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ABSTRACT

Background: Although several prognostic factors in GIST have been well studied such as tumour
size, mitotic rate, or localization, the influence of microscopic margins or R1 resection remains
controversial. The aim of this study was to evaluate the influence of R1 resection on the prognosis of
GIST in a large multicentre retrospective series of patients.

Methods: From 2001 to 2013, 1413 patients who underwent surgery for any site of GIST were
identified from 61 European centres. 1098 patients were included, excluding synchronous metastases,
concurrent malignancies, R2 resection or GIST recurrence. Tumour rupture (TR) was reclassified
according to the Oslo sarcoma classification. Cox proportional hazards ratio and Kaplan-Meier
survival estimates were used to analyse 5-year recurrence-free survival (RFS)

Results: Of 1098 patients, 38 (3%) underwent R1 resection with a risk of TR of 11%. The 5-year RFS
was 89.6% with a median follow-up of 81 months [range: 31.2-152 months]. On univariate analysis,
lower RFS was significantly associated with R1 resection [HR=2.13; p=0.04], high risk score
according to the modified NIH classification, administration of adjuvant therapy [HR=2.24; p<0.001]
and intraoperative complications [HR=2.82; p<0.001]. Only intraoperative complications [HR=1.79;
p=0.02] and high risk according to the modified NIH classification including the updated definition
of TR [HR=3.43; p=0.04] remained significant on multivariate analysis.

Conclusion: This study shows that positive microscopic margins are not an independent predictive
factor for RFS in GIST when taking into account the up-dated classification of TR. R1 resection may
be considered a reasonable alternative to avoid major functional sequelae and should not lead to
reoperation.

Keywords : GIST, R1 resection, microscopic positive margins, tumor rupture.
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Abbreviations : TR : Tumour rupture, GIST: Gastro-intestinal Stromal Tumour, GI:
Gastrointestinal, RFS : Recurrence Free Survival, TKI : tyrosine kinase inhibitor, NIHC : National

Institute of Health classification,

INTRODUCTION

Gastro-intestinal stromal tumours (GISTs) are the most common mesenchymal tumour of the
gastrointestinal (GlI) tract with an annual incidence of 14-20 cases per million. GIST typically occur
in older adults, mostly in the stomach (60%) and small bowel (30%) [1]. GISTs are heterogeneous
tumours because of their variable biological and clinical behaviour, between unexpectedly
discovered benign tumours, to perforated or bleeding malign tumours [3,4]. Imatinib Mesylate is the
first effective medical treatment for metastatic GIST, neo-adjuvant treatment for locally advanced
tumours, and patients with high risk tumours after operation. [4] Radical surgery with negative
microscopic margins (RO) is the gold standard for primary, localized, resectable GISTs in current
guidelines [4, 5, 6, 7, 8, 9].

However, the prognosis of positive microscopic resection margins (R1) and the potential
therapeutic adjustment resulting from R1 resection (revision surgery, adjuvant treatment or
surveillance) remain controversial in the current recommendations [4, 8, 9]. Indeed, several studies
[5, 6, 7] have evaluated the prognostic value of R1 margin in GIST, with controversial results,
partly due to the retrospective nature or the relatively small sample size of these studies. Three
recent meta-analysis suggested that R1 resection resulted in a significantly shorter RFS/DFS than
RO resection for GISTs. However, in the first, the analysis excluding cases without tumour rupture
cases showed that RFS was not significantly different between the RO and R1 groups [10], and in
the others, adjuvant imatinib could potentially attenuate the negative influence of R1 resection on
recurrence-free survival (RFS) in GISTs [11, 12].

The introduction of a strict definition of tumour rupture by the Oslo Sarcoma Group in 2016 aimed



to provide a standardized and consistent criterion for identifying cases of tumour rupture. Before
this definition, the term "tumour rupture™ was often subject to interpretation during surgery, leading
to inconsistent definitions and potentially including cases that were classified as R1 resections [13]
Two recent studies seem to support the notion that tumour rupture, as defined by the Oslo Sarcoma
Group, is a critical factor influencing the overall survival of GIST patients, more so that R1 margin,
regardless of whether adjuvant Imatinib therapy is administered [14].

Therefore, the aim of our study was to assess the true prognostic significance of the R1 margin by
analysing a large series of primary GISTs regardless of tumour location, taking into account major

TR in NIH modified classification, while respecting the Oslo definition [15].

PATIENTS AND METHODS

Population

From 2001 to 2013, 1413 patients who underwent surgery in 61 French-speaking European centers
(members of AFC, Association Francaise de Chirurgie) for a local or metastatic GIST were
identified. Data from these consecutive adult patients were collected retrospectively through a
dedicated Website (http://www.chirurgie-viscerale.org). Population parameters and follow up were
retrieved from clinical records in all patients through standardized forms. When missing, additional
data were obtained from e-mail exchanges or phone calls with the referral center.

