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Abstract: The aim of this study was to determine whether pretreatment status of thymidine phosphorylase (TP), and 
hypoxia-inducible factor alpha (HIF-1α) could predict pathologic response to neoadjuvant chemoradiation therapy 
with oxaliplatin and capecitabine (XELOXART) and outcomes for clinical stage II/III rectal cancer patients. A total of 
180 patients diagnosed with clinical stage II/III rectal cancer received XELOXART. The status of TP, and HIF-1α were 
determined in pretreatment biopsies by immunohistochemistry (IHC). Tumor response was assessed in resected 
regimens using the tumor regression grade system and TNM staging system. 5-year disease free survival (DFS) 
and 5-year overall survival (OS) were evaluated with the Kaplan-Meier method and were compared by the log-rank 
test. Over expression of TP and low expression of HIF-1α were associated with pathologic response to XELOXART 
and better outcomes (DFS and OS) in clinical stage II/III rectal cancer patients (P < 0.05). Our result suggested that 
pretreatment status of TP and HIF-1α were found to predict pathologic response and outcomes in clinical stage II/
III rectal cancer received XELOXART. Additional well-designed, large sample, multicenter, prospective studies are 
needed to confirm the result of this study.
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Introduction

Rectal cancer is one of the leading causes of 
cancer-related deaths in the world [1], and in 
China, the incidence of rectal cancer has 
increased in recent years [2]. Surgical resec-
tion is the cornerstone of curative treatment of 
rectal cancer. However, the majority of patients 
who present with advanced tumors require 
extensive surgery, which may result in severe 
postoperative complications [3]. The manage-
ment of distal rectal cancer poses major chal-
lenges to the surgeons and oncologists in terms 
of local tumor control and preservation of the 
anal sphincter. For these rectal cancer patients, 
platinum-based neoadjuvant chemoradio ther-
apy (NCRT) is used as the standard first-line 
preoperative treatment [4], the implementation 
of NCRT following surgery have reduced the 
local recurrence risk and increased the sphinc-
ter preservation rate [5, 6].

To date, a large number of retrospective analy-
ses suggest that the pathological stage of dis-
ease after neoadjuvant treatment and/or the 
tumor regression rate have a significant prog-
nostic impact on disease free survival (DFS) 
and overall survival (OS) [7-11], especially for 
the subgroup of patients who achieve a com-
plete pathological response (CPR) has a very 
limited risk of local or distant recurrence. 
However, despite these improvements, treat-
ment for rectal cancer is associated with sub-
stantial morbidity, and the tumor responses to 
this regimen cover a wide spectrum, ranging 
from none to complete [12]. Therefore, an effec-
tive tumor biomarker is urgently needed to iden-
tify the subgroup of patients who are poor 
responders to extensive long-course chemo-
radiation to avoid unnecessary toxicity.

Thymidine phosphorylase (TP) is an intracellu-
lar enzyme that catalyzes the conversion of thy-
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midine and inorganic phosphate into thymine 
and a-2-deoxy-D-ribose-1-phosphate [13]. TP is 
upregulated in several tumors such as colorec-
tal, breast and gastric cancer [14-16], and high 
TP expression is associated with increased 
angiogenesis, tumor cell metastasis, and poor 
prognosis [17]. Since Schwartz et al. suggested 
that a manipulation of intracellular TP levels 
can affect sensitivity to both 5-FU and 5-FU 
prodrugs [18], inconsistent results have been 
published for the predictive role of TP in neoad-
juvant therapy patients. Several studies have 
demonstrated that the pretreatment status of 
TP could predict tumor responses after neoad-
juvant chemoradiation [19-21], but other stud-
ies have reported no effects [22, 23]. 
Additionally, whether TP could predict tumor 
response to neoadjuvant chemoradiation 
remain unclear. Thus, further studies are need-
ed to clearly define its role as a predictor of 
therapeutic benefit [24].

