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Abstract The aim of the present study was to investigate the
relationship between the intensity of biomarker expression
and the response to radiochemotherapy in patients with ad-
vanced esophageal squamous cell cancer (ESCC). Ninety-two
patients with locally advanced ESCC were examined retro-
spectively. Pre-treatment tumor samples were stained for pro-
teins SOUL, Hsp 16.2, Growth Hormone-Releasing Hormone
Receptor (GHRH-R) and p-Akt using immunhistochemistry
methods. Kaplan-Meier curves were used to show the rela-
tionship between intensity of expression of biomarkers and
clinical parameters and 3-year OS. A significant correlation
was found between high intensity staining for Hsp 16.2, p-Akt
and SOUL and poor response to NRCT. Application of a
higher dose of radiation and higher dose of cisplatin resulted
in better clinical and histopathological responses, respectively.
Among the clinical parameters, the localization of the tumor in
the upper-third of the esophagus and less than 10% weight
loss were independent prognostic factors for increased 3-
year OS. Hsp16.2, p-Akt and SOUL are predictors of negative
response to NRCT, therefore these biomarkers may become
promising targets for therapy. Furthermore, level of

expression of p-Akt, weight loss and the localization of the
tumor are significant factors in the prediction of OS in ESCC.
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Introduction

Esophageal cancer is one of the most lethal malignancies and
ranks as the eighth most common cancer in the world and the
sixth most common cause of death from cancer [1]. The lo-
calization of esophageal squamous cell cancer (ESCC) is gen-
erally in the upper two-thirds of the esophagus and the devel-
opment of the ESCC has been linked to nicotine and drug
abuse as well as to poor socioeconomic status [2].
Neoadjuvant radiochemotherapy (NRCT) is the accepted mo-
dality of therapy for locally advanced ESCC, since preopera-
tive radiochemotherapy has been shown to increase long-term
survival [3–5]. However, the prognosis for ESCC, especially
in advanced stages, remains dismal, despite improvements in
multimodal treatment [6].

Response to treatment can be optimized by tailoring the dos-
age of administered cisplatin, 5-FU and irradiation. According to
an earlier study the dose of irradiation, between 30 and 45Gys, is
directly correlated with the complete pathological response of the
ESCC at stage II/III ESCC [7]. A meta-analysis involving 1335
patients showed that there is a dose-response relationship be-
tween increasing protocol prescribed radiotherapy, 5-fluoroura-
cil, cisplatin dose and pathological complete response to treat-
ment [8]. In the present study we sought to find confirmation of
these previous findings in our chosen group of patients. A num-
ber of patients receivingNRCTrespond poorly or do not respond
at all to therapy. There have been numerous studies examining
potential markers of response to treatment in order to avoid
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unnecessary toxicity to patients and to improve their life-quality
and survival [9, 10]. The activation of the anti-apoptotic phos-
phorylated-Akt (p-Akt)-mediated pathways, such as those for
PI3K/Akt, Akt/NF-KB and Akt/XIAP, has been shown to corre-
late with a poor response to NRCTand lower overall survival of
patients [11–13]. Consequently, the proteins activating the pAkt
pathways, for example Heat shock protein 90 (Hsp-90) and pro-
tein Aurora-A, have been identified as possible targets of therapy
[12, 14]). The levels of Heat shock proteins (Hsps) in tumor
specimens have also been correlated with response to treatment.
A previous investigation indicated that the expression level of
HSP27 may be inversely correlated with the metastatic behavior
of ESCC, furthermore another working group found that a higher
expression of Hsp-27 was positively correlated with the grade of
differentiation of ESCC [15, 16]. Earlier, we reported that small
heat-shock protein (sHsp)16,2, Hsp90, heme-binding protein 2
(SOUL) expression as well as Bax/ Bcl-2 ratio correlated with
the efficacy of NRCTand could predict outcome in patients with
locally advanced ESCC [17]. The identification of proteins that
signal poor response to treatment is essential as these can be
targets for individualized, more effective therapy. Clinically, the
determination of the survival rate of patients is equally important
as evaluating the response to treatment, which is measured by the
tumor regression grade (TRG) and the clinical downstaging of
the tumor.

