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Purpose: To assess the safety and efficacy of neo-adjuvant short-course radiation therapy
(SCRT) concurrently with continuous infusion of 5-fluorouracil (5-FU) in the treatment of
locally advanced rectal cancer. Method and material:Patients with cT3-4 or any T with N+
rectal cancer diagnosed by magnetic resonance imaging (MRI) and proved pathologically as
adenocarcinoma were eligible to be enrolled in our study. Patients received continuous infusion
of 5-FU with dose escalation from 100mg/m2/day up to 200mg/m2/day through 5 days
concurrently with a SCRT (5 Gy x 5 fractions), followed by 2 months of neo-adjuvant
mFOLFOX, radical surgery with total mesorectal excision (TME) was done for patients with
complete clinical (cCR), partial response (PR) or stationary disease (SD) and was follow by 4
months of adjuvant mFOLFOX. Results: Twenty patients were included in the study. All
patients completed a SCRT concurrently with 5-FU and the 5-FU dose was safely escalated to
200 mg/m2/d with no dose-limiting toxicity (DLT). Four patients (20%) out of 20 patients
showed cCR, 14 patients (70%) had PR, and 2 patients (10%) had disease progression (PD).
Four patients (26.7) out of 15 patients had complete pathological response (pCR), and 11
patients (73.3%) had PR. The most common grade Il and 1V toxicities according to common
terminology criteria of adverse events version 5.0 (CTCAE) were diarrhea and abdominal pain.
The most common grade I and II toxicities were non-hematological toxicity mainly
gastrointestinal.

Keywords: 5-fluorouracil; total mesorectal excision; dose-limiting toxicity; complete
pathological response; common terminology criteria of adverse events version 5.0

INTRODUCTION

Colorectal cancer (CRC) is the third most
common cancer after breast and lung cancer
and the second most common cause of cancer-
related mortality worldwide as estimated by
Global Cancer Observatory 2020
(GLOBOCAN 2020). New cases of cancer
rectum estimated by GLOBOCAN 2020 were
732,210 with 339,022 cancer deaths.! In Egypt,
rectal cancer became the 18" most commonly
recorded tumor in the year 2020, according to
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GLOBOCAN, with 1512 new cases and 807
cancer mortality.?

The standard approach for treating locally
advanced rectal cancer patients is 5 to 6 weeks
of neo-adjuvant chemo-radiation (CCRTH)
then surgery after 6 to 8 weeks (delayed
surgery) followed by adjuvant chemotherapy.®
The neo-adjuvant approach aimed at downstage
tumors, possible sphincter preservation, less
acute toxicity owing to a lesser dose of
irradiation to the small bowel, and irradiation
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of well-oxygenated tissues with greater
efficacy.*

SCRT has been tested wusing 3D
conformal/ intensity modulated radiation
therapy (IMRT) resulting in greater normal
tissue sparing, lower dose to critical organs,
and fewer long-term complications.® The
Swedish Rectal Cancer Trial randomized
patients with clinically resectable rectal cancer
to neo-adjuvant SCRT followed by surgery
versus surgery alone resulted in better local
control as well as a longer overall survival
(OS) in the radiotherapy arm.®

Also, the Dutch Colorectal Cancer Group
Study and the Medical Research Council CRO7
trial, both demonstrated better local control,
disease-free survival (DFS), and OS with the
addition of TME to neo-adjuvant short-course
radiation’®® However, there was less pCR,
sphincteric preservation, and more positive
circumferential resection margin (CRM) occurs
in SCRT as compared to long course chemo-
radiation owing to the short interval between
radiotherapy and surgery and lack of
concurrent chemotherapy in short course
protocol.® In this regard, several trials tested the
possibility of increase the interval between
radiotherapy and surgery by more than 7 weeks
(delayed surgery) and reported about a 10%
increase in pCR in the group with delayed
surgery.1%12 Also, the addition of neo-adjuvant
chemotherapy to radiotherapy and delayed
surgery was associated with higher local
control and lower rates of systemic relapse and
that was comparable to the conventional long
course chemo-radiotherapy, but with less
toxicity.*3

Due to the concerns about increasing
toxicity, only a few trials are conducted testing
the addition of concurrent chemotherapy to
short-course radiation in the pre-operative
setting and consolidative  chemotherapy
followed by delayed surgery with appropriate
results and acceptable complications rate.

