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independent of eNampt
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Abstract: Nampt consists of iNampt and eNampt, might contribute to modulating obesity-related malignancies and
impairing response to chemotherapy in a range of cancers. This study explored the role of Nampt and adiposity
in the progression and response to neo-adjuvant chemotherapy of esophageal squamous cell carcinoma (ESCC).
Patients with ESCC were treated with 2 cycles of neo-adjuvant chemotherapy, then evaluated for surgery. Tumor
regression grading (TRG) and prognosis of these patients were collected. Anthropometry was well utilized. Serum
eNampt was determined by enzyme-linked immunosorbent assay, iNampt expression in tissues were assessed by
PCR, western blot and immunohistochemistry. eNampt in sera elevated significantly in these over-weight or obese
patients, and was positively associated with body mass index (BMI), waist circumference, visceral fat area (VFA),
subcutaneous fat area (SFA) and total fat area (TFA) (P<0.05). iNampt expression in the mRNA and protein levels
were up-regulated in ESCC compared to their adjacent non-tumor specimens (P<0.05). iNampt protein staining
revealed mainly in the cytoplasm and nuclei, while it was not related to serum eNampt, BMI, waist circumference,
VFA, SFA and TFA (P>0.05). Pre-treatment iNampt, BMI, SFA, TFA and age significantly correlated with neo-adjuvant
chemotherapy response, and iNampt expression and age were independent predictors (P<0.05). Pre-treatment
iNampt, ypT, ypN, ypTNM stage and TRG were associated with the survival of ESCCs, and ypN stage and TRG were
independent prognostic factors (P<0.05). In conclusion, iNampt impaired ESCC response to neo-adjuvant chemo-
therapy independent of eNampt, targeting iNampt to increase ESCC response to neo-adjuvant chemotherapy would
improve the prognosis of ESCCs.
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Introduction

ESCC is more predominant in Asia, Africa and
South America [1], and acts as one of the pri-
mary cause of cancer-related death in China
[2]. ESCC is highly malignant, aggressive and
invasive, and has poor therapeutic effect. Al-
though early detections, surgical techniques
and multimodality treatment have advanced in
recent years, most of patients with ESCC are
still diagnosed in the middle or advanced sta-
ge, and the general outcome remains very
poor with 5-year survival rates about 10%
[3]. Multimodality treatment which consists of
operation and non-operative treatment such as
chemotherapy, radiotherapy and immunothera-

py, has become the mainstream therapy. Neo-
adjuvant chemoradiotherapy plus esophagec-
tomy for esophageal cancer is recommended
according to the CROSS clinical trial result [4],
but preoperative chemotherapy combined with
surgery is also a standard treatment for esoph-
ageal cancer with clinical stage IlI/1ll [5], espe-
cially in Chinese Han population.

With the current global obesity epidemic, a
great quantity of patients diagnosed with can-
cer are overweight or obese, and obesity
appears to connect with about 20% of cancers
such as endometrial, cardia gastric, colorectal,
postmenopausal breast, prostate and renal [6].
Allowing for the current obesity pandemic, there
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is an urgent need to figure out the mechanisms
underlying obesity-mediated cancer progressi-
on. The correlation between obesity and ESCC
is very complex. Obesity paradox in cancer is
currently existing, that obesity might boost can-
cer development, but not correlate negatively
with the outcomes of these patients, especially
for ESCC [7, 8], but the mainstream of opinions
reveal that obesity, especially abdominal obe-
sity might be related to an elevated risk for
ESCC [9]. Obesity reduces response to chemo-
therapy in a range of cancers including breast
cancer [10], pancreatic cancer [11], prostate
cancer [12] and special state of gastric cancer
[13]. The mechanisms underlying the negative
effects of obesity on therapeutic response
seem likely to be multifactorial [14]. The dys-
functional angiogenesis and inflammation ex-
hibited in adipose tissue in obesity state [15],
adipose stromal cell [12], an obesogenic micro-
environment [10] and adipocytes [16] may
enhance tumor progression and resistance to
chemotherapy.

