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Introduction:-

Purpose: Neoadjuvant chemoradiotherapy (CRT) has a major impact in
the local control of locally advanced rectal cancer (LARC). However,
distant metastases is still a major challenge. One approach to address this
issue is early administration of systemic chemotherapy. The purpose of
this phase Il study is to evaluate the feasibility and efficacy of short
course of induction chemotherapy in LARC patients treated with
standard preoperative CRT.

Methods and Mareials: Sixty-four patients with LARC were treated
with two cycles of XELOX (capecitabine 1000 mg/m? bid on days 1-14
and oxaliplatin 130 mg/m® on day 1). One cycle of XELOX is given
before CRT, while the second one is given in the resting period before
surgery. During chemoradiation, blous 5-Fluorouracil 425 mg/m® was
dministered in the first 4 days and last 3 days of radiatation (50.4 Gy over
6 weeks ). Surgery was recommended 6 to 8 weeks after completion of
CRT, followed by 4 four cycles of adjuvat XELOX.
Results: Fifty-six patients underwent surgery; The pathological complete
recponse (PCR) rate was seen in 16 (28.6%) patients, RO resection was
achieved in 54 (94.6%) patients. Tumor and nodal downstaging were
observed in 40 (71.4%) and 25 (44.6 %) patients, respectively. Sphincter
preservation was achieved in 44(78.6%) patients. Three year disease-free
survival was 70.3 %, and overall survival was 82.8%.

Conclusion: one cycle of XELOX before and after radiotherapy
concurrent with 5-flourouracil for LARC results in a reasonable pCR, RO
resection and sphincter preservation, with acceptable safety and
tolerability.

Copy Right, 1JAR, 2019,. All rights reserved.

Colorectal cancer ranks the fourth in worldwide cancer incidence and the second leading cause of cancer death.

Cancer rectum represent about one third of cancer death of colorectal cancer.!

U Preoperative fluorouracil and

radiation followed by total mesorectal excision (TME) and four months of postoperative adjuvant fluorouracil is the
standard treatment for stage Il (T3,T4NO) and stage I1l (Tany N1/N2) rectal cancer,resulting in local relapse rate
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less than 1[0 ]% after 5 years'?l. The 5- year distant relapse rate however is about 30 % and continue to be a major
challenge 1.

Distant recurrence rates now exceed those of local recurrence, and this highlights the importance of delivering
adequate systemic therapy for patients with locally advanced rectal cancer ( LARC) !

Unfortunately, several trials have shown that nearly 50% of patients with LARC who are treated with preoperative
chemoradiotheray (CRT) followed by surgery, are unable to complete the planned dose of adjuvant chemotherapy,
and about 30%are unable to receive any adjuvant chemotherapy.This suboptimal compliance to adjuvant
chemotherapy is attributed to toxicities,surgical complications, or patients refusal especially after achieving good
response to CRT &1,

One strategy to adress this poor compliance, is to deliver induction chemotherapy before preoperative CRT.
Induction chemotherapy may be associated with better treatment compliance and allow full systemic doses of
chemotherapy to be delivered. Other advantages of induction chemotherapy is early eradication of distant
micrometastasis, the possibility of shrinking or downstaging a locally advanced tumor thereby facilitating more
effective local treatment™!,

One more advantage of induction chemotherapy is to overcome any delay in starting CRT and to overcome the
absence of treatment in the resting period (between end of CRT and surgery).Theoreticaly there might be a risk of
tumor progression in these gaps®*%

Several trials had studied the use of induction chemotherapy before the preoperative chemoradiation with different
results obtained ™! =), but we can conclude from these trials that induction chemotherapy is feasible, tolerable and

did not affect the compliance to chemoradiotherapy or surgery 1.

In order to enhance the systemic control, overcome delay of initiation of chemoradiation and to improve tolerance to
systemic chemotherapy, we conducted this prospective phase Il study of induction chemotherapy. The aim of this
trial is to assess the feasibility, efficacy (in term of response rate) and toxicities of short course of induction
chemotherapy given before surgery in patients with LARC.

This prospective single arm phase Il study was carried out on 64 patients with LARC who presented to Clinical
Oncology and Nuclear Medicine department, Alexandria University hospital in Egypt during the period between
2014 and 2016.

