Acta Oncologica, 20155 54: 550-566

LETTERS TO THE EDITOR

informa

healthcare

Organ preservation in rectal adenocarcinoma (T1) T2-T3 Nx MO.
Historical overview of the Lyon Sud - Nice experience using contact
x-ray brachytherapy and external beam radiotherapy for 120 patients

JEAN-PIERRE GERARD!, ANNE-CLAIRE FRIN!, JEROME DOYENI,,FU XIANG ZHOU?,
JOCELYN GAL!, PASCALE ROMESTAING?, NICOLAS BARBET%, REGIS COQUARD%*?,
OLIVIER CHAPET?®, E. FRANCOIS!, SERGE MARCIE! & KAREN BENEZERY'

1Centre A Lacassagne, Nice, France, 2Hépital Zhongnan, Wuhan, China, 3Hoépital Privé Fean Mermoz, Lyon,
France, *Centre de Radiothérapie, Mdcon, France, >Centre de Radiothérapie Bayard, Lyon-Villeurbanne,

France and SCHU Lyon-Sud Pierre Bénite, Lyon, France

To the Editor,

In most institutions, standard treatment of T2-T3
rectal adenocarcinoma is radical surgery using total
mesorectal excision (TME) with or without neo-
adjuvant treatment [radiotherapy or chemoradio-
therapy (CRT)]. Abdomino-perineal excision (APE)
is considered by most patients as a severe mutilation
but even with low anterior resection (LLAR) morbid-
ity is not negligible [1]. Further, postoperative mor-
tality, especially in elderly patients is of great concern
[2].To improve quality of life and individualize treat-
ment, an increasing number of experienced colorec-
tal surgeons are advocating organ preservation using
CRT followed either by local excision (LE) [3,4] or
only close surveillance after clinical complete
response (cCR) usually in T2 or ‘early T3’ tumors
[5,6]. In Sao Paulo, Habr-Gama has since many
years been the pioneer of such an approach recom-
mending careful evaluation of the clinical tumor
response [7] using a long interval after the end of
CRT. In case of cCR, her strategy is to adopt a ‘watch
and wait’ (W-W) policy [8]. In Lyon, Papillon using
contact x-ray brachytherapy (CXB) alone was able
in the 1970s to achieve close to 90% cCR in more
than 300 T1 NO lesions and gave his name to this
technique [9]. Since the mid-1980s, CXB was com-
bined with external beam radiation therapy (EBRT)
in order to treat, mainly in inoperable patients, T2-3
tumors at higher risk of perirectal nodal extension

[10,11]. Similar approaches were used in various
French, British and American institutions [12—-15].
Since the mid-1990s, CXB was progressively aban-
doned for four reasons: the Philips RT 50 ™
Contact machine was not manufactured anymore,
technological innovations drove the interest of
radiation oncologists towards three-dimensional
(3D) image-guided radiotherapy, they progres-
sively lost the clinical expertise of rigid rectoscopy
and LE became the primary treatment of malig-
nant polyps or TINO tumors. In 2009 a new Con-
tact machine named Papillon 50™, producing a
similar 50 kV x-ray beam was introduced in UK
and France and initiated a renaissance of this tech-
nique [16]. We report here an overview of the use
of CXB during a time period of 35 years by a
homogeneous team of radiation oncologists work-
ing successively in CHU Lyon Sud and Centre
Antoine Lacassagne in Nice. The report will focus
exclusively on the combined treatment using CXB
with EBRT to achieve organ preservation in T2 to
early T3 rectal adenocarcinomas.

Material and methods
Cohorr stratification

Between 1980 and 2012, a total of 391 patients have
been treated in Lyon and Nice using CXB in five
different situations (Figure 1):
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Figure 1. STROBE diagram showing the timeline and different cohorts of patients and treatment strategies for a total of 391 patients
(pts) treated using contact x-ray brachytherapy (CXB) in Lyon and Nice over a 32-year period of time 1980-2012.