Nicotinamide phosphoribosyltransferase (Na-
mpt) is composed of extracellular and intracel-
lular forms, known as eNampt and iNampt,
respectively. eNampt, as an active protein in
the extracellular space, is first identified as pre-
B-cell colony-enhancing factor (PBEF) boosting
early B cell proliferation [17], then considered
to be secreted preferentially by visceral adi-
pose tissue and termed as visfatin [18]. Up to
date, eNampt is believed to be not only secret-
ed from pre-B cells, but also produced by most
of other cell types such as adipocytes, immune
cells, brain cells and cancer cells [19]. These
malignant cells include breast cancer, hepato-
ma, colorectal cancer, melanoma, neuroblas-
toma, glioma, prostate cancer and cervical can-
cer.eNamptin serum goes up with the augment
of obesity, plays multiple roles in physiological
and pathological processes, and may act as an
important mechanistic link in the complex net-
work of cytokines making a positive impact on
obesity-associated tumor progression. eNampt
is demonstrated to play a pivotal role in mediat-
ing cancer cell metabolism, accelerating epi-
thelial-to-mesenchymal transition and constru-
cting the local tumor microenvironment [19].
iNampt is a pleiotropic protein functioning as
key enzyme, catalyzes the rate-limiting process
in the NAD* biosynthesis pathway from nicotin-
amide. eNampt, a typical cytokine, also pos-
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sesses the function similar with iNampt. Hence,
both eNampt and iNampt increase intracellular
NAD* which is an essential coenzyme for vari-
ous physiological processes including DNA
repair, energy metabolism, cell growth and cell
death. Plenty of these signal pathways are typi-
cally dysregulated in cancer cells, making NAD*
as an intriguing target for cancer therapeutics
[20, 21]. eNampt confers resistance to chemo-
therapy in human colorectal cancer, non-small
cell lung cancer, melanoma and breast cancer
[22-25], iNampt is also associated with che-
motherapy resistance in melanoma, and colon
cancer through Sirtl and PARP [24, 26]. This
knowledge could be used to increase the effi-
cacy of Nampt inhibitors and chemotherapy.
Collectively, Nampt plays an important role and
has drawn wide attention in the field of cancer.
However, up to date, data regarding the role of
Nampt and the correlation between Nampt and
chemotherapy response in ESCCs is relatively
limited. To explore the role of Nampt in the pro-
gression and chemotherapy response of ESCC,
serum eNampt, hematologic profile and iNampt
expression in biopsy specimens from ESCCs
before the initial treatment, the final CT image
before operation, and tumor regression grading
in the pathology of these resected tumor tis-
sues were assessed.

Material and methods
Patients and tissues/sera

ESCC patients with clinical stage T2-3NxMO
from Chinese Han population who were per-
formed neo-adjuvant chemotherapy plus sur-
gery (n = 60) from the First Affiliated Hospital of
Xi'an lJiaotong University from Sept 2013 to
Sept 2015 were collected. Tumor samples from
endoscopic biopsy and patients’ sera before
the first cycle of neo-adjuvant chemotherapy,
and resected tumor specimens after operation
from them were obtained. These patients con-
sisted of 43 males and 17 females, with the
median age 63 year-old (ranged from 33 to 76
year-old). The study was with the approval of
the Institutional Review Board of Xi'an Jiaotong
University, and all of these patients knew the
study and signed informed consent forms.
Clinical stage T2-3 of patients had been identi-
fied by endoscopic ultrasound (EUS), then were
treated with neo-adjuvant chemotherapy. After
2 cycles of paclitaxel (50 mg/m? on Day 1) com-

Am J Transl Res 2021;13(3):1411-1421



iNampt impairs ESCC neo-adjuvant chemotherapy response

bined with carboplatin (AUC 2 on Day 1) regi-
men chemotherapy, all the patients were as-
sessed for operation because of the suitable
tumor stage or at the request of patients. These
patients were grouped by gender, age, tumor
location, differentiation, tumor size and clinical
(c-) T stage by the time of diagnosis. These
ESCC patients were further treated with con-
stant surveillance, chemotherapy only or com-
bined with radiotherapy after operation accord-
ing to NCCN guidelines (version 2013) and
followed up over a five-year period. Disease-
specific survival of patients with ESCC was col-
lected. Another small panel of patients with
surgery only (n = 5) from the First Affiliated
Hospital of Xi'an Jiaotong University were also
collected, resected tumor samples and their
adjacent non-tumor tissues from them were
obtained.

