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Preoperative immune prognostic index ot

predicts the prognosis and postoperative
adjuvant chemotherapy benefits of esophageal
squamous cell carcinoma after minimally
invasive esophagectomy
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Shao-Jun Xu'?*", Ji-Hong Lin"**" and Shu-chen Chen'#*"

Abstract

Background The utility of the immune prognostic index (IPI) for esophageal squamous cell carcinoma (ESCC)
has yet to be established after minimally invasive esophagectomy (MIE). The purpose of this study was to investigate
the value of IPI'in predicting the prognosis and postoperative adjuvant chemotherapy (AC) benefits of ESCC patients.

Methods Between January 2011 and December 2018, 613 ESCC patients underwent MIE at our center and were
divided into two groups: low IPI and high IPl.Log-rank tests were used to compare the overall survival (OS) and dis-
ease-free survival (DFS) of patients in different groups based on Kaplan—Meier survival analysis. Differences in clinical
characteristics between groups were eliminated by propensity score matching (PSM) analysis. To identify independ-
ent risk factors influencing OS and DFS, the Cox proportional risk model was used.

Results In comparison to the high IPI group, the low IPI group had a better 5-year OS and DFS in both the entire
and matched cohorts (P<0.05). IPI was found to be an independent prognostic factor for OS and DFS in a multivari-
ate analysis of the entire cohort and the matched cohort (P <0.05). In subgroup analyses of most clinicopathological
factors, high IPI was associated with a higher risk of death or recurrence in the matched cohorts. When combined
with 8th TNM staging, the 5-year OS and DFS of stage Il or lll patients with low IPl in the AC group were not different
from those in the non-AC group (P> 0.05), and AC of stage Il patients with high IPI significantly prolonged 5-year OS
and DFS (OS: 37.4% vs 26.2%, P=0.018; DFS: 33.6% vs 19.8%, P=0.042).
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Conclusion Preoperative IPl is a promising predictor of ESCC after MIE. For stage Ill ESCC patients with high IPI, AC

can significantly reduce the risk of death or recurrence.

Keywords Esophageal squamous cell carcinoma, Minimally invasive esophagectomy, IPI, Adjuvant chemotherapy

benefit

Background

The most common type of esophageal cancer in Asia is
esophageal squamous cell carcinoma (ESCC), which
accounts for approximately 90% of all cases [1, 2]. Radical
surgery is the preferred treatment for ESCC, and mini-
mally invasive esophagectomy (MIE) is less invasive and
has a better prognosis than open esophagectomy (OE),
which has been widely used worldwide [3, 4]. Despite
significant advances in postoperative multidisciplinary
treatment (chemotherapy and radiotherapy), patients
with ESCC have a poor prognosis, with a 5-year overall
survival rate of less than 50% [5, 6]. As a result, an effec-
tive indicator that can predict ESCC patients’future sur-
vival and determine the benefit of postoperative adjuvant
therapy is critical for developing individualized treatment
options in advance and improving patient survival.

Recent studies have found that tumor immune escape
is one of the main mechanisms leading to cancer pro-
gression and that the immune inflammatory reaction
plays an important role in it [7-9]. A number of blood
inflammatory response indicators, such as platelet-to-
lymphocyte ratio (PLR), derived neutrophil-to-lympho-
cyte ratio (ANLR), lymphocyte-to-monocyte ratio (LMR),
and serum lactate dehydrogenase (LDH), are linked to
a poor prognosis in many types of cancer patients (gas-
tric cancer, esophageal cancer, lung cancer, etc.) [10-14].
However, a single index is ineffective in predicting cancer
patients’long-term survival. As a result, some researchers
developed an immune prognostic index (IPI) that com-
bines dNLR and LDH to identify cancer patient popula-
tions with a higher chance of survival [15, 16]. To date,
the predictive value of IPI for primary ESCC after MIE
has not been reported.

Some previous studies have found that patients with
locally advanced ESCC who undergo surgery only with-
out neoadjuvant induction therapy may benefit from
postoperative adjuvant chemotherapy (AC) [17, 18]. In
contrast, other studies have shown that AC after surgery
does not improve survival [19, 20]. This could be because
chemotherapy not only increases the immune response
or makes cancer cells more susceptible to immune
attack, but it also causes bone marrow suppression and
immune cell depletion, resulting in immune suppression
[21, 22]. The tumor-node-metastasis (TNM) staging is
widely used in patients who are clearly receiving chemo-
therapy [23]. However, the benefit of AC varies between

individuals of the same stage, so additional metrics in
conjunction with the TNM stage to identify patients who
will benefit from AC are urgently needed [24].

Therefore, in this study, we attempted to establish the
immune prognostic index (IPI) of esophageal cancer after
MIE using dNLR and LDH, explore the effect of IPI on
the long-term oncology outcome of ESCC patients, and
analyze the AC benefit population.

Materials and methods

Ethics statement

This study followed the Helsinki Declaration protocols
and was approved by the Institutional Review Board of
Fujian Medical University Union Hospital (IRB num-
ber: 2021HX003). The requirement for written informed
consent was waived by the ethics committee of Fujian
Medical University Union Hospital because of the retro-
spective nature of the study.

Study population

In our study, patients with ESCC treated at Fujian Medi-
cal University Union Hospital between January 2011
and December 2018 were enrolled. Inclusion criteria
included the following: (1) Patients diagnosed with ESCC
and receiving MIE; (2) Complete clinicopathological
information; (3) No invasion to the surrounding organs
or metastasis; and (4) Negative postoperative pathologi-
cal margin (RO). Exclusion criteria included the following:
(1) Patients received OE; (2) Preoperative neoadjuvant
chemoradiotherapy; (3) Death within 30 days of the oper-
ation; and (4) Incomplete records of clinicopathological
information or loss of follow-up. In total, 613 patients
with ESCC were enrolled in the study (Fig.S1).