1) CXB alone for 101 T1 (T2) NO in the early
period from 1980 to 1993 [17];

2) adjuvant CXB after LE for 63 malignant polyps
or T'1 tumors during the whole period [18,19];

3) CXB combined with EBRT with curative and
organ preservation intent in 120 patients with
T2 and early' T3 Nx MO tumors [11,19,20]. Few
T1 with adverse histological features (poor dif-
ferentiation, colloid component, venous inva-
sion), all with high risk of lymph node invasion,
have also been included. This report focuses on
this cohort of patients treated between 1986 and
2012. Many of them were considered inoperable
or at high surgical risk.

4) CXB combined with EBRT (with or without
concurrent chemotherapy) since 1996, in a neo-
adjuvant setting before radical TME surgery for
87 operable patients presenting T3 (T2) Nx MO
distal tumors [19,21,22]. A group of 45 of these
patients were included in the Lyon R96-02 trial
[21,22].

5) An additional small group of 20 miscellaneous
patients treated using CXB often for palliation
has never been published (Figure 1).

Patients and tumors characteristics

Between 1986 and 2012, a total of 120 patients were
treated with curative intent and for organ preserva-
tion using an association of CXB and EBRT. These
patients were either medically inoperable (32
patients), at high surgical risk or had adamantly
refused a permanent colostomy. Adenocarcinoma
was proven by biopsy in all of them. Tumors were

always located in the last 10 cm (from anal verge) of
the rectum and accessible to digital rectal examina-
tion (DRE). Clinical staging was made with DRE
and rigid rectoscopy in the knee chest position. An
empty rectum was achieved using enema. A 2.5 cm
endoscope in diameter either stainless steel or more
recently disposable plastic (Legrand ™) was used to
assess tumor appearance and measure its diameter.
The 3 cm rectal applicator used at time of CXB
treatment confirmed the measurements. Imaging
was always required, initially until mid-1990s using
only endorectal ultrasound (EUS) performed by
dedicated gastroenterologists. More recently, mag-
netic resonance imaging (MRI) was performed rou-
tinely often combined with EUS and sometimes with
positron emission tomography (PET). Search for
metastasis was done initially with chest x-ray and
liver ultrasound and later on with thoraco-abdomi-
no-pelvic CT. Serum CEA was routinely measured.
As this work-up was done by the same senior con-
sultant (JPG) with the cooperation of a small group
of radiation oncologists having a similar clinical
approach of rectal cancer, tumor (T) classification
was kept constant during this period of time. Char-
acteristics of the patients are shown in Table I.

Treatments

Contact x-ray brachytherapy (CXB). CXB was per-
formed with the Philips RT 50™ until 2009. The
x-ray beam energy was 50 Kvp. The source skin dis-
tance (SSD) was 4 cm. The rectal applicator diam-
eter was 3 cm. In 10% of the patients, a local
anesthesia using 20 cm?® of Lidocaine 2%™ was
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Table I. Main characteristics of patients and tumors.

1986-2001 2002-2012
Lyon Nice Total

Patients 80 40 120
Gender (M/F) 56/24 29/11 85/35
Age median 73 81 77
PS 0.1 39 31 70
2.3 24 9 33
unknown 17 0 17
Inoperable 26 6 32
ADK Well differentiated 36 14 50
Moderately 23 16 39
Poorly 3 2 5
Unknown 18 8 26
T1 4 3 7
T2 48 19 67
T3 28 18 46
NO 60 29 89
N1 20 11 31
Maximal diameter =3 cm 30 22 52
>3 cm 48 18 66
Undetermined 2 0 2
>, circumference 5 0 5
Distance anal verge

=5 cm 65 27 92
>5 cm 15 13 28

ADK, adenocarcinoma; F, female; M, male; PS, performance
status.

