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Short course continuous, hyperfractionated, accelerated radiation
therapy (CHART) as preoperative treatment for rectal cancer

S. BROOKS!, R. GLYNNE-JONES', R. NOVELL?, M. HARRISON!, K. BROWN? &
A. MAKRIS!

! Mount Vernon Cancer Center, Northwood, Middlesex, HA6 2RN London, United Kingdom, and *>Luton and Dunstable
Hospital, Lewsey Rd, Luton, United Kingdom

Abstract

Determine feasibility and toxicity of preoperative short course pelvic CHART (25 Gy in 15 fractions over 5 days) for
treatment of clinically resectable primary rectal tumours. Between 1998 and 2004, 20 patients with clinically staged T3
resectable rectal carcinoma were treated in this prospective pilot study with preoperative short course CHART to their
pelvis. The aim was for total mesorectal excision within 7 days. Radiation toxicity, surgical morbidity, locoregional control
(LRC), overall (OS), cause specific (CSS) and disease free survival (DFS) outcomes were documented. Nineteen of the 20
patients completed planned radiotherapy. One discontinued radiotherapy due to toxicity. All patients underwent potentially
curative radical surgery. One patient developed grade 3, and three patients grade 2 gastrointestinal toxicity. With a median
follow-up of 31 months (range 0.9—88), there is no grade 3, 4 or 5 late toxicity. Two patients experienced grade 2, and
three patients grade 1 late bowel toxicity. Two patients died from postoperative complications, and two developed grade
2 abdominal wound infections. At 3 years LRC is 95% (95% CI 83-100), OS 72% (95% CI 51-94), CSS 86% (95% CI
68—100) and DFS 80% (95% CI 60—100). Two patients died from metastatic disease, one patient from a second primary
and one patient is alive after successful resection of hepatic metastases. This small study suggests preoperative short course

CHART for clinically resectable rectal carcinoma is feasible with acceptable compliance and tolerable side effects.

Since the Scandinavian data on short course pre-
operative radiotherapy (SCPRT) for the treatment
of rectal carcinoma reported improvements in out-
come, reduced local recurrence and longer overall
survival [1,2], the SCPRT regimen of 5 x5 Gy
fractions over one week, has become more popular
among predominantly European centers. Short Po-
tential Doubling Times (Tpot) of approximately
2—5 days, have been determined for human color-
ectal tumours [3], and from a radiobiological per-
spective, short treatment times may have a better
efficacy. Thus one of the main benefits of short/
accelerated radiotherapy schedules is to reduce the
repopulation of surviving tumour cells during treat-
ment [4]. However the high Biological Equivalent
Dose (BED) calculation for hypofractionated regi-
mens such as the Scandinavian SCPRT regimen
raises concern regarding the potential for normal
tissue toxicity [5].

The acute toxicity associated with preoperative
radiotherapy is generally transient, manageable and
resolves within a few weeks. However, a more
permanent lumbo-sacral plexopathy with persistent
pain has been described with SCPRT [6]. Other
concerns include the increase in perineal wound
infection after abdominoperineal resection in the
postoperative period which can influence postopera-
tive mortality and the late toxicity associated with
large fraction sizes, accelerated treatment times and
large field sizes. These effects have been noted with
the use of large, Anterior/Posterior (APPA) fields in
the Stockholm I Trial [7]. However the Dutch total
mesorectal excision (TME) trial and the Swedish
rectal trial (SRT), comparing standard SCPRT using
smaller multiple pelvic field techniques followed by
surgery and surgery alone, also report some increase
in toxicity. These include perineal wound infections,
late faecal incontinence, blood and mucus loss,
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lower satisfaction with bowel function and increase
in sexual dysfunction in the Dutch trial [8—10]. At
over 10 years follow-up of the SRT, although no
overall increase in hospital admissions for complica-
tions, there is a trend to an increase in late admis-
sions (>6 months after surgery) for gastrointestinal
causes including bowel obstruction, nausea and
abdominal pain and a trend to increase in fractures,
not specifically related to the treatment field [11].
Thus there remain concerns with some that 5 x5 Gy
is potentially too toxic and other groups have also
designed different SCPRT regimens to address this
issue. A recent paper from Austria describes a
favourable outcome after 25 Gy in 10 fractions
treating 2.5 Gy twice daily [12].

