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Purpose This study aimed to develop a nomogram for predicting pathologic complete response (pCR) after neoadjuvant chemora-
diotherapy (CRT) in patients with esophageal squamous cell carcinoma (ESCC) by integrating hematological biomarkers and clinico-

pathological characteristics.

Materials and Methods Between 2003 and 2017, 306 ESCC patients who underwent neoadjuvant CRT followed by esophagectomy
were analyzed. Besides clinicopathological factors, hematological parameters before, during, and after CRT were collected. Univariate
and multivariate logistic regression analyses were performed to identify predictive factors for pCR. A nomogram model was built and

internally validated.

Results Absolute lymphocyte count (ALC), lymphocyte to monocyte ratio, albumin, hemoglobin, white blood cell, neutrophil, and
platelet count generally declined, whereas neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) increased
significantly following neoadjuvant CRT. After surgery, 124 patients (40.5%) achieved a pCR. The pCR group demonstrated signifi-
cantly more favorable survival than the non-pCR group. On multivariate analysis, significant factors associated with pCR included sex,
chemotherapy regimen, post-CRT endoscopic finding, pre-CRT NLR, ALC nadir during CRT, and post-CRT PLR, which were incorporated
into the prediction model. The nomogram indicated good accuracy in predicting pCR, with a C-index of 0.75 (95% confidence interval,

0.71t0 0.78).

Conclusion Female, chemotherapy regimen of cisplatin/vinorelbine, negative post-CRT endoscopic finding, pre-CRT NLR (£2.1), ALC
nadir during CRT (> 0.35%10°%/L), and post-CRT PLR (< 83.0) were significantly associated with pCR in ESCC patients treated with
neoadjuvant CRT. A nomogram incorporating hematological biomarkers to predict pCR was developed and internally validated, show-

ing good predictive performance.

Key words Esophageal squamous cell carcinoma, Neoadjuvant chemoradiotherapy, Pathologic response, Prediction model, Hema-

tological biomarker

Introduction

Neoadjuvant chemoradiotherapy (CRT) followed by eso-
phagectomy is the current standard of care for resectable
locally advanced esophageal cancer (EC) to achieve more
favorable long-term survival than surgery alone [1-4]. Appro-
ximately one-third of patients have a pathologic complete
response (pCR) after neoadjuvant CRT, which was correlated
with significantly improved treatment outcomes [2-6]. Con-
sidering the substantial postoperative morbidity and mortal-
ity associated with esophagectomy, as well as the impaired
quality of life, an organ-preserving approach with active

surveillance could be feasible in patients without residual
tumor after neoadjuvant treatment [7]. In view of the high-
er radiosensitivity of esophageal squamous cell carcinoma
(ESCC) compared with adenocarcinoma, an accurate predic-
tion of pCR prior to surgery is particularly relevant for Asian
patients [2,8]. However, at present no available clinical tools
have been developed to confidently predict pCR in EC.

Host immune and inflammatory responses play an impor-
tant role in cancer development and progression [9]. As a
marker of immune suppression, treatment-related lympho-
penia has been demonstrated to be a strong prognostic fac-
tor for unfavorable outcomes in EC [10-12]. Moreover, sev-
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Table 1. Patient characteristics and univariate analysis for variables associated with pathologic complete response

o pCR Non-pCR Univariate
Characteristic -_—
(n=124) (n=182) 0Odds ratio (95% CI) p-value

Age (yr)

<58 152 (49.7) 60 (48.4) 92 (50.5) Reference

>58 154 (50.3) 64 (51.6) 90 (49.5) 1.090 (0.691-1.721) 0.710
Sex

Male 255 (83.3) 95 (76.6) 160 (87.9) Reference

Female 51 (16.7) 29 (23.4) 22 (12.1) 2.220 (1.207-4.084) 0.010
Smoking history

Yes 193 (63.1) 77 (62.1) 116 (63.7) Reference

No 113 (36.9) 47 (37.9) 66 (36.3) 1.073 (0.669-1.720) 0.770
Alcohol history

Yes 115 (37.6) 43 (34.7) 72 (39.6) Reference

No 191 (62.4) 81 (65.3) 110 (60.4) 1.233 (0.767-1.981) 0.387
ECOG performance status