The purpose of this retrospective analysis was therefore 3-
fold. We aimed to correlate possible predictive markers of
response to NRCT in ESCC as well as their expression to 3-
year overall survival. It was also our goal to determine wheth-
er dose of NRCT had any effect on the clinical and histolog-
ical response to NRCT. Finally, we evaluated the association
between the clinical parameters (age, Karnowsky index, tu-
mor localization, weight loss) of the patients’ and their 3-year
overall survival.

Patients and Methods

Patients and Tumor Specimens

Ninety two consecutive patients with inoperable, loco-
regionally advanced (cT3–4, cN0–1, cM0) squamous-cell
esophageal cancer received neoadjuvant NRCT from 2006
to 2010. The pre-treatment staging procedures consisted of
endoscopy with biopsy, computed tomography (CT) scan of
chest and abdomen and bronchoscopy. The patients were
treated with external-beam radiotherapy (a total of 36 to
45 Gy, fraction dose: 1.8–2 Gy) and concomitant chemother-
apy during the first week of irradiation: cisplatin (60–100 mg/
m2 intravenously on day 1) and 5-fluorouracil (750–1000 mg/
m2/day, by continuous intravenous infusion through days 1–5)
(Table 1). Four weeks after the completion of NRCT,
restaging was performed and clinical response to treatment

was assessed according to RECIST [18]. Six to nine weeks
after neoadjuvant therapy the patients underwent surgical re-
section, if there was no evidence of disease progression.
Pathological response to treatment was determined by histo-
logical evaluation of the resected specimen. The histopatho-
logical tumor regression grade based on the presence of resid-
ual tumor cells and the extent of fibrosis was evaluated. For
this purpose the five point tumor regression grading (TRG)
system adapted from Mandard et al. was used [19]. The sys-
tem consists of the following grades: TRG 1 (complete regres-
sion) is defined as the absence of residual tumor and fibrosis
extending through the different layers of the rectal wall, TRG2
is characterized by the presence of rare residual tumor cells
scattered throughout the fibrosis, TRG3 shows an increase in
the number of residual tumor cells, but the fibrosis still pre-
dominates, TRG4 demonstrates residual tumor outgrowing
the fibrosis and TRG5 is characterized by the absence of any
tumor regression. Based on the results of previous studies, in
order to simplify the statistical analysis, the TRG system was
combined into two groups: good responders comprising
TRG1–2 and poor responders consisting of TRG 3–5
[19–21]. All the patients signed informed consent, which
was approved by the Local Ethics Committee.

Preparation of Polyclonal Antibodies Against Hsp 16.2
and SOUL

Rabbits were immunized subcutaneously at multiple sites with
100 pg of recombinant Hsp16.2/ Glutathione S-transferase
(GST) or SOUL/GST fusion proteins dissolved in Freund’s

Table 1 Patient and
treatment characteristics Factor N

Age (years)

≤ 60 44 (50%)

˃ 60 44 (50%)

Clinical T stage

cT3 66 (75%)

cT4 22 (25%)

Clinical N stage

cN0 32 (36%)

cN1–2 56 (64%)

Dose of radiotherapy

≤ 40 Gy 50 (57%)

˃ 40 Gy 38 (43%)

Dose of cisplatin

≤ 75 mg/m2 50 (57%)

˃ 75 mg/m2 38 (43%)

Dose of 5FU

≤ 750 mg/m2 66 (75%)

˃ 750 mg/m2 22 (25%)
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complete adjuvant, as described before [22–24]. Then four
subsequent booster injections of 50 pg doses at 4-week inter-
vals were given. Blood was collected 10 days after the last
boosting, and the antisera were stored at −20 C. IgGs were
affinity purified from the sera by protein G-Sepharose chro-
matography (Sigma-Aldrich, Munich, Germany) according to
the manufacturer’s protocol.