PATIENTS AND METHODS
Patients
This prospective interventional study

aimed at evaluation of the efficacy and toxicity
of neo-adjuvant SCRT concurrently with
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continuous infusion of 5FU in the management
of locally advanced rectal cancer patients.

Patients with locally advanced rectal
cancer treated at the Clinical Oncology
Department, Assiut University Hospital from
October 2020 to October 2021 were included in
the study.

The protocol of the study was approved by
the ethics committee of Assiut University
before data collection with IRB number
17200481.

Patients eligible for the study were
required to have pathologically confirmed
cancer rectum (adenocarcinoma) with an age
between 20-80 and a performance status 0-1
based on the Eastern Cooperative Oncology
Group scale (ECOG). Patients were staged
according to American Joint Committee on
cancer 8" edition®® and included only patients
with clinical T3\ or any T with node-positive
disease by MRI (locally advanced patients).

Methods

The initial workup of patients was total
colonoscopy to exclude the presence of
synchronous lesions of the colon and rectum
and for the biopsy. Pre-operative pelvic MRI
with contrast was done to assess the depth of
tumor penetration, the presence of local lymph
nodes metastases and liver metastasis, and
predict CRM before surgery, in addition to a
computerized tomography of the chest (CT) to
exclude lung metastases.

Concurrent chemo-radiotherapy (CCRTH)
Short-course RT

The patient had a CT simulation for
radiation planning in either a prone or a supine
position with a full bladder and empty rectum
for both planning and daily treatment, with the
use of a total radiation dose of 2500 cGy with a
fraction size of 500 cGy, in 5 consecutive days
using linear Elekta synergy with Monaco
planning system.

The gross tumor volume (GTV) included
the primary tumor and any involved pelvic
lymph nodes based on imaging studies. The
clinical target volume (CTV) covered the GTV
with a minimum of 1.5-2 cm margin superiorly
and inferiorly and should include the entire
rectum, mesorectum, and presacral space. A 1—
2 cm margin around areas of gross tumor



invasion into adjacent organs was added. Also,
the right and left internal iliac and obturator
lymph nodes for T3 tumors and right and left
external iliac lymph nodes for T4 tumors were
simulated. Anteriorly, a 1-1.5 cm margin was
added into the bladder to account for changes
in bladder and rectal filling changes. A 5-mm
expansion was added to the clinical target
volume for the final planning target volume
(PTV).

A 3D treatment plan was generated with
>6 MV photons, with planning goals including
>95% of the PTV receiving >95% and <107%
of the prescribed dose.

The constraints on the organs at risk was
scaled from the Radiation Therapy Oncology
Group (RTOG) 0822 rectal cancer protocol and
included volumetric and maximum dose
constraints on the small bowel, bladder, and
femoral heads as shown in (figure 1).

Dose-escalated concurrent 5-FU

The starting dose of 5-FU was 100
mg/m2/d over 24 hrs, and if the patient tolerate
this dose clinically on the dayl, dose escalation
of 5-FU was considered. So, the patient
received 5-FU with the dose of 150mg/m2/day
on the day 2, and 200mg/m2/day on the days3,
4, and 5.

mFOLFOX: was given 2 weeks after CCRTH
for a total of 4 cycles (2 months), with each
cycle every 14 days. The oxaliplatin was 85
mg/m2 1V over 2 hrs, and the leucovorin was
400 mg/m2 IV concurrently with the
oxaliplatin followed by 5-FU as 400 mg/m2 IV
bolus then a continuous infusion over 46 hrs at
a dose of 2400 mg/m2.

Assessment of toxicities
Toxicity assessment was done by using
National Cancer Institute CTCAE version 5.0.
DLT is defined as any of the following
occurring during chemo-radiation or within 21
days from the completion of chemo-radiation:
- Grade 3 non-hematologic toxicity,
preventing treatment for >3 days
- Grade 4 non-hematologic toxicity
- Grade 4 febrile neutropenia
- Grade 4  thrombocytopenia  or
neutropenia toxicity lasting >7 days
- Elevation of ALT or AST >10 x upper
limit of normal for >7 days.

Restaging/Assessing treatment response: was
done by chest CT, and pelvic abdominal MRI
within 14 days before surgery and based on the
Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) criteria. If the patient developed
progressive or metastatic disease, he/she
shifted to second line chemotherapy.