0 229 (74.8) 95 (76.6) 134 (73.6) Reference

1-2 77 (25.2) 29 (23.4) 48 (26.4) 0.852 (0.501-1.449) 0.555
Weight loss (%)

<10 271 (88.6) 110 (88.7) 161 (88.5) Reference

>10 35(11.4) 14 (11.3) 21 (11.5) 0.976 (0.476-2.001) 0.947
Histologic grade

Gx/1/2 227 (74.2) 93 (75.0) 134 (73.6) Reference

G3 79 (25.8) 31 (25.0) 48 (26.4) 0.931 (0.551-1.571) 0.788
Tumor location

Upper 33(10.8) 20 (16.1) 13 (7.1) Reference

Middle 200 (65.4) 73 (58.9) 127 (69.8) 0.480 (0.207-1.110) 0.086

Distal 73 (23.9) 31 (25.0) 42 (23.1) 1.284 (0.744-2.217) 0370
Primary tumor length (cm)

<5 144 (47.1) 60 (48.4) 84 (46.2) Reference

>5 162 (52.9) 64 (51.6) 98 (53.8) 0.914 (0.579-1.444) 0.701
Clinical T category

T1-2 62 (20.3) 32(25.8) 30 (16.5) Reference

T3-4a 244 (79.7) 92 (74.2) 152 (83.5) 0.567 (0.324-0.995) 0.048
Clinical N category

NO 17 (5.6) 7 (5.6) 10 (5.5) Reference

N1-3 289 (94.4) 117 (94.4) 172 (94.5) 0.972 (0.360-2.626) 0.955
Chemotherapy regimen

Cisplatin/ Vinorelbine 160 (52.3) 74 (59.7) 86 (47.3) Reference

Cisplatin/ Taxane 110 (35.9) 41(33.1) 69 (37.9) 0.387 (0.171-0.876) 0.023

Cisplatin/FluorouraCil 36 (11.8) 9(7.3) 27 (14.8) 0.561 (0.240-1.309) 0.181
Radiation dose (Gy)

40 155 (50.7) 64 (51.6) 91 (50.0) Reference

>40 151 (49.3) 60 (48.4) 91 (50.0) 0.938 (0.594-1.480) 0.782
Radiotherapy modality

3DCRT 147 (48.0) 62 (50.0) 85 (46.7) Reference

IMRT 159 (52.0) 62 (50.0) 97 (53.3) 0.876 (0.555-1.384) 0.571
No. of lymph node examined 24(17-31)  24(17-31) 24 (17-30) 1.002 (0.982-1.023) 0.834

(Continued to the next page)
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Table 1. Continued

Total

Characteristic (0=306)

(n=124)

Post-CRT EGD finding
Positive 110 (35.9)

Negative 196 (64.1)

32 (25.8)
92 (74.2)

pCR Non-pCR Univariate
(n=182) 0Odds ratio (95% CI) p-value
78 (42.9) Reference
104 (57.1) 2.156 (1.310-3.548) 0.002

Values are presented as number (%) or median (IQR). 3DCRT, three-dimensional conformal radiation therapy; CI, confidence interval;
CRT, chemoradiotherapy; ECOG, Eastern Cooperative Oncology Group; EGD, esophagogastroduodenoscopy; IMRT, intensity-modulated
radiation therapy; IQR, interquartile range; pCR, pathologic complete response.

eral studies have suggested that severe lymphopenia during
neoadjuvant CRT is associated with poor pathologic response
and recurrence in either esophageal adenocarcinoma or ESCC
[13,14]. In addition to lymphopenia, it has been demonstrated
that several hematological biomarkers of systemic immuno-
inflammation, such as neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), and lymphocyte to mono-
cyte ratio (LMR) are linked with patient outcomes in a variety
of malignancies [15-17]. Elevated pretreatment NLR and PLR
has been reported to be related with worse prognosis in EC
patients who underwent surgical resection with or without
neoadjuvant treatment [17]. Also, significant relationships
between baseline LMR and survival were observed [18].
However, the changes and clinical significance of these bio-
markers after neoadjuvant CRT remain uncertain in EC.
More importantly, little is known regarding the associations
between these immuno-inflammatory parameters and the
pathologic response to neoadjuvant CRT.