necessary to ease the introduction of the applicator.
After downsizing the tumor, it was sometimes pos-
sible to use a 2 cm diameter applicator. The treat-
ment was nearly always initiated with CXB delivering
on average a dose of 85 Gy in 3 fractions over four
weeks (D1: 30 Gy; D14: 30 Gy; D28: 25 Gy).
Depending on the tumor shrinkage, a fourth session
could be used for a total dose close to 100 Gy. Pro-
gressively, as the tolerance of this combined treat-
ment was good, the dose of CXB was slightly
increased to 90 Gy/3 fractions. Since 2009 in Nice,
all CXB treatments were delivered using the Papillon
50™ machine which is quite similar to the Philips
RT 50™, The x-ray tube cooling, which is a key
technological point for a high dose rate, is achieved
with paraffin oil circuit and not with air as in the
Philips machine, making it possible to have a smaller
tube (21 mm diameter) easier to introduce through
a smaller applicator, being more comfortable for the
patient. There are three different sizes of applicator:
3, 2.5 and 2.2 cm in diameter. CXB was always ini-
tiated with the 3 cm applicator to encompass a larger
volume and the 2.5 or 2.2 cm applicators were used
only after significant (centripetally or concentric)
shrinkage of the tumor. If the tumor was larger than
3 cm, CXB was initiated using two overlapping fields.
The dose distribution, as displayed using the MC2
Plan Monte-Carlo software for treatment planning,
shows that with a 3 cm applicator and a SSD of 3.8

cm, the 50% isodose is at 7 mm from the applicator
end surface and is encompassing 5 cm? volume [23].
The dose rate depending on the applicator is between
15 and 20 Gy/minute. This CXB technique has been
described in more detail [11,16].

External beam radiation therapy (EBRT). EBRT was
performed using linear accelerator with high energy
photon of 18 mV energy and a three-field technique
with wedges. Initially EBRT was performed with a
2D technique and since 1993 using a 3D conformal
technique with multi-leaf collimators. The treated
volume encompassed the gross tumor volume (GTV)
and for clinical target volume (CTYV), the entire
mesorectum, presacral nodes and the latero-pelvic
nodes (internal iliac). The obturator and external or
common iliac nodes were never included in the CTV.
The upper limit of CTV was at the level of the S1/
S2 junction or for distal tumors S2/S3. Patients were
treated in the prone position and the anal canal was
outside the CTV using a radio-opaque marker at
time of simulation. As the volume had no concave
shape in the transverse axial plane, intensity-modu-
lated radiation therapy (IMRT) was not deemed nec-
essary. The planning target volume (PTV) extension
was between 0.5 and 1 cm depending on the location
of the tumor in the rectum. The volume of the 95%
isodose of the ICRU point never exceeded 1 1. After
1993 the dose was prescribed and reported in the
ICRU point (ICRU 60). The dose per fraction and
total dose have changed over time. In the Lyon period
total dose was 39 Gy in 13 fractions (3 Gy per frac-
tion). A concomitant EBRT boost was administered
with a ‘field within the field’ technique (8 X 8 cm or
GTV +1 cm extension) delivering four times 1 Gy,
6 hours before 3 Gy into the larger field. This accel-
erated schedule could be estimated biologically
equivalent to 50-54 Gy in daily fractions of 2 Gy
[11]. In Nice where EBRT was progressively com-
bined with concurrent chemotherapy the dose per
fraction was 2 Gy and the total dose 50 Gy over five
weeks with a cone down boost (shrinking field) after
44 Gy. During this time EBRT was started after
CXB usually on Day 28 (or Day 21 in the early
period) after the first CXB session.

Associated treatments

Three main treatments were associated with the
combined CXB and EBRT.

Interstitial'®? iridium implant. It was used for the
majority of patients during the Lyon period. Four to
six weeks after completion of EBRT, a boost was
given using a low-dose rate !°2 iridium interstitial
implant. In case of distal tumor, a perineal template
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was used with an average of five wires of 5 cm length
and 1 cm spacing. If the tumor was in middle rectum
a ‘rectal fork’ technique with two parallel wires of 4
cm long was used. With both types of implants the
dose prescribed according to the Paris system was 20
Gy over one day duration on average. During the
Nice period, this iridium implant was restricted to a
few distal T3 tumors invading the upper part of the
anal canal more difficult to irradiate with CXB (espe-
cially if located in the posterior rectum).