Treatment protocol

In the McKeown procedure, the patient is initially posi-
tioned in the left lateral decubitus position, with access
achieved via a right thoracic incision. After ligating the
azygos vein, the periesophageal tissue is meticulously dis-
sected, and the left and right recurrent laryngeal nerves,
as well as the subcarinal and lower mediastinal lymph
nodes, are carefully identified and excised. The patient
is then repositioned to the supine position for abdomi-
nal access. Tissue dissection is performed with precision,
preserving the right side of the gastric arc, and the left
gastric artery, common hepatic artery, splenic lymph
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nodes, and surrounding tissue are resected. A 4-cm-wide
gastric conduit is fashioned using a linear stapler. Finally,
a manual or mechanical cervical esophagogastric anasto-
mosis is performed on the left side of the neck [25]. For
the Ivor Lewis procedure, after separating the stomach
and dissecting the abdominal lymph nodes through an
upper abdominal incision, a gastric conduit is created.
Next, the esophagus is separated, and the thoracic lymph
nodes are dissected through a right thoracotomy. Finally,
the gastric conduit is lifted through the esophageal bed,
and the proximal esophagus and gastric conduit are anas-
tomosed in the right chest [26]. Two-field lymphadenec-
tomy was routinely performed in patients with middle
and lower thoracic esophageal cancer, while three-field
lymphadenectomy was performed in patients with upper
thoracic esophageal cancer.

In our study, adjuvant therapy is primarily recom-
mended for patients with pT1-4aN + MO and pT4aNOMO
stages of esophageal squamous cell carcinoma. For
patients with pT1-T3 NOMO stage, observation is rec-
ommended, while T4aNOMO patients may either be
observed or receive adjuvant therapy, depending on spe-
cific circumstances. The indications for adjuvant ther-
apy are based on postoperative pathological results, the
patient’s overall health status, and treatment preferences,
and are typically assessed through a multidisciplinary
consultation [27-29]. The main postoperative adju-
vant chemotherapy regimens include platinum-based
therapy combined with paclitaxel or docetaxel, adminis-
tered every three weeks. The common adjuvant chemo-
therapy regimens are as follows:Cisplatin (60 mg/m?) on
day 1, followed by albumin-bound paclitaxel (125 mg/
m?) on days 1 and 8;Alternatively, docetaxel (75 mg/m?)
on day 1 and cisplatin (60 mg/m?) on day 1 [20].In clini-
cal practice, the doses may be adjusted according to the
patient’s tolerance, especially for elderly patients or those
who experience adverse reactions. During the treatment
course, patient responses are closely monitored, and
adjustments are made as necessary.

Definition

All patients underwent MIE, either McKeown minimally
invasive esophagectomy (McKeown-MIE) or Ivor Lewis
minimally invasive esophagectomy (Ivor Lewis-MIE).
Lymph node dissection included two- or three-field
lymph node dissection.

According to the 8th American Joint Committee on
Cancer (AJCC) staging system, we recommend that
patients with stage II/III ESCC receive platinum-based
adjuvant chemotherapy (fluorouracil plus platinum,
docetaxel plus platinum, or paclitaxel plus platinum).
Patients who received postoperative adjuvant chemo-
therapy (AC) after completing at least one cycle of
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adjuvant chemotherapy were distinguished from those
who did not receive postoperative adjuvant chemother-
apy (AC) (Non-ACQC).

Blood samples were collected from all ESCC patients
7 days before surgery, and the white blood cell count,
neutrophil count, and LDH concentration were meas-
ured. The dNLR was defined as absolute neutrophil
count/(white blood cell concentration-absolute neutro-
phil count). According to the analysis results of X-tile
software, the cut-off values for dNLR and LDH for the
best prediction of OS were 1.70 and 197.0 IU/L, respec-
tively (Fig.S2 A-F), and the same results were obtained
for the best cut-off values of DFS (Fig.S3 A-F). IPI was
calculated based on the dichotomous values of dNLR (<
1.70 was considered as low dNLR, score 0; >1.70 was
high dNLR, score 1) and LDH (< 197.0 IU/L was consid-
ered as low LDH, score 0; >197.0 IU/L was high LDH,
score 1), and then, the whole population was divided into
two groups according to the IPI score: a low IPI group
with a score of 0 and a high IPI group with a score of 1
or 2.

Follow-up

Patients were followed up in the clinic or by telephone.
The patients were followed up every 3 months for 1 year
after surgery, every 6 months until 5 years after surgery,
and once a year after 5 years. Patients were followed up
until death or until a cut-off date in December 2019. A
patient’s overall survival (OS) was determined by the
number of days from surgery until death from any cause
or the end of the last follow-up period. A disease-free
time (DES) is defined as the time interval between radical
surgery and tumor metastasis, recurrence, or death.

Statistical analysis

Based on historical data [30], Compared to IPI 0, LIPI
1 and 2 had a HR of 1.419 (95% CIL: 1.063-1.895, P=
0.018) and 2.064(95% CI: 1.403-3.036, P< 0.001). Using
a log-rank test with 90% power and a two-sided alpha of
0.05, An additional 10% was added for loss to follow-up,
resulting in a total sample of 420. Categorical variables
between the two groups were analyzed by x2 test or Fish-
er’s exact test, while continuous variables were presented
as mean *standard and subjected to t-test or Mann—
Whitney U test. Significant differences between the two
groups (excluding ANLR and LDH included in IPI) were
eliminated using a propensity score matching (PSM)
method. The X-tile (Version 3.6.1) was used to calculate
the best cut-off of ANLR and LDH, which were divided
into low dNLR or high dNLR and low LDH or high LDH,
respectively. The area under the curve (AUC) of the
receiver operating characteristic curve (ROC) was used
to compare the ability of ANLR, LDH and IPI, to predict
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the prognosis of patients. A Kaplan—Meier method was
used to calculate OS and DEFS before and after match-
ing, and the log-rank test was used to determine the sur-
vival difference between the two groups. Univariate and
multivariate analyses were performed using Cox regres-
sion models to identify independent risk factors affecting
ESCC patients.