Given the promise of hematological immuno-inflammation
biomarkers in predicting survival, it is possible that these
parameters could be used along with other clinical variables
to predict pCR in EC. Therefore, we conducted this study to
investigate the predictive value of immuno-inflammatory
biomarkers in ESCC patients treated with neoadjuvant CRT
followed by surgery. Moreover, we aimed to develop a nomo-
gram model for predicting pCR by integrating hematological
biomarkers and important clinicopathological characteristics.

Materials and Methods

1. Patients

Consecutive ESCC patients who received neoadjuvant
CRT followed by esophagectomy from the prospectively
maintained database at our institution from 2003 through
2017 were retrospectively analyzed. The inclusion criteria
included: (1) pathologically confirmed stage II-IVa ESCC
according to the 8th TNM staging system of the American
Joint Committee on Cancer; (2) completed radiotherapy
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without delay; and (3) documentation of laboratory screens
before and during CRT, as well as prior to surgery. Patients
with prior or concomitant malignancy, those experienced
severe infection before or during CRT, and those with incom-
plete records were excluded.

2. Treatment and follow-up

Patients received neoadjuvant CRT to a prescription dose
of 40.0-50.0 Gy by either three-dimensional conformal radio-
therapy or intensity-modulated radiotherapy. All patients
underwent concurrent platinum-based chemotherapy dur-
ing radiotherapy, including cisplatin/vinorelbine (NP),
cisplatin/taxane (TP), and cisplatin/fluorouracil (PF). No
patients received induction chemotherapy prior to radio-
therapy or adjuvant chemotherapy after surgery.

To assess the response to neoadjuvant treatment, all pati-
ents underwent preoperative restaging 4 to 6 weeks after the
completion of CRT. Restaging evaluation included physical
examination, standard laboratory tests, chest/abdominal
computed tomography, and esophagogastroduodenoscopy
(EGD) with endoscopic ultrasound and optional biopsies
when feasible. Positron emission tomography (PET) was per-
formed in selected patients. Esophagectomy was performed
using the Ivor Lewis or three-field technique. Surgical speci-
mens were reviewed and a pCR was defined as no residual
cancer cells in all layers of the esophagus and in the lymph
nodes resected. After surgery, patients were followed up eve-
ry 3 months during the first 2 years, every 6 months for the
next 3 years, and then annually.

3. Data collection

Complete blood counts and blood chemistry findings were
collected prior to CRT, each week during CRT, and before
surgery (approximately 4-6 weeks after CRT). The minimum
absolute lymphocyte count (ALC) during CRT was identi-
fied as the nadir. NLR was defined as the neutrophil count
divided by ALC, and PLR was defined as the platelet count
divided by ALC. Similarly, LMR was indicated as ALC
divided by the monocyte count. Regarding post-CRT EGD
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Fig. 1. Comparison of hematological parameters before and after neoadjuvant chemoradiotherapy. ALC, absolute lymphocyte count;
CRT, chemoradiotherapy; LDH, lactate dehydrogenase; LMR, lymphocyte to monocyte ratio; NLR, neutrophil to lymphocyte ratio; PLR,
platelet to lymphocyte ratio; WBC, white blood cell.

findings, endoscopic biopsies negative for cancer cells were
defined as endoscopic negative. For patients without biopsy,
the disappearance of tumor in the primary region without
stricture, budding, or ulceration was also assessed as endo-

scopic negative.

