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Background. Complete resection and postoperative treatment for lower
advanced rectal cancer is problematic. Clearance of the tumor lesion pre-
sents a considerable challenge due to the difficult approachability, and
thus the postoperative recurrence of the disease is relatively high. Neo-
adjuvant concurrent chemo-radiotherapy (CCRT)), first described in 1990’s,
results in local control with a high percentage of RO resection and patho-
logic response rate with comparable results in our previous study.! We
compared Oxaliplatin-based CCRT with 5-FU alone CCRT and found the
1mpr0ved disease-free and overall survival in patients with stage III rectal
cancer.* However, the duration of follow-up was short and the study
population was small so in the current study we extended our previous
research by collecting more patients’ data, including a previous CCRT
trial, and evaluated the advantages of Oxaliplatin-based CCRT versus the
5-FU CCRT over a one-year period.

Methods. From January 2004 to December 2009, (including our prev10us
Oxlipaltin CCRT trial from January 2008 to December 2009, 19 cases),’
24 patients with locally advanced lower rectal cancer receiving Oxali-
platin-based neoadjuvant CCRT were enrolled for study group. From Jan-
uary 2005 to December 2009, 72 patients with locally advanced rectal
cancer receiving 5-FU alone neoadjuvant CCRT were enrolled and com-
prised the control group. Factors including circumferential margin and
pathologic response rate were evaluated.

Results. In the study group, the pathologic response rate was 95.6%, com-
plete response rate was 39.1% and partial response rate was 56.5%. The
Oxaliplatin group had a better pathologic response rate versus the 5-FU
alone group (95.6% vs. 84.2%, p < 0.0001) with far superior results in
complete pathologic response (39.1% vs. 7.0%) and a slightly improved
circumferential margin rate (RO resection 95.7% vs. 91.1%, p = 0.857).
The Oxaliplatin group had better sphincter-saving ratio (91.7% vs. 68.1%,
p = 0.044) and shorter stays (10.2 £ 4.9 vs.12.9 £ 9.0, p = 0.028). The
study group had a tendency of lower local recurrence rate (0% vs. 3%, p =
0.154) and a hiﬁher survival than the control group (100% vs. 92%, p =
0.395) at the 24" month, although no statistically significance is available
at the follow up timing.

Conclusion. Oxaliplatin-based neoadjuvant CCRT gives locally advanced
lower rectal cancer patients more favorable results including higher tumor
regression ratio, higher chance of sphincter-saving, shorter hospital stay
without increasing complications.
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C olorectal cancer is the most prevalent cancer in
Taiwan with high morbidity and mortality rates
in recent years. Advanced lower rectal cancer in par-
ticular is extremely problematic. Because of the ana-
tomical limitation, complete resection and clearance
of the lower rectal cancer is difficult, which leads to a
high postoperative local recurrence rate and thus a low
survival rate. Surgical therapy for lower rectal cancer
has evolved since Ernest Miles first described the
abdominoperineal resection in 1908.° By the 1920s,
the operation had reduced the recurrence rate from
almost 100% to approximately 30%,° thus ensuring
this technique became the gold standard at that time
while advocating extensive aggressive cancer therapy.
However, the extreme devastating operation might
lead to urinary, sexual, and gastrointestinal dysfunc-
tion which obviously affects patients’ quality of life.
Therefore, several modifications were attempted in
order to reduce the extent and degree of destruction
caused by the operation without sacrificing the local
control and clearance of the cancer.”® Anterior resec-
tion replaced abdominoperineal resection as the main-
stay of therapy, although adequate consideration of
circumferential margins and lymph node harvests
were often neglected by early reports in the 1950s. In
recent decades, improved suture material, including
devices enabling low anastomosis, led to a shift to-
ward sphincter-saving approaches with respect to can-
cer of the rectum. It was in this setting that total meso-
rectum excision (TME) was first described in 1982 by
Heald and his colleagues,® which achieved the goals
of preserving anus and sphincter, mostly complete
cancer clearance and a recurrence rate less than 10%."
This advancement largely improved the postoperative
quality of life of the diseased patients, and spared
them the necessity of a permanent colostomy. Neo-
adjuvant concurrent chemo-radiotherapy (CCRT),
which has been widely used in the last decade, pro-
vides local control for advanced rectal cancer at a
higher percentage of RO resection (margin clear under
microscopic examination) and a lower recurrence
rate.'" The addition of oxaliplatin to 5-FU/leucovorin
adjuvant therapy has been proposed because of the
evidence of improved disease-free survival and over-
all survival in patients with stage III colon cancer.>*
Moreover, some published papers'*"” have indicated