Hypoxia-inducible Factor 1-α (HIF-1α) is a key 
protein regulating cellular response to hypoxia. 
HIF-1α transcriptionally regulates the expres-
sion of target genes and represents a link 
between oxygen sensors and effectors in the 
cellular adaptation to hypoxia [25]. HIF-
mediated gene expression regulates many criti-
cal aspects of tumor biology, including cell sur-
vival, metabolic programming, angiogenesis, 
metastasis, and therapy resistance [26]. 
Expression of HIF-1α was associated with a 
pathological response in locally advanced 
breast cancer patients treated with neoadju-
vant chemotherapy [27], and also being associ-
ated with response to photodynamic therapy 
and radiotherapy in early esophageal cancer 
patients [28]. But only a small number of stud-
ies have investigated the possible predictive 
value of HIF-1α in chemoradiotherapy of rectal 
cancer [29], and the results have been incon-
clusive. The role of pretreatment status of 
HIF1α expression in relation to chemoradio-
therapy remains to be explored.

The aim of this study was to explore the predic-
tive role of pathological response to XELOXART 
regimen and outcomes in clinical stage II/III 
rectal cancer patients by using TP and HIF-1α.

Materials and methods

Patients and clinical assessment

This study was approved by the Research Ethics 
Committee of the Affiliated Cancer Hospital of 

Guangxi Medical University in China. One hun-
dred-eighty patients were enrolled in this study. 
These patients were diagnosis as clinical stage 
II/III rectal cancer patients by pathological 
examination. The TNM stages were reported 
according to the American Joint Committee on 
Cancer (AJCC) [30]. Written informed consent 
was obtained from all the patients. Fresh can-
cer specimens were obtained by preoperative 
gastroscopy and were fixed in 10% formalin 
and embedded in paraffin, and pathological 
examination was performed. All the specimens 
were handled and anonymized according to 
ethical and legal standards.

Multimodal treatment

The XELOXART regimen was carried on in all 
patients, according to the NCCN guideline [2].
Radiotherapy consisted of 5000 cGy delivered 
in 25 fractions of 200 cGy five times per week. 
The iliac lymphatic drainage areas, the sur-
rounding intestines and the tumor bed were 
considered as target field. 50 mg/m2 oxaliplatin 
was given on the first day, and 850 mg/m2 

capecitabine bid was given for 5 days during 
the first, second, fourth and fifth weeks of 
radiotherapy. Within 5-6 weeks after the com-
pletion of the XELOXART regimen, low-anterior 
resection or abdominoperineal resection was 
scheduled according to the tumor location. 
Surgery was done by experience surgeon and 
the principle of TME was strictly followed. Four 
weeks after surgery, the patients received four 
more cycles of chemotherapy consisting of 130 
mg/m2 oxaliplatin on day 1 and 1000 mg/m2 

capecitabine bid on day 1 to day 14. The post-
operative regimens were repeated every 3 
weeks.

Pathologic assessment

All slides were evaluated by a pathologist who 
had no access to patient data and clinical sta-
tus. Pathologic TNM staging was carried out on 
the surgical specimens to assess for tumor 
downstaging analysis. We used the tumor 
regression grade (TRG) system described by 
Dworak et al. to access tumor response [31]. 
Grade 0, no regression; grade 1, minor regres-
sion, dominant tumor mass with obvious fibro-
sis in 25% or less of the tumor mass; grade 2, 
moderate regression, dominantly fibrotic 
changes with tumor cell fibrosis in 26-50% of 
the tumor mass; grade 3, good regression, 
dominant fibrosis outgrowing the tumor mass, 
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more than 50% of tumor regression; and grade 
4, total regression, no viable tumor cells, only 
fibrotic mass. In this study, we considered TRG 
0-2 as “poor response”, and TRG 3 and 4 as 
“good response”.

Immunohistochemical analysis

TP and HIF-1α expression pattern in tissue 
samples was analyzed by labeled streptavidin-
peroxidase (SP) immunohistochemical tech-
nique. The process of staining was carried out 
according to the standard immunohistochemis-
try (IHC) protocol. Tissue slides were deparaf-
finized in xylene and rehydrated in graded 
series of ethanol, followed by heat-induced epi-
tope retrieval in citrate buffer (pH 6.0). Primary 
antibodies were: TP, anti-TP antibody (mouse 
monoclonal to TP; Beijing Zhongshan Golden 
Bridge Biotechnology, Beijing, China); HIF-1α, 
anti-HIF-1α antibody (rabbit polyclonal to TP; 
Pharmatechs Co. Ltd, Shanghai, China). The 
degree of immunostaining was reviewed and 
scored by two pathologists, taking into account 

the percentage of positive cells and the stain-
ing intensity. Semiquantitative microscopic 
analyses of protein expression were performed, 
providing either a negative rating (-) or positive 
rating (+).