Immunohistochemistry

Sections of the pre-treatment tumor tissue samples were fixed
in formalin and embedded in paraffin. Subsequently, they
were incubated with the following primary antibodies: self-
developed anti-Hsp 16.2 and anti-SOUL polyclonal primary
antibodies, GHRH-R primary antibody purchased from
Abcam (Abcam Inc., Cambridge, MA), p-AKT primary anti-
body purchased from Cell Signaling. GHRH-R antibody de-
tected the presence of both pituitary-type GHRH-R as well as
the splice variants of the GHRH-R. Immunohistochemical
staining was carried out by the streptavidin-biotin-
peroxidase method with hydrogen peroxide/3-amino-9-
ethylcarbazole development using the Universal kit. Only sec-
ondary IgG was incubated with the control sections. The eval-
uation of the slides was done with the help of an Olympus
BX50 light microscope with incorporated photography sys-
tem (Olympus Optical Co., Hamburg, Germany). The staining
intensity was recorded semiquantitatively as mild (+), moder-
ate (++) or strong (+++), following as described before [25].
For internal positive control, the normal cellular and vascular
structures of the samples were used. Positive areas around
necrotic fields were excluded due to their probable stress re-
lated up-regulation. All slides were assessed by the same ex-
perienced pathologist blinded to clinico-pathological data.

Statistical Analysis

All statistical analyses were carried out using the SPSS 15.0
statistical program (SPSS, Chicago). Univariate chi-square
test was used to compare clinical parameters and biological
markers for clinical response and tumor regression grade. To
increase the number of patients per group, the categories of the
various variables were combined for these analyses: age over
60 years vs. 60 years or below, cT2 vs. cT3-cT4, cN0 vs. cN1–
2, tumor localization, radiotherapy dose of higher than 40 Gy
vs 40 Gy or below, dose of ciplatin over 75 mg/m2 vs 75 mg/
m2 or below, 5-FU dose over 750 mg/m2 vs. 750 mg/m2 or
below. For tsting statistical intensity, values of immunohisto-
chemistry were dichotomised into low (0, +) and high (++,
+++) intensity categories. All parameters were analyzed after-
wards in a logistic regression multivariate analysis. A p value
of less than 0.05 was considered statistically significant. The
effect of the clinical parameters and the biological markers on
overall survival (OS) was demonstrated using Kaplan-Meier

curves and the level of significance was determined using the
log-rank test. The survival functions were computed from the
date of the first symptoms/the start of neoadjuvant RCT by
using Kaplan-Meier estimates, and the log-rank test was used
to assess the equality of survival functions. The univariate and
multivariate Cox regression analyses were performed to test
for the independent influence of potential prognostic factors
on overall survival (OS). Probability (p) values <0.05 were
considered statistically significant, and statistical tests were
based on a two-sided significance level. Statistical analyses
were performed with use of Statistical Package for the
Social Sciences software (SPSS, Chicago, IL).

Results

Clinical Outcome

Patients underwent restaging, whereas 2 patients died during
the treatment and 2 patients refused control examinations.
Clinical evaluation found that 36 (39%) tumors showed clin-
ical response to neoadjuvant CRT, 4 (4%) patients had com-
plete remission, 32 (35%) patients had partial remission, 42
patients had stable disease (46%), 14 patients had progressive
disease (15%). Resection was performed in 42 (46%) cases,
with R0 resection rate of 47%.Histopathological evaluation of
response to preoperative CRT in resected oesophageal speci-
mens revealed a complete response (TRG1) in 6 of 42 cases
(14%) and significant response (TRG2) in 16 of 42 cases
(38%). Hence, good responders accounted for 52% of the
patients, while poor responders represented the remaining
48% of the patients.

