 (38.8) 51 (40.8) 353 (39.4) 1 (9.1)

IV 77 (9.9) 25 (20.0) 95 (10.6) 7 (63.6)

N stage (AJCC, 7th) 0.79 0.33

N0 353 (45.2) 48 (38.4) 398 (44.5) 3 (27.3)

N1 157 (20.1) 23 (18.4) 179 (20.0) 1 (9.1)

N2 104 (13.3) 15 (12.0) 119 (13.3) 0 (0.0)

N3 28 (3.6) 4 (3.2) 32 (3.6) 0 (0.0)

Unknown (174, 19.2 %)

T stage (AJCC, 7th) 0.21 NA

T1 63 (8.1) 7 (5.6) 70 (7.8) 0 (0.0)

T2 144 (18.4) 20 (16.0) 164 (18.3) 0 (0.0)

T3 425 (54.4) 60 (48.0) 481 (53.7) 4 (36.4)

T4 36 (4.6) 10 (8.0) 46 (5.1) 0 (0.0)

Unknown (141, 15.6 %)

M stage (AJCC, 7th) 0.001a <0.001a

M0 704 (90.1) 100 (80.0) 800 (89.4) 4 (36.4)

M1 77 (9.9) 25 (20.0) 95 (10.5) 7 (63.6)

Primary tumor size (cm) 0.28 NA

≤4.0 423 (54.2) 54 (61.4) 477 (53.3) 0 (0.0)

>4.0 207 (26.5) 34 (38.6) 237 (26.5) 4 (36.4)

Unknown (188, 20.7 %)

Tumor location 0.69 0.57

Upper 85 (10.9) 16 (12.8) 99 (11.1) 2 (18.2)

Middle 473 (60.6) 71 (56.8) 539 (60.2) 5 (45.5)

Lower 223 (28.6) 38 (30.4) 257 (28.7) 4 (36.4)

Degree of differentiation 0.22 0.02a

Poorly or not differentiated 129 (16.5) 27 (21.6) 150 (16.8) 6 (54.5)

Moderately differentiated 422 (54.0) 65 (52.0) 484 (54.1) 3 (27.3)

Well differentiated 230 (29.4) 33 (26.4) 261 (29.2) 2 (18.2)

TNM tumor-node-metastasis, AJCC American Joint Committee on Cancer, ALP alkaline phosphatase, LDH
lactate dehydrogenase
a Statistically significant P value
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Table 2 Prognostic value of ALP
and LDH for overall survival by
univariate and multivariate
analyses

Characteristics Univariate analysis Multivariate analysis

No. (%) P value Hazard ratio 95 % CI P value

Sex 0.10

Male 710 (78.4)

Female 196 (21.6)

Age (year)

≤58 471 (52.0) 0.15

>58 435 (48.0)

Tumor location 0.87

Upper 101 (11.2)

Middle 544 (60.0)

Lower 261 (28.8)

Degree of differentiation 0.21

Poorly or not differentiated 156 (17.2)

Moderately differentiated 487 (53.8)

Well differentiated 263 (29.0)

TNM stage (AJCC, 7th) <0.001a <0.001a

I 93 (10.3) 1 Reference

II 357 (39.4) 2.50 1.55–4.02 <0.001a

III 354 (39.1) 5.43 3.39–8.68 <0.001a

IV 102 (11.3) 5.41 3.12–9.39 <0.001a

Distant metastasis <0.001a

No 804 (88.7)

Yes 102 (11.3)

Surgery <0.001a <0.001a

No 174 (19.2) 1 Reference

Yes 732 (80.8) 0.52 0.40–0.68

Treatment purpose <0.001a

Curative treatment 699 (77.2)

Palliative treatment 207 (22.8)

BMI (kg/m2) <0.001a

≤20.43 363 (40.1)

>20.43 543 (59.9)

PNI <0.001a <0.001a

≤47.38 174 (19.2) 1 Reference

>47.38 732 (80.8) 0.61 0.50–0.75

NLR 0.003a

≤2.68 549 (60.6)

>2.68 357 (39.4)

PLR <0.001a

≤176.2 704 (77.7)

>176.2 202 (22.3)

ALP (U/L) <0.001a 0.004a

≤90.7 781 (86.2) 1 Reference

>90.7 125 (13.8) 1.42 1.11–1.80

LDH (U/L) <0.001a <0.001a

≤361.5 895 (98.8) 1 Reference

>361.5 11 (1.2) 5.43 2.90–10.16

The cutoff points for age, BMI, PNI, NLR, PLR, ALP, and LDH were determined by the method described in
statistical analysis

CI confidence interval, TNM tumor-node-metastasis, AJCC American Joint Committee on Cancer, BMI body
mass index, PNI the prognostic nutritional index, NLR the neutrophil–lymphocyte ratio, PLR the platelet–lym-
phocyte ratio, ALP alkaline phosphatase, LDH lactate dehydrogenase
a Statistically significant prognostic factor identified by univariate/multivariate analysis
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influenced by the degree of tumor differentiation and tumor
stage. However, the analysis in subgroups also allowed us to
identify some features of patients in which the ALP and LDH
classification could be more appropriately used for OS predic-
tion. Those subgroups included male patients, patients at a
younger age (≤58 years), patients with tumor located in the
upper and middle esophagus, patients without resection of
primary esophageal tumor, and patients receiving palliative
treatment (Table 3).

