BJS Open, 2022, zrac067

https://doi.org/10.1093/bjsopen/zrac067
Original Article

OXFORD

Clinical outcomes of surgical and imatinib treatment for
rectal gastrointestinal stromal tumours: retrospective
cohort study

Shunsuke Tsukamoto™* (&), Yoshitaka Honma? ([8), Hirokazu Shoji®, Hidekazu Hirano® (§), Manabu Inoue’, Yasuyuki Takamizawa’,
Konosuke Moritani' (), Jun Imaizumi® and Yukihide Kanemitsu* (&)

'Department of Colorectal Surgery, National Cancer Center Hospital, Tokyo, Japan
’Department of Head and Neck, Esophageal Medical Oncology, National Cancer Center Hospital, Tokyo, Japan
Department of Gastrointestinal Medical Oncology, National Cancer Center Hospital, Tokyo, Japan

*Correspondence to: Shunsuke Tsukamoto, Department of Colorectal Surgery, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
(e-mail: shtsukam@ncc.go.jp)

Abstract

Background: Rectal gastrointestinal stromal tumours (GISTs) are rare and treated mainly by radical surgery. Although the importance
of perioperative imatinib has been recognized, there are few reports on its outcomes.

Method: Consecutive patients diagnosed with rectal GISTs between July 2008 and February 2021 were identified from a prospective
database. Effects of perioperative imatinib were investigated, and surgical and survival outcomes were compared between
neoadjuvant imatinib and upfront surgery.

Results: 34 patients meeting the inclusion criteria were identified. Compared with upfront surgery (n = 11), the neoadjuvant imatinib
group (n = 23) had significantly larger tumours (median size 8.3 versus 2.5 cm; P=0.01) and included a significantly greater proportion
of high-risk patients according to the modified Fletcher classification (20/23 (87.0%) versus 6/11 (54.5%); P=0.02). Comparing the
operation planned based on imaging before neoadjuvant imatinib and the operation performed, there was an increase in
sphincter-preserving surgery (4/23 (17.4%) to 11/23 (47.8%); P=0.02), abdominoperineal resection 11/23 (47.8%) reduced to 7/23
(30.4%); P=0.13) and total pelvic exenteration reduced from 8/23 (34.8%) to 5/23 (21.7%); P=0.01). Tumours were downsized by a
median of 30 per cent (range O per cent to —56 per cent; P= 0.01). During follow-up (median 42, range 5-131 months), there was no
postoperative recurrence in 29 patients who received perioperative imatinib. One of the five patients who underwent surgery
without neoadjuvant or adjuvant imatinib developed local recurrence.

Conclusion: Treatment with imatinib for rectal GISTs seems to improve outcomes, and neoadjuvant imatinib increases the rate of
sphincter-preserving surgery.

In recent years, postoperative imatinib therapy has improved
overall survival and recurrence-free survival (RFS) in patients
with GISTs and a high risk of recurrence after surgical
resection”®. There is evidence that preoperative imatinib
therapy can reduce the size of locally advanced GISTs, thereby
facilitating resection and lowering the risk of recurrence’. The
benefits of neoadjuvant imatinib for operable rectal tumours
include reduced morbidity, organ preservation, and a
less-radical procedure, which may allow preservation of the
sphincter muscles and avoid a permanent colostomy™. Several
studies have demonstrated that preoperative use of imatinib
improves surgical outcomes and highlighted the importance of a

Introduction

Gastrointestinal stromal tumours (GISTs) are the most common
mesenchymal soft tissue tumour of the gastrointestinal tract but
account for less than 1 per cent of all gastrointestinal tumours
overall. Epidemiological studies consistently find the overall
incidence of GISTs to be 6.5-15 per million population’™.
Although GISTs can originate from any site in the
gastrointestinal tract, they most commonly arise in the stomach
(50 per cent), proximal small intestine (35 per cent), and rarely in
the rectum (5 per cent)™®. Historically, surgery has been the
mainstay of treatment for GISTs; however, surgery can be
challenging in patients with rectal GISTs because the tumours

are often large and the procedure must be performed in the
anatomically narrow pelvic space. Rectal GISTs are often treated
by radical surgery, including abdominoperineal resection, or
total pelvic exenteration depending on the size of the tumour,
invasion of other organs, and location. Postoperative quality of
life is often poor because of organ or sphincter muscle loss
leading to a permanent colostomy and impaired urogenital
function®®.