All tests were two-sided and statistically significant
with a P < 0.05 setting. SPSS version 26.0 and R language
version 3.6.3 were used for statistical analysis in the study.

Results

Clinicopathological information of the entire cohort

and matched cohort

Our study included 613 ESCC patients, including 407
(66.4%) male patients and 206 (33.6%) female patients
who received MIE. In the upper, middle, and lower tho-
racic segments, 56 (9.1%), 395 (64.4%), and 162 (26.4%)
tumors were located, respectively. The tumor histologic
grade was G2 in 281 (45.8%) of the patients and G3 in
76. There were 166 (27.1%) patients in the T1 stage, 114
(18.6%) patients in the T2 stage, and 333 (54.3%) patients
in the T3/T4a stage. There were 309 (50.4%) patients who
received adjuvant chemotherapy after the operation and
304 (49.6%) patients who did not receive adjuvant chem-
otherapy after the operation. The mean preoperative
dNLR and LDH of the included patients were 1.62 +0.90
and (175.2 +£41.7) IU/L, respectively (Table 1).

Among the low IPI group, there were 311 patients
(50.7%), while among the high IPI group, there were
302 patients (49.3%). We found that there were signifi-
cant differences in the histologic grade, T stage, Cla-
vien-Dindo grade, LDH (IU/L), and dNLR between the
two groups (P < 0.05). Therefore, we performed a PSM
to balance the basic information between the two groups.
In the matched cohort, 261 (46.4%) patients were in the
low IPI group and 302 (53.6%) patients were in the high
IPI group. All clinicopathological information was elimi-
nated in the matched cohort.

Survival analysis in the entire cohort

Kaplan—Meier survival results showed that the 5-year
OS of low and high dNLR was 68.5% and 48.1%, and the
5-year DFS was 62.9% and 44.2%, respectively (All P<
0.001) (Fig. 1A,B). The 5-year OS of low LDH and high
LDH was 66.4% and 43.9%, and the 5-year DFS was 60.5%
and 41.5%, respectively (All P< 0.001) (Fig. 1C,D). The
5-year OS of low IPI and high IPI was 71.9% and 50.2%,
and the 5-year DFS was 65.7% and 46.4%, respectively
(All P< 0.001) (Fig. 1E,F). In order to further compare the
predictive ability of the three indicators, ROC analysis
was performed in the entire cohort, and the AUC of pre-
operative IPI for predicting 3- and 5-year OS was 0.614
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(95%CI 0.567-0.660) and 0.607 (95%CI 0.550-0.665),
respectively. The AUC of 3- and 5-year DFS was 0.592
(95%CI 0.545-0.638) and 0.587 (95%CI 0.529-0.646),
respectively. Compared with the prediction ability of
dNLR and LDH, IPI had the largest AUC in predicting 3-
and 5-year OS and 3- and 5-year DFS (Fig.S4 A-D).

Prognostic value of IPI in the entire cohort

Cox univariate analysis showed that age, T-stage, histo-
logic grade, N-stage, intraoperative bleeding, Clavien—
Dindo grade, LDH, dNLR, and IPI were risk factors
for OS (All P< 0.05). Multivariate analysis showed that
IPI (High vs. Low: HR 1.880; 95% CI 1.327-2.665; P<
0.001), T-stage (T3/4 A vs. T1: HR 2.906; 95% CI 1.722
—4.902; P< 0.001), N-stage (N1 vs. NO: HR 2.138; 95%
CI 1.468-3.113; P< 0.001; N2/3 vs. NO: HR 3.207; 95%
CI 2.219-4.637; P< 0.001), intraoperative bleeding (>
200 vs. <100: HR 2.122; 95% CI 1.375-3.275; P= 0.001),
and Clavien-Dindo grade (> II vs. <II: HR 1.430; 95%
CI 1.072-1.907; P= 0.015) were independent risk fac-
tors for OS. Similarly, in addition to the T-stage, Cla-
vien—-Dindo grade, N-stage, and intraoperative bleeding
(All P< 0.05), IPI (HR 1.657; 95% CI 1.212-2.266; P=
0.002) was also an independent prognostic index for
DFS (Table 2).

Survival analysis in the matching cohort

After matching, Kaplan—Meier analysis showed that the
5-year OS of low and high dNLR was 67.8% and 48.1%
and the 5-year DFS was 62.4% and 44.2%, respectively
(All P< 0.001) (Fig. 2A,B). The 5-year OS of low LDH
and high LDH was 65.6% and 43.9% and the 5-year
DFS was 59.7% and 46.4% (All P< 0.001), respectively
(Fig. 2C,D). The 5-year OS of low IPI and high IPI was
71.3% and 50.2% and the 5-year DFS of high IPI and low
IPI was 65.0% and 46.4%, respectively (All P< 0.001)
(Fig. 2E,F). We further used the ROC curve to com-
pare the predictive ability of the three indexes. In the
matched cohort, the AUC of preoperative IPI for pre-
dicting 3- and 5-year OS was 0.619 (95%CI 0.572-0.666)
and 0.616 (95%CI 0.558-0.673), respectively. The AUC
of 3- and 5-year DFS was 0.594 (95%CI 0.548-0.641)
and 0.598 (95%CI 0.540-0.656), respectively. These
AUC values suggest that IPI has a moderate ability
to predict long-term survival outcomes, with values
between 0.6 and 0.7 generally considered as indicating
moderate discriminative power.

