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Potential predictive factors for pathologic complete response
after the neoadjuvant treatment of rectal adenocarcinoma: a
single center experience
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ABSTRACT Objective: To assess the response rate of patients with rectal adenocarcinoma to neoadjuvant therapy and to identify the predictors
of histological regression after neoadjuvant radiotherapy (RT) or concurrent chemoradiotherapy (CCRT).
Methods: This study recruited 64 patients. The patients had resectable cancer of the lower and the middle rectum (T3/T4 and/or
N+) without distant metastasis and received neoadjuvant RT or CCRT followed by radical surgery with total mesorectal excision
(TME) between January 2006 and December 2011. The patients were classified into non-response (NR), partial response (PR), and
pathologic complete response (pCR) based on the Dworak tumor regression grading system.
Results: The median age of patients was 57 years (ranging from 22 to 85). A total of 24 patients were treated with neoadjuvant
CCRT, whereas 40 patients were treated with RT alone. Abdominoperineal resection (APR) was performed on 29 patients (45%).
Anterior resection with TME was performed on 34 patients (53%). One patient had local resection. Histologically, 12 (19%), 24
(73%), and 28 (44%) patients exhibited pCR, PR, and NR, respectively. Univariate analysis revealed that the predictors of tumor
regression were as follows: the absence of lymph node involvement from initial imaging (cN0) (P=0.021); normal initial
carcinoembryonic antigen (CEA) level (P=0.01); hemoglobin level >12 g/dl (P=0.009); CCRT (P=0.021); and tumor downstaging
in imaging (P=0.001). Multivariate analysis showed that the main predictors of pCR were CT combined with neoadjuvant RT, cNO
stage, and tumor regression on imaging.
Conclusions: Identifying the predictors of pCR following neoadjuvant therapy aids the selection of responsive patients for non-
aggressive surgical treatment and possible surveillance.
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Introduction have helped improve the prognosis of rectal cancer patients*.
Furthermore, the recurrence of rectal cancer has been
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intensifies these positive effects and allows successful tumor
downstaging®!10. Compared with surgical resection alone or
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rate of sphincter conservation'!. The response to neoadjuvant
CCRT varies among different individuals. Most patients
respond to neoadjuvant CCRT, and approximately 20% of
patients achieve a pathologic complete response (pCR).
Thus, they lack any viable tumor cells in the final surgical
specimen'?. Tumor response to radiochemotherapy is the
main reason behind the development of novel surgical
strategies for managing patients classified as good responders
to neoadjuvant treatment. Therefore, certain cases only
receive minimally invasive surgical procedures, such as anal
sphincter conservation and local resection, or even only
surveillance!3. Given that patients with pCR have a better
prognosis, and the treatment strategy for these patients may
differ from that for patients without pCR, the ability to
predict response to neoadjuvant CCRT is of great clinical
importance. In addition, patients with pCR have a better
long-term outcomes than those without pCR>. Certain
retrospective studies have identified some clinical factors that
are predictors of tumor response to preoperative CCRT,
including tumor size and carcinoembryonic antigen (CEA)
level'. However, these studies were limited by the small
sample sizes of patients with pCR. Consequently, predicting
pCR after neoadjuvant CCRT for rectal cancer patients
remains a great challenge for clinicians. Therefore, this
retrospective study was designed with the aim to evaluate the
clinical and pathological responses of patients with rectal
cancer to neoadjuvant treatments. In addition, this study
aimed to help identify the potential predictive factors for
pCR after neoadjuvant treatment in patients with locally
advanced, middle, and low rectal cancer.

Patients and methods
Patient selection

This study was performed at Salah Azaiz Cancer Institute.
Data were collected for 64 rectal cancer patients who were
referred to the institution from 2006 to 2011 for preoperative
chemotherapy. All patients had histologically confirmed
rectal adenocarcinoma. All patients underwent MRI at initial
staging and after neoadjuvant treatment. Only patients with
T3 or T4 stage, with or without lymph node involvement and
without distant metastases were eligible. All patients received
neoadjuvant radiotherapy with or without chemotherapy
followed by surgery. Patients were excluded if they had
distant metastasis. Resected specimens were subjected to
histological examination, and histological response was
defined in accordance with Dworak classification. In this
study, 3 groups of patients were categorized on the basis of
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histological response: complete response group (grade 4),
partial response group (grades 1, 2, and 3), and no response
group (grade 0). This study was approved by the ethics
committee of Salah Azaiz Cancer Institute.