multidisciplinary approach to optimize patient outcomes in the
imatinib era. Before the advent of imatinib, the goal of radical
surgery was to achieve a microscopically margin-negative (RO)
resection’™*?; however, the risk of recurrence after
microscopically margin-positive (R1) resection in the imatinib
era has not been adequately evaluated. The numbers of cases of
studies of neoadjuvant imatinib in GIST have been small, in the
range of only 5-22 per study, because of the rarity of this
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tumour®*~. Therefore, there is no clear evidence that imatinib
facilitates organ preservation or improves prognosis. The aims
of this single-centre study were to evaluate the clinical profile of
patients with rectal GISTs and to determine the effectiveness of
neoadjuvant and adjuvant imatinib for allowing organ-preserving
surgery and improving patient outcomes.

Methods
Patients

The data analysed in this study were obtained retrospectively
from our prospectively maintained database at the National
Cancer Center Hospital, Tokyo, Japan. Information has been
compiled for all patients undergoing surgery for rectal GISTs
since July 2008, when neoadjuvant imatinib was first used for
rectal GIST at our institution. The cut-off date for this study was
8 August 2021. The study was approved by our institutional
review board (2017-437). In all cases, the histological diagnosis
was confirmed before treatment by core biopsy with positive
immunostaining for CD117 (c-Kit). Patients with synchronous
metastatic disease at the time of diagnosis were excluded. Data
on patient demographics, tumour characteristics, radiological
findings, surgical outcomes, preoperative and postoperative
management, and recurrence were obtained from clinical
records. Mutational analysis was performed in most patients
from 2010 onwards and immunostaining for DOG1 status since
2013. The risk of aggressive behaviour of GISTs was determined
by way of the modified Fletcher classification®.

All patients underwent CT of the chest, abdomen, and pelvis,
and high-resolution MRI of the pelvis at the time of diagnosis.
Patients who received neoadjuvant imatinib underwent CT and
MRI after completion of neoadjuvant imatinib. Tumour size was
measured before and after treatment by way of the measuring
tool in the MRI software.

The indications for neoadjuvant imatinib were as follows: large
tumours expected to have high surgical mortality and morbidity;
invasion of adjacent organs and expected need for combined
resection; invasion of the sphincter muscles and expected need
for permanent colostomy after surgery; and Eastern Cooperative
Oncology Group status 0-2. The starting dose of imatinib in
neoadjuvant therapy was 400 mg/day. The final decision on the
treatment plan was made at a multidisciplinary tumour board
meeting consisting of surgeons, oncologists, radiologists,
endoscopists, and pathologists. The duration of neoadjuvant
imatinib was usually 6 months. CT evaluation was performed at
2-month intervals during neoadjuvant imatinib, and surgery
could be performed at any time if the tumour stopped
decreasing in size. If the tumour had clearly decreased in size by
6 months but a further decrease was expected, the duration of
neoadjuvant imatinib could be extended. Adjuvant imatinib was
given to patients in the upfront surgery group who were at high
risk according to the modified Fletcher classification and to
patients in the neoadjuvant group who considered to be at high
risk according to the modified Fletcher classification based on
tumour size on diagnostic imaging, or based on pathological
examination of the resected specimen. For adjuvant therapy,
imatinib was started at 400 mg/day and administered for 3
years, or dose adjusted in patients who required dose reduction
during neoadjuvant treatment. The follow-up schedule was as
follows: clinical examination and CT of chest, abdomen, and
pelvis at 3-month intervals for 2 years and at 6-month intervals
thereafter for at least 5 years after surgery.

Survival time was calculated from the date of surgery in the
upfront surgery group and from the date of initiation of
neoadjuvant imatinib in the neoadjuvant group. Local and
distant recurrences were defined based on intraoperative,
radiographical, and histological findings. Patients with gross
tumour remnants intraoperatively (R2 resection) were excluded
from the analysis of RFS.

Statistical analysis

Differences between groups were examined with Mann-Whitney
U and chi-squared tests. Survival curves were constructed with
the Kaplan-Meier method and compared with the log rank test.
All statistical analyses were performed with SPSS® version 23.0
(IBM, Armonk, New York, USA). A P value lower than 0.05 was
considered statistically significant.