We therefore proposed the investigation of a
Continuous, Hyperfractionated, Accelerated Radio-
therapy (CHART) regimen, 25 Gy in 15 fractions
over 5 days, to achieve the same outcome with
respect to tumour control but with less risk of late
normal tissue toxicity when compared to standard
short course radiotherapy as used in the Swedish and
Dutch trials [1,13].

CHART has been compared with conventionally
fractionated radiotherapy in randomised phase III
trials in the treatment of Head and Neck and non-
small cell lung cancer (NSCLC) [14,15]. In Head
and Neck cancer CHART was proven to have the
same local control but with reduced late toxicity
compared to conventional radiotherapy [14]. In
NSCLC, Dische et al. reported a significant im-
provement in local control and overall survival [15].
A previous pilot study of CHART (54 Gy in
36 fractions over 12 consecutive days) for the
treatment of inoperable locally advanced or recur-
rent adenocarcinoma of the rectum was found to be
feasible with regards toxicity and achieved rapid and
sustained pain relief in their patient group [16].

Using the linear quadratic (I.-Q) isoeffect model
(Table I), 25 Gy in 5 fractions over 1 week, gives a
BED of 37.5 Gy for tumour control using an
alpha/beta ratio of 10 and 66.7 Gy for late normal
tissue toxicity using an alpha/beta ratio of 3. For
the CHART regimen, 25 Gy in 15 fractions over
one week, the BED is lower at 29.2 Gy for tumour
control and 39.0 Gy for late normal tissue toxicity,
using the L-Q based isoeffect formula for multiple
fractions per day (Table I) [4]. Marsh et al. and,
more recently Widder et al. have reported on
SCPRT regimens with similar BED reductions for
tumour control, 30Gy and 31.3 Gy respectively
[12,17]. The locoregional relapse associated with
these trials, 12.8% after 96 months follow-up in the
pre routine TME era and 2.1% after 4 years follow-
up respectively, is similar to those reported from
standard SCPRT regimens, 11% at 5 years for the

SRT and 2.4% for the Dutch TME trial [1,13].
Therefore we might expect similar tumour control
but with less late normal tissue toxicity for the short
course CHART regimen due to an improved ther-
apeutic ratio.

The aim of this small non-randomised pilot study
for clinically resectable rectal cancer was to assess the
feasibility and toxicity of a preoperative short-course
CHART regimen (25 Gy in 15 fractions over 5 days).

Methods and materials

Twenty patients with clinically staged resectable T3,
histologically confirmed rectal adenocarcinoma from
two cancer units were prospectively entered into this
pilot study between 1998 and 2004. This is a
consecutive series of patients from two clinical
oncologists’ practices entered during the time per-
iod. During the same period patients with unresect-
able or borderline resectable cancers were treated
with neoadjuvant chemoradiation with the aim of
downstaging, and only a small proportion of resect-
able T3 cases received the Scandinavian SCPRT
regimen of 5 x5 Gy over one week.

Preoperative staging assessment included digital
rectal examination, sigmoidoscopy and CT-scan.
Magnetic Resonance Imaging was not routine with
only one patient having an MRI in this series. These
patients were selected for short course preoperative
radiotherapy based on having T3 disease with or
without nodal involvement or due to having low
rectal disease that required abdominoperineal resec-
tion and where the margins of resection were
expected to be very close. Patients were ineligible if
they had metastases on CT staging investigations.
All patients underwent TME surgery.

Acute toxicity was recorded prospectively weekly
during radiotherapy, and thereafter up to and
including the week of surgery. Surgical morbidity
and complications were also documented up to
30 days following surgery.

Although only small numbers, follow-up data has
been collected on loco-regional and distant recur-
rence, and evidence of late morbidity documented
on a trial proforma prospectively via 6 monthly clinic
visits or telephone interview. Timing of subsequent
events and follow-up was measured from the first
day of radiotherapy.