Follow-up

All rectal cancer patients were underwent a 
systematic follow-up, including physical exami-
nations such as serum level of carcinoembry-
onic antigen, chest X-ray every 3 months, 
abdominal and pelvic CT or MRI every 3 months, 
and colonoscopy within every 6 months after 
treatment. DFS and OS in these patients were 
also evaluated.

Statistical analysis

The association between status of TP and HIF-
1α and clinicopathologic parameters (age, gen-
der, cT, cN, differentiation, and distance from 
anal verge et al.) was accessed by using X2-test. 
To determine the ability of clinic-pathological 

Table 1. Correlations between clinicopathological parameters and TP status, and HIF-1α status in 
patients with stage II/III rectal cancer
Clinicopathological parameters N TP status P-value HIF-1α status P-value

Positive (n) Negative (n) Positive (n) Negative (n)
Age (years)
    > 60 78 37 41 0.17 40 38 0.67
    ≤ 60 102 59 43 49 53
Gender
    Male 98 49 49 0.33 47 51 0.66
    Female 82 47 35 42 40
Histology
    Differentiated 85 47 38 0.62 45 40 0.38
    Undifferentiated 95 49 46 44 51
Distance from anal verge
    > 6 cm 108 59 49 0.67 52 56 0.67
    ≤ 6 cm 72 37 35 37 35
CT stage
    3 101 57 44 0.35 46 55 0.24
    4 79 39 40 43 36
CN stage
    Positive 87 43 44 0.31 43 44 0.15
    Negative 93 53 40 56 37
AJCC stage
    II 93 47 46 0.44 47 46 0.76
    III 87 49 38 42 45
Note: TP, thymidine phosphorylase; HIF-1α, hypoxia-inducible factor 1-α; AJCC, American Joint Committee on Cancer.
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parameters to predict downstaging and good 
histo-pathological tumor response to XELO- 
XART, the X2-test was also used. The impact of 
the TP, and HIF-1α on DFS and OS was deter-
mined using the Kaplan-Meier method. All sta-
tistical analysis was performed with the 
Statistical Package for the Social Sciences, ver-
sion 16.0 (SPSS 16.0), with a P < 0.05 consid-
ered to be significant.

Results

The characteristic of the 180 patients were 
listed in Table 1. Overall, there were 98 male 
and 82 female involved in this study. Seventy 
eight of the patients were more than 60 years 
old, the rest of them were younger than 60 

years. Ninety-three patients were clinically 
assessed as stage II, and 87 patients were clin-
ically assessed as stage III. One hundred and 
eight tumors were localized in more than 6 cm 
above the anal verge with rest of which local-
ized in lower 6 cm above the anal verge. Eighty-
five of the histological tumors were differenti-
ated, and 95 of which were undifferentiated. 

The IHC results revealed that the rectal cancer 
patients who had positive expression status of 
TP, and HIF-1α were 53.33% (96/180), and 
49.44% (89/180), respectively. The rest of the 
patients had negative expression status of TP 
and HIF-1α. The TP, and HIF-1α expression pat-
tern and clinic-pathological factors were listed 
in Table 1. The expression pattern of TP and 

Table 2. Correlations between clinicopathological parameters and tumor response in patients with 
stage II/III rectal cancer
Clinicopathological parameters N TNM P-value TRG P-value

Downstag-
ing (n)

Non-down-
staging (n)

Good  
response (n)

Poor  
response (n)