Methods:-

Patient population

Patients entering the study had histologically confirmed rectal adenocarcinoma. With inferior margin within 12 cm
from the anal verge. Evidence of T3 or T4 disease with or without perirectal nodal involvement by magnetic
resonance imaging (MRI) of the pelvis was required. Further inclusion criteria were an Eastern Cooperative
Oncology Group (ECOG) performance status 0-2 and adequate haematological, renal and liver functions
(neutrophils>1500, platelet count > 100,000, creatinine clearance > 30ml/dl, total bilirubin < 2 times the upper limit
of normal limit and liver transaminases < 3 times the upper normal limit ).

Patients aged more than 18 years and both sex were included.

Exclusion criteria were metastatic disease, previous chemotherapy for colorectal cancer or prior radiotherapy to the pelvis,
history of another malignancy within the last 5 years, any contraindication to radiotherapy, clinically significant cardiac
disease, malabsorption syndrome, peripheral neuropathy > gradel according to National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTC version 3.0) Pregnant or lactating woman were excluded.

All patients provided written informed consent. The study protocol was approved by a local independent ethics
committee and conducted in accordance with the Declaration of Helsinki
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Pretreatment evaluation

Before study entry, all patients. were required to have complete history taking, physical examination including
digital rectal examination Complete laboratory tests included a full blood count, creatinine, liver transaminases,
alkaline phosphatase, total bilirubin and carcinoembryonic antigen (CEA) measurement., computed tomography of
the chest, abdomen and MRI pelvis.

Treatment protocol:

Radiation therapy:

ALL Patients underwent CT simulation in the prone position, (A full bladder protocol is used for planning and
treatment as this displaces small bowel superiorly. A radio-opaque marker is placed on the anal verge and oral
contrast was used to help identify small bowel. A planning CT scan was performed with 3 mm slices from the level
of L5 to 2 cm below the anal marker.

The gross tumor volume (GTV) included all gross tumor seen on the planning CT scan with reference to information
from diagnostic endoscopy, MRI and DRE. Any involved lymph nodes, extrarectal extension, or extranodal deposits
seen on MRI should be included.

The clinical target volume (CTV) included the GTV, rectum and lymph node regions, including, mesorectum,
precacral nodes, internal iliac nodes, and superior rectal node.

The external iliac lymph nodes are included if there was anterior organ involvement. The PTV was created by
adding a margin of 1-1.5 cm to the CTV to account for daily setup error and organ motion. A boost to the primary
tumor was added. The phase 2 PTV then included the tumor mass with a 2 cm 3D margin.

High energy beams (6-15 MV) were used, a three- or four-beam arrangement includes a one direct posterior beam
and two lateral wedged beams depending on the shape of the patient. With advanced disease where there is bladder
or anterior abdominal wall involvement, a four-beam arrangement or AP opposing beams may need to be used to
increase the dose anteriorly.

Dose — fractionation:
In phase 1 patients were treated with 45 Gy in 25 daily fractions of 1.8 Gy given in 5 weeks then phase 2 patients
were given 5.4 Gy in 3 daily fractions of 1.8 Gy.

The plans were optimized to deliver 95% of the prescribed dose to at least 95% of the PTV.

Dose constrains:
The dose constrains to small bowel was up to 45 Gy, while the femoral head and neck up to 45 Gy and the bladder
V40 <5 0%.

Neoadjuvant chemotherapy:

Patients received one cycle of neoadjuvant chemotherapy XELOX regimen (oxaliplatin 130mg/m? day 1 plus
capcitabine 1000 mg/m? twice daily on day 1 to 14) 3 weeks before radiation therapy. During radiotherapy blous 5-
Fluorouracil 425 mg/m? was dministered in the first 4 days of the first week and 3 days in the fifth week, one week
after completion of chemoradiotherapy patients received one additional cycle of chemotherapy XELOX.

Assessment of response and toxicities:

Patients in the current study were followed before each cycle of chemotherapy and weekly during radiotherapy to
assess the signs and symptoms of toxicity. Adverse events were recorded using Common Terminology Criteria for
Adverse Events (CTC)version 4.00%!

One week after completion of CRT, all patients were subjected to complete physical examination, digital rectal
examination.