The Association Between Protein Expression
and Response to NRCT in ESCC

Tumor samples taken before initiation of treatment were
stained for four molecular markers (SOUL, Hsp 16.2,
GHRH-R) and p-Akt), then the intensity of staining was eval-
uated in both the responding and non-responding groups.
Responsiveness to NCRT was also determined according to
clinical downstaging and TRG classification. Among the
markers evaluated, expression of GHRH was low in 90% of
the tumor specimens and GHRH-R staining did not show a
significant association with tumor response to CRT. However,
high expression levels of Hsp16.2 in the pre-treatment tumor
biopsies were significantly correlated with poor clinical and
histopathological response (p = 0.001, p = 0.000 respectively).
High intensity staining for p-AKT was also associated with
significantly lower rate of good clinical and histopathological
response (p = 0.02, p = 0.032 respectively). Low expression of
SOUL resulted in twice asmany clinically responding patients
(p = 0.037) and four times as many histopathologically
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responding patients (p = 0.001). The relationship between the
expression of the proteins and response to NRCT is shown in
(Table 2).

The Association Between Treatment Parameters
and Response to NCRT in ESCC

We investigated whether the dosage of chemotherapy
(Cisplatin and 5-Fluorouracil) and irradiation affected the clin-
ical downstaging and TRG of the tumors. A higher dose of
irradiation (41–45 Gy) resulted in a significantly higher num-
ber of clinical responders (p = 0.009), while the dosage didn’t
significantly affect TRG. A higher dose of Cisplatin (above
75 mg/m2), on the other hand, significantly increased the
number of TRG responders (p = 0.004) but did not signifi-
cantly affect clinical response. In our study the administered
dose 5-Fluorouracil (5-FU) did not significantly affect TRG
and clinical response (Table 3).

The Relationship Between Expression of Pre-treatment
Proteins (SOUL, Hsp 16.2, GHRH-R and p-Akt)
and 3-year Overall Survival (OS)

It was our aim to examine whether there was a correlation
between pre-treatment protein expression and 3-year OS.
The intensity of GHRH-R (Fig. 1a) staining did not affect 3-

year OS significantly (p = 0,891). Low expression of Hsp 16.2
and SOUL (Fig. 1b and c) did not significantly increase 3-year
OS (p = 0.19 and p = 0.63 respectively), however, a non-
significant improvement after about 8 months in the 3-year
OS was apparent. Interestingly, low intensity staining for p-
Akt (Fig. 1d) increased the 3-year OS significantly (p = 0.00)
(Table 4.).

The Relationship Between Clinical Parameters (Age,
Karnofsky Score, Pre-treatment Weight-Loss, Tumor
Localization,) and 3-year OS

We evaluated the effect of the individual clinical parameters
on 3-year OS. The cutoff value for age was 60 years, for
weight-loss (between initial symptoms and beginning of
NCRT) was 10% of original body mass, and for Karnofsky
score 80%. We could not detect a significant difference in 3-
year OS among our patients in the two age groups (Fig. 2a) or
in the groups assigned according to their Karnofsky score
(Fig. 2b), although there was a non-significant improvement
in the OS of younger patients after 12 months. However, there
was a significant decrease in 3-year OS in patients whose pre-
treatment weight-loss (Fig. 2c) exceeded 10% of their body
mass (p = 0.045). The localization of the tumor affected 3-year
OS greatly (Fig. 2d). Patients with upper-third ESCC had a
significantly higher 3-year OS, than patients with middle and
lower third tumors (p = 0.002)(Table 4.).