4. Statistical analysis

Age, primary tumor length, and radiation dose were
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Fig. 2. Kaplan-Meier curves for overall survival (A), disease-free survival (B), locoregional failure—free survival (C), and distant metasta-

sis—free survival (D) in patients with and without pathologic complete response (pCR).

grouped by the median value as cut-offs. Continuous vari-
ables were compared by the Wilcoxon rank-sum test. The
changes in the value of hematological parameters before and
after CRT were compared using the paired t test. Univariate
and multivariate logistic regression models were utilized to
identify possible predictors for pCR, and factors with uni-
variate significance of p < 0.2 were entered into multivari-
ate analysis (backward stepwise). Spearman rank correlation
analysis was conducted to check multicollinearity among
hematological parameters.

Variables with statistical significance in the multivariate
analysis were then used to build a nomogram for predict-
ing pCR. The performance of the nomogram was assessed
by concordance index (C-index), calibration curve with
300 bootstrap resamples, as well as decision curve analysis
(DCA). Calibration curve was employed to compare the pre-
dicted with the observed probability of pCR, and DCA was
generated to evaluate the clinical usefulness of the nomo-
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gram model. Additionally, the optimal cut-offs of the con-
tinuous variables in the nomogram were determined by the
receiver operating characteristic curves.

Survival times were defined from the date of surgery until
event or censor. Kaplan-Meier method was used to estimate
overall survival (OS), disease-free survival (DFS), locore-
gional failure-free survival (LRFFS), and distant metastasis-
free survival (DMFS), and log-rank test was used to examine
intergroup differences. Statistical analyses were performed
using SPSS ver. 22.0 software (IBM Corp., Armonk, NY) and
R software ver. 3.4.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria). p < 0.05 was considered statistically
significant.
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Table 2. Hematological parameters and univariate analysis for variables associated with pathologic complete response

Characteristic

Univariate

Odds ratio (95% CI)

p-value

Pre-CRT albumin (g/L) 42.4 (40.4-44.8) 42.8 (40.6-44.5)  42.1 (40.2-45.0) 0.993 (0.933-1.056)  0.816
Pre-CRT LDH (U/L) 159.0 (140.0-181.1)  153.4 (138.1-177.0) 162.5 (141.5-184.1) 1.003 (0.996-1.010)  0.415
Pre-CRT hemoglobin (g/L) 138.5 (130.0-147.0)  138.0 (128.2-147.7) 139.0 (131.0-146.7) 1.003 (0.988-1.017)  0.723
Pre-CRT WBC (x10°/L) 7.2 (6.1-9.0) 7.2 (5.8-9.1) 7.2 (6.3-8.9) 1.021 (0.947-1.102)  0.588
Pre-CRT neutrophils (x10°/L) 44 (3.5-6.1) 43 (34-6.1) 46 (3.7-6.2) 1.020 (0.938-1.110)  0.636
Pre-CRT monocytes (x10°/L) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 1.181 (0.445-3.133)  0.739
Pre-CRT ALC (x10°/L) 1.9 (1.4-2.4) 1.9 (1.4-2.5) 1.9 (1.4-2.4) 0.984 (0.702-1.379)  0.924
Pre-CRT platelets (x10°/L) 225 (187-271) 216 (179-258) 232 (190-286) 1.002 (0.999-1.005)  0.279
Pre-CRT NLR 2.5(1.8-3.4) 23(1.7-3.2) 2.6 (1.9-3.9) 1.218 (1.050-1.414)  0.009
Pre-CRT PLR 125.0 (90.6-164.6)  114.7(88.1-155.5)  130.0 (93.1-171.3) 1.005 (1.001-1.009)  0.018
Pre-CRT LMR 3.9 (2.8-5.6) 3.9 (3.0-5.6) 3.9 (2.7-5.5) 0981 (0.945-1.019)  0.325
ALC nadir during CRT (x10°/L) 0.3 (0.2-0.5) 0.4 (0.3-0.6) 0.3 (0.2-0.5) 0.193 (0.067-0.557)  0.002
Post-CRT albumin (g /L) 42,0 (39.0-43.3) 42.1(39.5-435)  41.9 (39.0-43.3) 0.961 (0.886-1.042)  0.332
Post-CRT LDH (U/L) 172.6 (159.1-201.0)  174.7 (157.6-200.8) 172.3 (160.0-202.8) 1.002 (0.996-1.009)  0.499
Post-CRT hemoglobin (g /L) 118.0 (109.0-128.0)  118.0 (109.3-128.0) 118.0 (109.0-126.0)  0.997 (0.979-1.017)  0.784
Post-CRT WBC (x10°/L) 6.1 (4.8-6.8) 6.0 (4.9-6.6) 6.1 (4.8-6.9) 1.040 (0.939-1.152)  0.446
Post-CRT neutrophils (x10°/L) 3.4 (2.6-4.4) 3.5 (2.8-4.6) 3.3 (2.5-4.3) 0972 (0.912-1.035)  0.372
Post-CRT monocytes (x10°/L) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 1.491 (0.510-4.354)  0.465
Post-CRT ALC (x10°/L) 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.3(0.9-1.7) 1.242 (0.804-1917)  0.329
Post-CRT platelets (x10°/L) 213 (176-262) 202 (170-240) 222 (178-270) 1.004 (1.000-1.007)  0.024
Post-CRT NLR 2.7 (1.9-3.7) 2.8 (2.0-4.2) 2.6 (1.8-3.6) 0.991 (0.947-1.036)  0.683
Post-CRT PLR 170.6 (127.8-243.9)  164.1 (122.9-227.5) 178.5 (133.3-249.3) 1.003 (1.000-1.006)  0.020
Post-CRT LMR 2.5 (1.8-3.5) 2.6 (1.8-3.8) 2.5 (1.8-3.4) 0.967 (0.866-1.080)  0.554