Results
Patient and tumour characteristics

A total of 34 patients were diagnosed as having a primary rectal
GIST during the 13-year study interval. Of these patients, 23
received neoadjuvant imatinib and 11 underwent upfront
surgery. The clinicopathological characteristics of the two groups
are compared in Table 1. The neoadjuvant group had a larger
median tumour size at diagnosis (8.3cm versus 2.5cm;
P<0.01). The modified Fletcher classification showed a higher
proportion of high-risk patients in the neoadjuvant group
compared with the upfront surgery group (87.0 per cent versus
54.5 per cent; P=0.02); the high-risk classification was based on
pathological findings in the upfront surgery group and based on
tumour size at diagnosis or pathological findings in the
neoadjuvant group. All patients for whom immunohistochemical
data were available were positive for CD34 and DOG1. Genomic
mutations were measured in 14 patients, all of whom had
mutations in exon 11 of KIT.

Response to neoadjuvant imatinib and surgery

Neoadjuvant imatinib was administered for a median of 6 months
(range 0-30); the median decrease in tumour size was —30 per cent
(range O per cent to —56 per cent). In the neoadjuvant group,
imatinib was discontinued after only 7 days in one patient who
developed interstitial pneumonia, resulting in no change in
tumour size. The other 22 patients completed neoadjuvant
imatinib and achieved tumour downsizing. Table 2 shows the
preoperative data for the neoadjuvant group. Imaging showed
that the proportion of patients with invasion of other organs
decreased from 43.5 per cent to 26.1 per cent after neoadjuvant
imatinib (P<0.01). Based on the imaging findings before
neoadjuvant imatinib, sphincter-saving surgery (low anterior
resection or intersphincteric resection) was planned in 17.4 per
cent of patients, abdominoperineal resection in 47.8 per cent,
and total pelvic exenteration to achieve complete resection in
34.8 per cent; however, the decreases in tumour size and
invasion of adjacent organs found on imaging after neoadjuvant
imatinib resulted in significant changes to the preoperative plan,
with sphincter-saving surgery being scheduled for 47.8 per cent
of patients (P=0.02), abdominoperineal resection for 30.4 per
cent (P=0.13), and total pelvic exenteration for 21.7 per cent
(P<0.01). Examples of pre- and post-treatment MRI for a patient
with GIST are shown in Fig. 1. Surgery was performed according
to the preoperative plan in all cases.
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Table 1 Comparison of clinicopathological characteristics between the neoadjuvant imatinib group and the upfront surgery group

Upfront surgery Neoadjuvant imatinib P
(n=11) (n=23)
Sex
Male 8 16 0.85
Female 3 7
Age at resection (years), median (range) 61 (48-79) 63 (38-82) 0.86
Tumour size at diagnosis (cm), median (range) 2.5 (1.0-8.0) 8.3 (3.8-18.0) <0.01
Location*
>5cm 0 3 0.21
<5cm 11 20
Mitotic count
0-5 per 50 HPF 5 7 0.31
6-10 per 50 HPF 2 4
> 10 per 50 HPF 4 6
Not performed 0 6
Modified Fletcher classification
Low risk 3 0 0.02
Intermediate risk 2 3
High risk 20
CD34 status
Negative 0 0 0.58
Positive 10 22
Not performed 1 1
DOGI1 status
Negative 0 0 0.49
Positive 10 18
Not performed 1 5
Mutation status
KIT exon 11 4 10 0.69
Not performed 7 13

*Location was defined as the distance from the anal verge to the inferior margin of the tumour.

HPF, high-powered field.
Numbers are n unless otherwise stated.

Table 2 Preoperative evaluation before and after neoadjuvant
imatinib

Before After P
neoadjuvant neoadjuvant
imatinib imatinib
Tumour size (cm), 8.3(3.8-18.0)  6.0(2.3-11.0) <0.01
median (range)
Invasion of other organs
No 13 (56.5) 17 (73.9) <0.01
Yes 10 (43.5) 6 (26.1)
Small intestine 1 0
Prostate/seminal 7 5
vesicles
Vagina 2 1
Planned surgical procedure
Anterior resection/ 4(17.4) 11 (47.8) 0.02
intersphincteric
resection
Abdominoperineal 11 (47.8) 7 (30.4) 0.13
resection
Total pelvic 8 (34.8) 5(21.7) <0.01
exenteration

Numbers are n (%) unless otherwise stated.