Radiotherapy was planned with the patient in the
prone position with a full bladder. Oral gastrograffin
and rectal barium were given to help delineate the
bowel. A 3 field plan or a 4 field box technique was
employed. Treatment target volume aimed to en-
compass potential extension of the tumour into the
peri-rectal nodes lying beneath S3, the mesorectum
and the posterior pelvis. Inclusion of the external



Table I. Biological equivalent doses [18].
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Tumour Control / Acute Normal Tissue
Toxicity BED(Gy) (Alpha/Beta =10)

Regimen

Late Normal Tissue Toxicity
BED(Gy) (alpha/Beta =3)

25Gy/5#/5days (d =5Gy)
25Gy/15#/5days (d =1.67Gy)

37.5 66.7
29.2 39.0

Equation 1. Linear quadratic based isoeffect formula:

BED = DI[1 +d/(alpha/beta)]

Equation 2. Isoeffect model for multiple daily fractions:

BED = D[1+d/(alpha/beta)] + H_,.d/(alpha/beta)]

BED =biologically effective dose.
D =total radiation dose.
d =dose per fraction.

H,,, =incomplete repair factor (assuming repair T;,, =0.75h with 6 hour interfraction interval then H,, =0.0039).

iliac lymph nodes occurred if structures such as the
prostate, bladder or vagina were thought to be
involved. The prescribed dose was specified at the
intersection of the central axis of the beams. Isodose
distributions in three transverse sections, central and
two off-axes, were generated for dosimetric consid-
erations and quality control. The treatment was
delivered 3 times per day with a 6 hour break
between fractions (0800 h, 1400 h, and 2000 h),
delivering 1.67 Gy per fraction. Treatment was
delivered continuously for 5 days and all fields
were treated at each fraction of radiotherapy.

The major endpoints were acute toxicity and
late toxicity which was scored using the RTOG
(Radiation Therapy and Oncology Group)/EORTC
(European Organisation for Research and Treatment
of Cancer) ‘Acute and Late Radiation Morbidity
Scoring Criteria’ [18]; local recurrence rate; overall,
cause specific and disease free survival.

Loco-regional control, overall, cause specific
and disease free survival were assessed using the
Kaplan-Meier method and were measured from the
date of starting radiotherapy to the date of event, last
follow-up or death (those patients who died from
intercurrent disease were censored at the time of
death).

Ethical approval was obtained prior to initiation of
the trial. Written patient information sheets were
supplied and informed consent was obtained from
each patient by the treating physician prior to entry
to the trial.

Results
Compliance

Of the 20 patients enrolled, all started radiotherapy
and 19 completed the full planned radiotherapy.

One patient received 16.72 Gy, stopping after
10 fractions due to development of grade 3 nausea
and vomiting. This patient recovered from the acute
toxicity and proceeded to surgery according to
protocol, but subsequently died of metastatic disease
8 months later.

Timing of surgery

Nineteen patients underwent immediate surgery as
intended in the protocol. The median time interval
between the start of radiotherapy and surgery
was 9.0 days with a range of 8-29 days (8, 8, 8,
8, 8,888 9,9,9,9, 9, 10, 11, 14, 16, 16,
29 days). One patient was deemed to be unresect-
able at laparotomy, and thus received 5 Fluorouracil
(5FU) based chemotherapy with a view to further
downsizing. This patient was successfully resected
after a 6 month delay.

Histopathological data

There was a high proportion (35%) of pathological
T1/T2NO disease in this series. All circumferential
resection margins (CRMs) reported were >1 mm
from the periphery of the tumour and thus consid-
ered uninvolved. The CRM ranged from 2 to 20 mm
(Table II).

Locoregional control and survival

The actuarial locoregional control rate is 95% at 3
years (95% CI 83—-100). The overall survival is 72%
(95% CI 51-94) and cause specific survival related
to adenocarcinoma of the rectum is 86% (95% CI
68—100) (Figure 1). Disease free survival is 80% at
3 years (95% CI 60-100) (Figure 2) and there was
one regional recurrence.
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Table II. Patient and tumour characteristics.

Characteristic Numbers
Median Age 70.9 years (50.8—84.1)
Gender
Male 14 (70%)
Female 6 (30%)
Postoperative Tumour Stage
TINOMO (Dukes A) 1 (5%)
T2NOMO (Dukes B) 5 (25%)
T3NOMO (Dukes B) 1 5%)
T3N1MO (Dukes C) 13 (65%)
Circumferential Resection
Margin
+ve 0 (0%)
—ve 18 (90%)
Not Stated 2 (10%)
Differentiation
Well Differentiated 8 (40%)
Moderately Differentiated 8 (40%)
Poorly Differentiated 4 (20%)
Type of Surgery
Anterior Resection 2 (10%)
Abdominoperineal 14 (70%)
Resection (APR)
Hartmann’s Procedure 3 (15%)
Panproctocolectomy 1 5%)
Tumour Site
Upper Rectum 3 (15%)
Mid Rectum 6 (30%)
Lower Rectum 10 (50%)
Not Stated 1 5%)