Values are presented as median (IQR). ALC, absolute lymphocyte count; CI, confidence interval; CRT, chemoradiotherapy; IQR, inter-
quartile range; LDH, lactate dehydrogenase; LMR, lymphocyte to monocyte ratio; NLR, neutrophil to lymphocyte ratio; pCR, pathologic
complete response; PLR, platelet to lymphocyte ratio; WBC, white blood cell.

Results

1. Patient characteristics

Patient and treatment characteristics of 306 ESCC patients
who met the inclusion criteria are summarized in Table 1.
Median age of the entire cohort was 58 years (range, 34 to
73 years), and the median primary tumor length was 5 cm
(range, 1.2 to 14.0 cm). In total, 18.3% were stage II, and 81.7%
were stage III/IVa. Half of the patients (50.3%) received a
radiation dose of 40 Gy, and 45.8% received 44 Gy. As for
chemotherapy regimen, 160 patients (52.3%) received NP,
110 (35.9%) received TP, and 36 (11.8%) received PF during
radiotherapy. Endoscopic biopsies were performed in 182
patients (59.5%) prior to surgery, including 64 positive and
118 negative. Based on the combined results of post-CRT
EGD and biopsy, 110 patients (35.9%) were defined as endo-
scopic positive and 196 (64.1%) as endoscopic negative. All
patients underwent esophagectomy after the completion of
CRT, with a median interval of 6.7 weeks (range, 4.1 to 13.8
weeks).

Regarding hematological parameters, the median baseline
ALC was 1.9x10°/L and only 15 patients (4.9%) had lym-
phopenia before treatment. During CRT, the median ALC d
ecreased steeply to 1.0, 0.6, 0.5, 0.4, and 0.5x10°/L from
weeks 1 to 5, and then it recovered to 1.2x10°/L before sur-
gery. LMR, albumin, hemoglobin, white blood cell, neutro-
phil, and platelet count generally declined, whereas NLR,
PLR, and lactate dehydrogenase level increased significantly
following neoadjuvant CRT (Fig. 1). Moreover, no alterations
in monocyte counts were observed.

2. Pathologic response and survival

A total of 124 patients (40.5%) achieved a pCR after his-
topathological examination. Compared with non-pCR pati-
ents, pre-CRT NLR (p=0.007), pre-CRT PLR (p=0.038), and
post-CRT platelet count (p=0.008) were remarkably lower in
PCR patients (S1 Fig.). Moreover, post-CRT PLR was slightly
lower in pCR patients (p=0.068). Of note, ALC nadir dur-
ing CRT was significantly higher in patients with pCR (0.4
vs. 0.3x10°/L, p=0.022). No significant differences in other
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hematological parameters were found between pCR and
non-pCR patients.