Surgical results and adjuvant imatinib therapy

The treatments performed during the study interval are
summarized in Fig. 2. One patient in the upfront surgery group
underwent transanal local excision and the remaining 33
patients underwent transabdominal resection (sphincter-saving
surgery, n=18; abdominoperineal resection, n=10; total pelvic
exenteration, n=5). Table 3 compares the pathological results
between the two groups. Minimally invasive surgery was
performed in 8 patients in the upfront surgery group and 7

patients in the neoadjuvant imatinib group, and open surgery
was performed in 2 and 16 patients in each group respectively
(P=0.12). Median tumour size in the pathology specimen was
significantly larger in the upfront surgery group (6.0 cm versus
3.5 c¢m). Pathological invasion of the prostate gland was found in
two cases in the neoadjuvant therapy group. Complete resection
was achieved in all patients in the upfront surgery group. In the
neoadjuvant group, however, three patients had R1 resections,
and R2 resections were observed in patients with intraoperative
peritoneal dissemination or pelvic wall invasion. Of the 34
patients, 6 patients in the upfront surgery group had high risk
according to the modified Fletcher classification at diagnosis, and
21 patients in the neoadjuvant therapy group, after exclusion of
2 patients with intraoperative tumour remnants who were
considered to be candidates for adjuvant therapy. All the
patients in the upfront surgery group received adjuvant imatinib
but four patients in the neoadjuvant imatinib group did not
receive adjuvant imatinib because of postoperative
complications (n=2) or patient refusal (n=2). All three patients
who underwent R1 resection received adjuvant imatinib. The
two patients with R2 resection have been on continuous imatinib
treatment for 27 and 36 months after surgery respectively.

Outcomes

Median follow-up duration after surgery was 42 months (range 5-
131). Both the 3- and 5-year RFS rates were 100 per cent in the
neoadjuvant imatinib group (excluding the two cases with R2
resection), and the respective rates were 100 per cent and 50 per
cent in the upfront surgery group; the differences were
statistically significant (P=0.01). One patient in the upfront
surgery group had local recurrence at 39 months after surgery.
There were no cases of distant metastatic recurrence. The
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Fig. 1 Rectal gastrointestinal stromal tumours

a Before imatinib treatment (maximum tumour diameter 10.0 cm). b After 11 months of treatment with imatinib (maximum tumour diameter 7.0 cm). Tumour
shrinkage of 30 per cent was achieved after treatment compared with before imatinib. The border between the prostate and tumour was indistinct before
imatinib administration, but became clear after imatinib administration (arrows). Total pelvic exenteration has initially been planned, but intersphincteric

resection was ultimately performed.

Primary rectal GIST

(n=234)

v

No neoadjuvant imatinib
(n=11)

v

Neoadjuvant imatinib
(n=23)

.

Transanal local excision
(n=1)

. }

Transabdominal resection with
curative intent (n = 33)
LAR or ISR (n=18)

APR (n=10)

TPE (n=5)

Fig. 2 Overview of treatment pathways for patients with rectal gastrointestinal stromal tumours

APR, abdominoperineal resection; ISR, intersphincteric resection; LAR, low anterior resection; TPE, total pelvic exenteration.

Table 3 Comparison of pathological results between the two
groups

Upfront Neoadjuvant P
surgery imatinib
(n=11) (n=23)
Pathological tumour size 3.5 (0.9-8.0) 6.0 (2.5-15.0)  <0.01
(cm), median (range)
Pathological invasion
of another organ
None 11 21 0.31
Prostate 0 2

Margin status
RO resection 11 18 0.25
R1 resection 0 3
R2 resection 0

Numbers are n unless otherwise stated.

5-year RFS for patients who received adjuvant imatinib and that
for patients who underwent follow-up only (excluding the two
cases with R2 resection) were significantly different between the
adjuvant imatinib group and the follow-up-only group (100 per
cent versus 66.7 per cent; P=0.03). Neither of the two cases
with R2 resection in the neoadjuvant group had postoperative

recurrence. There were no deaths in either of the study groups
during the study interval.

Discussion

The tumours in patients who received neoadjuvant imatinib were
larger and of higher grade than those in the upfront surgery group.
The median size of the tumours treated with adjuvant imatinib in
previous reports has ranged from 4.0cm to 7.6cm before
treatment®!>'%19 whereas the largest in this study was 8.3 cm.
Patients deemed to be high risk according to the modified
Fletcher classification and those who had received neoadjuvant
chemotherapy were considered eligible for adjuvant imatinib.
Despite these populations being considered to have high risk of
recurrence, 29 patients who received imatinib perioperatively
did not develop recurrence. A study from China comparing
neoadjuvant imatinib with upfront surgery also showed
favourable outcomes (5-year distant RFS at 97.8 per cent, 5-year
disease-specific survival at 100 per cent) in the neoadjuvant
group®. Another multicentre study from China demonstrated
3-year RFS at 95 per cent with patients receiving neoadjuvant
imatinib®’. This study demonstrated similar results to those
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reported elsewhere in Asia; however, the five patients who did not
receive imatinib were at low risk clinically and pathologically, but
one of them developed local recurrence. These results suggest
that perioperative administration of imatinib for rectal GISTs
may improve oncological outcomes.

