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Objective: The aim of this study was to construct the immunoscore (IS) to facilitate the 
prediction of postoperative survival and benefit from adjuvant chemotherapy (ACT) in 
esophageal squamous cell carcinoma (ESCC).
Methods: A total of 249 patients who received radical esophagectomy at Fudan University 
Shanghai Cancer Center were divided into training set and testing set. Eighty-nine patients 
with ESCC from TCGA database were enrolled into the validation set. Myeloid cells in 
tumor microenvironment were evaluated by immunohistochemistry or CIBERSORT, and 
then were included into a LASSO Cox regression model to construct the immunoscore. The 
predictive value of the immunoscore for prognosis after surgery or ACT was analyzed.
Results: The immunoscore was constructed by four types of myeloid cells including 
macrophages, neutrophils, mast cells, and dendritic cells and was demonstrated as IS=2^ 
(0.527719*Mφ −0.2604269*MC-0.4812935*DC-0.4519706*Neu). The overall survival was 
significantly different between two immunotypes, which were divided according to the 
immunoscore, in all sets (P<0.001, P=0.005, and P=0.002, respectively). Immunotype 
A was identified as an independent predictor for survival benefit in all three sets 
(HR=2.068, P=0.005; HR=2.028, P=0.007; HR=6.474, P=0.007; respectively). In patients 
who received ACT, immunotype A was significantly related to longer overall survival both in 
the training set (P<0.001) and in the testing set (P=0.011). The nomogram based on 
immunotype and other clinicopathological factors showed good efficiency of predicting 
response to ACT. Finally, several important cytokines and pathways were highly enriched 
in immunoscore A subgroup.
Conclusion: The immunoscore was an effective prognostic predictor in ESCC for patients 
undergoing surgical resection and receiving ACT.
Keywords: adjuvant chemotherapy, prognosis, immunoscore, esophageal squamous cell 
carcinoma

Introduction
Esophageal cancer (EC), the seventh most common cancer, remained a life-threatening 
malignancy with dismal prognosis, in spite of recent advances in medical treatment.1 

Esophageal squamous cell carcinoma (ESCC), known as the predominant historic type 
worldwide, occurred in the majority of EC patients in Asia.2

Although surgical resection was regarded as dispensable in treatment of ESCC, 
surgery alone failed to achieve satisfactory outcomes,3 due to the high frequency of 
recurrence and metastasis, which suggested the potential importance of adjuvant 
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chemotherapy (ACT). However, the role of ACT was 
controversial, partly because few of traditional clinico-
pathological factors, such as tumor size and differentiation 
grade, was able to identify suitable patients who could 
benefit from ACT.4–6

Instead of the characteristics of cancer cells, evidence 
showed the important impact of immune status in tumor 
microenvironment on tumor progression and metastasis.7–9 

A growing number of studies revealed the myeloid cells 
infiltrating into the tumor were significantly related with 
patients’ prognosis, and more interestingly, the response to 
ACT in several types of cancer, which might provide a novel 
sight to seek for sensitive predictors for ACT effect and to 
identify the suitable population for ACT in ESCC 
treatment.10–12 By far, only a few articles suggested the 
possible influence of tumor-associated myeloid cells on the 
survival of ESCC patients, including macrophages,13 

neutrophils,14 mast cells,15 and dendritic cells.16 As for the 
comprehensive immune status featured by the interaction of 
theses myeloid cells in the tumor microenvironment, no 
study has evaluated its impact on survival or effect of ACT.

Therefore, the aim of this study was to confirm the 
prognostic value of myeloid cells in patients with ESCC, 
and construct a novel classifier based on myeloid cells 
using a LASSO Cox regression model17,18 in order to 
predict survival, and more importantly, the benefits of 
ACT in ESCC patients.