Assessment of chemotherapy response

TRG was utilized to assess chemotherapy
response of ESCC in the pathology according to
the College of American Pathologists Cancer
Protocols (CAP-TRG) according to NCCN guide-
line in the study. The detailed information is
as follows: Tumor Regression Score (TRS) = O,
no malignant cells with viability (complete res-
ponse); TRS = 1, a small amount or small
groups of malignant cells exist (moderate
response); TRS = 2, Residual cancer outgrown
by fibrosis (minimal response); TRS = 3, Mini-
mal or no malignant cells are killed (poor res-
ponse). Response evaluation criteria in solid
tumors RECIST 1.1 was also adopted to evalu-
ate ESCC response to neo-adjuvant chemother-
apy in the image, and the grade of response
consists of complete response (CR), partial
response (PR), stable disease (SD) and pro-
gressive disease (PD). The detailed are as fol-
lows: CR, all target lesions disappear; PR, at
least a 30% decrease; PD, at least a 20%
increase in the sum of diameters of target
lesions; SD, neither sufficient shrinkage to qual-
ify for PR nor sufficient increase to qualify for
PD, taking as reference the baseline sum diam-
eters while on study [27].

Body composition analysis

Anthropomorphic data were well measured by
the time of first cycle of neo-adjuvant chemo-
therapy by a single researcher. Waist circum-
ference was determined, patients with a waist
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circumference exceeding 94 cm in men and 80
cm in women were considered to be central
obesity [28]. Weight and height were also
assessed, and BMI was calculated as weight/
height?, and patients were divided into lean
(BMI<18.5 kg/m?), normal (18.5-24.9 kg/m3),
overweight (25-29.9 kg/m?), and obese (=30
kg/m?2) according to World Health Organization
criterion. VFA and SFA were determined from
cross-sectional transverse images of comput-
ed tomography scanning at the L3-4 disc space
[29]. Patients with VFA larger than 130 cm?
were considered to be visceral obesity. TFA
equaled to VFA plus SFA.

Serum analysis

eNampt in sera of these patients with ESCC
was estimated with enzyme-linked immunosor-
bent assay (ELISA) kits (Linco Research, Inc.,
USA) according to the manufacturers’ proto-
cols. Biotinylated, monoclonal anti-eNampt an-
tibody and HRP-conjugated streptavidin was
successively utilized in the experimental proce-
dure as previously reported [28], and the OD of
each well was collected at 450 nm.

Real-time PCR

Total RNA from tissues was extracted from tis-
sues using the TRIzol reagent (Invitrogen, San
Diego, CA), then reverse-transcribed to cDNA
with the help of a cDNA Synthesis Kit (Takara
Biotechnology, Dalian, China) following the
manufacturers’ instructions. mRNA levels of
target genes were determined by real-time PCR
(DNA Engine Opticon 2; Bio-Rad, Hercules, CA,
USA) utilizing SYBR Green PCR Master Mix
(Takara Biotechnology) and specific intron-sp-
anning human primers according to the manu-
facturer’s instructions. Values were determin-
ed as the mean of triplicate measurements
and levels were normalized to B-actin mRNA
expression. Nampt primer adopted in the reac-
tion system was as follows: forward: 5-AA-
GAGACTGCTGGCATAGGA-3’, reverse: 5’-ACCAC-
AGATACAGGCACTGA-3'.

Western blot

Protein from tumor and non-tumor tissues were
isolated with RIPA buffer, and the concentra-
tion of them were determined by BCA method
(Pierce). 25 pg/lane protein was separated by
SDS-PAGE and then transferred onto PVDF
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Figure 1. Response to chemotherapy of ESCC assessed in the pathology by
CAP-TRG following 2 cycles of neo-adjuvant chemotherapy, and H&E stained
sections were demonstrated at x400 magnification. (A) TRS = 0, (B) TRS =
1, (C) TRS =2, and (D) TRS = 3.

membranes from Millipore. Western blot analy-
sis was then carried out utilizing monoclonal,
anti-iNampt antibody (dilution 1:200, Santa
Cruz Biotechnology, CA) or monoclonal, anti-§3-
actin antibody (dilution 1:200, Santa Cruz
Biotechnology). These blots were well devel-
oped with chemiluminescence substrate solu-
tion (Pierce), then with exposure to X-ray film
[28].