Table 2 The relationship between protein (SOUL, Hsp16.2, GHRH-R
and p-Akt) expression and clinical and histopathological response to
NRCT

Molecular Markers Clinical Downstaging(n = 88) p value

Responder Non-responder

SOUL low intensity
high intensity

25 (28%) 23 (26%) p = 0.037
12 (14%) 28 (32%)

Hsp16.2 low intensity
high intensity

26 (30%) 18 (20%) p = 0.001
11 (12%) 33 (38%)

GHRH-R low intensity
high intensity

24 (27%) 40 (46%) p = 0.158
13 (15%) 11 (12%)

p-AKT low intensity
high intensity

20 (23%) 15 (17%) p = 0.020
17 (19%) 36 (41%)

TRG(n = 42)
Responder Non-responder

SOUL low intensity
high intensity

18 (42%) 6 (15%) p = 0,001
4 (10%) 14 (33%)

Hsp16.2 low intensity
high intensity

22 (52%) 2 (5%) p = 0,000
0 (0%) 18 (43%)

GHRH-R low intensity
high intensity

17 (41%) 14 (33%) p = 0.592
5 (12%) 6 (14%)

p-AKT low intensity
high intensity

15 (36%) 7 (17%) p = 0.032
7 (17%) 13 (30%)

Statistical analysis with chi-squere test, level of significance p < 0,05.
Significant p value is indicated in bold

Table 3 The association between treatment parameters and response
to NCRT in ESCC

Treatment parameters Clinical Downstaging (n = 88) p value

Responder Non-responder

Dose of radiation
36-40Gy
41–45 Gy

15 (17%) 35 (40%) p = 0.009
22 (25%) 16 (18%)

Dose of Cisplatin
Below 75 mg/m2
Above 75 mg/m2

18 (20%) 32 (36%) p = 0,188
19 (22%) 19 (22%)

Dose of 5-FU
Below 750 mg/m2
Above 750 mg/m2

26 (30%) 40 (46%) p = 0,383
11 (12%) 11 (12%)

TRG (n = 42)
Responder Non-responder

Dose of radiation
36-40Gy
41–45 Gy

8 (19%) 10 (24%) p = 0,372
14 (33%) 10 (24%)

Dose of Cisplatin
Below 75 mg/m2
Above 75 mg/m2

8 (19%) 16 (38%) p = 0,004
14 (33%) 4 (10%)

Dose of 5-FU
Below 750 mg/m2
Above 750 mg/m2

14 (33%) 16 (38%) p = 0,241
8 (19%) 4 (10%)

Statistical analysis with chi-squere test, level of significance p < 0,05.
Significant p value is indicated in bold
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Discussion

The accepted standard treatment modality for locally ad-
vanced ESCC is NRCT followed by surgery. NRCT consists
of irradiation and concomitant chemotherapy, based on the
administration of cisplatin and 5-FU [3, 4]. An earlier study
showed that there was a positive correlation between the ad-
ministration of higher doses of radiotherapy, 5-FU,cisplatin
and complete pathological remission [8]. Later, a number of
other studies found evidence that application of higher cisplat-
in and irradiation doses resulted in a significantly increased
rate of complete responses and improved 5-year OS [7, 26,
27]. In accordance with these studies we found that higher
radiation doses (over 40Gy) led to an increased number of
clinical responders, and that application of higher cisplatin

doses (over 75 mg/m2) resulted in more histopathological re-
sponders. Although advances have been made in therapy, due
to the poor prognosis of ESCC, it is of great importance, that
responders be identified before initiating treatment [28]. In our
previous investigation we identified possible novel bio-
markers of response to NCRT. We showed that overexpres-
sion of Hsp 16.2 and Hsp 90 in tumor samples was associated
with poor response to CRT. Hsp-s are chaperones, that have a
major role in cytoprotection through the prevention of the
aggregation of stress-accumulated misfolded proteins [29].
Hsp-s have also been implicated in the increased survival of
tumor cells [12, 30]. A study by Ui et al. showed that the
inhibitor of Hsp 90 (17-AAG) synergized with cisplatin and
helped induce apoptosis in cisplatin –resistant ESCC [12].
This effect was shown to be modulated through the the Akt/