MRI pelvis and CT chest, abdomen and pelvis were done after 4 weeks from the end of CRT to assess the response
radiologically and to rule out tumor progression.
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Surgery:
Total mesorectal excision (TME) was performed at 6 — 8 weeks after completion of CRT the choice of surgical
procedure (abdomino perineal or anterior resection) was at the surgical discretion.

Adjuvant chemotherapy:
Adjuvant chemotherapy with XELOX was given for 4 cycles at 3 — 6 weeks after surgery. Oxaliplatin 130mg/m?
was given on day 1 plus capcitabine 1000 mg/m? twice daily on day 1 to 14) every 3 weeks.

Pathology:

After TME, tissue specimens from patients receiving neoadjuvant chemoradiation were thoroughly sectioned, with
careful examination of the tumor site. In cases of residual macroscopic tumor, standard pathologic examination was
performed on 3 to 5 sections to investigate the deepest invasion in the bowel wall. If no macroscopic tumor was
present and only a small ulcer was observed, the ulcer with a 2-cm margin was examined for residual tumor and
deepest invasion in the bowel wall, and the circumferential resection margin was measured. Pathologic complete
response (pathCR) was defined as the complete disappearance of all tumor cells in the primary lesion or sampled
lymph nodest*®!

Tumor regression was assessed only in the primary tumor; lymph node metastases were not included in the
assessment. Acellular pools of mucin in specimens from patient receiving neoadjuvant therapy was considered to
represent completely eradicated tumor and was not used to assign pT stage or counted as positive lymph nodes.

Assessment of pathological response was based on: 1) residual tumor cells and 2) tissues replacing tumor cells in
areas where the tumor had regressed. These “replacement” tissues might be fibrotic, inflammatory; acellular mucin
pools, or, occasionally, necrosis and calcifications.”” When classifying rectal cancer response to chemoradiation,
the AJCC Staging Manual (7th edition) system was used™*,

All mesenteric tissue was manually dissected and examined for nodes. Fat-clearing techniques were not used. If
fewer than 12 nodes were identified on first examination, a second attempt to locate lymph nodes was performed.
This was performed in the standard fashion, with careful palpation and sectioning through fatty tissues. Submission
of additional sections of mesorectum was based on the impression of gross examination; any tissue suspicious for
being a lymph node was submitted. All grossly negative or equivocal lymph nodes were submitted entirely. Grossly
positive lymph nodes were partially submitted for microscopic confirmation of metastasis 2.

Statistical analysis

Categorical variables are presented as fre-quencies (percentages) and continuous variables as means with standard
devia-tions or medians with ranges. Statistical analyses were performed with SPSS sta-tistical software version 15
for Windows (SPSS Inc., Chicago, IL, USA). Disease-free survival (DFS) was defined as the time from date of trial
entry until disease progression, relapse, or death from any cause. Overall survival (OS) was calculated from the date
of trial entry until death from any cause or was censored at last follow-up. Both DFS and OS were estimated by
using the Kaplan-Meier methods.

Results:-

Clinicopathological features:

Between 2014 and 2016, 64 patients with advanced rectal cancer were enrolled in this phase Il prospective study
Table 1 presents the clinicopathological features of the patients included in this study.

The median age at diagnosis was 49 years old (range 29 _68years). Fifty (78.12%) patients were males and fourteen
(21.8%) were females. All patients had a good performance status according to ECOG, with 29(45.3%) having
performance status 0 and 35 (54.7%) having performance status 1. Thirty-four (53.1%) patients had a tumor located
5 cm or less from the anal verge. The range of distal tumor margin from anal verge was 3-12 cm, with a median of 5
cm. The predominant clinical stage was CT3, 78.1% of the patients, and clinically positive lymph nodes was found
in 71.9% of the patients.
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Compliance and acute toxicities:

Neoadjuvant chemotherapy: Fifty nine (92.2%) patients received the planned 2 cycles of XELOX, while 5 patients
received only one cycle due to lost follow up in 4 patients during the CRT, and refusal of the fifth patient after
developing grade 3 diarrhoea during the CRT.

Neoadjuvant CRT: Sixty (93.8%) patients received full dose of radiation. Four patients discontinued radiotherapy
after developing grade 3 diarrhoea and lost follow up. Eight patients (13.3%) had treatment gaps ranging from 3 to
10 days due to grade 3 gastrointestinal toxicities. Gap correction was done for patients who skipped 5 fractions or
more.