After a median follow-up of 30.1 months for the entire
cohort, 74 patients (24.2%) had died and 91 (29.7%) experi-
enced recurrences. In terms of survival endpoints, the pCR
group demonstrated significantly more favorable OS, DFS,
LRFFS, and DMFS than the non-pCR group (p < 0.05 for all)
(Fig. 2).

3. Factors associated with pCR
We identified clinical characteristics and hematological
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parameters associated with pCR (Tables 1 and 2). Among
clinical characteristics, univariate analysis indicated that
sex, cT category, chemotherapy regimen, and post-CRT EGD
finding were correlated with pCR. For hematological param-
eters, pre-CRT NLR, pre-CRT PLR, ALC nadir during CRT,
post-CRT platelets, as well as post-CRT PLR were significant-
ly associated with pCR. We further evaluated the impact of
hematological parameters on pCR based on logistic regres-
sion model. Fig. 3 shows predictive pCR rates as a function of
different hematological parameters. Notably, the probabili-
ties of pCR decreased with pre-CRT NLR, pre-CRT PLR, or
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Table 3. Multivariate analysis for variables associated with
pathologic complete response

Multivariate analysis

Odds ratio
(95% CI)

2.039 (1.053-3.950) 0.035

Variable

p-value

Sex (female vs. male)
Chemotherapy regimen
Cisplatin/ vinorelbine vs. 1.200 (0.706-2.038) 0.071
cisplatin/ taxane
Cisplatin/vinorelbine vs. 2.778 (1.160-6.657) 0.022
cisplatin/ fluorouracil
Post-CRT EGD finding
(negative vs. positive)

Pre-CRT NLR

2.109 (1.243-3.579) 0.006

1.200 (1.025-1.406) 0.024
ALC nadir during CRT 0.215 (0.070-0.666) 0.008
Post-CRT PLR 1.004 (1.001-1.006) 0.012
ALC, absolute lymphocyte count; CI, confidence interval; CRT,

chemoradiotherapy; EGD, esophagogastroduodenoscopy; NLR,
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte

ratio.

post-CRT PLR, but it increased significantly with ALC nadir.

For hematological parameters with statistical significance
in univariate analysis, Spearman’s correlation analysis indi-
cated weak or moderate correlations between them (S2
Table). Multivariate analysis further demonstrated that sex,
chemotherapy regimen, post-CRT EGD finding, pre-CRT
NLR, ALC nadir during CRT, and post-CRT PLR were inde-
pendent predictors of pCR (Table 3).

4. Nomogram development

A nomogram was developed to predict pCR on the basis
of multivariate logistic regression coefficients (Fig. 4). The C-
index of the nomogram was 0.75 (95% confidence interval,
0.71 to 0.78), and the calibration curve displayed acceptable
agreement between prediction and actual observation (S3
Fig.). In addition, the DCA revealed favorable positive net
benefits of the model among the majority of threshold prob-
abilities, implying satisfactory clinical utility.

According to ROC curves, the optimal cut-offs for pre-CRT
NLR, ALC nadir during CRT, and post-CRT PLR were 2.1,
0.35x10°/L, and 83.0, respectively. Patients with pre-CRT
NLR > 2.1 showed a significantly lower pCR rate than those
with lower value (32.1% vs. 50.4%, p=0.001). The pCR rate
was also lower in patients with high post-CRT PLR > 83.0
(38.4% vs. 76.5%, p=0.004). Additionally, a high ALC nadir
>0.35x10°/L was significantly associated with a higher pCR
rate (48.3% vs. 35.8%, p=0.031).