Immunohistochemistry (IHC)

IHC was performed on target specimens which
had been made for paraformaldehyde-fixed
paraffin sections. Monoclonal, anti-iNampt an-
tibody purchased from Santa Cruz Biotech-
nology (dilution 1:50) was well utilized in theses
IHC with streptavidin peroxidase (SP) conjugat-
ed method. IHC was carried out and the stain-
ing results for iNampt protein were semi-quan-
titatively estimated as previously reported [28],
and tissue sections with no less than 4 in the
total score were termed as iNampt-positive
staining. All of histological analysis were con-
ducted by three independent pathologists.

Statistical analysis

Values were exhibited as the mean + standard
deviation (SD). These continuous variables we-
re compared by adopting unpaired t tests, and

1414

categorical variables were es-
timated utilizing x? test. Spe-
arman or Pearson correlation
coefficients were used to esti-
mate the correlations between
variables. Survival analysis of
these target ESCCs was con-
ducted by Kalplan-Meier and
Cox’s proportional hazards re-
gression method. That P<0.05
was termed as statistically si-
gnificant.

Results

Response to neo-adjuvant
chemotherapy of ESCC

Chemotherapy response was
well assessed in the pathology
from resected tumor speci-
mens by CAP-TRG, and in the
image by RECIST 1.1 on the
22th day after the start of the
2" cycle of neo-adjuvant chemotherapy. These
changes were shown as follows. In the pathol-
ogy, 4 of 60 ESCC patients revealed complete
response (TRS = 0), 13 patients reached mod-
erate response (TRS = 1), 22 patients got
minimal response (TRS = 2), and 21 patents
attained poor response (TRS = 3, Figure 1). In
the image, changes of tumors were also evalu-
ated after 2 cycles of neo-adjuvant chemother-
apy, and 3.3% (2/60) patients with ESCC
revealed CR, 58.3% (35/60) of them reached
PR, 36.7% (22/60) of them got SD, and 1.7%
(1/60) attained PD (Figures 2 and 3). 4 pati-
ents got complete response in the pathology,
however only 2 patients with CR in the image
were found, but the difference had no signifi-
cance, this indicated that pathological TRG
might be better to reveal response to chemo-
therapy of ESCC.

Serum eNampt before the first cycle of chemo-
therapy

Serum concentration of eNampt was deter-
mined adopting ELISA and the correlation bet-
ween eNampt and clinical characteristics mea-
sured for obesity status was also assessed.
The average level of eNampt in sera was signifi-
cantly elevated in these ESCC patients who
were termed as obese by BMI (8.44 + 0.83 ver-
sus 6.82 + 1.68 ng/ml for BMI 25 kg/m? or
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Pre-treatment Post-treatment

Figure 2. Response to neo-adjuvant chemotherapy of ESCC evaluated in
the image by RECIST 1.1 following 2 cycles of chemotherapy. (A) CR, (B) PR,

and (C) SD.
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Figure 3. Percentage change of tumor in the image of all the target patients
after 2 cycles of neo-adjuvant chemotherapy. Taking as reference the base-
line sum diameters, CR (n = 2), all target lesions disappeared; PR (n = 35),
at least a 30% decrease in the sum of diameters of target lesions; PD (n =
1), at least a 20% increase; SD (n = 22), neither reached PR nor attained

PD.

higher versus less than 25 kg/m?, P = 0.001),
waist circumference (8.01 + 1.29 versus 6.79
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+ 1.67 ng/ml, P = 0.003), and
VFA (8.14 + 0.93 versus 6.89
+ 1.57 ng/ml, P = 0.009). Cir-
culating eNampt of patients
with ESCC was correlated wi-
th BMI (r = 0.43, P = 0.001),
waist circumference (r = 0.44,
P<0.001), VFA (r = 0.46,
P<0.001), SFA (r = 0.44,
P<0.001) and TFA (r = 0.50,
P<0.001). Therefore, TFA was
the most relevant factor asso-
ciating with eNampt level in
sera, but was not an inde-
pendent affecting factor (P =
0.154). Circulating eNampt did
not correlate with gender, age,
tumor differentiation, tumor si-
ze, tumor location and cT sta-
ge (P>0.05). These result re-
vealed that eNampt might ori-
ginate from a variety of cells
including ESCC cells, but was
not secreted mainly from ESCC
cells.