Concurrent chemotherapy. It was used only for a few
patients in Lyon after 1998 but it became routine
treatment in Nice as soon as the results of the FFCD
9203 randomized trial showed that concurrent che-
motherapy was, with an acceptable toxicity, able to
increase local control of rectal adenocarcinoma.
Since 2005, oral capecitabine 800 mg/m? twice a day
on radiotherapy days, has replaced intra-venous
5-fluorouracil (CAP 50 protocol).

Local excision (LE). In the early 2000s, LE following
nCRT became popular in the French surgical com-
munity for T2 tumors. It was then introduced in our
strategy especially to treat such tumors in operable
patients to avoid TME surgery and preserve the
whole rectum. An overview of the different treat-
ments is presented in Table II.

Follow-up and clinical evaluation

During these 35 years, all patients were submitted
to close surveillance by the same team of radiation
oncologists. The tumor response was first monitored
during the CXB treatment with an accurate mea-
surement of the size of the tumor and description of

Table II. Overview of treatments techniques and strategies.

1986-2001 2002-2012
80 pts 40 pts
Type of treatment
CXB + EBRT + Ir 192 67 3
CXB + EBRT 9 22
CXB + EBRT + 4 15
chemotherapy
Dose of CXB (Gy)
60-85 43 5
86-110 31 30
>110 6 5
Dose of EBRT
39 Gy/13 6
40-45 Gy/5 w 17 10
46-50 Gy/5 w 57 30
Local excision 0 13

CXB, contact x-ray brachytherapy 50 Kv; EBRT, external beam
radiation therapy; Ir, iridium; pts, patients.

its downsizing and evaluation with DRE of its
mobility and consistence. The tumor response on
Day 21 or 28 after two sessions of CXB is very
important as a cCR at that time is highly predictive
of good prognosis in terms of local control and
survival [9]. Following the Papillon recommenda-
tions, the definition of a cCR has always been the
same: total disappearance of the tumor with no vis-
ible growth on rectoscopy and a supple mucosa (or
non-suspicious slight induration) on DRE [17].
Progressively, EUS and MRI have been added to
evaluate tumor response and more recently PET.
The first control after end of treatment was per-
formed two months later and then every three or
four months during the first two years and then
every six months until the fifth year and then annu-
ally. Perirectal lymph nodes are evaluated with
careful DRE and various imaging techniques mainly
EUS and MRI. Local control was defined as the
absence of any progressive malignant lesion in
the pelvis. In case of local relapse an attempt at
surgical salvage was made any time the patient was
operable. Colonoscopy was required every year if
possible and distant metastases were controlled
with various imaging techniques (chest x-ray and
liver ultrasound in the early period and more
recently CT scan, MRI and/or PET). Toxicity was
recorded using standard scoring systems (EORTC,
SOMA LENT and recently CTCAE-NCI) from 0
to 5. Grade 3 corresponds to non-life threatening
toxicity requiring hospitalization or an endoscopic
treatment. Bowel function was evaluated with the
MSKCC scoring system using categories where 3
is good and 4 excellent [24].

Statistical analysis

The data presented here are a compilation of
results already published in various separate arti-
cles. For the Lyon period we have pooled two pub-
lished cohorts of patients, the first one with 63
patients between 1986 and 1998 [11] and the sec-
ond one with 17 patients between 1998 and 2001
[20]. For the Nice period, we have pooled the data
of the first cohort of 16 patients treated between
2002 and 2006 [19] with 24 patients treated
between 2007 and 2012. It has not been possible
to put them in a single database and therefore the
results should be considered more as a general
estimation than an accurate measurement of clini-
cal outcomes. Nevertheless they can provide a rea-
sonably good overview of our clinical experience
over 26 years of time in two institutions taking in
consideration the inevitable evolution occurring in
terms of patient’s characteristics, cancer diagnosis
and treatments.
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Results

The main clinical results are presented in Table III.

Compliance with treatment was usually very good
with no dose reduction or interruption either for
CXB, EBRT or concurrent chemotherapy when
given.

In the Lyon period the third session of CXB was
usually given on Day 21 and the rate of cCR on that
day was around 60%. During the Nice period the
third session was delayed to Day 28. The rate of cCCR
was then 80% and close to 90% forT2 not exceeding
3 cm in diameter.