Surgery: TME was performed in 56 patients only. Eight of our patients did not proceed to surgery; due to lost follow
up of four patients during the concomitant chemoradiotherapy after developing grade 3 diarrhoea, death of one
patient due to grade 3 neutropenia after the second cycle of neoadjuvant chemotherapy, and reluctancy to undergo
surgery after achieving complete clinical response in three other patients.

The median interval time from the end of CRT to surgery was 57 days (Range 48- 73 days). Spincter-saving surgery
was done in 44 patients (78.6%), while abdominoperineal resection was done in 12 patients (21.4%).
Microscopically clear resection margin (R0O) was achieved in 54 (94.6%) patients. While in the remaining two
patients, one had involved radial margin and the other had involved distal margin.

Four patients had wound infection requiring antibiotics, one patient had pelvic abscess requiring drainage, one
patient had anastomotic leak requiring reoperation, one patient had obstruction /ileus, while delayed wound healing
occurred in 3 patients. No postoperative mortalities occurred in this study.

Adjuvant chemotherapy: Fifty- six patients started adjuvant chemotherapy. Fifty- three (94.6%) patients completed
the planned course of adjuvant chemotherapy while 3 patients did not due to grade 3 peripheral neuropathy in 2
patients and grade 3 neutropenia in the third one. Median time from surgery to adjuvant chemotherapy was 30 days
(range 21-43 days).

Acute toxicities: The most common adverse events during neoadjuvant treatment (Neoadjuvant XELOX and CRT)
are listed in Table 2.The most frequently occurring grade 3/4 nonhaematological adverse event was diarrhoea
(11.7%), followed by proctatitis (1.7%). As regards haematological adverse events, no grade 3/4 toxicities except for
one patient (1.6%) who developed grade 3 leucopenia and died after receiving the second cycle of induction
XELOX.

During adjuvant chemotherapy, two patients (3.6%) developed grade 3 neuropathy. Grade 3 leucopenia was reported
in one patient (1.8%). The most common adverse events during adjuvant chemotherapy are listed in Table 2.

Efficacy parameters:

Sixteen patients (28.6%) achieved complete pathological response (ypTONO).Near complete pathological response
(ypT1NO) was found in eleven patients (19.6%), (Figure 1, 2). Details of surgical and pathologic findings are present
in Table 3. By comparing baseline clinical staging with final pathological staging (Table 4) it was found that tumor
downstaging was achieved in 40 patients (71.4%) and nodal downstaging was achieved in 25 patients (44.6%).

After a median follow-up of 30 months, the 3-year disease free survival rate was 70.3% (95% CI, 62% to 91%)
(Figure 3) and the 3-year overall survival rate was 82.8% (95% ClI, 77% to 96%). (Figure 4)

Discussion:-
The gold standard treatment for stage Il (T3-T4,NO) and stage Il (T any, N1,N2) rectal cancer is neoadjuvant
concurrent chemoradiation, followed by surgery (TME) then adjuvant chemotherapy given after surgery2®2°,

Most recurrences after this treatment paradigm are distant recurrence, this may be due to the delay in delivery of
systemic chemotherapy which allows for growth of distant micrometastases that may already exist. However, if
systemic chemotherapy administered early, this may allow a higher likelihood of early eradication of
micrometastases. Morever, the ability to administer full systemic doses of chemotherapy and the compliance of the
patients to treatment, may be improved if chemotherapy is given before surgery 1,
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There are different ways of delivering neoadjuvant chemotherapy, with no randomized trials comparing the types of
regimens or number of cycles.

Our study has shown the tolerability and feasibilty of giving one cycle of XELOX regimen before and after CRT in
locally advanced rectal cancer. We preferred to limit the number of neoadjuvant chemotherapy to two cycles only, to
avoid delaying the primary surgery for a longer period.

Some studies, that give more than two cycles of chemotherapy have shown that progression during induction
chemothrapy although rare, but remains possible, as shown by Chau et al, wherein 12 % of patients who were
treated with four cycles of induction XELOX did not show any tumor control 71,

In our study, complete pathological response was achieved in 28.6% and a near complete pathological response in
19.6% of our patients. This response rate is in accordance with earlier studies using induction chemotherapy
followed by CRT!22¢,

Chau et al *"), showed that 24 % of patients with LARC achieved pCR after four cycles of neoadjuvant capecitabine
and oxaliplatin before CRT with capecitabine.