Similarly, when compared to dNLR and LDH, IPI
showed the highest AUC values in predicting both OS
and DFS at 3 and 5 years, indicating that it performs bet-
ter than the other two markers in distinguishing between
patients with different survival outcomes. The AUC of
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Table 1 Patient characteristics in the entire and matched cohort

Characteristics Entire cohort Propensity score-matched cohort
TotalN=613) LowIPI High IPI P-value Total(N=563) LowIPI High IPI P-value
(N=311) (N=302) (N=261) (N=302)
Age(years) 0.166 0.157
<65 487(79.4%) 254(81.7%) 233(77.2%) 447(79.4%) 214(82.0%) 233(77.2%)
> 65 126(20.6%) 57(18.3%) 69(22.8%) 116(20.6%) 47(18.0%) 69(22.8%)
Sex 0.548 0217
Female 206(33.6%) 101(32.5%) 105(34.8%) 183(32.5%) 78(29.9%) 105(34.8%)
Male 407(66.4%) 210(67.5%) 197(65.2%) 380(67.5%) 183(70.1%) 197(65.2%)
BMI (kg/m?2) 0.98 0.826
<185 65(10.6%) 33(10.6%) 32(10.6%) 56(9.9%) 24(9.2%) 32(10.6%)
18.5-25 461(75.2%) 233(74.9%) 228(75.5%) 426(75.7%) 198(75.9%) 228(75.5%)
>25 87(14.2%) 45(14.5%) 42(13.9%) 81(14.4%) 39(14.9%) 42(13.9%)
Tumor location 0.796 0.537
Proximal 56(9.1%) 26(8.4%) 30(9.9%) 49(8.7%) 19(7.3%) 30(9.9%)
Mid 395(64.4%) 202(65.0%) 193(63.9%) 365(64.8%) 172(65.9%) 193(63.9%)
Distal 162(26.4%) 83(26.7%) 79(26.2%) 149(26.5%) 70(26.8%) 79(26.2%)
Histologic grade 0.038 0.279
Gx/G1 256(41.8%) 120(38.6%) 136(45.0%) 244(43.3%) 108(41.4%) 136(45.0%)
G2 281(45.8%) 158(50.8%) 123(40.7%) 246(43.7%) 123(47.1%) 123(40.7%)
G3 76(12.4%) 33(10.6%) 43(14.2%) 73(13.0%) 30(11.5%) 43(14.2%)
T stage 0.026 0.618
T 166(27.1%) 98(31.5%) 68(22.5%) 136(24.2%) 68(26.1%) 68(22.5%)
T2 114(18.6%) 59(19.0%) 55(18.2%) 101(17.9%) 46(17.6%) 55(18.2%)
T3/T4a 333(54.3%) 154(49.5%) 179(59.3%) 326(57.9%) 147(56.3%) 179(59.3%)
N stage 0.052 0.163
NO 326(53.2%) 170(54.7%) 156(51.7%) 292(51.9%) 136(52.1%) 156(51.7%)
N1 149(24.3%) 83(26.7%) 66(21.9%) 137(24.3%) 71(27.2%) 66(21.9%)
N2/3 138(22.5%) 58(18.6%) 80(26.5%) 134(23.8%) 54(20.7%) 80(26.5%)
TNM stage 0324 0.871
I 167(27.2%) 93(29.9%) 74(24.5%) 142(25.2%) 68(26.1%) 74(24.5%)
I 180(29.4%) 88(28.3%) 92(30.5%) 167(29.7%) 75(28.7%) 92(30.5%)
I/IVA 266(43.4%) 130(41.8%) 136(45.0%) 254(45.1%) 118(45.2%) 136(45.0%)
Surgical procedure 0.679 0.383
McKeown 551(89.9%) 278(89.4%)  273(90.4%) 503(89.3%) 230(88.1%) 273(90.4%)
Ivor Lewis 62(10.1%) 33(10.6%) 29(9.6%) 60(10.7%) 31(11.9%) 29(9.6%)
Lymphadenectomy 0.695 0.905
Two-field 553(90.2%) 282(90.7%) 271(89.7%) 506(89.9%) 235(90.0%) 271(89.7%)
Three-field 60(9.8%) 29(9.3%) 31(10.3%) 57(10.1%) 26(10.0%) 31(10.3%)
Intraoperative bleeding(ml) 0.555 0.286
<100 318(51.9%) 164(52.7%) 154(51.0%) 293(52.0%) 139(53.3%) 154(51.0%)
100-200 211(34.4%) 109(35.0%) 102(33.8%) 196(34.8%) 94(36.0%) 102(33.8%)
> 200 84(13.7%) 38(12.2%) 46(15.2%) 74(13.1%) 28(10.7%) 46(15.2%)
Clavien-Dindo grade 0.028 0.1
<l 342(55.8%) 187(60.1%) 155(51.3%) 307(54.5%) 152(58.2%) 155(51.3%)
>l 271(44.2%) 124(39.9%) 147(48.7%) 256(45.5%) 109(41.8%) 147(48.7%)
Adjuvant chemotherapy 097 0.674
No 304(49.6%) 154(49.5%) 150(49.7%) 275(48.8%) 125(47.9%) 150(49.7%)
Yes 309(50.4%) 157(50.5%) 152(50.3%) 288(51.2%) 136(52.1%) 152(50.3%)

LDH(IU/L) < 0.001 < 0.001
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Table 1 (continued)
Characteristics Entire cohort Propensity score-matched cohort
TotalN=613) LowIPI High IPI P-value Total(N=563) LowIPI High IPI P-value
(N=311) (N=302) (N=261) (N=302)
Mean +SD 17594415 15854207 193.9+494 1771 +£42.8 1577 £21.1 193.9+493
dNLR < 0.001 < 0.001
Mean +SD 1.62 £0.90 1.19+0.29 2.06 £1.09 1.67 £0.92 1.21 £0.29 2.06 £1.09

IPI for predicting 3- and 5-year OS (0.619 and 0.616) and
3- and 5-year DFS (0.594 and 0.598) is higher than that
of ANLR and LDH, which typically suggests that IPI is a
more reliable predictor in this cohort.