Fig. 1: Example of a 3D treatment plan of a patient in the study group.
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Surgery: The treating surgeon assessed the
distal margin of the tumor by digital rectal
examination (DRE) and endoscopy for
complete clinical response lesions then remove
the  primary  tumor  with  adequate
circumferential and distal margins and treat the
draining lymph nodes by TME with the
possibility of sphincteric preservation without
compromising the oncological outcome. The
surgery was considered 2-4 weeks after the end
of neo-adjuvant therapy.

Adjuvant: mFOLFOX6: to complete 6 months
of chemotherapy for patients who have
complete  resection of rectal cancer.
Chemotherapy began between 2 and 4 weeks
after surgery.

Follow-up of the patients: CT chest and
abdomen every 6-12 months and pelvic MRI
every 3-6 months after the surgery and adjuvant
chemotherapy.

Abeer Fayek, et al.

RESULTS AND DISCUSSION

Results
Patient demographics

A total number of 20 patients were
included with 10 males (50%) and 10 females
(50%) patients, and the mean age at the time of
diagnosis was 49.05 years (SD + 12.137) as
shown in (table 1).

The 5 -FU was safely escalated from 100
mg/m2 on day 1 to 150 mg/m2 on day 2, and
200 mg/m2 on day 3, 4, and 5 with no DLT.

Regards the site of the tumor, 9 patients
(45%) had middle rectum (5-10cm from anal
verge) disease, the lower (<5¢cm from anal
verge) and upper rectum (>10cm from anal
verge) were presented in 6 patients (30%) and
5 patients (25%) respectively.

Clinical TNM staging was as follows: 4
patients (20%) with cT2, 13 patients (65%)
with ¢T3, and 3 patients (15%) with cT4.
Regarding the nodal status, 3 patients were
with NO (15%) and 17 patients with N+ (85%).

Table 1: Demographic and clinical data in the study group.

Item

Number of the patients
‘Cn:209’

1- Age “years”:

2- Sex:
- Male
- Female
3- Site:

- Lower (<5cm from anal verge)

- Upper (>10cm from anal verge)

4- Clinical T:
- T2
- T3
- T4
5- Clinical N:
- NO
- N+

- Middle (5-10cm from anal verge)

49.05+12.137

10(50%)
10(50%)

6(30%)
9(45%)
5(25%)

4(20%)
13(65%)
3(15%)

3(15%)
17(85%)
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Toxicity assessment

Adverse events were in the study group as
assessed by CTCAE version 5.0 as shown in
(table 2).

The most common grade Il and IV
toxicities were diarrhea (10%) and abdominal
pain (5%) with no grade Il and IV
hematological or investigational toxicities. The
most common grade | and |l toxicities
included diarrhea (25%), abdominal pain
(20%), and anaemia (10%).

Regarding grade | and Il hematological
toxicity, only 2 patients (10%) developed
anaemia and 1 patient (5%) developed
neutropenia with no patients developing febrile

neutropenia or thrombocytopenia.
Regarding non-hematological toxicities, 4

patients (20%) complained of grade |, |l
abdominal pain versus 1 patient (5%) with
grade IlI, 1V, and the pain was related to acute

appendicitis developed 1 week after the end of
radiotherapy. Diarrhea was the commonest side

effect as 5 patients (25%) developed grade |
and Il, and 2 patients (10%) developed grade
[lland IV.

Grade |, Il mucositis and constipation

occurred in 3 patients (15%) and 1 patient (5%)
respectively with no grade Ill, IV mucositis,
and constipation.

There was no hepato-biliary toxicity with
only one patient (5%) with one attack of acute
infection and one patient (5%) with one attack
of acute renal injury which improved with
medical treatment.

Efficacy of the treatment

Four out of the 20 patients (20%) had a
clinical complete response with 2 patients
having middle rectal tumors and 2 patients
having lower rectal tumors who underwent
radical surgery with sphincteric preservation.
14 patients (70%) out of 20 patients had
significant tumor regression on MRI, but 3 of
them died before undergoing surgery, one of
them with acute appendicitis, one with
pulmonary embolism and one without any
apparent cause with their age range between 65
and 75. Two patients (10%) out of 20 patients
developed progressive disease, and surgery
could not be done and proceed to second-line
chemotherapy as shown in (table 3).

Table 2: Adverse events in the study group assessed by CTCAE.