Acute roxicity

One patient experienced grade 3 upper gastrointest-
inal (GI) toxicity requiring hospitalisation and

24 hours of intravenous rehydration during their
radiotherapy, and three patients experienced grade 2
gastrointestinal (GI) toxicity. There was no serious
haematological toxicity. There was no grade 4 acute
toxicity reported. Three patients experienced grade
2 acute skin toxicity, and subsequently developed
abdominal wound infections in the postoperative
period that responded to antibiotics and did not
prolong hospital stay. There were no perineal wound
problems noted; one patient experienced grade 1
skin toxicity; one grade 1 upper and four grade 1
lower GI toxicity was reported. (Table III)

Surgical complications and morbidity

Two patients died in the postoperative period. One
patient developed multi-organ failure associated
with Methicillin Resistant Staphylococus Aureus
(MRSA) septicaemia, originally cultured from urine.
The other postoperative death was associated with
an initial postoperative intra-abdominal bleed. This
patient underwent further surgery within the first
24 hours achieving haemostasis but was unable to be
weaned from the ventilator and went on to develop
pneumonia, associated septicaemia and multi-organ
failure.

Late toxicity

With a median follow-up of 31 months (range
0.9-88), two patients developed grade 2 late bowel
toxicity and three patients experienced grade 1 bowel
toxicity. There was no grade 3, 4 or 5 late toxicity.
There was no late urinary, skin, subcutaneous or
neurological effect reported. Other complications
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Figure 2. Disease free survival.

noted but not included in the RTOG/EORTC
scoring system include three uncomplicated, inci-
sional hernias and two patients report impotence.
Both patients underwent abdominoperineal resec-
tion of their rectal carcinomas. (Table IV)

Discussion

This small pilot study reports acceptable survival
rates with 3 year overall survival of 72%, cause
specific survival of 86% and disease free survival
80%. There was only one loco-regional failure in the
patient that did not complete their planned radio-
therapy. The confidence intervals are noted to be
broad. These outcomes are however encouraging
particularly in view of the high proportion of low
rectal tumours included in this series (50%), which
tend to have poorer outcomes compared to mid and
upper rectal sites.

The acute toxicity associated with our series is
similar to that reported previously with predominant
grade 1 acute bowel toxicity. Perioperatively there
was no perineal wound infection but there were two
grade 1 abdominal wound infections. Of more
concern is a high level of postoperative mortality of
10% when the mortality in other SCPRT studies is

Table III. Acute toxicity scoring.

Organ Tissue 0 1 2 3 4
Skin 16 (80%) 1 5%) 3(15%) 0 0
Genitourinary 20 (100%) 0 0 0 0
Upper GI 18 (90%) 15%) 0 1(5%) 0
Lower GI 16 (80%) 4 (20%) O 0 0

around 2—4% in the radiotherapy groups [1,2,13]. It
is impossible to draw firm conclusions as to whether
this outcome reflects a real effect of the radiotherapy
as this is a small series. The Dutch trial does report
that if time to surgery was greater than 8 days, then
the 180 day postoperative mortality was significantly
higher, 8.4% v 4.1%, p =0.02. They note mortality
was observed mainly in older patients, over 75 years
of age [19]. Over half of the patients in this series
waited >8 days which may have contributed to the
increase in postoperative mortality seen and the two
postoperative deaths were of patients aged 78 and
79 years which is consistent with the Dutch results of
increasing mortality with an increase in age. How-
ever again, because of small numbers, it is difficult to
make these conclusions. One of our patients died
with probable pelvic sepsis. There is no confirmed
evidence of an increase in pelvic sepsis with SCPRT
and thus we cannot assume that this event was a
result of their radiotherapy. We believe therefore,
that this mortality rate may be more a reflection of
the small numbers in the series rather than an effect
of the radiotherapy. With respect to the late toxicity,
we acknowledge that the follow-up is short. At
6.7 years there is no grade 3, 4 or 5 toxicity reported
with a low percentage of grade 1 and 2 gastrointest-
inal toxicity. Thus, the preliminary evidence from
this series suggests a low level of concern about late
effects with this short course CHART regimen.
There is a significant number of pathological pT1/
T2NO tumours in this series (30%). There may be a
tendency to overstage rectal cancer preoperatively. In
the randomised studies of clinically staged T3/T4
rectal cancer, the percentage of pT1T2NO in the
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Table IV. Late toxicity scoring.