The ROC curves are shown in Fig.56 A, B, C, and D,
which further illustrate the performance of IPI, dNLR,
and LDH in predicting OS and DEFS at 3 and 5 years.

Prognostic value of IPl in the matched cohort

Using matched cohorts, a Cox proportional hazards
regression analysis was performed. Similar to that before
matching, age, T-stage, histologic grade, intraoperative
bleeding, N-stage, Clavien-Dindo grade, LDH, dNLR,
and IPI were risk factors for OS (All P< 0.05). Multivari-
ate Cox analysis found that IPI (High vs. Low: HR 1.886;
95% CI 1.323-2.689; P< 0.001), T-stage (T3/4 A vs. T1:
HR 2.832; 95% CI 1.657-4.843; P< 0.001), N-stage (N1
vs. NO: HR 2.071; 95% CI 1.414-3.033; P< 0.001; N2/3
vs. NO: HR 3.097; 95% CI 2.135-4.492; P< 0.001), intra-
operative bleeding (> 200 vs. <100: HR 2.244; 95% CI
1.452 —3.469; P< 0.001), and Clavien—Dindo grade (> II
vs. <II: HR 1.373; 95% CI 1.026-1.837; P= 0.015) were
independent risk factors for OS. In terms of DFS, IPI (HR
1.500; 95% CI 1.121 —2.009; P= 0.006) was still an inde-
pendent prognostic factor (Table 3).

We conducted an additional subgroup analysis on the
matched cohort to evaluate IPI's predictive ability on
each clinicopathological factor. It was found that in most
subgroups, the OS (Fig. 3) and DFS (Fig. 4) of the low IPI
group were superior to those of the high IPI group, and
IPI could also effectively predict the long-term prognosis
of patients in subgroup analysis.

Predicting AC benefits for stage II/1ll ESCC patients with IPI
based on matched cohort data

In the matched cohort, AC affected OS (P < 0.05) but
not DFS (P > 0.05) in stage II/III patients. According to a
stratified analysis, AC did not prolong OS or DFS in stage
II patients (P > 0.05). However, in stage III patients, AC

not only affected OS but also DFS (P < 0.05) (Fig.S6 A-F).
Therefore, AC is beneficial in stage III patients.

We further investigated the role of IPI in AC by
Kaplan—Meier analysis. In the low IPI group, AC did not
affect OS and DFS in stage II or III patients (All P> 0.05)
(Fig. 5A-F). In the high IPI group, AC did not change the
prognosis of stage II patients (P > 0.05). However, in stage
III patients, AC prolonged 5-year OS and DFS (OS: 37.4%
vs 26.2%, P= 0.018; DES: 33.6% vs 19.8%, P= 0.042)
(Fig. 6A—F). Thus, our study shows that stage III patients
in the high IPI group may benefit from AC.

Discussion

Increasing evidence suggests that in addition to the tra-
ditional pathological TNM stage, tumor differentiation,
and tumor burden, the immunoinflammatory status is
associated with the prognosis of cancer patients after
radical surgery [31-33]. Current studies have shown
that the inflammatory process is a mechanism by which
cancer cells produce immune resistance, promote tumor
angiogenesis, invasion, and proliferation, and activate
oncogenic signaling pathways [34, 35]. Furthermore,
preoperative peripheral inflammatory indicators such as
NLR, LMR, PLR, and SIS can reflect the immune inflam-
matory status of the tumor’s living environment and are
used to predict long-term oncology outcomes in cancer
patients [12, 13, 36]

In recent years, preoperatively dNLR has been widely
used in many cancers, including gastric cancer, esopha-
geal cancer, and renal cancer, as an index covering
monocytes and other granulocyte subsets, providing
comparable or better predictive value than NLR [37-39].
LDH is an enzyme that promotes anaerobic glycolysis
and is associated with the immune inflammatory envi-
ronment of tumor hypoxia [40]. Based on the combina-
tion of ANLR and LDH, Mezquita et al. proposed a new
biomarker of circulating inflammation called the immune
prognostic index (IPI). Lung cancer patients with high IPI
status have a poor prognosis when treated with immune
checkpoint inhibitors (ICIs), and IPI can be used as a



Huang et al. BMC Gastroenterology =~ (2025) 25:344

1.00 “ Low dNLR
< High dNLR
075
=
3
S
3
[}
5 050{ ------------o-oeoooooooooooooEEEES
s '
2 |
-4 '
%) |
0.25 !
p <0.0001 :
0.00 '
[ 12 2 36 48 6 72 84 96
Follow up time(month)
Number at risk
L NLR{ 397 358 277 185 127 81 54 23 5
HighdNLR{ 216 183 127 85 63 39 24 13 1
[ 12 2 36 48 6 72 84 96
Follow up time(month)
1.00 “ LowLDH
- High LDH
075
2
3
<4
3
[}
& 050] c-emememmemeeemeseeeemoooooooooos
T i
2 '
s B
3 |
%) |
0.25 !
p <0.0001 :
0.00 '
) 12 2 36 60 72 8 96

48
Follow up time(month)
Number at risk

L L 463 416 316 218 154 101 63 29 3
High LDH 150 125 88 52 36 19 15 7 3
0 12 24 36 48 6 72 84 96
Follow up time(month)
1.00 “ LowlPI

= High IPI

Survival probability
o
3

o <
N
&

p <0.0001
0.00
0 12 24 36 48 60 72 84 96
Follow up time(month)
Number at risk
vIPH 311 281 219 153 105 69 44 19 3
HighIPH 302 260 185 17 85 51 34 17 3
0 12 24 36 72 8 9%