that the addition of Oxaliplatin or Irontecan (Campto)
into a pre-CCRT regimen might increase efficacy. In a
previous paper' we demonstrated that neoadjuvant
CCRT gave locally advanced lower rectal cancer pa-
tients more favorable results without increasing toxic-
ity or complications. In another previously published
study” we found that the use of Oxaliplatin-based
neoadjuvant CCRT for treatment of low rectum cancer
increased the chance of a higher percentage of patho-
logic response rate (including complete and partial re-
sponse) and a slight increase in RO resection rate with-
out increasing complications or toxicity, when com-
pared with 5-FU-based CCRT. However, the data
showing the advantage of adding Oxaliplatin CCRT to
5-FU-based CCRT were limited due to the short dura-
tion of the study period which was two years. In this
study, we hypothesised that addition of Oxaliplatin
CCRT could provide long-term advantages on both tu-
mor regression and local recurrence rate, with a longer
disease-free period and better overall survival when
compared with 5-FU-based CCRT so we extended the
duration of the investigation by including data from
patients treated prior to our previous study.

Method

From January 2004 to December 2009, data from
28 patients (including 19 cases from our previous
Oxlipaltin-based CCRT trial from January 2008 to
December 2009)? with locally advanced rectal cancer
(diagnosed as fixed low rectal tumor by digital rectal
exam or as T3-4 tumor by MRI/computer tomo-
graphy. However, there had 5 patients in study group
and 5 in control group who received preoperative
CCRT for sphincter saving purpose but no definitive
local advanced tumor.) receiving preoperative Oxali-
platin-based CCRT were collected and analyzed. Four
patients in this group refused radical operation for
personal reasons. Thus, some information, such as tu-
mor regression grade and resection margins were un-
available and they were excluded from this group.
From January 2005 to December 2009, §1 patients
with locally advanced rectal cancer (diagnosed as
fixed low rectal tumor by digital rectal exam or as
T3-4 tumor by MRI/computer tomography) receiving
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5-FU alone prior to CCRT were enrolled and com-
prised the control group.' In this group, 9 patients did
not receive radical operation and were excluded. The
general parameters, such as age, sex, preoperative
lymph node staging, were non-significantly different
between the two groups as can be seen in Table 1. The
Oxaliplatin-based neoadjuvant CCRT regimen for lo-
cally advanced lower rectal cancer in our hospital was
5-Fluorouracil 400 mg/M? plus leucovorin 20 mg/M?,
intravenously for one hour, on days 1-4 and 29-32, in
addition to Oxaliplatin 85 mg/M?, intravenously for
two hours, on days 1-15-29, concurrent with radio-
therapy (200 cGy per day, Monday to Friday for five
weeks). The 5-FU alone prior to CCRT for locally ad-
vanced rectal cancer in our hospital was 5-fluoro-
uracil 400 mg/M? plus leucovorin 20 mg/M? intrave-
nously for one hour, on days 1-4 and 29-32, concur-
rent with radiotherapy (200 cGy per day, Monday to
Friday, for five weeks). Pathologic regression grading
(PRG) was defined according to the tumor regression
grading system proposed by Dworak O et al. (1997),!”
as follows: Grade 0: no regression; Grade 1: dominant
tumor mass with obvious fibrosis and/or vasculo-
pathy; Grade 2: dominantly fibrotic changes with few
tumor cells or groups (easy to find); Grade 3: very few
(difficult to find microscopically) tumor cells in
fibrotic tissue with or without mucous substance;
Grade 4: no tumor cells, only fibrotic mass (total re-
gression or response). Tumor pathologic regression
grade 2-3 means partial pathologic response whereas
pathologic regression grade 4 means complete patho-
logic response.