The rate of cCR was close to 95% in both cohorts
two months after end of treatment. LE after CXB
was performed in 13 patients in Nice with no severe
surgical complication but with grade 3 pelvic pain in
two patients lasting for three months.

During the Lyon period, the rate of local recur-
rence at five years was 27% and it was 14% in the
Nice period (Kaplan-Meyer estimation). Most of
these recurrences occurred during the first two years
after completion of treatment and all were located at
the site of the initial primary tumor in the rectal wall
and the underlying fat. In 40% of cases a local recur-
rence was associated with distant metastases, either
synchronously or rapidly developing after the local
recurrence.

There was no detectable isolated perirectal lymph
node recurrence. In four cases a local recurrence was
associated with an image of perirectal nodal relapse.
A few patients developed extra pelvic lymph node
recurrences mainly along the inferior mesenteric ves-
sels or para-aortic area.

Table III. Overview of clinical outcomes in 120 patients separated
in two cohorts treated in Lyon and then in Nice. *Kaplan-Meier
estimation at 5 years.

Lyon Nice

80 pts (%) 40 pts (%)
Median follow-up (month) 64 63
cCR 2 months 75 (94%) 38 (95%)
Local recurrence after cCR 22 (27%)* 4 (14%)*
Median time of recurrence 16 17

(month)

Local control after salvage (73%) (95%)
Organ preserved 72 (90%) 39 (97%)
Distant metastases 10 (17%)* 8 (20.5%)*
Opverall survival 3 years (73%)* (60%)*
5 years (64%)* (39%)*
Cancer-specific survival 3 years (86%)* (85%)*
5 years (72%)* (70%)*
Rectal bleeding G1 G2 28 13
G3 4 6
Bowel function good-excellent (92%) (79%)

cCR, clinical complete response; G, grade; pts, patients.

In the Lyon period six operable patients with
local recurrence underwent an APE and all were
long-term survivors with ultimate pelvic control. In
Nice two patients with a local relapse less than 3 cm
in diameter were treated with LE or a second course
of CXB and have been locally controlled with good
bowel function.

In the Lyon period, 58 (72%) of 80 patients were
locally controlled, either initially or after salvage
treatment. For the operable patients this rate was
92%. In Nice an ultimate local control was seen in
39 of 40 patients.

All patients without radical surgery (either APE
or LAR) and without a permanent diverting colos-
tomy (which was performed in three patients) are
considered as having preserved their rectum, some-
times with a rectal tumor still locally progressive but
usually with an acceptable bowel function and qual-
ity of life not requiring a palliative diverting stoma.
Of 120 patients, 111 (92.5%) were able to preserve
their rectum.

Median follow-up time was 63 months in both
groups. The five-year survival was 64% and 39%
in the Lyon and Nice periods, respectively. The
shorter survival in Nice is related to a significantly
older population. Five-year cancer-specific survival
was 72% and 70% in Lyon and Nice, respectively.
In the elderly population (above 80 years of age) a
relatively high number of patients died from inter-
current disease but also from distant metastasis
which occurred in Nice in 18% of cases at five
years.

Toxicity and bowel function. The most frequent toxicity
was rectal bleeding. It was caused by radiation-
induced telangiectasia which develops on the rectal
mucosa usually 618 months after the end of treat-
ment in 50-70% of cases. After 2—4 years these occa-
sional bleedings diminish and disappear. In 5% of
the cases, plasma-argon coagulation was successful
for bleeding control. Blood transfusion was excep-
tional. During the first year an ulceration could be
seen on rectoscopy and felt on DRE especially when
treating T3 tumors where it occurred in 33% of
cases. Monthly controls showed the progressive heal-
ing of this ulceration over 3—10 months. Usually T2
tumors healed without rectal wall modification or
with a rectal wall scar slightly firm on DRE. There
was no occurrence of rectal stenosis or perforation.
In 75-85% of cases the ano-rectal function was
judged by the patient as good or excellent. Rectal
bleeding could generate anxiety but did not affect the
quality of life. There was no incontinence for gas or
stool and patient did not wear pad except ‘by precau-
tion’. During the first year after treatment some
patients described some urgency and frequent stools
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mainly in the morning but usually not affecting their
daily activity and disappearing with time.