Age (years)
    > 60 78 41 37 0.76 34 44 0.64
    ≤ 60 102 56 46 48 54
Gender 
    Male 98 53 45 0.96 47 51 0.48
    Female 82 44 38 35 47
Histology
    Differentiated 85 48 37 0.51 37 48 0.61
    Undifferentiated 95 49 46 45 50
Distance from anal verge
    > 6 cm 108 61 47 0.39 48 60 0.71
    ≤ 6 cm 72 36 36 34 38
CT stage
    3 101 57 44 0.44 49 52 0.37
    4 79 40 39 33 46
CN stage
    Positive 87 47 40 0.68 37 50 0.43
    Negative 93 50 43 45 48
AJCC stage
    II 93 52 41 0.57 44 49 0.63
    III 87 45 42 38 49
TP status
    Positive 96 59 37 < 0.05 51 45 < 0.05
    Negative 84 38 46 31 53
HIF-1α status
    Positive 89 32 67 < 0.05 26 63 < 0.05
    Negative 91 65 26 57 24
Note: TP, thymidine phosphorylase; HIF-1α, hypoxia-inducible factor 1-α; AJCC, American Joint Committee on Cancer; TRG, 
tumor regression grade. 
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HIF-1α were not associated with age, gender, 
tumor location, histology, distance from anal 
verge, CT stage, CN stage and American Joint 
Committee on Cancer (AJCC) stage (P > 0.05).

According to the histopathological TRG system, 
there were 82 (45.56%) patients with good 
response (TRG 3-4) and 98 (54.44%) patients 
with poor response (TRG 0-2). The association 
between tumor response and clinicopathologi-
cal parameters was listed in Table 2. The tumor 
response was not associated with age, gender, 

resected rectal cancers; however, NACR may 
not represent the best treatment for all 
patients, but only for a subgroup of them. 
Therefore, it would be highly desirable to iden-
tify patients responsive to this therapy. In this 
study, we evaluated the usefulness of TP and 
HIF-1α expression as molecular biological 
markers for predicting the effectiveness of 
definitive NACR in these patients. We thought 
that expression of TP and HIF-1α, as IHC mark-
ers, might contribute to the effective prediction 
of NACR effects on these rectal cancer patients. 

Figure 1. DFS according to positive expression of TP and negative expression 
of TP.

Figure 2. OS according to positive expression of TP and negative expression 
of TP.

tumor location, histology, dis-
tance from anal verge, CT 
stage, CN stage, and AJCC 
stage (P > 0.05), but was 
association with pretreament 
status of TP and HIF-1α (P < 
0.05).

The follow-up end up at May 
31, 2015, eight patients were 
lost follow-up, remaining the 
172 patients for evaluating 
the DFS and OS. In the whole 
group of these patients, one 
hundred and twenty-one 
patients were alive (70.35%), 
the rest of them were died of 
disease recurrence and meta- 
stasis. The mean disease-
free survival (DFS) was 52.8 ± 
21.44 months and the mean 
survival was 57.19 ± 18.00 
months. The 5-year DFS of 96 
patients with TP positive sta-
tus was significantly longer 
than that of 84 patients with 
TP negative status (P < 0.05) 
(Figure 1). In the total study 
population, TP-positive pati- 
ents had significantly better 
OS as compared with TP- 
negative patients (P < 0.05) 
(Figure 2). Compared with 
HIF-1α positive expression 
group, the patients with HIF-
1α negative expression had 
longer statistically significant 
DFS and OS (P < 0.05, Figures 
3 and 4).

Discussion 

NACR confers a survival ben-
efit to patients with radically 
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Our conclusion is that it is possible to predict a 
non-responder to preoperative NACR (XELO- 
XART regimen) by the IHC assessment of TP 
and HIF-1α in biopsy specimens. In fact, posi-
tive expression of TP and negative expression 
of HIF-1α were positively correlated with thera-
peutic effects.

TP is the enzyme responsible for conversion of 
FU to its active metabolite fluorodeoxyuri-
dinemonophosphate [32]. TP was also proved 
to be an angiogenesis-promoting factor with a 

to determine whether TP expression can be 
used to predict clinical outcome in patients 
treated with neoadjuvant therapy.

Solid tumors, such as colorectal cancer, have 
extensive areas of hypoxia and necrosis, which 
worsen a patient’s prognosis because necrosis 
and hypoxia promote a more malignant pheno-
type, and hypoxic cells are resistant to chemo 
and radiotherapy [38]. HIF-1α is an important 
mediator of hypoxia‑induced radioresistance, 
and studies have demonstrated that cell lines 

Figure 3. DFS according to positive expression of HIF-1α and negative ex-
pression of HIF-1α.