48 0
Follow up time(month)

Page 7 of 16

1.00 “ Low dNLR
“ High dNLR
075
=
3
S
3
[}
5 0501 -----m-m---omoooo oo oTE ;
3 }
s i
3 '
2 '
025 !
p <0.0001 ;
0.00 !
[ 12 24 36 48 72 84 96
Follow up time(month)
Number at risk
L NLRY 347 300 233 163 114 73 48 20 3
HighdNLR{ 216 157 111 80 57 38 24 13 1
[ 12 2 36 48 6 72 84 96
Follow up time(month)
1.00 “ LowLDH
“ High LDH
075
2
3
<1
3
[
5 050
T '
2 .
s B
a H
025 E
p <0.0001 :
0.00 '
0 12 2 36 60 72 8 9%

48
Follow up time(month)
Number at risk

) 463 387 288 202 143 94 60 28 3
High LDH 150 112 78 a7 30 17 12 5 1
0 12 24 36 48 6 72 84 96
Follow up time(month)
1.00 “ LowPI
== High IPI
0.75

Survival probability
o
3

0.25
p <0.0001
0.00
0 12 24 36 48 60 72 84 9%
Follow up time(month)
Number at risk
P 311 267 201 140 98 63 41 18 3
HighIPH 302 232 165 109 75 48 31 15 1
0 12 24 36 72 84 9%

48 0
Follow up time(month)

Fig. 1 Kaplan-Meier analyses of OS according to the (A) dNLR ~ (C) LDH and (E) IPI group; Kaplan—Meier analyses of DFS according to the (B) dNLR,

(D) LDH and (F) IPI group in the entire cohort

marker to identify those who would benefit from ICIs
[15]. Feng et al. reported that IPI is an independent index
affecting cancer-specific survival (CSS) of ESCC patients
after surgery, and it is also significantly correlated with
CSS in the subgroup analysis of TNM staging [41]. How-
ever, in the era of minimally invasive treatment, whether

IPI can predict the survival of ESCC is not clear, and the
relationship between IPI and AC benefit has not been
studied.

In different studies, the threshold values of ANLR and
LDH are different. Previous studies have found that IPI
formed by the combination of preoperative dNLR (> 3.0)
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Table 2 Univariate and multivariate analysis for overall survival and disease -free survival in the entire cohort

Characteristics Overall survival Disease-free survival
Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
HR with 95%ClI P-value HR with 95%ClI P-value HR with 95%Cl P-value HR with 95%ClI P-value

Age(years)

<65

> 65 1.526(1.106-2.106) 0.01 1.374(0.987-1.913) 0.06 1.395(1.032-1.885) 0.03 1.232(0.890-1.704) 0.208
Sex

Female

Male 0.950(0.691-1.306) 0.751 0.830(0.617-1.116) 0218
BMI (kg/m2)

<185

18.5-25 0.997(0.627-1.563) 0.991 1.154(0.746-1.783) 0.52

>25 1.112(0.641-1.928) 0.706 1.382(0.823-2.320) 0.221
Tumor location

Proximal

Mid 1.169(0.695-1.967) 0.556 1.366(0.828-2.254) 0.222

Distal 1.235(0.706-2.160) 0.46 1.330(0.777-2.276) 0.299
Histologic grade

Gx/G1

G2 1.144(0.842-1.553) 0.389 1.263(0.921-1.733) 0.147

G3 1.601(1.044-2.457) 0.031 1.421(0.921-2.195) 0.113
T stage

T

T2 2420(1.353-4.327) 0.003 1.775(0.978-3.220) 0.059 2.206(1.345-3.615) 0.002 1.732(1.036-2.898) 0.036

T3/T4a 4.869(2.983-7.946) <0.001 2.906(1.722-4.902) <0.001 3.951(2.613-5.975) <0.001 2.590(1.647-4.072) <0.001
N stage

NO

N1 2456(1.706-3.536) <0.001 2.138(1.468-3.113) < 0.001 2.093(1.504-2.911) <0.001 1.906(1.342-2.708) <0.001

N2/3 4.113(2.934-5.767) <0.001 3.207(2.219-4.637) <0.001 3.735(2.757-5.058) <0.001 3.170(2.259-4.448) <0.001
Surgical procedure

McKeown

Ivor Lewis 0.731(0.455-1.175) 0.196 0.817(0.539-1.239) 0.817
Lymphadenectomy

Two-field

Three-field 1.031(0.666-1.596) 0.89 0.953(0.628-1.447) 0.822
Intraoperative bleeding(ml)

<100

100-200 1.231(0.906-1.674) 0.184 1.149(0.843-1.567) 038 1.146(0.862-1.524) 0.349 1.136(0.853-1.514) 0383

> 200 1.998(1.313-3.041) 0.001 2.122(1.375-3.275) 0.001 2.156(1.492-3.115) <0.001 2.285(1.562-3.341) <0.001
Clavien-Dindo grade

<l

>l 1.796(1.354-2.383) <0.001 1.430(1.072-1.907) 0.015 1.750(1.351-2.266) <0.001 1.388(1.064-1.810) 0.016
Adjuvant chemotherapy

No

Yes 1.326(0.998-1.762) 0.052 1.392(1.073-1.807) 0013 0.861(0.642-1.152) 0313
LDH(U/L)

Mean £SD 1.004(1.002-1.007) 0.001 1.003(1.000-1.006) 0.074 1.003(1.001-1.006) 0.005 1.002(0.999-1.005) 0.12
dNLR

Mean +SD 1.150(1.035-1.279) 0.009 0.906(0.769-1.069) 0.243 1.122(1.014-1.240) 0.025 0.894(0.768-1.041) 0.894
IPI group