Recurrence is a main problem after rectal GIST surgery, and a
study from a large European cohort observed local recurrence in
15 per cent of cases??. Before the advent of imatinib, R1 resection
of GIST was associated with high risk for local recurrence and RO
resection was considered the goal of radical surgery'™'?
however, in a recent small study, Cavnar et al. reported that
radical surgery with R1 resection is acceptable because local
recurrence was absent in patients with R1 resection who were
treated with adjuvant imatinib'*. Similarly, in this study there
was no postoperative recurrence in patients who received
adjuvant imatinib, including three patients with R1 resection.
Even with preoperative imatinib, many patients require resection
of adjacent organs to achieve reliable RO resection; however, if
adjuvant imatinib can prevent recurrence with R1 resection, this
might reduce the surgical resection margins required or extent of
surgery, including removal of adjacent organs. The two patients
with R2 resection who have been on continuous imatinib
treatment after surgery have not had a recurrence to date. This
suggests that imatinib might have a role in disease control in
patients with R1/R2 resections, but further study is required.

The National Comprehensive Cancer Network recommends
neoadjuvant systemic therapy for borderline resectable and
oligometastatic or metastatic GISTs*>. Neoadjuvant imatinib for
operable rectal GIST offers the opportunity to downsize the
tumour, thereby allowing organ preservation and a negative
surgical margin®*?. Previous studies in the pre-imatinib era
reported sphincter-preserving surgery rates of 28.5 per cent and
54.8 per cent®>*’; however, reports on preoperative treatment with
imatinib showed an increase in the rate of sphincter-preserving
surgery in the range of 33.3-100 per cent®'"31>7731 Based on
preoperative imaging, sphincter-preserving surgery was planned
in only 17.4 per cent of patients but was actually performed in 47.8
per cent of those who received neoadjuvant imatinib.
Furthermore, abdominoperineal resection was planned in 47.8 per
cent of patients based on preoperative imaging but was performed
in only 30.4 per cent of those in whom neoadjuvant imatinib was
administered. Similarly, total pelvic exenteration, which was
planned in 34.8 per cent of patients before preoperative treatment,
was performed in only 21.7 per cent of those who received
neoadjuvant imatinib. In this study, histologically invasive disease
was confirmed in only two of five patients who underwent total
pelvic exenteration due to preoperative invasion of adjacent
organs. Therefore, even if preoperative imaging shows invasion,
there is often no pathological invasion, meaning that preoperative
imaging is not always correct; however, it is often not possible to
identify the exact extent of tumour invasion during surgery, and
the surgery is planned based on preoperative imaging. Therefore,
preoperative therapy to ensure absence of invasion of adjacent
organs is important to achieve organ preservation.

A major concern about neoadjuvant imatinib is that the
tumour will progress if it is ineffective. The type of KIT mutation
has been found to predict the response to imatinib®?*. Patients
with mutations involving exon 11 in KIT have a better complete
or partial response rate (63-83.5 per cent) than those with exon
9 mutations (25-47.8 per cent) or wild-type KIT (0-7 per cent)
and therefore may benefit the most from imatinib
therapy®®*>¢. In this study, tumour shrinkage was achieved in
all patients who were able to receive imatinib, except for one

patient who developed interstitial pneumonia and could not
complete preoperative therapy. All 10 patients in the
neoadjuvant imatinib group who underwent genetic testing had
mutations in exon 11, which may have led to the favourable
tumour shrinkage rate. In nine retrospective studies of patients
with rectal GIST treated with neoadjuvant imatinib, only one
patient developed progressive disease®''™'/*!. This suggests a
low rate of disease progression in patients with rectal GISTs who
receive preoperative imatinib. Therefore, it may be preferable to
administer imatinib first to determine the response regardless of
the size of the tumour before proceeding to surgery; however, it
may be necessary to check for KIT mutations before treatment,
as there may be a small number of tumours with PDGFRa
mutations or wild-type that do not respond well to imatinib.