Treatments

All of the patients received conventional radiotherapy with a
mean total dose of 45 Gy (ranging from 44 to 46 Gy). Of
these patients, only 37% (n=24) had chemotherapy-
associated radiotherapy. The patients received 5-fluorouracil
(5FU)-based chemotherapy orally or via continuous
infusion. Xeloda was administered 5 days a week for 5 weeks.
LV5FU2 associated with 5FU and folinic acid was
administered via continuous infusion for 46 h every 15 days
during radiotherapy. The first cycle of FUFOL was
administered from days 1 to 5 during the first week of
radiotherapy. The second cycle of FUFOL was administered
from days 29 to 33 during the fifth week of radiotherapy.
Finally, FOLFOX 4 was administered via continuous infusion
with LV5FU2 for 2 hours every 15 days during radiotherapy.
Patients received surgical treatment 6 to 8 weeks after
neoadjuvant treatment. Surgical intervention consisted of

low anterior resection surgery or abdominoperineal resection

surgery.
Statistical analysis

Univariate analysis was performed using Fisher’s exact test.
Survival curves were constructed using Kaplan-Meier
methods. Survival analysis was performed with the log rank
test. Factors with significant prognostic values were evaluated
using the multivariate Cox regression model to explore the
independent effects of potential predictors on pCR rate. A
P<0.05 was considered statistically significant. All analyses
were performed using IBM SPSS ver. 20.0 (IBM, Armonk,
NY, USA). The predictive factors studied in the univariate
analysis were age, sex, TNM stage, differentiation, nodal
involvement, CEA level, hemoglobin level, lymphocyte level,
and the association of chemotherapy with radiotherapy.

Results

The median age of the patients was 57 years (ranging from 22
to 85 years). The majority of rectal cancer patients was males
and represented 56% of cases. All patients exhibited good
performance status of 0 or 1. Of the patients, 48% had
moderately differentiated histology. The median initial CEA
concentration was 8.23 ng/dL (ranging from 1 ng/dL to 52
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ng/dL). The median initial Hb concentration was 11.7 g/dL
(ranging from 7.9 g/dL to 17.2 g/dL). Of the 64 patients, 14
patients had T2 stage, 38 had T3 stage, and 12 patients had
T4 stage tumors. The vast majority of patients (73%)
presented lymph node involvement. The characteristics of
the patients are summarized in Table 1.

A total of 24 patients (38%) received neoadjuvant CCRT,
whereas 62% patients received neoadjuvant radiotherapy

Table 1 Patient characteristics

Characteristics n=64 (%)
Age, years Median 57
(ranging from 22 to 85)

Gender

Male 36 (56)

Female 28 (44)
Differentiation

Well and moderately differentiated 33 (51)

Poorly and undifferentiated 31 (49)
Distance from anal verge (cm)

<5 36 (56)

6-10 28 (44)
Initial CEA level (ng/mL)

Median 8.23 (1-52)

<5 38 (60)

>5 26 (40)

Initial Hb level (g/dL)

Median 11.7 (7.9-17.2)
<12 33 (51)
212 31 (49)

Clinical stage
™ 14 (22)
T3, T4 50 (78)
Lymph node involvement
N- 17 (27)
N+ 47 (73)

Interval from neoadjuvant treatment
to operation (wk)

Median 8.8 (3-144)
<6 19 (29)
6-8 37 (58)

>8 8(13)
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alone. All the patients received a radiotherapy dose of 45 Gy.
The characteristics of neoadjuvant treatment are summarized
in Table 2. All of the patients underwent surgery: 1 patient
underwent local excision, 29 patients underwent Miles’
surgery, and 34 patients underwent lower and anterior
resection. Most of the patients underwent surgery with a
delay of 6 to 8 weeks after neoadjuvant treatment (37
patients). The postoperative pCR rate was 19% (n=2), and
the partial response rate was 56.3% (n=36). A total of four
patients who underwent abdominoperineal resection
exhibited pCR.