Low

High 2.106(1.570-2.825) < 0.001 1.880(1.327-2.665) <0.001 1.892(1.452-2.465) <0.001 1.657(1.212-2.266) 0.002
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Fig. 2 Kaplan-Meier analyses of OS according to the (A) dNLR, (C) LDH and (E) IPI group; Kaplan—Meier analyses of DFS according to the (B) dNLR,

(D) LDH and (F) IPI group in the PSM cohort

and LDH (> 240U/L) is a potential predictor of ESCC
after radical resection [41]. In addition, the thresholds
for ANLR and LDH were set to 1.97 and 191 IU/L in Yu
et al’s study of locally advanced non-surgical ESCC [42].
X-tile software can classify the biomarkers related to
prognosis and survival data into the best cut-off value,

which is widely used in clinical oncology research [43]. In
this study, we used X-tile software to obtain the best cut-
off values of dNLR and LDH for predicting OS and DFS
as 1.7 and 190 IU/L, respectively (Fig.S2 and S3). Accord-
ing to the results of the cut-off values, we established
the IPI scoring system based on dNLR and LDH, which
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Table 3 Univariate and multivariate analysis for overall survival and disease -free survival in the matched cohort
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Characteristics

Overall survival

Univariable analysis

Multivariable analysis

Disease-free survival

Univariable analysis

Multivariable analysis

HR with 95%Cl P-value HR with 95%ClI P-value HR with 95%CI P-value HR with 95%ClI P-value

Age(years)

<65

> 65 1.517(1.096-2.101) 0012 1.388(0.993-1.938) 0055 1.394(1.029-1.890) 0.032  1.233(0.890-1.708) 0.208
Sex

Female

Male 0.967(0.701-1.334) 0.838 0.854(0.633-1.151) 03
BMI (kg/m2)

<185

18.5-25 1.148(0.703-1.874) 0.582 1.316(0.819-2.115) 0.257

>25 1.277(0.712-2.291) 0412 1.585(0.913-2.751) 0.101
Tumor location

Proximal

Mid 1.281(0.737-2.226) 038 1.479(0.870-2.514) 0.148

Distal 1.347(0.747-2.431) 0.322 1.442(0.819-2.539) 0.205
Histologic grade

Gx/G1

G2 1.166(0.855-1.589) 0331 1.227(0.891-1.690) 021 1.145(0.865-1.516) 0344

G3 1.623(1.058-2.491) 0.027  1.414(0.915-2.185) 0.119  1.344(0.895-2.018) 0.154
T stage

T

T2 2.172(1.189-3.970) 0012 1.661(0.894-3.084) 0108  1.928(1.157-3.213) 0012 1.523(0.895-2.592) 0.121

T3/T4a 4.492(2.717-7.428) <0001  2.832(1.657-4.843) <0001  3.552(2332-5411) <0.001  2.399(1.513-3.804) <0.001
N stage

NO

N1 2.372(1.639-3431) <0001  2.071(1.414-3.033) <0001  2.045(1.463-2.859) <0.001  1.828(1.282-2.607) 0.001

N2/3 3.864(2.745-5.438) <0.001 3.097(2.135-4.492) <0.001 3.523(2.591-4.791) <0.001 2.947(2.103-4.131) <0.001
Surgical procedure

McKeown

Ivor Lewis 0.686(0.422-1.116) 0.129 0.772(0.505-1.179) 0.231
Lymphadenectomy

Two-field

Three-field 0.969(0.620-1.513) 0.889 0.898(0.587-1.375) 0.621
Intraoperative bleeding(ml)

<100

100-200 1.199(0.878-1.637) 0255 1.154(0.842-1.581) 0373 1.118(0.837-1.492) 045 1.151(0.861-1.540) 0343

> 200 2.106(1.382-3.209) 0.001  2.244(1.452-3.469) <0.001  2.241(1.544-3.253) <0.001  2.398(1.631-3.526) <0.001
Clavien-Dindo grade

<l

>l 1.679(1.261-2.235) <0001  1.373(1.026-1.837) 0033  1.617(1.245-2.101) <0.001  1.320(1.008-1.728) 0.044
Adjuvant chemotherapy

No

Yes 1.294(0.970-1.726) 0.08 1.348(1.036-1.756) 0026 0.873(0.650-1.173) 0.369
LDH(U/L)

Mean £SD 1.004(1.001-1.007) 0.002 1.003(1.000-1.006) 0.067 1.003(1.001-1.006) 0.009  1.002(0.999-1.005) 0.134
dNLR

Mean +SD 1.138(1.021-1.268) 0019  0.913(0.775-1.076) 0276 1.107(0.998-1.228) 0.055
IPI group

Low

High 2.020(1.495-2.731) <0001  1.886(1.323-2.689) <0.001  1.785(1.362-2.340) <0001  1.500(1.121-2.009) 0.006
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HR(95%CI)
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P value

Age(years)

<65 1.951(1.381-2.756) —_— <0.001
>65 2.154(1.155-4.018) 0.016
Sex

;Z’;a'e 2.396(1.294-4.438) = 0.005
BMI (kg/m2) 1.899(1.343-2.687) _— <0.001
<185 1.673(0.627-4.461) 0.304
18.5-25 2.136(1.505-3.032) _ <0.001
225 1.731(0.823-3.641) 0.148
Tumor location

Proximal 4.836(1.079-21.678) L 0.039
Mid 1.607(1.120-2.308) 0.01
Distal 3.073(1.662-5.684) = <0.001
Histologic grade

Gx/G1 2.234(1.360-3.671) —_— 0.002
G2 1.642(1.066-2.531) —— 0.025
G3 3.127(1.329-7.359) = 0.009
T stage

™ 4.095(1.328-12.625) & 0.014
T2 1.350(0.632-2.884) . 0.438
T3/T4a 1.978(1.401-2.793) —_— <0.001
N stage