Fig. 1 The relationship between pre-treatment proteins GHRH-R a
p = 0.891, Hsp 16.2 b p = 0.19, SOUL c p = 0.63, and p-Akt d
p = 0.00 staining and 3-year OS. The effect of biological markers on

overall survival was demonstrated using Kaplan-Meier curves and the
level of significance was determined using the log-rank test. Probability
(p) values <0.05 were considered statistically significant
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Xiap pathway [12]. Hsp 16.2 is a member of the small heat
shock family [22, 23]. In accordance with our earlier findings,
we found that tumors that stained high for Hsp 16.2 had a
significantly lower rate of clinical and histopathological re-
sponse than those that expressed Hsp 16.2 at lower levels.
We were curious to determine how the levels of p-Akt were
associated with the response to CRT. As expected, mostly,
tumors expressing a higher amount of p-Akt proved to be poor
responders to CRT. This finding could be in part explained by
a previous report, that Hsp 16.2 inhibits cell death by binding
to Hsp 90 and through the activation of the PI-3kinase/Akt
cytoprotective pathway [22]. Our detection of a significant
correlation between high staining of proteins p-Akt, Hsp
16.2 and poor response could be observed in both clinical
and histopathological (TRG) responsiveness. This indicates
the potential of these proteins as markers of response.
Besides the response to therapy, the length of survival is also
important when assessing the efficacy of treatment. It was of
particular interest that we found that patients whose tumors
showed high staining for Hsp 16.2 and p-Akt had a worse 3-
year OS than patients whose tumors stained low. The inverse
correlation between length of OS and intensity of staining for

the protein, however, was found to be significant only for p-
Akt but not for Hsp 16.2. This latter result could be explained
by the relatively small number of patients in our group. Since
the role of the activation of the p-Akt pathways in ESCC has
been reported by a number of studies, the possibility of using
p-Akt pathway as a target in the treatment of cancer has
emerged [13, 14, 31]. Our evidence suggests that the selective
targeting of Hsp 16.2, and by thus, inhibiting the PI-3kinase/
Akt pathway, could be a promising tool in the treatment of
ESCC. Unlike in our previous study, where the inverse corre-
lation existed, but was not significant, we now found that low
SOUL staining in tumor samples was associated with signif-
icantly improved clinical and histopathological response.
SOUL is a heme-binding protein which has been shown to
promote necrotic cell death by inducing mitochondrial perme-
ability [24]. It could be expected, that a higher intensity of
necrosis would allow the decrease of the tumor. Surprisingly,
a non-significant but negative correlation between the intensi-
ty of staining for SOUL and 3-year OS could be detected. In
recent studies, we found evidence that tumor necrosis factor
alfa (TNF-alfa) could be implicated in increased resistance to
chemotherapy in prostate cancer [32]. Another investigation

Table 4 The relationship
between pre-treatment proteins
staining and clinical parameters
and between OS (months)