Statistical analysis

All statistical analyses were performed using
SPSS 16.0 for Windows (SPSS Inc., Chicago, IL).
The Chi square test or Fisher’s exact test and Yate’s
correction of contingency were used for categorical
variables where appropriate. Mann-Whitney U test
was used for comparison of patients’ demographic
data, tumor data, and hospital stay. Survival curves
were estimated using Kaplan-Meier method. The sur-
vival curves were compared using log-rank test. A
two-tailed p-value of < 0.05 was considered statisti-
cally significant for all tests.

Results

The characteristics of patients in the Oxaliplatin-
based group and 5-FU alone group are shown in Table
1. The general parameters, such as age, gender, pre-
operative lymph node staging, and so on, of both
groups were significantly different.

In the Oxaliplatin-based group, 22 patients (91.7%)
received total mesorectum excision (TME) with/with-
out protective loop ileostomy and only two patients
(8.3%) received abdominoperineal resection (APR).
In the 5-FU alone group, 49 patients (68.1%) received
TME, 22 patients (30.6%) received APR, and one
patient (1.4%) received Hartmann’s operation. The
APR ratio in the Oxaliplatin-based group was lower
compared with that in the 5FU alone group (p =
0.073). However, there was a greater possibility of
laparoscopic operation and a higher percentage of
sphincter-saving resection in the study group com-
pared with the control group (Table 2).

As there was no description of tumor regression
grade in the earlier pathology report, regression grade
data were only available in 23 patients in the study
group and in 57 patients in the control group. How-
ever, the regression data shown in Table 2 still reveal
some interesting findings. In the study group, com-
plete pathologic response was noted in 9 patients (Re-
gression grade 4; 39.1%) and partial pathologic re-
sponse was noted in 13 patients (Regression grade

Table 1. Demographics

Radiosensitizer ~ Oxaliplatin (n =24) 5-FU (n=72) p-value
Mean Age (SD) 57.9 (10.2) 563 (14.5)  0.591°
Gender M/F 14/10 39/33 0.906°
DM 2 (8.3%) 9(12.5%) 0.725%
HTN 3 (12.5%) 15(20.8%)  0.548°
Smoking 3 (12.5%) 15(20.8%) 0.548°
Drinking 1 (4.2%) 4 (5.6%) 1.000°
CAD 0 4(5.6%)  0.569°
Pelvic LN% 3 (12.5%) 3(42%)  0.163
Mesorectal LN 3 (12.5%) 5 (6.9%) 0.408"
Pre-CCRT CEA 10.0 (16.7) 22.0 (25.8)  0.081°
Post-CCRT CEA 3.7(2.7) 78 (21.7) 0.785°

a. Fisher’s exact test; b. Mann-Whitney U test; c¢. Pearson Chi-
Square test; d. Yate’s correction of contingency.

%: presence of mesorectal lymph node metastasis on pre-CCRT
abdominal computed tomography.

&: Presence of pelic lymph node metastasis on pre-CCRT
abdominal computed tomography.
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Table 2. Procedures of radical excision after CCRT

Oxaliplatin 5-FU
m=24)  (@=72 PYae
TME 22 (91.7%) 49 (68.1%)
APR 2 (8.3%) 22 (30.6%) 0.073%
Hartmann’s procedure 0 1(1.4%)
Sphincter-saving 22 (91.7%) 49 (68.1%)  0.044°
Laparoscopy 21 (87.5%) 43 (59.7%) 0.024°

a. Pearson Chi-Square test; b. Yate’s correction of contingency.
TME = Total Mesorectum Excision.
APR = Abdominal Perineal Resection.