Prognostic factors. The most important prognostic
factors affecting cCR, local control and survival was
the size of the tumor. Tumors less than 3 cm in diam-
eter had cCR at two months close to 95% and local
control close to 90%. The rate of local recurrence
increased progressively with diameter above 3 cm
and especially more than 4 cm (T >4 cm: 24 pts with
10 local recurrences). The five-year overall survival
was in Lyon 75% for T>3 cm and 39% for T >4
cm. Circumferential extension of the tumor was also
closely related to cCR and local control and both
declined when the tumor is close to or exceed half
the rectal circumference.

Discussion

This report has many and obvious limitations. It is a
pooling of data with no individual case-specific sta-
tistics. Selection of patients has been on individual
cases with some evolution with time as demonstrated
by the differences between the two Lyon and Nice
cohorts. Treatment was monocentric and has been
modified over time. For these reasons, the results
should be considered as a general estimation of clin-
ical outcome of treatment of ‘early (T'1) T2-T3’ rec-
tal adenocarcinomas of the distal and middle rectum
mostly in inoperable or high surgical risk patients.
However, all patients have been managed with rou-
tine use of rigid rectoscopy and a homogenous tumor
classification.

The main result of this historical overview is that
CXB is feasible and can be combined with EBRT
with or without concurrent chemotherapy and if nec-
essary followed by LE for patients of any age with
low toxicity. The rates of cCR at two months are good
(95%). In the recent Nice period, the rate of local
recurrence at five years was 14% and organ preserva-
tion on the long term could be achieved in close to
95% of patients. These improved outcomes when
compared with the Lyon period can be explained by
better selection of patients (fewer large tumor>3 or
4 cm in diameter), moderate increase in the dose of
CXB (90 Gy vs. 85 Gy) and EBRT (50 Gy vs. 45
Gy) and use of concurrent chemotherapy with
capecitabine. In case of local failure salvage radical
surgery is possible with no particular toxicity. One
interesting point to notice is that the rate of isolated
lymph node relapse is very low as in most clinical
experiences with organ preservation [3-5,8,13,15]
which probably shows that EBRT (dose 45-50 Gy)
* concurrent chemotherapy is efficient to control
subclinical lymph node deposits present in 15-25%
of these ‘early’ rectal tumors.

Similar results have been published from institu-
tions in the US or France using the Philips RT 50
machine until 2000 [14]. The Liverpool-
Clatterbridge recent results with the Papillon 50
machine are similar and also very encouraging [25].

The present results in 120 patients can be com-
pared with the results observed in the 45 operable
patients included in the Lyon R 96-02 randomized
trial and treated between 1996 and 2001 in Lyon
with CXB (85 Gy/3 factions/21 days) and EBRT (39
Gy/13 factions/19 days) followed by radical TME
surgery [21,22]. The rate of cCR in these 45 patients
was lower (29%) probably because the tumors were
more advanced, the neo-adjuvant treatment less
aggressive with no concurrent CRT and the interval
to clinical evaluation shorter. The CXB boost could
without toxicity significantly increase the rate of
sphincter saving surgery. Few patients (10 pts) with
cCR were able to preserve their rectum either after
close surveillance (W-W: 7 pts) or LE (3 pts). It is
not yet known if LE adds clinical benefit when com-
pared with W-W strategy in case of cCR.

In conclusion, for patients presenting T2 and
early T3 of the distal and middle rectum, CXB 50
kV combined with EBRT with or without concurrent
chemotherapy achieves a high rate of clinical com-
plete responses. Such a cCR evaluated mainly with
DRE and endoscopy is a major end point if the aim
is organ preservation. In inoperable patients this
treatment appears as a good option. In operable
patients the upcoming OPERA randomized trial
should aim at confirming the Lyon R 96.02 results.

Declaration of interest: The authors report no
conflicts of interest. Jean-Pierre Gérard is the Medi-
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