NO 3.251(1.780-5.935) L <0.001
N1 1.398(0.822-2.379) . 0.216
N2/3 1.779(1.102-2.872) e 0.018
Surgical procedure

McKeown 1.884(1.372-2.587) —a— <0.001
Ivor Lewis 2.341(0.878-6.242) = 0.089
Lymphadenectomy

Two-field 1.970(1.435-2.701) —— <0.001
Three-field 3.612(1.328-9.823) & 0.012
Intraoperative bleeding(ml)

<100 1.939(1.251-3.006) —_— 0.003
100-200 2.048(1.261-3.325) —_— 0.004
5200 2.139(0.941-4.863) 0.069
Clavien-Dindo grade

<l 2.251(1.443-3.511) _— <0.001
>l 1.672(1.110-2.518) —_— 0.014
Adjuvant chemotherapy 2.002(1.253-3.198) —_— 0.004
No 2.062(1.391-3.056) —— <0.001

Yes

Fig.3 Forest plot for subgroup analysis to assess the association between the preoperative [Pl and OS in the PSM cohort

defined patients with IPI =0 as the low IPI group and
patients with score =1 or 2 as the high IPI group. Using
multivariate Cox and PSM analyses, we systematically
verified the good predictive value of IPI for the survival of
ESCC after MIE. IPI, as a potential marker of peripheral
inflammation, not only affected OS and DEFS in the over-
all cohort but also in the matched cohort. Further ROC
analysis revealed that IPI combined with ANLR or LDH
had better predictive performance than either dNLR or
LDH alone and that it could be used to build a relatively
ideal predictive model.

Despite there being no consensus on AC after radical
resection of ESCC, some evidence suggests that relapse
is a major cause of treatment failure in ESCC patients,
occurring in more than 50% of patients after surgery, and
the median time to recurrence is 2 years [44, 45]. There-
fore, it is critical to explore the utility of AC in ESCC

patients as well as to identify the patient population
that would benefit. In a recent PSM study, the research-
ers found that AC prolonged the median OS from 28.0
to 54.0 months and the median DFS from 22.0 to 33.0
months in postoperative node-positive ESCC patients
[18]. Furthermore, in another study of patients with
node-negative ESCC who underwent AC, the 5-year
OS increased from 69.7% to 75.6% and the 5-year DFS
increased from 48.2% to 64.9% when compared to sur-
gery alone [46]. Deng et al. developed and validated the
AC-based nomogram, which can improve the prog-
nosis of patients and AC can increase 5-year OS by
at least 10%, providing evidence for the benefit of AC
[47]. Similar to these studies, our findings revealed that
only patients with stage III ESCC who received AC had
improved survival outcomes than those who received
only surgery (Fig.S6).
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g;:z;:;g)sncs HR(95%Cl) P value
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Fig. 4 Forest plot for subgroup analysis to assess the association between the preoperative IPl and DFS in the PSM cohort

The pathological TNM staging is an important tool
for determining whether patients should be treated with
AC. However, the majority of these decisions are based
solely on the characteristics of the tumor, ignoring the
impact of the tumor’s microenvironment. After differ-
entiation, neutrophils in the tumor microenvironment
will develop different phenotypes and functional polari-
zation states, allowing them to play either tumor inhibi-
tion or tumor promotion roles [48]. The inflammatory
environment induces a phenomenon called"emergency
granulopoiesis”, in which the rapid production of imma-
ture or poorly differentiated neutrophils leads to tumor
invasion [49]. IPI includes dNLR and LDH to reflect the
degree of immune inflammation in the body’s periph-
ery, which can provide more information than the TNM
stage. Accordingly, we found that stage III patients with

high IPI received survival benefits from AC, whereas
patients with low IPI did not. This could be because the
immune inflammatory microenvironment in patients
with low IPI is good and has formed an effective anti-
tumor state. AC does not further improve the survival
rate of patients.

Preoperative IPI demonstrates a prognostic value
in patients with ESCC following MIE for the first
time, and stratified analysis revealed that platinum-
based chemotherapy can improve survival in stage
III patients with high IPI status. However, this study
has some limitations. Using PSM, we were able to
eliminate baseline differences between the low-
IPI and high-IPI groups; however, the single-center
retrospective analysis implied selection bias. Sec-
ond, although the data from our center indicate that
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Fig. 5 Comparison of OS between the AC and Non-AC groups according to pathological stage in low IPI subpopulation of the PSM cohort. A Stage
[I-1Il patients with low IPI. C Stage Il patients with low IPI. E Stage Il patients with low IPI; Comparison of DFS between the AC and Non-AC groups
according to pathological stage in low IPI subpopulation of the PSM cohort. B Stage II-lll patients with low IPI. D Stage Il patients with low [P,

F Stage Ill patients with low IPI

IPI is a good potential indicator for predicting the
prognosis of ESCC, the results of this study must
be confirmed by multicenter or prospective studies.
Third, while surgery after chemical induction is the

standard treatment for locally advanced ESCC, more
ESCC patients in China are opting for surgery alone,
so the findings of this study have limited relevance
for patients receiving neoadjuvant therapy.
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Fig. 6 Comparison of OS between the AC and Non-AC groups according to pathological stage in high IPI subpopulation of the PSM cohort.
A Stage II-lll patients with high IPI. C Stage Il patients with high IPI. E Stage Il patients with high IPl; Comparison of DFS between the AC and Non-AC
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In summary, preoperative IPI was found to have a
good predictive ability for OS and DEFS after MIE in
ESCC patients. In most clinicopathological subgroup
analyses, patients in the low IPI group effectively
reduced the risk of death or recurrence when com-
pared to the high IPI group. A more in-depth analysis
revealed that stage III patients in the low-IPI group did
not benefit from AC, whereas patients in the high-IPI
group did. In light of this, we propose routine plati-
num-based AC for stage III patients after MIE with
high IPI.
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