2-3; 56.5%) and only 1 patient was assigned to the
poor regression subgroup; overall pathologic response
rate was at least 95.6%. In the control group, complete
pathologic response was found in 4 patients (7%),
partial pathologic response in 44 patients (77.2%),
and no pathologic response was found in 9 patients
(15.8%), while overall pathologic response rate was
84.2%, as shown in Table 3. Data of circumferential
margin were only available in some cases; we defined
that no tumor cell presents within 1mm of circum-
ferential margin as RO resection. Twenty three pa-
tients in the study group had a circumferential margin
record and 22 patients (95.7%) reached RO resection
compared with 41 of 45 patients (91.1%) in the con-
trol group (p = 0.857) (Table 3).

Table 4 shows the postoperative pathologic stage
of T. In our earlier pathology report integrated tumor
staging was not recorded. Thus, only data from 48 pa-
tients in the control group, (i.e., those who had an inte-
grated tumor staging record) are shown in this table.
The table shows tumor shrinkage and the T down-
staging. In the study group, four patients with clinical
T4 stage tumor were down-staged to pT3 (100%). The

Table 3. Clinical features, histopathology features

same result was found in the control group; in four pa-
tients with clinical T4 tumor 3 were down-staged to
pT3 and one patient (100%) was down-staged to pT1.
In the study group, among the 15 patients with clinical
T3 stage tumor, six patients were down-staged to pT2,
one patient was down-staged to pT1, and three pa-
tients were down-staged to pTO (down-stage rate
66.7%). However, the percentage of patients who
were down-staged for clinical T3 tumor in the control
group was 33.3% (p = 0.035). Overall, 18 of 24 pa-
tients (75%) were down-staged in the study group
compared with 18 of 48 patients (37.5%), p = 0.006 in
the control group.

The postoperative hospital stay in the Oxliplatin-
based CCRT group was significantly shorter, 10.2 £
4.9 days compared with 12.9 £ 9.0 days (p = 0.028) in

Table 4.1. Tumor down-staging

Oxaliplatin (n = 24)
n pT4 pT3 pT2 pT1 pTO

5-Fu (n =48)
n pT4 pT3 pT2 pTl pTO

cT4 4 4 4 3 0 1

cT3 15 5.6 1 3 39 26 7 2 4
cT2 5 1 1 3 5 4 1

cTl 0O

Table 4.2. Ratio of tumor down-staging

Oxaliplatin 5-Fu p-value
cT4 4/4 (100%) 4/4 (100%) N/A
cT3 10/15 (66.7%) 13/39 (33.3%) 0.035°
cT2 4/5 (80%) 1/5 (20%) 0.206
cT1 0 0 N/A
Total 18/24 (75%) 18/48 (37.5%) 0.006"

a. Fisher’s exact test; b. Yate’s correction of contingency.
*in 5-Fu group, clinical staging and pathology staging was
available in only 48 of 81 cases. Thus, comparison of down-
staging was possible in 48 cases only.

Radiosensitizer Oxaliplatin (n = 24) 5-FU (n=72) p-value
Mean distance from anal verge (CM) (SD) 5.2(1.3) 5.0 (1.6) 0.596°
Regression grade available 23 57

Regression grade 4 9 (39.1%) 4 (7.0%) <0.001°
Regression grade 2-3 13 (56.5%) 44 (77.2%) ’
Regression grade 0-1 1 (4.3%) 9 (15.8%)

Pathology complete response (Regression grade 4) 9 (39.1%) 4 (7.0%) 0.001°
Distal cut end (cm) (SD) 24(1.2) 2.5(1.5) 0.973"
Margin available 23 45