Discussion

There have been ongoing interests in identifying prog-
nostic factors besides the TNM stage in ESCC. Previous
studies have demonstrated the prognostic value of some
easily available indicators, such as the BMI [19] and
some inflammation-based prognostic factors like PNI
[20], NLR, and PLR [21]. To further categorize patients
with different prognosis, more prognostic factors are
warranted.

ALP and LDH are both routinely tested serum enzymes in
clinical practice, which makes them easily available. Their
prognostic value has been proved in some other cancers such
as prostate cancer and nasopharyngeal carcinoma [6, 7, 11,
22]. Investigations about the prognostic value of ALP and
LDH in ESCC were limited owing to small-sized studies
and inconsistent conclusions. To the best of our knowledge,
our study was not only the first one to specifically explore the
prognostic value of ALP in ESCC but also the largest one to
test the prognostic value of LDH in ESCC. What’s more, for
the first time, we found that the ALP and LDH classification

by the combination of ALP and LDH could categorize pa-
tients into three subgroups with distinct prognosis.

Special attention should be paid to group III of the ALP and
LDH classification. Although there were only four patients in
this group, the OS of this group of patients was particularly
poor, with a median OS of only 4.2 months. All the four
patients were males, at stage IV, and had a poor tumor differ-
entiation. The ALP and LDH classification might be a simple
and convenient method to distinguish a small part of patients
with extremely poor prognosis.

The mechanism of how ALP and LDH influence or reflect
prognosis in cancer is not completely understood. ALP is a
hydrolase enzyme presenting in all tissues and is concentrated
in certain organs, such as the liver, kidney, bone, and placenta
[23]. The elevation of ALP is related with some bone and
hepatobiliary diseases [24]. A hepatocellular carcinoma stag-
ing system includes ALP>200 IU/L as a score indicator for
poor outcome [25]. However, the elevation of ALP is not only
associated with bone and hepatobiliary diseases but also has
some roles in malignancies. Certain subtypes of ALP have
been found to be expressed in several malignant cell lines
[26–28]. Thus, the elevation of ALP could possibly reflect a
heavy tumor burden. Due to heterogeneity of tumor cells,
tumors with heavier load contain tumor cells with greater di-
versities, which possibly endow the inclination for treatment
resistance [29]. This is consistent with the findings of a previ-
ous study by Kogo M et al. They found that the elevation of
ALP predicted worse response to chemoradiotherapy in EC
[30]. Similar discoveries have also been made in metastatic
colorectal cancer [4]. Our study found that a higher level of
ALP was related with more advanced TNM stage and more
distant metastasis, but not associated with T stage or N stage,
suggesting that instead of promoting tumor progression, the

Fig. 1 Impact of pretreatment
ALP level on the overall survival
of patients with esophageal
squamous cell carcinoma. Full
legend: patients with a higher
level of pretreatment ALP
(>90.7 U/L) had a worse overall
survival compared with those
with a lower level of pretreatment
ALP (≤90.7 U/L)
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Fig. 2 Impact of pretreatment
LDH level on the overall survival
of patients with esophageal
squamous cell carcinoma. Full
legend: patients with a higher
level of pretreatment LDH
(>361.5 U/L) had a worse overall
survival compared with those
with a lower level of pretreatment
LDH (≤361.5 U/L)

Table 3 Prognostic value ALP and LDH classification for overall survival in general population and subgroups by univariate andmultivariate analyses

Subgroups Univariate analysis Multivariate analysis (using group I as reference)

No. (%) P value Hazard ratio and 95 %
CI for group II

Hazard ratio and 95 %
CI for group III

P value

General population 906 <0.001a 1.56 (1.23–1.97) 5.06 (1.83–14.02) <0.001a

Sex

Male 710 (78.4) <0.001a 1.59 (1.22–2.06) 5.31 (1.87–15.06) <0.001a

Female 196 (21.6) 0.48 – – –

Age (year)

