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Summary

Elucidating the dynamic of
pathway activation after
treatment could help to
identify rectal cancer
patients who will benefit
from preoperative and

Purpose: Management of locally advanced rectal cancer (RC) consists of neoadjuvant chemor-
adiotherapy (CRT) with fluoropyrimidines, followed by total mesorectal excision. We sought to
evaluate the expression of selected genes, some of which were derived from a previous undi-
rected SAGE (serial analysis of gene expression)-based approach, before and after CRT, to iden-
tify mechanisms of resistance.
Methods: This retrospective cohort study included 129 consecutive patients. Quantitative poly-
merase chain reaction of 53 candidate genes was performed on the biopsy specimen before treat-
ment and on the surgical specimen after CRT. A paired-samples t test was performed to
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postoperative treatment. We
present the dynamic expres-
sion of 53 genes, before and
after preoperative chemo-
radiotherapy, in a series of
129 consecutive patients. We
show that upregulation of
TFF3 is associated with
a higher risk of relapse,
pointing to TFF3 as a novel
prognostic marker and
a candidate therapeutic
target.

determine genes that were significantly changed after CRT. The result was correlated with
patients’ disease-free survival.
Results: Twenty-two genes were significantly upregulated, and two were significantly downre-
gulated. Several of the upregulated genes have roles in cell cycle control; these include
CCNB1IP1, RCC1, EEF2, CDKN1, TFF3, and BCL2. The upregulation of TFF3 was associated
with worse disease-free survival on multivariate analyses (hazard ratio, 2.64; PZ.027). Patients
whose surgical specimens immunohistochemically showed secretion of TFF3 into the lumen of
the tumoral microglands had a higher risk of relapse (hazard ratio, 2.51; PZ.014). In vitro
experiments showed that DLD-1 cells stably transfected with TFF3 were significantly less sensi-
tive to 5-fluorouracil and showed upregulation of genes involved in the transcriptional
machinery and in resistance to apoptosis.
Conclusion: Upregulation of TFF3 after CRT for RC is associated with a higher risk of relapse.
The physiological role of TFF3 in restoring the mucosa during CRT could be interfering with
treatment efficacy. Our results could reveal not only a novel RC prognostic marker but also
a therapeutic target. � 2012 Elsevier Inc.

Keywords: TFF3, Rectal cancer, Neoadjuvant treatment, Response prediction, Prognosis

Introduction

Colorectal carcinoma is one of the leading causes of cancer
death worldwide, and rectal cancer (RC) accounts for 30%-
35% of these cases (1). Approximately half of all RC cases
are diagnosed in stage II or III, in which preoperative che-
moradiotherapy (CRT), followed by total mesorectal excision,
is currently the most accepted treatment. Preoperative CRT
improves local control and reduces toxicity (2, 3) compared
with postoperative CRT, but its impact on the patient’s
survival is unclear (4). Importantly, despite this treatment,
distant metastases develop in one-third of patients (5). In
addition, the local tumor response is highly variable, with
10%-15% of patients achieving a complete pathologic
response and 15%-20% having no tumor response (2). Thus,
there is an overwhelming need for new strategies that can
overcome resistance to CRT and allow better customized
therapy.

The reason for this variability in response is unknown. The
variability could be partly explained by differences in the
genetic background of the tumor and by the mechanisms of
resistance acquired during treatment (6). A number of gene
expression profiles obtained from pretreatment biopsy speci-
mens have been developed with the aim of better identifying
patients who are more likely to respond to the preoperative
CRT (7-9). Although these models provide a valuable tool for
selecting candidate patients for neoadjuvant treatment, they are
not able to explain the molecular changes occurring within the
tumor that might be responsible for treatment resistance. To
this end, identifying RC markers that are altered in response to
CRT could reveal new drivers of resistance and could provide
tantalizing therapeutic targets to develop complementary treat-
ments. We had previously conducted a small pilot study that
dynamically evaluated the RC transcriptome by serial analysis
of gene expression (SAGE) and found a small group of genes
that are commonly regulated in patients who are refractory to
CRT (10).

We sought to evaluate the differential expression of selected
genes before and after CRT and to evaluate the impact of these
changes in expression on patient prognosis, to identify potential

mechanisms of resistance to CRT, as well as novel therapeutic
targets.

Methods

Patients

One hundred twenty-nine patients with RC were included in this
study. Both pre-treatment biopsies and surgical specimens were
histologically confirmed to be colorectal adenocarcinomas. Values
for various clinical and pathological variables were retrospectively
obtained from a database of information on patients treated with
neoadjuvant chemoradiotherapy (CRT) for rectal cancer at Hospital
Universitario La Paz in Madrid and Hospital Clinic of Barcelona
(108 and 21 patients, respectively). All patients underwent flexible
endoscopy with rectal biopsy and magnetic resonance imaging
(MRI) and/or endoscopic ultrasound for clinical staging. A chest
radiograph was obtained and abdominal and pelvic computed
tomography was performed to exclude TNM stage IV tumors.
Patients with clinical stage II or III disease were considered eligible
for this study. In 7 cases with low rectal stage I disease, neoadjuvant
CRTwas given to avoid abdominoperineal amputation. All patients
received concurrent CRT before surgery. Radiotherapy was
uniform across all of the patients and consisted of 45 Gy followed
by a boost of 5 Gy to the gross tumor volume and the mesorectum.
Concurrent chemotherapy consisted mainly of fluoropyrimidines
(5-fluorouracil [5-FU], Tegafur-Uracil (UFT)-leucovorin, and
capecitabine) or oxaliplatin-based chemotherapy (raltitrexed-oxa-
liplatin or oxaliplatin-capecitabine). Surgery was performed 6-8
weeks after the completion of radiotherapy, and total mesorectal
excision was routinely performed. Tumor regression grade (TRG)
was assessed according to Dworak et al (11). Follow-up examina-
tions were performed according to the National Comprehensive
Cancer Network guidelines. Disease-free survival (DFS) was
defined as the time from diagnosis to the first evidence of disease
recurrence, either locally or as metastases. Overall survival (OS)
was defined as the time from diagnosis to death or last follow-up.

A flowchart of patients is shown in Fig. E1 (supplementary
material).
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