iNampt expression in ESCC
and clinicopathological fea-
tures

Analysis of iNampt expression
in ESCC and their adjacent
non-tumor tissues from anoth-
er small panel of patients was
conducted in the mRNA and
protein levels. Compared to
their adjacent non-tumor tis-
sues, ESCC had elevated iNa-
mpt expression in the mRNA
and protein levels regardless
of the context of obesity status
(P<0.05, Figure 4). iNampt ex-
pression in ESCC tissues from
endoscopic biopsy of those
target patients by the time of
first diagnosis was determined
semi-qualitatively by IHC an-
alysis. Immunoreactivity for
iNampt protein was revealed
mainly in the cytoplasm and
nuclei (Figure 5). iNampt ex-
pression in these tumors were
not related to gender, age of

patients and tumor differentiation, tumor size,
tumor location and cT stage (P>0.05, Table 1).
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chemotherapy. Only iNampt
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(OR =2.00, P =0.004) and age
(OR = 0.88, P = 0.018) were
independent predictors of neo-
adjuvant chemotherapy resp-
onse of target ESCCs accor-
ding to multivariate analysis,
and patients with elevated ex-
pression of iNampt in pre-tre-
atment ESCC tissues, or young-
er in the age had poorer res-
ponse to chemotherapy.

Non-tumor

B-actin M N S AN SN AN AN e . .

Tumor tissues

Figure 4. iNampt expression in ESCC and their adjacent non-tumor tissues
(n = 5) was shown, mRNA expression was measured by means of gRT-PCR

Non-tumor tissues

eNampt in sera, iNampt in
tumor before neo-adjuvant
chemotherapy, TRG, ypTNM
stage and survival

using B-actin as internal control (A), protein expression was determined by

Western blot (B and C). Compared to these adjacent non-tumor, ESCC had
elevated iNampt expression in the mRNA level (1.9 + 0.3 versus 1.0 £ 0.2)
and protein level (5.73 + 1.03% versus 2.12 + 0.67%). *; P<0.05.

Figure 5. iNampt protein expression in these tumors from endoscopic bi-
opsy was evaluated, and the sections were demonstrated at x400 magnifi-
cation. (A) positive staining and (B) negative staining.

iNampt level in those tumor specimens from
target ESCCs was also estimated focusing on
metabolic characteristics, but they were also
not related to BMI, Waist circumference, VFA,
SFA, TFA and serum eNampt level (P>0.05,
Table 2).

eNampt in sera, iNampt in tumor, obesity
status before neo-adjuvant chemotherapy and
response to chemotherapy

CAP-TRG in tumor regression grading systems
was utilized for assessment of chemotherapy
response by NCCN guideline. Univariate analy-
sis showed that pre-treatment BMI, SFA, TFA,
iNampt and age of patients were significantly
associated with TRG (P<0.05, Table 3), then
were predictors of response to neo-adjuvant
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On univariate regression an-
alysis, ypT (TO-1 versus T2-3),
ypN (negative versus positive),
ypTNM stage (I versus l&lll),
iNampt (negative versus posi-
tive staining) and TRG (TRS 0-1
versus 2-3) correlated to the
survival of ESCCs (P<0.05), but
pre-treatment eNampt was not
correlated with the prognosis
of these ESCC patients (P>
0.05, Table 4). Tumor-specific
survival was significantly redu-
ced in those patients with iNa-
mpt-positive staining tumors
than that with iNampt-negative
staining tumors (36.82 + 2.48
versus 57.71 + 3.92 months,
P<0.001, Figure 6). iINampt-po-
sitive tumors were correlated with death from
ESCC compared with iNampt-negative tumors
(HR = 3.50, P<0.001), and TRS 2-3 was also
related to death from ESCC compared with TRS
0-1 (HR = 3.84, P<0.001), and lymph node pos-
itive metastasis after neo-adjuvant chemother-
apy was correlated with death from ESCC com-
pared with negative lymph node metastasis
(HR = 3.79, P<0.001). On the basis of multivari-
ate analysis, both ypN stage and TRG were
independently correlated with the survival of
ESCCs (P<0.05).