Methods
Study Population
Patients who received radical esophagectomy between 2001 
and 2009 at Fudan University Shanghai Cancer Center 
(FUSCC) were enrolled in this study. The inclusion criteria 
were: (1) histopathological diagnosis of ESCC; (2) without 
distant metastases; (3) complete resection of tumors; (4) 
without preoperative antitumor treatment; (5) available clin-
ical and survival data; (6) sufficient tissue samples for tissue 
microarray. Finally, a total of 249 eligible patients were 
included and assigned to the training set (124 patients) and 
the testing set (125 patients) by computer-generated random 
numbers. The regimen for the patients who received ACT in 
this study was based on four to six cycles of 5-fluorouracil 
and cisplatin/oxaliplatin. The median follow-up of all the 
patients was 70 months. In addition, 89 patients with ESCC 
from TCGA database were enrolled as validation set. The 
inclusion criteria were: (1) pathological stage I to stage III; 
(2) available clinical data and mRNA expression data; (3) 

available overall survival data. The clinicopathological char-
acteristics of the patients in all three sets were shown in 
Table 1.

Tissue Microarray and 
Immunohistochemistry (IHC)
Tissue microarray (TMA) was established with formalin- 
fixed, paraffin embedded surgical specimens derived from 
the enrolled patients at FUSCC. Two tissue cores were 
selected from two distinct areas of tumor specimens for 
each patient. IHC was performed on TMA using selected 
biomarkers including: macrophages (CD68), neutrophils 
(CD66b), dendritic cells (CD1a) and mast cells (tryptase). 
The information of antibodies and dilution was provided in 
Table S1. The detailed IHC protocol was described in the 
supplementary document.

Table 1 Clinical Characteristics of Patients in the Training, 
Testing, and Validation Sets

Characteristics Training 
Set

Testing 
Set

Validation 
Set

N (%) N (%) N (%)

Age

≤60 years 74 (59.7) 79 (63.2) 54 (60.7)
>60 years 50 (40.3) 46 (36.8) 35 (39.3)

Gender
Female 23 (18.5) 22 (17.6) 13 (14.6)

Male 101 (81.5) 103 (82.4) 76 (85.4)

Immunotype

Type A 92 (74.2) 92 (73.6) 28 (31.5)

Type B 32 (25.8) 33 (26.4) 61 (68.5)

Tumor size

≤3 cm 53 (42.7) 41 (32.8) –
>3 cm 71 (57.3) 84 (67.2) –

pTNM stage
I 18 (14.5) 20 (16.0) 7 (7.9)

II 45 (36.3) 34 (27.2) 55 (61.8)

III 61 (49.2) 71 (56.8) 27 (30.3)

Tumor grade

G1/G2 103 (83.1) 92 (73.6) 60 (67.4)
G3 21 (16.9) 33 (26.4) 20 (22.5)

Gx 0 (0.0) 0 (0.0) 9 (10.1)

LVI

Negative 38 (30.6) 44 (35.2) –

Positive 86 (69.4) 81 (64.8) –

Note: The data of tumor size and LVI were not available in the validation set 
(TCGA cohort).
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Evaluations of Immune Cells
The IHC results were evaluated by two independent observers 
who were blinded to the clinical information. The nucleated 
stained cells infiltrating into the tumor tissue of each tissue core 
were counted under a high magnification field (HPF, 400×). 
The mean count derived from the two observers was adopted 
as the cell count of each case. In the validation set, the mRNA 
expression data was converted to the estimated number of 
different types of immune cells in each tumor sample using 
CIBERSORT method (an online tool and a computational 
approach for estimating proportion of immune cells in the 
given sample using mRNA expression data).19

Construction of Immunoscore
The establishment of immunoscore can be concisely divided 
into three steps. First, a cutoff value of cell counts was derived 
for each type of immune cell. Second, the abundance of 
immune cells in each patient was compared with the cutoff 
value in order to determine the expression status (the low 
expression status was equivalent to 0, and high expression 
status was equivalent to 1). Third, the expression status of 
selected immune cells in all patients was included in 
a LASSO Cox regression model to construct a formula 
(immunoscore).

Statistical Analysis
The optimal cutoff value for count of each immune cell was 
calculated with “survminer” package in R. The LASSO Cox 
regression model was generated to integrate features of prog-
nostic related immune cells with ideal coefficient for survival 
prediction using training set by “glmnet” package. The OS was 
analyzed by Kaplan–Meier method and log rank test. 
Univariate and multivariate Cox regression analysis were per-
formed to identify independent prognostic variables for survi-
val. In the validation set, differential gene expression was 
analyzed using “edgeR” package, and the pathways which 
enriched between the two groups were calculated with gene 
set enrichment analysis (GSEA).20 Statistical analysis was 
performed with R software (version 3.5.1) and SPSS (version 
19.0). Statistical significance was set at 0.05.