The standard dose of imatinib is reported to be 400 mg/day®.
However, an analysis showed that high-dose imatinib (800 mg/
day) demonstrated longer progression-free survival compared
with the standard dose for patients with metastatic GISTs with
exon 9 mutations®. However, in a retrospective series of
adjuvant therapy for exon 9-mutated GISTs, high-dose imatinib
did not achieve better survival outcomes compared with the
standard dose®®. In the present study, all patients received the
standard dose because the national health insurance system in
Japan allows administration of only up to 400 mg/day, and the
median reduction in tumour size was 30 per cent. While the
standard dose may be sufficient for many cases with exon 11
mutations, such as those included in the present study, higher
doses may be necessary for cases of progressive disease with
exon 9 mutations. Prospective studies will be needed to
determine the indicated doses for these patients. The consensus
on the optimal duration of neoadjuvant imatinib is that imatinib
should be continued until the maximal response is observed®,
which may take at least 6 months according to the National
Comprehensive Cancer Network guidelines. In this study, we
used 6 months as a guide but left the final decision regarding
shrinkage of the tumour to the discretion of the physician;
however, decisions varied from physician to physician, such that
the median duration of neoadjuvant imatinib ranged from 6
months to 30 months. The appropriate duration of neoadjuvant
imatinib will need to be clarified in future clinical trials.

This study has several limitations. First, the data were obtained
from a single centre, and although the number of cases is larger
than in previous reports, the actual number was still small. For
a disease as rare as GIST, it is necessary to establish a
multicentre  case registration system to clarify its
clinicopathological features in detail. Second, mutational status
was not examined in many of the older cohort, which meant
that the association with genes could not be adequately
investigated. Mitotic counts were not performed in all cases. The
follow-up duration was relatively short, especially for the most
recent patients who were followed up for less than 1 year.
Further studies with longer follow-up periods are required.

Funding

The authors have no funding to declare.

Disclosure. The authors declare no conflict of interest.

Data availability

The datasets generated during and/or analysed during this study are
available from the corresponding author on reasonable request.