The univariate and multivariate analyses of predictive
factors for pCR are listed in Tables 3 and 4. In univariate
analyses, patients with well- or moderate-differentiated
histology had a higher, pCR rate than patients with poorly
differentiated or undifferentiated histology (P=0.01). An
interval of more than 8 weeks between neoadjuvant
treatment and surgery was not a significant predictive factor
(P=0.294) of pCR. pCR rate was higher in males (22%) than
in females (14%). An initial CEA concentration of <5.0
ng/mL was associated with a higher pCR rate (31% vs. 0%;
P=0.01), and pCR rate was also higher in patients with T2
stage cancer (43%) than in patients with T3 (18%) or T4
(8%) stage cancers (P=0.031). The differences in pCR rates
between both genders and interval between surgery greater
than 8 weeks were marginally significant. Univariate analyses
revealed that initial Hb concentration and CEA level, absent
lymph node involvement (cNO), T stage, CCRT, and well- or
moderate-differentiated tumors were significantly associated
with pCR. In our series, 28 patients presented radiological
tumoral downstaging. ycT was significantly associated with
increased pCR (P<0.001, OR=24, 95% CI 20-29). Statistical
analysis, however, showed no association between ycN and
PCR (P=0.241, OR=0.556, 95% CI 0.464—1.512) (Table 5).

Variables with P<0.05 were investigated in multivariate
analysis. ¢cNO (P=0.03), neoadjuvant CCRT (P=0.01), and

Table 2 Characteristics of neoadjuvant treatment

Treatment n=64 (%)
Radiotherapy (45 Gy)

Concurrent chemoradiotherapy 24 (38)
Radiotherapy (45 Gy) 24
Chemotherapy

LV5FU2 13
Capecetabine 8
FOLFOX 2

FUFOL 1




330

Table 3 Univariate analysis of predictors for pathologic complete response

Letaief et al. pCR predictors for rectal cancer

pCR Partial response No response

Characteristics =12 %) =24 %) n=28 %) P

Total (n=64) 12 (19) 24 (37) 28 (44)

Gender
Female 4 (14) 12 (43) 12 (43) 0.632
Male 8(22) 12 (33) 16 (45)

Age, years
<40 3(21) 6 (43) 5 (36) 0.783
40-69 6 (16) 15 (40) 16 (44)
270 3(23) 3(23) 7 (54)

Distance from AV (cm)
<5 6 (17) 14 (39) 16 (44) 0.812
6-10 6 (21) 10 (36) 12 (43)

Differenciation
Well differentiated 6 (100) 0 0 0.001
MD* 6 (19) 13 (42) 12 (39)
Undifferenciated 0 11 (40) 16 (60)

Clinical T stage
T2 6 (43) 6 (43) 2(14) 0.031
T3 5(13) 14 (37) 17 (45)
T4 1(8) 4(33) 7 (58)

Lymph node involvment
N- 7 (42) 5(29) 5(29) 0.021
N+ 5(11) 19 (40) 23 (49)

Initial CEA (ng/mL) AC
<5 12 (31) 17 (48) 9(21) 0.01
>5 0 7 (27) 19 (73)

Radiological downstaging
Yes 1(4) 4 (14)(55) 23 (82)(14) 0.001
No 11 (31) 20 (55) 5(14)

Interval from neoadjuvant

treatment to operation (wk)
<8 9 (16) 21 (37) 26 (47) 0.294
>8 3(37) 3(37) 2(26)

Neoadjuvant treatment
RT 4 (10) 20 (50) 16 (40) 0.021
CCRT 8(33) 10 (42) 6 (25)

Initial Hb level (g/dL)
<12 1(8) 5(38) 7 (54) 0.009
212 7 (64) 3(27) 19

MD: moderately differentiated.