Results
Construction of Immunoscore and 
Definition of Immunotype
Tumor-infiltrated macrophages, neutrophils, mast cells and 
dendritic cells were stained using IHC as shown in Figure 
1A. The prognostic value of these myeloid cells was examined 

in the training set using Kaplan–Meier survival analysis. The 
results indicated that high density of neutrophils, mast cells and 
dendritic cells was positively related to better survival, on the 
contrary, abundant macrophages represented a sign of poorer 
survival (Figure S1). Given the confirmed correlation between 
cell counts and prognosis, all the four types of myeloid cells 
were included in the LASSO Cox regression model (Figure 
1B), then a formula to calculate the immunoscore (IS) for each 
patient was constructed, where IS=2 ^(0.527719*Mφ 
-0.2604269*MC-0.4812935*DC-0.4519706*Neu). In this 
formula, Mφ, Neu, MC, and DC represented the expression 
status of macrophages, neutrophils, mast cells and dendritic 
cells. In addition, the low expression status was equivalent to 0, 
and high expression status was equivalent to 1. According to 
the immunoscore, patients with IS <1 were classified into 
immunotype A, and those with IS ≥1 were classified into 
immunotype B.

Immunotype and Survival
To assess the prognostic value of immunotype, Kaplan– 
Meier survival analysis was applied to compare OS 
between patients with immunotype A and immunotype 
B. In the training set, patients with immunotype A had 
significantly better OS than those with immunotype 
B (P<0.001), and the similar results were confirmed both 
in the testing set (P=0.005) and in the validation set 
(P=0.002; Figure 2). In univariate analysis, immunotype 
A had a beneficial effect on OS in all three sets (P<0.01; 
Table 2). All the survival related variables identified in 
univariate analysis were included in the multivariate Cox 
regression analysis. As shown in Table 3, immunotype 
A remained an independent predictor for survival benefit 
in training set (HR=2.068, 95%CI: 1.243–3.440, P=0.005), 
testing set (HR=2.028, 95%CI: 1.210–3.397, P=0.007), 
and validation set (HR=6.474, 95%CI: 1.744–24.038, 
P=0.007).

Immunotype and Adjuvant 
Chemotherapy Therapy
The predictive value of immunotype for ACT outcomes was 
evaluated by subgroup analysis in the training set and the 
testing set. For patients who received ACT, significant survival 
difference could be found between immunotype A and immu-
notype B subgroups both in the training set (P<0.001) and in 
the testing set (P=0.011; Figure 3). Cox regression analysis 
demonstrated that survival benefit was significant in patients 
with immunotype A in comparison with immunotype B group 
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(training set: HR=2.873, 95%CI: 1.511–5.461, P=0.001; test-
ing set: HR=2.265, 95%CI: 1.181–4.345, P=0.014). However, 
for patients without ACT, there was only a trend of better OS 
in the immunotype A subgroup, while the survival difference 
did not achieve statistical significance (training set: P=0.071, 
testing set: P=0.158; Figure 3).

Due to the promising prognostic value of immunotype for 
patients who received ACT, a nomogram based on immuno-
type was established to calculate the probability of two, three, 
and five-year OS in patients receiving ACT (Figure 4A). 
Calibration plots demonstrated that the nomogram performed 
well in comparison with an ideal model (Figure 4B–4D).

Figure 1 Construction of immunoscore using LASSO Cox regression. (A) Tumor infiltration of macrophages, neutrophils, dendritic cells and mast cells in ESCC patients 
with 400× magnification. (B) LASSO coefficient profiles of the four selected stromal immune features. Vertical lines were drawn at the optimal values by minimum criteria 
and 1-se.