6 | BJS Open, 2022, Vol. 6, No. 3
References gastrointestinal stromal tumors: results of surgical and
multimodal therapy from the French Sarcoma group. BMC
1. Tran T, Davila JA, El-Serag HB. The epidemiology of malignant Cancer 2014:14:156
gastrointestinal stromal tumors: an analysis of 1458 cases 18. Joensuu H, Vehtari A, RithimakiJ, Nishida T, Steigen SE, Brabec P
fr-om 1992 to 2000. Am ] Gastroenterol 2005;1003162"168‘ _ et al. Risk of recurrence of gastrointestinal stromal tumour after
2. Linch M, Claus ], Benson C. Update on imatinib for surgery: an analysis of pooled population-based cohorts. Lancet
gastrointestinal stromal tumors: duration of treatment. Onco Oncol 2012:13:265-274
Targets Ther 2013,6:1011-1023 19. Yong ZZ, Wong JSM, Teo MCC, Chia CS, Ong CJ, Farid M et al.
3. Tryggjason .G' Gislason HG, Magnusson MK Jonasson JG. Neoadjuvant  tyrosine kinase inhibitors in  rectal
Gastromtestmal stromal tumors mn Iceland ?99'072003: the gastrointestinal stromal tumours: a provision for enhanced
Icelandic GIST study, a population-based incidence and oncological and functional outcomes. Int J Clin Oncol 2021;26:
pathologic risk stratification study. IntJ Cancer 2005;117:289-293 913-921
4. Miettinen M, Sarlomo-Rikala M, Lasota J. Gastrointestinal 20. Ling JY, Ding MM, Yang ZF, Zhao YD, Xie XY, Shi LS et al.
stromal tumors: recent advances in understanding of their Comparison of outcomes between neoadjuvant imatinib and
biology. Hum P?thOI 1999;30:1?13_1220 upfront surgery in patients with localized rectal GIST: an
5. Guren MG, Eriksen MT, Wiig JN, Carlsen E, Nesbakken A, inverse probability of treatment weighting analysis. J Surg
Sigurdsson HK et al. Quality of life and functional outcome Oncol 2021:124:1442—1450
following anterior or abdominoperineal resection for rectal 21. Yang W, Liu Q Lin G, Zhang B, Cao H, Zhao Y et al. The effect of
cancer. EurJ Surg Oncol 2005;31:735-742 ' neoadjuvant imatinib therapy on outcome and survival in rectal
6. RadwanRW, Codd R, Wright M, Fitzsimmons D, Evans MD, Davies gastrointestinal stromal tumors: a multi-institutional study. J
M et al. Quality-of-life outcomes following pelvic exenteration for Surg Oncol 2021;124:1128-1135
p.n'mary-rectal cancer. BrJ Surg 2015;102:157%1589 ' 22. Mohammadi M NSIJ, Tzanis D, Gelderblom H, Fiore M, Fumagalli
7. L YS, L1 W, Zeng QS, Fu WH. Effect of th‘? 1mat1n1b' treatment E et al. Quality of treatment and surgical approach for rectal
regimen on the postoperative prognosis of patients with gastrointestinal stromal tumour (GIST) in a large European
high-risk gastrointestinal stromal tumors. Onco Targets Ther cohort. Eur J Surg Oncol 2020;46:1124-1130
20.19312:4713‘47_19 23. von Mehren M, Randall RL, Benjamin RS, Boles S, Bui MM,
8. Wilkinson MJ, Fitzgerald JE, Strauss DC, Hayes AJ, Thomas JM, Ganjoo KN et al. Soft tissue sarcoma, version 2.2018, NCCN
Messiou C et al. Surgical treatment of gastrointestinal stromal clinical practice guidelines in oncology. J Natl Compr Canc Netw
tumour of the rectum in the era of imatinib. Br J Surg 2015;102: 2018:16:536-563
965-971 24. Fiore M, Palassini E, Fumagalli E, Pilotti S, Tamborini E,
9. Rutkowski P, Gronchi A, Hohenberger P, Bonvalot S, Schoffski P, Stacchiotti S et al. Preoperative imatinib mesylate for
Bauer'S et al. Neoadjuvant imatinib in locally advanced unresectable or locally advanced primary gastrointestinal
gastrointestinal stromal tumors (GIST): the EORTC STBSG stromal tumors (GIST). Eur J Surg Oncol 2009;35:739-745
experience. A”'” Surg O”?OI 2013??032937_2943 25. Wachter N, Worns MA, Dos Santos DP, Lang H, Huber T, Kneist
10. Lo SS, Papachristou GI, Fm-kelstem‘SD, Conroy WP, Schraut WH, W. Transanal minimally invasive surgery (TAMIS) approach for
Ramanathan RK. Neoadjuvant imatinib in gastrointestinal large juxta-anal gastrointestinal stromal tumour. J Minim Access
stromal tumor of the rectum: report of a case. Dis Colon Rectum Surg 2016;12:289-291
2905;48:1316_131'9 _ 26. Eisenberg BL, Harris J, Blanke CD, Demetri GD, Heinrich MC,
11. Liu H,. Yan‘Z, Liao G, Yin H. Treatment strategy of rectal Watson JC et al Phase I trial of neoadjuvant/adjuvant
gastrointestinal stromal tumor (GIST). J Surg Oncol 2014;109: imatinib mesylate (IM) for advanced primary and metastatic/
708-713 ) ) recurrent operable gastrointestinal stromal tumor (GIST):
12. Jakob J, Mussi C, Ronellenfitsch U, Wardelmann E, Negri T, early results of RTOG 0132/ACRIN 6665. ] Surg Oncol 2009;99:
Gronchi A et al. Gastrointestinal stromal tumor of the rectum: 49-47
results of surgical and multimodality therapy in the era of 27. Ueki T, Nagayoshi K, Manabe T, Maeyama R, Yokomizo A
im.atinib. Ann Surg Oncol 201%;20:586_592 ‘ . . Yamamoto H et al Laparoscopic en bloc excision of
13. Pai VD, Demenezes JL, Patil PS, Saklani AP. Multimodality gastrointestinal stromal tumors of the rectum after
therapy of rectal gastrointestinal stromal tumors in the era of neoadjuvant imatinib  therapy: anteriorly  extended
imatinib: an Indian series. J Gastrointest Oncol 2016;7:262-268 intersphincteric resection combined with partial resection of
14. Cavnar MJ, Wang L, Balachandran VP, Antonescu CR, Tap WD, the prostate. Tech Coloproctol 2015;19:247-251
Keohan M et al. Rectal gastrointestinal stromal tumor (GIST) in 28. Hohenberger P, Eisenberg B. Role of surgery combined with
the era of imatinib: organ preservation and improved kinase inhibition in the management of gastrointestinal
oncologic outcome. Ann Surg Oncol 2017;24:3972-3980 stromal tumor (GIST). Ann Surg Oncol 2010;17:2585-2600
15. Fujimoto Y, Akiyoshi T, Konishi T, Nagayama S, Fukunaga Y, 29. Changchien CR, Wu MC, Tasi WS, Tang R, Chiang JM, Chen JS
Ueno M. laparoscopic  sphincter-preserving  surgery et al. Evaluation of prognosis for malignant rectal
(intersphincteric  resection) after neoadjuvant imatinib gastrointestinal stromal tumor by clinical parameters and
treatment for gastrointestinal stromal tumor (GIST) of the immunohistochemical staining. Dis Colon Rectum 2004;47:
rectum. Int J Colorectal Dis 2014;29:111-116 1922-1929
16. Machlenkin S, Pinsk I, Tulchinsky H, Ziv Y, Sayfan ], Duek D et al. 30. Baik SH, Kim NK, Lee CH, Lee KY, Sohn SK, Cho CH et al.
The effect of neoadjuvant Imatinib therapy on outcome and Gastrointestinal stromal tumor of the rectum: an analysis of
survival after rectal gastrointestinal stromal tumour. Colorectal seven cases. Surg Today 2007;37:455-459
Dis 2011;13:1110-1115 31. TielenR, Verhoef C, van Coevorden F, Reyners AK, van der Graaf
17. Huynh TK, Meeus P, Cassier P, Bouche O, Lardiere-Deguelte S, WT, Bonenkamp JJ et al. Surgical management of rectal