Discussion

Obesity raised the morbidity of multiple malig-
nancies according to previous clinical studies
[6], prompted a number of cancers progres-
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Table 1. Relationship between clinicopathological features and iNampt expression in ESCC before

chemotherapy
o . . iNampt expression
Clinicopathological features Categories i n X2 P
Gender Male 20 23 2.84 0.092
Female 12 5
Age (year-old) <60 11 11 0.16 0.694
>60 21 17
Tumor differentiation G1-2 26 26 1.74 0.187
G3 6 2
Tumor size (cm) <6 17 11 1.15 0.284
>6 15 17
Tumor location u/M 28 22 0.86 0.355
L 4 6
cT stage T2 9 5 0.88 0.348
T3 23 23
eNampt Above the median 17 14 0.06 0.809
Below the median 15 14

Table 2. Correlations between iNampt expres-
sion in ESCC and measures of obesity

iNampt expression

Measures of obesity

r P
Body mass index -0.05 0.712
Waist circumference -0.12 0.353
Visceral fat area -0.07 0.608
Superficial fat area -0.17 0.208
Total fat area -0.13 0.319

sion, and reduced response to chemotherapy
[12, 16, 30]. Certainly, different results from
multiple reports were existed. A study demon-
strated that there may be no significant correla-
tion between overweight or obesity and the out-
comes of low-risk GTN [31]. Another study from
New Zealand population revealed that obesity
was not significantly associated with the sur-
vival of breast cancer, and there were small
associations between obesity and loco-region-
al or metastatic recurrence rates, but without
significance [32]. In male patients with meta-
static melanoma who were treated with target-
ed or immune therapy, obese patients had bet-
ter outcomes in the progression-free survival
and overall survival than those patients with
normal BMI [33]. The results of this study dem-
onstrated that TRS 0-1 in the TRG was indepen-
dently associated with the improved survival of
target ESCCs, and higher grade in SFA, TFA and
BMI were predictors of better response to neo-
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adjuvant chemotherapy (TRS 0-1) in ESCC
according to univariate analysis, that was con-
sistent with part of the above studies.

Obesity reduced response to chemotherapy in
a range of cancers including breast, pancrea-
tic, prostate and special state of gastric cancer
[10-13], but the results of this study found that
there was no correlation between obesity and
worse response to neo-adjuvant chemothera-
py. Obesity has a variety of impacts on target
cells including endocrine effect from adipo-
Kines. These potent adipokines produced main-
ly by pre-adipocytes and mature adipocytes of
white adipose tissue, such as leptin, adiponec-
tin and resistin are implicated in cell growth,
proliferation, cell cycle control, apoptosis and
angiogenesis [34], and could accelerate tumor
progression and metastasis. eNampt with bio-
logical potential, also functions as a paracrine
and autocrine cytokine, triggering a wide range
of intracellular signaling pathways with varying
temporal dynamics, especially for cancer cells
[19]. eNampt may boost tumor progression in
plenty of cancers, such as breast cancer [35]
and prostate cancer [36]. Furthermore, the
level of circulating eNampt was correlated with
tumor progression of malignant astrocytomas,
colorectal, ovarian and gastric cancer [19].
However, no significant association between
ESCC progression and eNampt was found in
this study. eNampt in sera of target patients
with ESCC was significantly related to these
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Table 3. Correlations between clinicopathological features, eNampt in sera, iNampt in tumors and
obesity status with chemotherapy response in the pathology