Mean Median

Estimate Std. Error Estimate Std. Error

GHRH-R Low intensity 12,641 1301 7200 1556

High intensity 12,438 1929 9300 1225

Log Rank (Mantel-Cox) Sig.: 0,891

Hsp 16.2 Low intensity 14,334 1699 10,000 1706

High intensity 10,836 1289 7200 0,995

Log Rank (Mantel-Cox) Sig.: 0,191

SOUL Low intensity 14,285 1558 10,600 0,474

High intensity 11,169 1470 5900 0,989

Log Rank (Mantel-Cox) Sig.: 0,63

p-Akt Low intensity 20,194 1921 16,300 2415

High intensity 7560 0,650 6200 0,520

Log Rank (Mantel-Cox) Sig.: 0,0000

Age < 60 years 13,193 1658 7200 1399

> = 60 years 11,919 1351 10,400 1403

Log Rank (Mantel-Cox) Sig.: 0,875

Karnofsky score Low intensity 11,609 1691 9300 1411

High intensity 13,143 1395 8000 1871

Log Rank (Mantel-Cox) Sig.: 0,600

Pre-treatment weight-loss < 10% 15,539 1918 10,400 0,900

> = 10% 10,540 1182 7900 0,961

Log Rank (Mantel-Cox) Sig.: 0,045

Tumor localization upper 14,957 1628 11,200 0,847

middle 10,487 1399 7200 0,616

lower 5260 0,375 4600 –

Log Rank (Mantel-Cox) Sig.: 0,002
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showed that patients with elevated transmembrane TNF-α
expression were more likely to have a worse prognosis than
patients with low tmTNF-α expression in colorectal cancer
[33]. Therefore, we hypothesized that by generating a
higher grade of necrosis inside the tumor, SOUL could
make tumor cells less sensitive to chemotherapy.
However, the precise mechanism behind the negative
effect of SOUL on response and OS needs to be further
elucidated. Various cancers have been found to express
GHRH-R and/or its splice variants and GHRH has been
shown to act as an autocrine growth factor for many
malignancies [34–39]. From the four proteins that were
examined, staining for GHRH-R showed no significant
correlation with the response to therapy, neither could a
difference be detected between patients whose tumors

expressed GHRH-R at different levels in the 3-year
OS. Moreover, 90% of tumor specimens stained low
for GHRH-R. These results are supported by the previ-
ous finding that squamous cell carcinoma of the oesoph-
agus was negative for GHRH-R and SV-1, while adeno-
carcinomas of the oesophagus showed a strong expres-
sion of both receptors [40]. Numerous studies have ex-
amined the effect of individual clinical parameters on
the OS of patients. Old age, male gender, low hemoglo-
bin content, low Karnofsky index and low socioeco-
nomic staus have all been correlated to poor OS
[41–44]. In our study, we found no significant correla-
tion between patients over or below 60 years and 3-year
OS, but an improvement it the younger age group was
apparent after 12 months. Similarly, the Karnofsky score

Fig. 2 The relationship between clinical parameters age a p = 0.875,
Karnofsky score b p = 0.6, pre-treatment weight-loss c p = 0.045, tumor
localization d p = 0.002 and 3-year OS. The effect of the clinical

parameters on overall survival was demonstrated using Kaplan-Meier
curves and the level of significance was determined using the log-rank
test. Probability (p) values <0.05 were considered statistically significant
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of the patients did not significantly affect the 3-year
OS. Since these parameters have been investigated by
a number of studies earlier on a large number of pa-
tients, it is rational to assume that our results failed to
show the expected significant correlation due to the
smaller number of patients in our study. Nutritional sta-
tus has been proven to be predictive of OS. Di Fiore
et al. found that a BMI over 18 kg/m2 was an indepen-
dent prognostic factor of survival in patients with local-
ly advanced esophageal cancer [45] and another inves-
tigation showed that a weight-loss above 9.7% from the
onset of the disease until the start of the therapy had a
significantly unfavorable impact on survival [46].
Accordingly, we found that those patients who lost
more than 10% of their body weight between the ap-
pearance of the first symptoms of the illness and the
start of NRCT, had a significantly shorter 3-year OS,
than those patients who lost less than 10%. Before the
introduction of NRCT, tumors in the upper-third of the
esophagus were considered to have a worse prognosis,
than middle and lower-third ESCC. In an earlier study,
we reported that a higher rate of response could be
observed in patients with upper-third ESCC, compared
to patients middle third ESCC [47, 48]. As a continua-
tion of our previous investigation, the degree of 3-year
OS of patients with differing localization of tumors was
evaluated. We found, that not only the response to
NCRT-but the 3-year OS was also significantly better
in patients with upper-third tumors than patients with
middle or lower third tumors. This study provides an
extensive evaluation of the correlation between possible
biomarkers and response to NRCT and OS. We showed
that high levels of Hsp 16.2, p-Akt and SOUL were
negative prognostic factors in response to therapy and
that a high level of these proteins was correlated with
decreased 3-year overall survival. These findings under-
line the significance of these markers as potential pre-
dictors of response which possibly can be applied in
clinical practice. We also found that patients with tu-
mors in the upper-third region of the esophagus had
an improved 3-year OS. This finding implicates that
the efficacy of NRCT is also greatly dependent on the
localization of the tumors in ESCC.
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