Adenis A et al. Primary localized rectal/pararectal

gastrointestinal stromal tumors. J Surg Oncol 2013;107:320-323



Tsukamotoetal. | 7

32.

33.

34.

35.

Corless CL, Ballman KV, Antonescu CR, Kolesnikova V, Maki RG,
Pisters PW et al. Pathologic and molecular features correlate
with long-term outcome after adjuvant therapy of resected
primary GI stromal tumor: the ACOSOG Z9001 trial. ] Clin Oncol
2014;32:1563-1570

Heinrich MC, Corless CL, Demetri GD, Blanke CD, von Mehren M,
Joensuu H et al. Kinase mutations and imatinib response in
patients with metastatic gastrointestinal stromal tumor. J Clin
Oncol 2003;21:4342-4349

Medeiros F, Corless CL, Duensing A, Hornick JL, Oliveira AM,
Heinrich MC et al. KIT-negative gastrointestinal stromal
tumors: proof of concept and therapeutic implications. Am J
Surg Pathol 2004;28:889-894

Debiec-Rychter M, Dumez H, Judson I, Wasag B, Verweij J, Brown
M et al. Use of c-KIT/PDGFRA mutational analysis to predict the
clinical response to imatinib in patients with advanced
gastrointestinal stromal tumours entered on phase I and II
studies of the EORTC Soft Tissue and Bone Sarcoma group. Eur
] Cancer 2004;40:689-695

36.

37.

38.

39.

Heinrich MC, Owzar K, Corless CL, Hollis D, Borden EC, Fletcher
CD et al. Correlation of kinase genotype and clinical outcome in
the North American Intergroup phase III trial of imatinib
mesylate for treatment of advanced gastrointestinal stromal
tumor: CALGB 150105 Study by Cancer and Leukemia Group B
and Southwest Oncology group. J Clin Oncol 2008;26:5360-5367
Gastrointestinal ~ Stromal Tumor Meta-Analysis Group
(MetaGIST). Comparison of two doses of imatinib for the
treatment of unresectable or metastatic gastrointestinal
stromal tumors: a meta-analysis of 1640 patients. J Clin Oncol
2010;28:1247-1253

Vincenzi B, Napolitano A, Fiocco M, Mir O, Rutkowski P, Blay JY
et al. Adjuvant imatinib in patients with GIST harboring exon 9
KIT mutations: results from a multi-institutional European
retrospective study. Clin Cancer Res 2021;28:1672-1679
Bonvalot S, Eldweny H, Pechoux CL, Vanel D, Terrier P,
Cavalcanti A et al. Impact of surgery on advanced
gastrointestinal stromal tumors (GIST) in the imatinib era. Ann
Surg Oncol 2006;13:1596-1603



	Clinical outcomes of surgical and imatinib treatment for rectal gastrointestinal stromal tumours: retrospective cohort study
	Introduction
	Methods
	Patients
	Statistical analysis

	Results
	Patient and tumour characteristics
	Response to neoadjuvant imatinib and surgery
	Surgical results and adjuvant imatinib therapy
	Outcomes

	Discussion
	Funding
	Data availability
	References