L . CAP-TRG
Clinicopathological features x2ort P
0-1 2-3
Gender 1.93 0.165
Male 10 33
Female 7 10
Tumor differentiation 0.38 0.537
G1-2 14 38
G3 3 5
Tumor location 1.99 0.159
u/M 16 34
L 1 9
cT stage 0.49 0.484
T2 5 9
T3 12 34
Tumor size (cm) 6.15 +2.41 6.82 +2.83 -0.861 0.393
Age (year-old) 64.94 + 7.62 59.95 + 8.70 2.068 0.043*
eNampt (ng/ml) 7.78 + 1.75 7.01 £ 1.60 1.646 0.105
BMI (kg/m?) 24.04 + 3.64 21.88+2.81 2.466 0.017*
Waist circumference (cm) 87.92 £+ 9.58 82.86 £ 8.72 1.969 0.054
VFA (cm?) 113.71 + 43.02 88.33 £ 50.23 1.832 0.072
SFA (cm?) 121.76 + 59.69 85.19 + 48.62 2.460 0.017*
TFA (cm?) 235.47 + 92.80 173.51 + 88.82 2.405 0.019*
iNampt 194 + 1.64 3.98 +2.22 -3.423 0.001*

*Statistically significant.

Table 4. Cox regression analysis of factors associated with death from ESCC

Features

Univariable analysis

Multivariable analysis

HR (95% ClI) P HR (95% Cl) P
eNampt
Below the median 1 0.915
Above the median 0.92 (0.50-1.67)
iNampt
Negative 1 <0.001* 0.54 (0.27-1.07) 0.079
Positive 3.50 (1.86-6.56) 1
ypT category
TO-1 1 0.001~* 0.64 (0.24-1.72) 0.374
T2-3 3.82 (1.75-8.36) 1
ypN category
Negative 1 <0.001* 0.27 (0.12-0.62) 0.002*
Positive 3.79 (2.02-7.09) 1
ypTNM stage
| 1 <0.001* 0.45 (0.16-1.26) 0.129
&l 6.19 (2.82-13.61) 1
CAP-TRG
0-1 1 <0.001* 0.18 (0.06-0.55) 0.002*
2-3 3.84 (2.05-7.17) 1

*Statistically significant.
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ther analysis showed that on-
ly age (OR = 0.88, P = 0.018)
was an independent predictor
of neo-adjuvant chemotherapy
response according to multi-
variate analysis, but was not
associated with the survival of
ESCCs. That the median dis-
ease-specific survival was sig-
nificantly longer in these pa-
tients with iNampt-negative tu-

mors than that with iNampt-
positive tumors was consistent
with the previous studies [28].
ypT, ypN, ypTNM stage, pre-
treatment iNampt expression
in tumor tissues and TRG cor-
related with the survival of ES-
CCs, and both ypN stage and
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Figure 6. Kaplan-Meier analysis of disease-specific survival of ESCCs with
2 cycles of neo-adjuvant chemotherapy following surgery relative to iNampt

expression.

markers of obesity including BMI, waist circum-
ference and TFA indicating that adipose tissue
could produce eNampt and secret it into the
sera, but eNampt provided by adipose tissue
and others could not change the expression of
iNampt in ESCC tissues, and no correlation was
found between them.

iNampt closely connected with the progression
of malignant tumors including esophagogastric
junction adenocarcinoma [28], and was associ-
ated with increasing the expression of genes
related to chemotherapy resistance [26]. iNa-
mpt was also over-expressed in the ESCC spec-
imens and related to worse response to chemo-
therapy in this study, but iNampt was not asso-
ciated with clinicophathological characteristics
such as cT stage and tumor size. It was very
interesting that iNampt expression in ESCC
tissues was significantly lower than that in es-
ophagogastric junction adenocarcinoma with
iNampt expression being related to tumor inva-
sive depth, lymph nodes metastasis and TNM
stage [28], that was not shown in this study.
Therefore, the different results might be attrib-
uted to the different connection between the
tumors and obesity, and ESCC was lowly corre-
lated with obesity. Another interesting result in
this study was that iNampt expression seemed
to be gender-dependent (P = 0.092), and fur-
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TRG were independent prog-
nostic factors.

In conclusion, pre-treatment
iNampt expression in tumor
tissues impaired esophageal
squamous cell carcinoma re-
sponse to neo-adjuvant chemotherapy inde-
pendent of circulating eNampt, but was not an
independent prognostic factor. Moreover, ypN
stage and TRG were independently associated
with the survival of ESCCs. Therefore, targeting
iNampt to increase response to neo-adjuvant
chemotherapy would improve the prognosis of
ESCCs, and that need further analysis in future.
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