radiological tumor downstaging (P=0.02) were associated
with pCR. Initial CEA (P=0.5), tumor differentiation
(P=0.293), clinical T stage (P=0.329), and initial Hb level
(P=0.462) were not independent predictive markers of pCR

in multivariate analysis. Gastrointestinal (GI) diseases were
the most commonly observed complication after neoa-
djuvant treatment. A total of 16 patients had grade 1 GI

complications. Ten patients had grade 2 GI complications,
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Table 4 Multivariate analysis of predictors for pathologic complete response

Univariate analysis
Characteristics

Multivariate analysis

P OR 95% (I P OR 95% (I
-cNO 0.021 0.329 0.190-0.572 0.03 0.695 0.430-0.960
-Initial CEA level 0.01 0.877 0.500-1.537 0.5 0.720 0.416-1.248
-CCRT 0.021 0.558 0.497-0.626 0.01 4.268 0.100-19.918
-RTDS* 0.001 0.600 0.543-0.663 0.02 0.585 0.430-0.960
Tumor differentiation 0.001 0.809 0.329-1.990 0.293 0.810 0.548-1.199
Clinical T stage 0.031 1.67 0.518-5.432 0.329 0.767 0.450-1.306
Initial Hb level 0.009 0.585 0.268-1.279 0.462 0914 0.718-1.162

RTDS=radilogical tumoral downstaging.

Table 5 Clinical significance of ycT staging and ycN staging to
pCR in patients with downstaging effect

Total pCR Partial response No response
(n=28) n=1 n=4 n=23
ycT 0.001
0 1 1 0
1 0 2 6
2 0 1 8
3 0 0 9
ycN 0.241
0 1 2 0
1 0 1 12
2 0 1 11

which required pharmacotherapy. Six patients had grade 1
genitourinary (GU) complications. Three patients had grade

2 GU complications. No grades 3 or 4 complications were

observed. Most of the patients tolerated surgical treatment.

Two patients had grade 2 GI complications, including bowel
obstruction, that required supportive management. No

grades 3 or 4 complications occurred after surgery.
Discussion

A regional disparity in the worldwide incidence of rectal
cancer has been reported. According to the International
Agency for Research on Cancer (IARC), colorectal cancer is
the third most frequently diagnosed cancer in men (9.4%)
and the second most frequently diagnosed cancer in women
(10%). Furthermore, the rates of colorectal cancer in

developed countries (60% of cases) are higher than those in

other countries'. According to the North Tunisia Cancer
Registry 2004/2006, rectal cancer represents 39.3% of the
diagnosed colorectal cancers in Tunisial®. From 1994 to 2006,
the incidence of rectal cancer decreased considerably in men
of 4%,
Adenocarcinoma remains by far the most frequently

with a reported annual augmentation
diagnosed histological type of rectal cancer, representing 83%
and 84% of rectal tumors diagnosed in men and women,
respectively!>.

During the last two decades, the management of locally
advanced rectal cancer has shown considerable progress due
to three major revolutions in treatment strategies: TME,
neoadjuvant radiotherapy, and neoadjuvant chemotherapy.
These treatment methods have improved the local control of
the disease and thus increased patients’ overall survival. In
fact, before the development of TME and the emergence of
neoadjuvant treatments, the recurrence rate of rectal cancer
ranged from 20% to 30%!'°. In this study, 19% of cases
presented pCR, as identified on the basis of Dworak
classification!’. A partial response was observed in 27% of
cases. According to many publications, low-lying rectal
cancer is associated with poor prognosis, which could explain
the poor histological response associated with this
localization. Das et al.!8 conducted a study with 562 patients
who received neoadjuvant radiochemotherapy for non-
metastatic rectal adenocarcinoma. Multivariate analysis
revealed that a 5 cm distance from the AV superior is
significantly associated with poor histological response
(P=0.035)18, However, in our series, distance from the AV
was unassociated with pCR. We also found that pCR rate was
significantly higher in patients with well-differentiated
tumors and in the T2 stage; these results corresponded with
those reported in the literature!®.