Figure 4. OS according to positive expression of HIF-1α and negative expres-
sion of HIF-1α.

similar structure to that of 
platelet-derived endothelial 
cell growth factor (PD-ECGF) 
and played an important role 
in angiogenesis and extracel-
lular matrix remodeling and 
then can stimulate tumor 
growth and metastasis [17, 
33]. Thus, TP may play a dual 
role in cancer development 
and responding to fluorouracil 
based chemotherapy [32]. 
Meropol et al. revealed that 
TP gene expression in primary 
colorectal cancer was associ-
ated with response to cape- 
citabineplusirinotecan [34]; 
Nishimura et al. also showed 
that high TP levels were asso-
ciated with a better outcome 
in patients with radically 
resected CRC treated with 
oral fluoropyrimidines [35].
Our study was consisted with 
these reports (Table 2). 
However, inconsistent results 
were also presented [36, 37]. 
This discrepancy between 
these studies may be due to 
the different in tumor down-
staging and the tumor regres-
sion grade system in those 
studies. Other uncontrolled or 
unmeasured factors in those 
studies, such as the different 
in sample size, and the neo-
adjuvant therapy regimen, 
might also contributed to this 
discrepancy result. Additional 
large scale, prospective stud-
ies which include standard-
ized, well-validated assay 
methodology will be required 
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with impaired HIF-1α activation ability are more 
sensitive to radiotherapy compared with cells 
with intact HIF-1α activation ability [39]. Pre- 
vious some studies have shown a possible neg-
ative predictive and prognostic value of HIF-1α 
in rectal cancer patients treated with preopera-
tive chemoradiotherapy [40, 41], but others 
has addressed the question of the role of HIF-
1α as a predictive marker in this preoperative 
treatment [42, 43]. Our study showed that pre-
operative HIF-1α low expression was associat-
ed with the pathologic response and outcomes 
in clinical stage II/III rectal cancer patients 
treated with neoadjuvant chemoradiation ther-
apy. These discrepancy results might also due 
to the non-uniform in tumor down-staging and 
tumor regression system in these studies, and 
other unmeasured factors in those studies, 
such as the different in sample size, the experi-
mental method. For example, the studies by 
Lee-Kong et al. and Havelund et al. which did 
not considered HIF-1α as a predictive marker 
[40, 41], the HIF-1α expression was measured 
by using IHC, but in others which presented the 
inconsistent result [42, 43], HIF-1α expression 
was measured by using reverse transcription-
polymerase chain reaction. Additionally, the 
HIF-1α gene polymorphisms may affect the 
result of its predictive role of treatment 
response of adjuvant chemotherapy [42, 43]. 
All of these might be the reasons which respon-
sible for these inconsistent results.

In summary, we found that the TP overexpres-
sion or HIF-1α low expression can enable us to 
distinguish the patients who show a robust 
tumor response to chemoradiotherapy and 
might obtain a better DFS and OS. 

There are a number of limitations to our study 
that warrant consideration. First, this is a retro-
spective analysis which was conducted in a 
single institute with not large enough samples. 
Second, the TP and HIF-1α expression were 
evaluated based on protein expression levels, 
not on genetic levels, which means the results 
do not reflect molecular changes in cancer cells 
on a genetic level. Third, some uncontrolled or 
unmeasured factors, such as non-uniform in 
tumor down-staging and tumor regression sys-
tem, different in sample size and neoadjuvant 
therapy regimen, might potential produce bias. 
Perchance the inconsistent results between 
our study and a portion of previous reports 
might be due to these factors, therefore, addi-

tional prospective studies will be required to 
determine whether TP and HIF-1α expression 
can be used to predict clinical outcome in 
patients treated with XELOXART regimen. Such 
studies must include standardized, well-validat-
ed assay methodology, and the sample size 
must be sufficient to achieve adequate statisti-
cal power for specific biomarker end points.

In conclusion, our result suggested that pre-
treatment status of TP and HIF-1α were found 
to predict pathologic response and outcomes 
in clinical stage II/III rectal cancer received 
XELOXART. Additional well-designed, large sam-
ple, multicenter, prospective studies are need-
ed to confirm the result of this study.
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