1- Hematological toxicity: Grade | -1l Grade -1V
n=20 “%” n=20 “%”
- Anaemia: 2(10%) Zero
- Neutropenia: 1(5%) Zero
- Febrile neutropenia : Zero Zero
- Thrombocytopenia: Zero Zero
2- Non-hematological toxicity: Grade | -1l Grade -1V
n=20 “%” n=20 “%”
A) Gastrointestinal:
- Abdominal pain: 4(20%) 1(5%)
- Mucositis: 3(15%) Zero
- Diarrhea: 5(25%) 2(10%)
- Constipation: 1(5%) Zero
B) Hepato-biliary
( Investigation):
ALT/AST/total bilirubin Zero Zero
C) Infection : 1(5%) Zero
D) Acute renal injury: 1(5%) Zero
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Table 3: The response to pre-operative treatment in the study group.

. . Disease
Complete response | Partial response Stable disease )
Response N (%) 0 0 0 progression
n (%) n (%) n (%) n (%)
Clinical response o 0 0 0/ ) *
(20 patients) 4 (20%) 14 (70%) 0 (0%) 2 (10%)
Pathological
response 4 (26.7%) 11 (73.3) 0 (0%) 0 (0%)
(15 patients)

*2 patients progressed clinically and not underwent surgery, 3 patients died before doing surgery with

good clinical response.

Out of the 15 patients who had radical
surgery, 4 patients (26.7%) had pCR with RO
resection, 11 patients (73.3%) had a
pathological PR with RO resection with only
one patient with positive margin despite down-
staging due to fibrosis, and no patient with
stationary disease as shown in (table 3).

Discussion

Short-course RTH is an accepted
alternative to long-course chemo-radiation for
the neo-adjuvant treatment of locally advanced
rectal cancer.

We proposed that 5-FU can be given
safely concurrently with short-course RTH, the
role of prolonging the interval between short
course and the surgery with excellent rates of
down-staging, and the outcome of the
surgery.’

To date, the use of short-course RTH
concurrently with chemotherapy as radio-
sensitizers has been tested in few trials owing
to the theoretical concern for unacceptable
toxicity of adding chemotherapy to short
course RTH,18&1°

There were 14 patients in Emma et al trial
who completed the short-course RTH
concurrently with 5-FU with 3 dose levels
including 100 mg/m2/d, 150mg/m2/d, and 200
mg/m2/d with no DLT. Unlike our study, the

most common grade Il and IV toxicities were

decreased neutrophil count (21.4%) and
decreased lymphocyte count (21.4%), but in

both studies, the most common grade | and Il
toxicities were diarrhea.?
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Regarding the clinical response, there
were 21.4% (3 patients out of 14) with
complete clinical response, and 63.4% (9
patients out of 14) with clinical partial response
which proved pathologically in Emma et al trial
which was comparable with the response in our
study group. Unfortunately in our study we
have 2 patients out of 20 patients with
progressive disease who could not undergo
surgery and  shifted to  second-line
chemotherapy, but there was no disease
progression in Emma et al trial.?

In the KROG-10-01 trial, 73 patients
received 25 Gy in 5 fractions over 5
consecutive days by tomotherapy concurrently
with chemotherapy including intravenous bolus
injection of 5fu (400 mg/m2/day) and
leucovorin (20 mg/m2/day) and then delayed
surgery was performed. 22 Unfortunately, this
study had severe (grade Ill, IV) toxicities in 27
(38%) patients from CCRTh until 3 months
after surgery which was not the condition in
our study. This can be explained by the
radiotherapy  technique  machine, giving
chemotherapy as a bolus which was associated
with higher rates of toxicity, or using double
tolerated dose in the previous mentioned trial.?*

Regarding the timing of surgery, the role
of delayed surgery was tested in several trials
and raised the concept of prolong the interval
between neo-adjuvant treatment and surgery
gives the chance of better response, and higher
pCR with less surgical morbidity which
underpins the hypothesis of total neo-adjuvant
therapy.??& 2

This delay between short course RTH and
surgery can be covered by chemotherapy that



was traditionally given postoperatively. The
consolidation pre-operative chemotherapy was
tolerable and resulted in pCR around 21% and
31%18&24

Conclusion

Short course radiation therapy can be
safely given concurrently with continuous
infusion 5-FU with the dose of 200mg/m2/day
in patients with locally advanced cancer rectum
without DLT and with high efficiency. We
recommend conduct a randomized control trial
between standard of care and the use of
chemotherapy concurrently with SCRT.
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