Figure 2 The Kaplan–Meier survival analysis showed the difference of postoperative OS between patients with immunotype A (IS <1) and immunotype B (IS 1) in the 
training set (A), the testing set (B) and the validation set (C).
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Table 2 Univariate Analyses for Characteristics Related to Overall Survival

Characteristics Training Set Testing Set Validation Set

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

Age 0.982 0.761 0.343

≤60 years 1.000 (reference) 1.000 (reference) 1.000 (reference)
>60 years 0.994 (0.602–1.643) 1.083 (0.650–1.805) 1.459 (0.668–3.188)

Gender 0.139 0.567 0.046*
Female 1.000 (reference) 1.000 (reference) 1.000 (reference)

Male 1.705 (0.841–3.456) 0.837 (0.455–1.539) 4.490 (1.025–19.665)

Immunotype 0.001* 0.009* 0.005*

Type A 1.000 (reference) 1.000 (reference) 1.000 (reference)

Type B 2.445 (1.476–4.052) 2.020 (1.216–3.356) 5.951 (1.717–20.632)

Tumor size 0.289 0.828 –

≤3 cm 1.000 (reference) 1.000 (reference) –
>3 cm 1.312 (0.794–2.170) 0.944 (0.564–1.528) –

pTNM stage <0.001* 0.120 0.108
I 1.000 (reference) 1.000 (reference) 1.000 (reference)

II 9.012 (1.206–67.329) 0.843 (0.365–1.948) 1.110 (0.245–5.028)

III 20.057 (2.759–145.802) 1.528 (0.742–3.146) 2.486 (0.549–11.251)

Tumor grade 0.237 0.344 0.595
G1/G2 1.000 (reference) 1.000 (reference) 1.000 (reference)

G3 1.463 (0.779–2.750) 1.296 (0.758–2.217) 0.597 (0.202–1.762)

Gx – – 1.136 (0.378–3.419)

LVI <0.001* 0.018* –

Negative 1.000 (reference) 1.000 (reference) –
Positive 4.228 (2.011–8.888) 1.960 (1.124–3.419) –

Notes: The data of tumor size and LVI were not available in the validation set (TCGA cohort). *P<0.05.

Table 3 Multivariate Analyses for Characteristics Related to Overall Survival

Characteristics Training Set Testing Set Validation Set

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

Immunotype 0.005* 0.007* 0.005*

Type A 1.000 (reference) 1.000 (reference) 1.000 (reference)
Type B 2.068 (1.243–3.440) 2.028 (1.210–3.397) 6.474 (1.744–24.038)

pTNM stage 0.048* 0.430 0.104

I 1.000 (reference) 1.000 (reference) 1.000 (reference)

II 6.756 (0.851–53.638) 0.591 (0.241–1.452) 0.659 (0.137–3.160)
III 11.534 (1.337–99.486) 0.820 (0.304–2.211) 1.657 (0.334–8.221)

LVI 0.304 0.141 –
Negative 1.000 (reference) 1.000 (reference) –

Positive 1.624 (0.645–4.089) 1.823 (0.820–4.052) –

Gender – – 0.245

Female – – 1.000 (reference)

Male – – 2.563 (0.524–12.538)

Notes: The variables identified with statistical significance were included into the multivariate analysis. *P<0.05.
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Immunotype Related Immune Molecules 
and Biological Pathways
In the validation set, gene expression profile was com-
pared between immunotype A and immunotype B using 
TCGA data. Interestingly, several important cytokines, 
such as TNF and IFN-β1 were significantly enriched in 
immunotype A subgroup (Figure 5A), which might partly 
explain the survival difference between the two groups. 

The GSEA showed that type I interferon receptor binding 
pathway was enriched in immunotype A subgroup (Figure 
5B), which suggested the possibility of positive antitumor 
regulation in these patients.

Discussion
Appropriate selection of therapeutic and follow-up strategy 
depended on precise prognostic evaluation of cancer patients. 

Figure 3 Subgroup analysis to assess the predictive value of immunotype for ACT. The survival curves according to immunotype A (IS <1) and immunotype B (IS ≥1) in 
ESCC patients with ACT (A and C) and without ACT (B and D) in the training set and the testing set.
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Figure 4 Nomogram to predict survival probability in ESCC patients receiving ACT. (A) Nomogram based on immunotype A (IS <1) and immunotype B (IS ≥1) and 
clinicopathological factors to predict two, three, and 5five-year survival in ESCC patients after ACT. Two-year (B), three-year (C) and five-year (D) nomogram evaluated by 
calibration curves. The dashed line represented an ideal evaluation, whereas the blue line represented the performance of the nomogram.