We also investigated the predictive value of biological
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markers. Univariate analyses showed that an initial CEA
concentration of <5 ng/mL was significantly associated with
pCR (P=0.010). Related studies have reported that an initial
CEA concentration of <5 ng/mL before neoadjuvant radio-
chemotherapy is a significant independent predictive factor
of pCR!8-20, Park et al.?! reported that initial CEA con-
centration is associated with histological response, and that
higher initial CEA concentrations are associated with higher
risks of poor histological response [CEA (ng/mL) <3: 36.4%
of tumor regression/CEA 3-6 ng/mL: 23.6% of tumor
regression/CEA 6-9 ng/mL: 15.6% of tumor regression and
CEA >9 ng/mL: 7.8% of tumor regression (P=0.001)].
Although Choi et al.!¢ reported that an initial hemoglobin
lever greater than 12 g/dL is predictive of histological
response, we did not find that hemoglobin level is predictive
of histological response in multivariate analysis. We also
demonstrated that ¢cNO in rectal cancer patients was
associated with high rates of pCR in univariate (P=0.021) and
multivariate analyses (P=0.03). In previous studies, both
Yoon et al.!? and Choi et al.!® identified that cNO as an
independent predictive factor of pCR and that the use of
TME decreased the recurrence rate in rectal cancer patients
(<10%)1°.

Neoadjuvant radiotherapy decreases the two-year
recurrence rate (2% recurrence rate for the neoadjuvant
radiotherapy group)?2. In addition, combining neoadjuvant
chemotherapy and radiotherapy increases pCR rate and
decreases local recurrence compared with the neoadjuvant
radiotherapy alone but does not affect overall survival and
disease-free survival®10.23.24 In this study, the recruited
patients received a 5FU-based neoadjuvant chemotherapy
regimen®. Furthermore, certain studies have indicated that
the combination of oxaliplatin with 5FU is not superior to
5FU alone, is not well tolerated, and is associated with
increased toxicity grades of 3 to 42°. Another attractive
treatment strategy for patients with advanced rectal cancer is
neoadjuvant chemotherapy followed by chemoradiation.
Numerous clinical trials have reported a favorable outcome,
such as higher pCR rate, higher progression, and disease-free
survival along with a better overall survival among included
patients?¢-30. PRODIGE 23 is an ongoing phase 3 trial
evaluating the benefits of neoadjuvant chemotherapy with
FOLFIRINOX and preoperative chemoradiotherapy
compared with preoperative chemoradiotherapy alone in
patients with resectable, locally advanced rectal cancer. The
primary outcome of this trial is expected by next year
(NCT01804790). Similarly, the preliminary results of the
completed phase 2 trial of COPERNICUS in the UK reported
the promising efficacy of 4 cycles of neoadjuvant oxaliplatin
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and fluorouracil followed by short-course preoperative
radiotherapy and immediate surgery for resectable rectal
cancer (NCT01263171)3L,

Another reported predictive factor for pCR is the delay
between neoadjuvant treatment and surgery. Usually, surgery
is performed six to eight weeks after neoadjuvant
chemoradiotherapy with a mean rate of pCR of 12%. In the
GRECCAR-6 trial, the treatment response of 264 patients
with T3-T4 NO or Tx N+ adenocarcinoma of the mid/lower
rectum after neoadjuvant radiochemotherapy is evaluated.
The results showed that waiting 11 weeks after CCRT does
not increase the rate of pCR after surgical resection. A longer
waiting period may be associated with higher morbidity and
more difficult surgical resection®2. In the present study, the
patients received surgical treatment after a median delay of
8.8 weeks after neoadjuvant treatment; however, the surgical

treatment was not predictive of pCR.
Conclusions

We investigated the potential predictive factors for the pCR
of rectal cancer in 64 patients who underwent neoadjuvant
treatment followed by surgery. cNO, CCRT rather than
radiotherapy alone, and radiological tumor downstaging are
independent predictive factors for pCR in this cohort of
patients. However, this study was limited by the small cohort
size and its retrospective design. The identification of
potential predictors for pCR will aid the selection of patients
who will achieve pCR. Patients with non-response factors
may receive local treatment instead of surgical intervention
or to opt out of radical surgery. Further randomized studies
for the identification of other potential predictive factors of
pCR, including biological markers in rectal cancer, are
warranted.
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