Organ Tissue 0 2 3 4 5
Skin 20 (100%) 0 0 0 0 0
Bladder 20 (100%) 0 0 0 0 0
Small/Large Intestine 15 (75%) 3 (15%) 2 (10%) 0 0 0
Spinal Cord 20 (100%) 0 0 0 0 0

control or postoperative arm was 18% in the
German study [20], 28% in the Dutch study [13]
and 39% in the Polish study [21] respectively. This
overstaging may contribute to the favourable survival
and local control outcomes reported.

In the present study the high proportion of low
stage disease may also be partly associated with the
unit policy to offer preoperative treatment to those
with low rectal tumours regardless of TNM stage,
based on the concern regarding difficulty in achieving
a negative CRM in this region. However, it is noted
that there are no reported positive CRM in this series
of patients. Data from the Netherlands addressing
the issue of positive CRM, by Marijnen et al.,
comparing TME with or without preoperative short
course radiotherapy reported a positive CRM rate of
17.2% [22]. The lack of positive CRM in this series
may be a reflection of the small sample size in this
trial or because of initial clinical over-staging parti-
cularly as MRI was not routinely used preoperatively.
It has been recognised that a degree of inaccuracy in
clinical staging can occur comparing the reporting of
preoperative radiological imaging to pathological
staging [23]. Another possible explanation is that
an element of down-staging occurred. Further sup-
port for this theory comes from the data by Graf et al.
looking at the downstaging effect on 1316 preopera-
tive short course specimens [24]. They found a
reduction in size of the primary tumours and reduced
number of lymph nodes involved if the interval from
the start of radiotherapy to surgery was 10 days or
greater. Although median interval to surgery was
generally short in this trial at 9.0 days, six patients’
time to surgery was greater and they may therefore
have experienced a downstaging effect.

Preoperative adjuvant radiotherapy with or with-
out synchronous chemotherapy has also been shown
to improve loco-regional control in a number of
randomised trials over surgery alone or postoperative
chemoradiation [1,17,20]. The Swedish Trial is
the only adjuvant radiotherapy trial to report an
improvement in overall survival ie 58% v 48% at
5 years, p =0.004 [1]. Two meta-analyses of adju-
vant radiotherapy trials, Camma et al. [25] and The
Colorectal Cancer Collaborative Group [26] sup-
port these findings, although the impact on survival
is less clear. Short course preoperative radiotherapy

has also been shown to improve local relapse rates
even when TME surgery is performed as reported
by the Dutch Colorectal Group (2.4% v 8.2% at
2 years, p <0.001) [13]. These results have led to the
popular use of this regimen in Europe and particu-
larly the UK.

The Medical Research Council (MRC) CRO7 trial
which compares SCPRT, 25 Gy in 5 fractions over
1 week, to selective postoperative radiotherapy,
45 Gy in 25 fractions over 5 weeks with concurrent
chemotherapy for those patients with R1 resection
has now completed accrual. The recently reported
preliminary results confirm that SCPRT confers a
significant reduction in local recurrence and im-
proves 3 year DFES [27]. The published results should
generate hypotheses in combination with the Dutch
TME trial as to which patients most benefit from the
5 fraction technique preoperatively. The role of a
short course preoperative CHART regimen, 25 Gy in
15 fractions over 5 days, for resectable rectal cancer
may then be better defined. In addition, recent
evidence from large randomised trials support the
integration of 5FU into radiation schedules
[20,28,29]. It may be possible to integrate concur-
rent chemotherapy with this CHART regimen be-
cause of the small size of the individual fractions and
associated favourable therapeutic ratio of BED out-
comes. This strategy could further improve outcomes
of survival and loco-regional control.

Conclusion

This schedule of short course CHART as preopera-
tive therapy for clinically resectable rectal cancer
followed by TME is feasible, and appears associated
with low acute and late toxicity. However, two
postoperative deaths should raise a note of caution
even though these are not clearly associated with the
regimen. Local control is encouraging and therefore
warrants further evaluation of this regimen. Incor-
poration of concurrent chemotherapy could also be
considered an option for investigation in the future.
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