Figure 5 Bioinformatics analysis of the characteristics and signal pathway of immunotypes. (A) Volcano plot comparing the FDR vs fold-change for genes from immunotype 
A (IS <1) group relative to immunotype B (IS ≥1) group using TCGA data. (B) Enriched biology pathways related with immunotype A in the validation cohort.
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In clinical practice, survival prediction of ESCC patients was 
mostly based on clinicopathological features. As for tumor- 
associated immune cells, which were proven to have signifi-
cant impact on cancer progression and patients’ survival in 
several malignancies by growing evidence,10–12 the relevant 
literature was limited in ESCC. Our data indicated that 
myeloid cells infiltrating in cancer microenvironment, 
including macrophages, neutrophils, mast cells and dendritic 
cells were related with prognosis. More specifically, macro-
phages mostly played a protumoral role in the microenviron-
ment of ESCC, while neutrophils, mast cells and dendritic 
cells tended to have an antitumoral impact on patients. To 
improve the predictive power, the features of the immune 
cells were integrated using a LASSO Cox regression model 
so that it could reflect the contexture of immune status in the 
microenvironment, reduce the deviation caused by variable 
function of immune cells, and partly demonstrate the com-
prehensive interaction of immune cells. Interestingly, as 
shown in the results, two different types of immune status 
represented distinctively two different characteristics of sur-
vival status of patients. Patients with immunotype A, char-
acterized as low density of macrophages and high density of 
neutrophils, mast cells, and dendritic cells, were identified to 
be an independent prognostic predictor from the clinico-
pathological factors that mainly focused on the features of 
tumor itself. The immunotype, however, described the malig-
nant disease from another perspective, known as tumor 
microenvironment, which was of equal importance to 
tumoral characteristics in cancer progression.21,22

Substantial controversy existed regarding the effectiveness 
of adjuvant chemotherapy in patients with ESCC postopera-
tively, to a certain extent, owing to the lack of precise prog-
nostic predictors. Recent studies demonstrated that ACT might 
prolong the DFS in patients with positive lymph nodes, which 
became the main indication for ACT. However, this clinico-
pathological feature seemed not to be sufficient to distinguish 
the suitable candidates for ACT postoperatively, since no 
advantage of overall survival was observed in prior 
studies.23,24 With the deepening of understanding of the 
immune mechanism, it provided a new perspective to reinter-
pret the mechanism of chemotherapy. Signatures consisting of 
appropriate immune markers showed a good predictive value 
of ACT response in several other types of cancer.7,8 In the 
present study, the patients with a low immunoscore had better 
response to ACT than those with a high immunoscore, while 
the survival difference did not achieve statistical significance in 
patients without ACT. The different role of immunoscore 
according to whether ACT was performed or not might partly 

be explained by the enhanced anticancer immunity, for 
instance, dendritic cells were attracted into the tumor bed, 
which was triggered by chemotherapy.25,26 For immunotype 
A, characterized as a high density of anticancer immune cells 
infiltrating into the tumor microenvironment, it was plausible 
that the stronger anticancer immune responses occurred after 
chemotherapy. In contrast, chemotherapy agents, including 
cisplatin, selectively inhibited regulatory and suppressor cells 
at low doses based on the previous study.27 The results of our 
bioinformatics analysis showed that several antitumor 
chemokines28,29 were identified to be enriched in the immuno-
type A group by bioinformatics analysis, while their role might 
be veiled by the coexistence of some protumor molecules.30,31 

With the performance of ACT, the protumor feature might be 
inhibited by chemotherapy agents so that the antitumor func-
tion had the advantage. To strengthen the prognostic value of 
immunotype, we combined it with tumoral characteristics 
including pathologic stage and LVI, and generated 
a nomogram to predict ACT outcomes, since both tumoral 
features and microenvironment status were critical to antic-
ancer treatment, and the calibration plots demonstrated its 
efficiency.

There were some limitations of our study. First, it was 
a retrospective study with all specimens from only one 
center, although the results were verified using public 
database, the efficiency should be further confirmed by 
multicenter data. Second, our model was constructed by 
myeloid cells, however, some important immune mole-
cules were not included.

In conclusion, the immunoscore was an effective prognos-
tic predictor in ESCC for patients undergoing surgical resec-
tion and receiving ACT. Thus it could be used as a predictive 
tool facilitating follow-up strategy and a classifier to select 
suitable patients who might benefit from ACT.
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