Discussion

Predicting pCR to neoadjuvant CRT before surgery has
been a focus of research for EC in recent years. In this study,
we demonstrated that pre-CRT NLR, ALC nadir during CRT,
and post-CRT PLR were significant predictors for pCR in
ESCC patients after neoadjuvant CRT. Furthermore, a nomo-
gram incorporating hematological biomarkers has been con-
structed and internally validated, indicating good prediction
ability. To our knowledge, this study was the first attempt to
develop a prediction model for pCR incorporating hemato-
logical immuno-inflammation biomarkers in EC. Although
needing further validation and complementation, this model
has a value for assisting patients and clinicians in clinical
decision-making.

Since lymphopenia has a negative effect on cell-mediated
immunity to initiate tumor cell death [9], there has been
growing evidence supporting the correlation between lym-
phopenia during CRT and pathologic response in cancer
patients. Heo et al. [19] reported that maintaining the ALC
nadir > 0.35x10°/L during CRT could predict pCR in locally
advanced rectal cancer. Similarly, Fang et al. [13] also found
that a higher ALC level (= 0.35x10°/L) during CRT was asso-
ciated with a higher rate of pCR in patients with esophageal
adenocarcinoma undergoing trimodality therapy. In a previ-
ous study regarding ESCC, patients with grade 4 lymphope-
nia had a significantly lower pCR rate than those with grade
0-3 lymphopenia (22.9% vs. 48.8%, p=0.001) [14]. Neverthe-
less, no general consensus has been reached for the level of
ALC nadir that was predictive of pCR. Interestingly, we also
found that sustaining a higher ALC level during CRT was
notably correlated with pCR in ESCC, and the optimal cut-
off of ALC nadir > 0.35x10°/ L was identical to that suggested
by Heo et al. [19] and Fang et al. [13]. Therefore, ALC nadir
> 0.35x10°/L might be a widely accepted cutoff for cancer
patients. Expect from lymphopenia during CRT, neither pre-
nor post-CRT ALC was correlated with pCR in our study,
which was consistent with the data reported by Deng et al.
[20].

Inflammation can stimulate angiogenesis and affect
immune surveillance as well as treatment response [9]. Tum-
origenesis and proliferation are driven by the production of
inflammatory cytokines, which could recruit inflammatory
cells, including neutrophils and activated platelets [21]. On
the one hand, neutrophils activate transcription factors that
influence the production of more inflammatory mediators.
On the other hand, platelets serve as a critical source of
growth factors, which can promote angiogenesis and inva-
sion. Then these cellular perturbations can result in an inhibi-
tion of host adaptive immune system and subsequent down-
regulation of T-cell response [9,21]. Therefore, NLR and PLR
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Fig. 4. Nomogram for predicting pathologic complete response (pCR) after neoadjuvant chemoradiotherapy (CRT) in patients with

esophageal squamous cell carcinoma. For each patient, six lines are drawn upward to determine the points received from the six variables
in the nomogram. The sum of these points is located on the “Total Points” axis, then a line is drawn downward to predict the probability of
pCR. ALC, absolute lymphocyte count; EGD, esophagogastroduodenoscopy; NLR, neutrophil to lymphocyte ratio; NP, cisplatin/ vinorel-
bine; PF, cisplatin/fluorouracil; PLR, platelet to lymphocyte ratio; TP, cisplatin/taxane.

have been proposed to be reliable indicators of host inflam-
matory status. In literature, there are limited data regarding
the predictive value of hematological immuno-inflamma-
tion biomarkers for pCR after neoadjuvant treatment in EC
[22,23]. In a small study including 60 EC patients reported
by McLaren et al. [22] elevated pretreatment NLR and PLR
were significant predictors of poor response to neoadjuvant
CRT. Nevertheless, another recent study found that base-
line NLR was related to OS and DFS but not pCR in 149 EC
patients [23]. As indicated above, the predictive value of
NLR and PLR is controversial. Moreover, whether post-CRT
NLR or PLR could be recognized as predictive indicators
remains unclear. Based on a large cohort of patients, our
results demonstrated that pre-CRT NLR and post-CRT PLR,
but not pre-CRT PLR, were independent predictors of pCR in
ESCC, suggesting that these hematological biomarkers could
be used along with other potential predictors to build a pre-
dictive model. Further study is warranted to investigate the
underlying mechanisms that link hematological immuno-
inflammation biomarkers to pathologic response after CRT
in EC.