Cerek et al %) also reported, in his retrospective study, that the overall complete pCR was 29% in patients with
LARC who underwent TME after recieving induction mFOLFOX6 chemotherapy then radiotherapy concomitant
with either 5-FU or capecitabine.

However our results differ from that of Gao et al. ™, who reported that 42.2% of patients achieved pCR. This may
be attributed to the addition of oxaliplatin to the concurrent chemoradiotherapy. In contrary to our study, where we
used Xeloda only concomitant with radiotherapy.

The benefit of adding oxaliplatin to conventional CRT remains controversial, some studies have found no benefit
from adding oxaliplatin during CRT but found that grade 3/4 diarrhea increased from 4 % with 5- fluorouracil to
15% with oxaliplatin + 5- fluorouracil #*

On the other hand, a meta-analysis showed that addition of oxaliplatin might increase pCR rate and decreased
metastatic rate %,

In our study we have chosen to give 5- fluorouracil only as a concurrent therapy, for fear of significant increase in
toxicities and decreased tolerance of radiation if oxaliplatin is added.

Further studies are needed to determine if the benefit of adding oxaliplatin to conventional CRT outweigh the
anticipated toxicities.

In our study, tumor downstaging was seen in 71.4% of our patients which are consistent to findings by Calvo et al.
B who reported 75% of tumor downstaging after two cycles of induction FOLFOX 4 and Tegafur combined with
RT. Schou et al. " also reported 69 % of tumor downstaging after neoadjuvant capecitabine and oxaliplatin
(CAPOX) followed by RT concomitant with capecitabine.

Furthermore, nodal downstaging was achieved in 44.6% of our patients who present with radiologically positive
lymph nodes, our results compare favourably with that of Koeberle et al.™® who reported 48% nodal downstaging,
and Calvo et al ®* who reported 40% nodal downstaging. However, other studies have shown higher rates of nodal
downstaging. Finn et al. * stated that downstaging in lymph nodes was obsreved in 60% of patients with LARC,
treated with 3 cycles of induction CAPOX and raditherapy concurrent with CAPOX.

In our study, we showed that giving two cycles of induction chemotherapy added to induction CRT in patients with
locally advanced rectal cancer resulted in an acceptable pCR, tumor and nodal downstaging. Pathological complete
tumour response is a reliable surrogate for tumour control and can predict improved outcome 3. Furthermore,
eradication of metastasis from lymph nodes reflects the impact of effective neoadjuvant treatment and enhance
prognosis 2%,
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In an exploratory analysis performed in 385 patients treated in the CAO/ARO/AIO-94 trial (preoperative
chemoradiation arm) 5 year disease-free survival was significantly higher in patients with pCR, compared to patients
with minor tumor regression (86% vs 63%) ¢,

Total mesorectal excision (TME) was done for all of our patients who proceeded to surgery, with clear resection
margin achieved in 94.6% of our patients.

Anterior resection was done in patients (78.6%) and abdominoperineal resection in patients only (21.4%) inspite of
53% of patients had low-lying tumours (0-5 cm from anal verge).

The most common toxicities encountered in our trial were gastrointestinal toxicities. Most of these toxicities were
gradel/2 with the exception of grade 3 diarrhoea that occurred in 11.7% and grade 3 proctatitis in 1.7% of our
patients during CRT. The most common haematological toxicity was neutropenia, two of our patients developed
grade 3 neutropenia; one after induction chemotherapy and one after adjuvant chemotherapy.

We conclude that one cycle of XELOX before and after radiotherapy concurrent with 5-flourouracil is feasible and
tolerable without compromizing the preoperative CRT completion and results in a reasonable pCR, RO resection and
sphincter preservation in patients with locally advanced rectal cancer.