Circumferential margin (mm) (SD) 6.6 (4.6) 7.7 (4.3) 0.391°
RO resection 22/23 (95.7%) 41/45 (91.1%) 0.851¢

a. Fisher’s exact test; b. Mann-Whitney U test; c. Pearson Chi-Square test; d. Yate’s correction of contingency.
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the 5-FU alone group. The postoperative morbidity
shown in Table 5 included wound infection, pelvic ab-
scess, postoperative ileus and anastomosis leakage.
There was no significant increase in morbidity in the
Oxaliplatin-based CCRT group. The toxicity of these
two groups is also shown in Table 5, which includes
skin toxicity, radiation colitis, and hematological ad-
verse effects. There were no significant differences
between these two groups.

The survival rates in the two groups are shown in
Figure 1. The Oxaliplatin-based CCRT group was fol-
lowed up for about 24 months and the survival rate in
this group was 100% compared with 92% in the 5-FU
alone group in the same follow up period (p = 0.395),
although this was not a statistically significant differ-
ence. Local recurrence rate in the Oxaliplatin-based
group was 0% at the 24™ month, and 3% in the 5-FU
alone group at the same time point and 9% at the 60™

month (p = 0.154). Although these values were not
statistically significant, there was a tendency for a lower
local recurrence rate in the study group (Figure 2).

Discussion

Incomplete resection of advanced lower rectal
cancer eventually results in local recurrence and
death. In order to improve recurrence and mortality
rates, Miles introduced the abdominoperineal resec-
tion in the early 1900s.° With evolving instruments, a
sphincter-saving procedure was later developed rectal
cancer. Heald’ developed total meso-rectal excision in
1982, which decreased the local recurrence rate to less
than 10%. Treatment options for locally advanced
rectal cancer remained a considerable challenge until
the early 1990s when neoadjuvant CCRT'*!* was de-

Table 5. Hospital stay, operative complications and toxicities of radiotherapy

Radiosensitizer Oxaliplatin + 5-FU (n = 24) 5-FU only (n = 72) p-value
Hospital stay (SD) 10.2 (4.9) 12.9 (9.0) 0.028°
Wound infection 0/24 4/72 (5.6%) 0.555°¢
Pelvic abscess 0/24 3/72 (4.2%) 0.735°¢
Post-op ileus 1/24 (4.2%) 4/72 (5.6%) 1.000°
Anastomosis leakage 1/22 (4.5%) 9/49 (18.4%) 0.158°
Perineal wound poor healing 0/2 1/22 (4.5%) 1.000°
Skin toxicity 1 (4.2%) 2 (2.8%) 1.000*
Radiation colitis 14 (58.3%) 38 (52.8%) 0.813¢
Hematology Adverse effect* 1 (4.2%) 14 (19.4%) 0.105*
a. Yate’s correction of contingency; b. Mann-Whitney U test; c. Fisher’s exact test; *: neutropenia > Gr III.
1.0 = ! DU%E 1.07
B R = +"-CCRT with 5-FU as radiosensitizer 72
9 % s ~FICCRT with 5-Fu + oxalplatin as radiosensitizer 24 p = 0,154
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Fig. 1. Cancer related survival.
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Fig. 2. Local recurrence rate.
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veloped, which offered the possibility of tumor
shrinking, and hence made curative resection possible
as described in our previous paper.! Ralf-dieter
Hofheinz.'S enrolled 19 patients who received Ce-
tuximab, Capecitabine, weekly Irinotecan and radio-
therapy as neoadjuvant therapy for rectal cancer. Of
the 19 patients, 18 underwent RO resection (94.7%)
and 1 underwent R1 resection. Nodal downstaging
was detected in 12 of 18 patients (66.7%) and T stage
was down-staged in 8 of 19 patients (42.1%). Com-
plete tumor regression was found in 5 and microfoci
(a few tumor cells scattered within fibrotic tissue)
were noted in 6 of the 19 patients, with complete tu-
mor regression in 26.3% of the patients, and partial tu-
mor regression in 31.6%.