≤58 471 (52.0) <0.001a 1.82 (1.33–2.48) 18.12 (4.04–81.21) <0.001a

>58 435 (48.0) 0.009a – – –

Tumor location

Upper 101 (11.2) 0.001a 1.30 (0.65–2.58) 20.1 (2.34–173.26) 0.02a

Middle 544 (60.0) <0.001a 1.76 (1.30–2.39) 25.17 (3.25–194.93) <0.001a

Lower 261 (28.8) 0.001a – – –

Degree of differentiation

Poorly or not differentiated 156 (17.2) <0.001a 1.35 (0.77–2.35) 5.04 (1.42–17.82) 0.03a

Moderately differentiated 487 (53.8) 0.004a 1.51 (1.08–2.11) 1.37 (1.05–1.78) 0.02a

Well differentiated 263 (29.0) 0.01a 1.84 (1.21–2.81) NA 0.004a

Tumor stage (AJCC, 7th)

I+II+III 804 (88.7) 0.011a 1.45 (1.11–1.88) NA 0.007a

IV 102 (11.3) 0.001a 1.99 (1.19–3.35) 4.99 (1.72–14.44) 0.001a

Surgery

No 174 (19.2) <0.001a 2.59 (1.66–4.04) 4.00 (1.35–11.84) <0.001a

Yes 732 (80.8) 0.05a – – –

Treatment purpose

Curative treatment 699 (77.2) 0.04a – – –

Palliative treatment 207 (22.8) <0.001a 1.86 (1.24–2.79) 4.13 (1.43–11.94) 0.001a

ALP and LDH classification: goup I: patients with a lower level of both ALP (≤90.7 U/L) and LDH (≤361.5 U/L), group III: patients with a higher level
of both ALP (>90.7 U/L) and LDH (>361.5 U/L), and group II: all the rest of the patients

CI confidence interval, AJCC American Joint Committee on Cancer, ALP alkaline phosphatase, LDH lactate dehydrogenase
a Statistically significant prognostic factor identified by univariate/multivariate analysis
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elevation of ALP was more likely to reflect a heavier tumor
burden in ESCC.

LDH is an important enzyme in energy production in
many cell types, which catalyzes the conversion of pyru-
vate to lactate in hypoxic conditions. It is demonstrated
that various malignancies express a higher level of LDH
isoforms than normal cells. Lactate, a product of glycol-
ysis, has been demonstrated to have critical roles in reg-
ulating carcinogenesis, tumor metabolic reprogramming,
and tumor angiogenesis [31]. Thus, except for reflecting
a heavier tumor burden, the elevation of LDH may also
promote tumor progression by influencing the tumor me-
tabolism and microenvironment. This is consistent with
our finding that the level of LDH is associated with
tumor differentiation. What is noteworthy is that there
have already been much interests in developing therapeu-
tic targets to inhibit isoforms of LDH, the LDHA and
LDHB [32–34].

In the subgroup analysis, we identified some sub-
groups of patients in which the ALP and LDH classifi-
cation was not prognostic. These subgroups contained
female patients, patients with an older age (>58 years),
patients with tumors located in the lower esophagus, pa-
tients receiving resection of esophageal tumors, and pa-
tients receiving curative treatment. It was explicable that
the ALP and LDH classification had little prognostic
value in patients who received curative treatment and
resection of esophageal tumors because those patients
might have very low tumor load after receiving resection
of esophageal tumors. In this case, some other factors,
such as the TNM stage, would be much more valuable
than ALP and LDH in the prognosis of ESCC. However,

there were no convincing explanations for the other three
subgroups. More investigations were warranted to reveal
the mechanism behind the appearance.

Although our study provided some meaningful findings
about the prognostic value of ALP and LDH in ESCC, there
are still some inevitable limitations. The most important one
was that the implication of ALP and LDH in prognosis pre-
diction was actually limited. It was because there were some
other factors influencing the levels of ALP and LDH except-
ing for the tumors, especially some hepatobiliary and bone
diseases. ALP and LDH might not be predictive in these pa-
tients. In our study, there were no patients with bone metasta-
sis or bone diseases. There were 110 (12.1 %) patients with
chronic hepatitis B virus infection. However, no patients had
active chronic hepatitis B virus infection. In addition, our
study was conducted retrospectively; the conclusions were
not as convincing as those from the prospective ones. Last
but not least, both ALP and LDH were continuous variables,
it might cause some inconvenience to be used in clinical prac-
tice. However, we determined an optimal cutoff point for each
factor, which made it easier for application. In conclusion, we
made a good supplement for previous investigations about the
prognostic value of ALP and LDH in ESCC and proposed the
ALP and LDH classification to help predict OS in ESCC for
the first time in this study.
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Fig. 3 The prognostic value of
the ALP and LDH classification
for overall survival in patients
with esophageal squamous cell
carcinoma. Full legend: the ALP
and LDH classification stratified
patients into three subgroups with
distinct overall survival. Patients
in group III had the worst
prognosis with a median overall
survival of 4.2 months
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