Disclosure
The authors have stated that they have no conflict of interest

Table 1:-Patients and tumor characteristics (N=64)

Characteristics No. (%)
Age (years)

Median 49

Range (29-68%)
Gender

Male 50 (78.2 %)

Female 14 (21.8 %)
Performance status (ECOG)

0 29 (45.3%)

1 35 (54.7%)
Distance of tumor from anal verge (cm)

0-5cm 34 (53.1%)

51-10cm 20 (31.3%)

10.1-12 cm 10 (15.6%)

Range 3-12cm

Median 5cm
Pretreatment (CEA) level

CEA<5ng 46 (71.9%)

CEA>5ng 18 (28.2%)
Histological grading

Well differentiated 2 (3.1%)

Moderate differentiated 22 (34.4%)

Poorly/undifferentiated 40 (62.5%)
Clinical T stage

cT3 50 (78.1%)

cT4 14 (21.9%)
Clinical N stage

c NO 18 (28.1%)

cN, 46 (71.9%)
Median tumor size 6cm

Abbreviations: ECOG= Eastern Cooperative Oncology Group, CEA= carcinoembryonic antigen
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Table 2:-Most frequently reported treatment-related acute toxicities

Acute toxicity

Grade 1 no. (%)

Grade 2 no. (%)

Grade 3 no. (%)

During neoadjuvant chemotherapy (n=64)

(Haematological toxicity)

Anaemia 3 pts (4.7%) 0 0
Leukopenia 5 pts (7.8%) 1 pt (1.6%) 1 pt (1.6%)
Thrombocytopenia 0 0 0
(Non-haematological toxicity)
Nausea and vomiting 12 pts (18.8%) 5 pts (7.8%) 0
Neuropathy 0 0 0
Diarrhoea 5 pts (7.8%) 2 pts (3.1%) 0
Stomatitis 0 0 0
Hand-foot syndrome 0 0 0
During neoadjuvant chemoradiotherapy (n=60)
Dermatitis 13 pts (21.6%) 11 pts (18.3%) 0

Procatitis

8 pts (13.3%)

17 pts (28.3%)

1 pt (L.7%)

Diarrhoea

12 pts (20%)

9 pts (15%)

7 pts (11.7%)

During adjuvant chemotherapy (n=56)

(Haematological toxicity)

Anaemia

6 pts (10.7%)

3 pts (5.6%)

0

Leukopenia

13 pts (23.2%)

7 pts (12.5%)

Thrombocytopenia

5 pts (8.9%)

0

1 pt (1.8%)
0

(Non-haematological toxicity)

Nausea and vomiting 8 pts (14.3%) 6 pts (10.7%) 0
Neuropathy 14 pts (25%) 7 pts (12.5%) 2 pts (3.6%)
Diarrhoea 3 pts (5.4%) 1 pt (1.8%) 0
Stomatitis 5 pts (8.9%) 0 0
Hand-foot syndrome 6 pts (10.7%) 0 0
Table 3:-Surgical and pathological features (n=56)
Features No. (%)
RO resection of primary tumor 54 pts (96.4%)
Median NO. of lymoh nodes (range) 4 (1-13)
Types of surgery
APR 12 (21.4%)
AR 44 (78.6%)
The interval between end of CRT and surgery
Median 57 days

Range (48-73 days)
Pathologic response
pCR 16 pts (28.6%)

Near complete response

11 pts (19.6 %)

Pathologic T stage

yTo 16 pts (28.6%)
yT, 11 pts (19.6%)
yT» 9 pts (16%)
yT3 16 pts (28.6%)
yT4 4 pts (7.1%)
Pathologic N stage
yN-ve 38 pts (67.9%)
yN+ve 18 pts (32.1%)

T downstaging

40 pts (71.4%)

N downstaging

25 pts (44.6%)
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Abbreviations: APR=abdominoperineal resection, AR= anterior resection, CRT= chemoradiation therapy,
pCR= pathological complete response

Table 4:-Clinical versus pathological tumor and nodal staging (n= 56)

Baseline Staging Pathological Staging
pTO pT1 pT2 pT3 pT4 pN pN
negative positive
cT3 16 (28.6%) | 10 (17.8%) | 6 (10.1%) | 12 (21.4%) - - -
cT4 - 1 3 4 4 - -
(1.8%) (5.4%) (7.1%) (7.1%)
cN positive - - - - - 25 (44.6%) | 14 (25%)
cN negative - - - - - 13 (23.2%) 4
(7.1%)

Abbreviations: c= clinical (assessed by imaging); P= assessed pathologically

Figure 2:-Example of poor pathological response (H&E x400)
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