Claus Rodel'® assessed 45 patients who received
Cetuximab, Capecitabine, Oxaliplatin and radiother-
apy as preoperative treatment for rectal cancer. Com-
plete pathologic response was achieved in 4 of 45 pa-
tients (9%). Seventeen patients (38%) showed good
tumor regression (< 50% of the tumor mass). Moder-
ate (n = 12), minimal (n = 10) and no tumor regres-
sion (n = 2) were noted in 24 patients (53%). Com-
paring the diagnostic workup stage with the patho-
logic stage, tumor down-staging with respect to the T
stage was observed in 21 of 45 patients (47%) and in
21 of 36 patients with respect to the N stage (58%).
Resection with negative circumferential margins at
the primary tumor site was achieved in 42 (93%) of
45 patients.

Due to the impressive results obtained in these
two trials, we added Oxaliplatin to our previous
CCRT regimen, seeking improved results. Our pre-
vious study compared Oxaliplatin and CCRT with
5-FU alone followed by CCRT. Then in the current
study we enrolled more patients in both groups in the
following year and included the data dating back to
2004 from the previous solitary clinical trial in order
to better determine the long-term effects.

In our series, 24 patients received Oxaliplatin in
addition to CCRT and 72 patients received 5-FU alone
followed by CCRT. The tumor regression rate of the
study group was 95.6%, compared with 84.2% in the
control group. Importantly, the regression grade 4 rate
increased in the study group up to 39.1%, compared
with 7.0% in the control group.

Regarding the operation procedure, the APR rate
in the study group was significantly lower than in the
control group (8.3% versus 30.6%), and the laparo-
scopic procedure rate was significantly higher than in
the control group (87.5% versus 59.7%). This implies
that the clinical down-staging of the local advanced
tumor led to a higher probability of sphincter preser-
vation and allowed for a less challenging operation. It
also likely accounted for the shorter hospital stay and
higher RO resection rate.

With respect to the long term survival and local
recurrence rate, although no statistical significance
was found between the two groups, the statistical
curves appeared to separate gradually. The survival
rate in the study group at the 24"™ month was 100%,
which was better than the rate of 92% found in the
control group, The local recurrence rate showed a
similar trend with a lower recurrence rate in the study
group than in the control group. This indicates that
the addition of Oxaliplatin resulted in better sur-
vival and lower local recurrence compared with the
5-FU alone group, although no statistical signifi-
cance was found. Comparing the two groups, Oxali-
patin group had better pathology response and down-
stage of the advanced lower rectal cancer, this may
account for better complete resection rate (RO re-
section). We know incomplete resection eventually
lead to local recurrence and influence survival. There-
fore we can found the advantage of Oxaliplatin based
neoadjuvant CCRT, trend of lower local recurrence
and better survival which come from better tumor
regression and downstage thus higher complete re-
section.

Our study had some significant limitations. The
first limitation was a low rate of anastomosis leakage
in the Oxaliplatin group, which may have resulted in
potential bias (a more mature operative technique was
adopted in the study group, yielding an obvious im-
provement in R/T; IMRT was applied in the study
group, whereas conventional R/T was used in the con-
trol group). A second limitation was that the case
number was low and the observation period was not
long enough to obtain a significant result between the
two groups. Further follow-up to investigate improve-
ments in long-term survival, local recurrence and
distant metastasis are recommended.
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Conclusion

Oxaliplatin-based neoadjuvant CCRT increases
the chance of tumor regression, a higher percentage of
pathologic response (including complete and partial
response), higher percentage of R0 resection, higher
sphincter-saving rate, shorter hospital stays, without
increasing complications or toxicity, trend of better
survival and local recurrence rate when compared
with a non-Oxaliplatin-based neoadjuvant CCRT in
Taichung Veterans General Hospital.
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