In addition to hematological biomarkers, the current
study also indicated that chemotherapy regimen of NP was
significantly correlated with higher pCR rate. Although
PF is a commonly used chemotherapy regimen for EC, the
response rate is unsatisfactory after neoadjuvant CRT, with
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PCR rates of 20% to 40% [1,5,6]. Vinorelbine is an effective
agent in ESCC with an acceptable tolerance profile [24]. In
our previous matched case-control study of 114 patients with
ESCC, the NP group showed a higher pCR rate (47.4% vs.
28.1%, p=0.034), more favorable survival, and comparable
incidence of postoperative complications compared with PF
group [25]. In addition, the multicenter phase III trial NE-
OCRTEC5010 reported that the pCR rate with NP regimen
was 43.2% in the neoadjuvant CRT group, which confirmed
the benefit of this regimen in ESCC [4].

Several models have been developed by integrating vari-
ous clinicopathological variables to predict pCR after neoad-
juvant CRT in EC [26-28]. As shown in 54 Table, two models
reported by Ajani et al. [26] and Toxopeus et al. [27] were
mainly focused on esophageal adenocarcinoma. Chao et
al. [28] built a nomogram incorporating five variables that
showed excellent accuracy for predicting pCR in ESCC, with
a C-index of 0.83. However, it should be noted that only
25.8% of patients achieved a pCR in this study, which was
much lower than the majority of published data regarding
ESCC. A possible explanation could be that the prescription
dose for 91.6% of patients was 30 Gy in 15 fractions, which
was significantly lower than the recommended dose by
guidelines. Moreover, the concurrent chemotherapy regimen
of PF might also contribute to the lower pCR rate in their
study.
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Our study has several limitations. First, selection bias
could not be completely avoided owing to the retrospective
nature of this work. Accordingly, multicenter prospective
studies are needed to confirm the results. Second, despite
good accuracy for predicting pCR of the present nomogram
model, the findings would be more convincing if it had been
validated in an independent cohort. Third, although patients
who experienced severe infection before or during CRT were
excluded from the database, we could not account for all
factors that might affect blood counts such as non-chemo-
therapy medications. Fourth, since PET scans were not avail-
able for all patients, this model did not include any features
related to functional imaging. Lastly, the clinical response to
neoadjuvant CRT was evaluated by EGD with regular biop-
sies. The use of bite-on-bite biopsies may further improve
diagnostic accuracy in the future [29].

Of note, despite cost-effective and non-invasive, the dis-
criminatory ability of this nomogram is still not sufficient to
fully guide clinical decision-making. Thus, integrating other
novel predictive factors into the model may further improve
its prediction ability. Changes in **F-fluorodeoxyglucose PET
parameters after neoadjuvant CRT, as well as changes of
parameters in diffusion-weighted magnetic resonance imag-
ing have been demonstrated to be of complementary value
in the evaluation of pathological response [30]. The alterna-
tions in PET radiomic features during CRT also have shown
promising results for prediction of response in EC [31]. As
reported by Azad et al. [32] the detection of circulating tumor
DNA before and after CRT could be an encouraging addition
to the assessment of treatment response and tumor progres-
sion in EC patients. Additionally, there is increasing evidence
on the value of immune marker expression in predicting
response to CRT, such as CD8" tumor-infiltrating lympho-
cyte, programmed cell death-ligand 1, and indoleamine
2,3-dioxygenase 1 [33]. The relevant work regarding incorpo-
rating additional valuable biomarkers into the current model
is now underway at our institution.

Female, chemotherapy regimen of NP, negative post-CRT
EGD finding, pre-CRT NLR (< 2.1), ALC nadir during CRT
(>0.35x10°/L), and post-CRT PLR (< 83.0) were significantly
associated with pCR in ESCC patients treated with neoad-
juvant CRT. A nomogram incorporating hematological bio-
markers to predict pCR was developed and internally vali-
dated, showing good predictive performance. Additional
large-scale prospective studies are needed to validate this
model and to extend our findings.
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