Patients were included if they underwent surgery with complete macroscopic resection (laparotomy
or laparoscopy) including enucleation, with or without neoadjuvant or adjuvant therapy. All tumour

locations and sizes were included.

Patients with synchronous metastatic disease, concurrent malignancies, R2 resection during surgery,
GIST recurrence, or patients who received endoscopic resection were excluded from the study.
Patients were eligible for inclusion if they received surgery with complete macroscopic resection
(laparotomy or laparoscopy) including enucleation, with or without neoadjuvant or adjuvant

therapy. All location and all size of tumours were included.



Pretreatment work-up and surgical approach

Pretreatment investigations were standardised according to the guidelines of the European Society
for Medical Oncology (ESMO) that were applicable at the time of surgical treatment [9] The
surgical approach was determined according to the size and location of the tumour according to the
same guidelines. Intraoperative complications were defined as any deviation from the ideal
intraoperative course occurring between skin incision and skin closure. Only grade 2-4 were
considered [16]

Post-operative course

Postoperative morbidity was divided into surgical complications (including anastomotic leak, intra-
abdominal abscess, surgical site infection and bleeding necessitating blood transfusions,
reoperation, and others) and medical complications (including urologic, pulmonary, cardiovascular,
thromboembolic, neurologic complications, and others). The severity of complications was assessed
according to the Clavien-Dindo classification, and only complications of at least grade Il were

considered for the analysis of overall morbidity[17].

Therapeutic strategies and follow-up

All cases were discussed during multidisciplinary team meetings. Decisions regarding the need for
neoadjuvant and adjuvant tyrosine kinase inhibitors (TKI’s) were made at the discretion of the local
multidisciplinary teams in accordance with National and European guidelines [9, 18]. A regular
follow-up with clinical examination and CT scan was recommended for at least 5 years, with a
frequency depending on the recurrence risk according to the ESMO guidelines [9]. Recurrences
were categorised as locoregional, or distant recurrence. RFS was calculated from the date of
primary tumour surgery to the first evidence of recurrence censoring patients without recurrence at

5 years of follow-up.

Histopathologic analysis



European Society for Medical Oncology (ESMO) and National Comprehensive Cancer Network
(NCCN) guidelines [4, 9] recommend complete resection of GIST with a negative surgical margin
(RO) with an intact pseudocapsule, without a specific definition of a negative margin. Presence of
residual tumour after treatment was coded in our study according to the current R classification, part
of the TNM system [19]. This classification applies to the dissection surfaces of the tumour.
Tumour relation to the peritoneum and TR is without implication for R status [20] so we analysed
separately R1 resection and major TR and excluded R2 resection. In 2016, the Oslo Sarcoma Group
proposed a clear-cut definition to code TR, based on a small intestine GIST population, and further
applied to gastric GIST in 2018 [15, 21]. This definition has been approved by NCCN Guidelines

from October 2020 [4] and updated ESMO Guidelines from January 2022 [9].

e Major defect, which identify patients at particularly high risk of recurrence, included:
Tumour fracture/spillage, blood-tinged ascites, bowel perforation at tumour site,
microscopic tumour infiltration into adjacent organ (T4b) even if resected in bloc, piecemeal
resection, and surgical biopsy. (Figl) [15] The peritoneum is without relevance to R status,
so a GIST with negative gastrointestinal margins even removed with piecemeal resection, is
still an RO resection [8, 21].

e Minor defect included: latrogenic peritoneal laceration, peritoneal tumour penetration (T4a),

and R1 resection [15].

In the two Holmebakk’s studies, a major defect of tumour integrity was an independent risk factor
in multivariable analysis, together with mitotic index, tumour size and age. A minor defect did not
influence prognosis. [15;21] Accordingly, in the present study, only major defects were considered
as tumour rupture.

Thus, tumours were classified according to the modified National Institute of Health Classification

(NIHC) based on size, mitotic index, primary tumour site and major TR with incorporation of the



up-dated definition [22] (Table 1)

Risk category Tumour Size (cm) Mitotic index (per 50 HPF) Primary Tumour Site
Very low risk <20 <5 Any
Low risk 2,1-5 <5 Any
Intermediate risk 2.1-5 -5 Gastric
<5 06-10 Any
5,1-10 <5 Gastric
High risk Any Any Tumour Rupture
>10 Any Any
Any =10 Any
>5,0 >5 Any
21-5 >5 Non-gastric
5,1-10 <5 Non-gastric

Table 1 : NIH Modified Classification (Joensuu criteria) of recurrence risk

Statistical analysis

Qualitative variables were compared by Chi? tests. Quantitative variables were compared by

Student’s t-tests. Survival data were collected at 5 years. Survival was analysed using the Kaplan-

Meier method and (when valid) the log-rank test.

Cox regression models were built to assess the relationship between post-surgery recurrence and the
studied variables. Variables significantly associated with univariate analyses were then included in a
multivariate regression model. The validity conditions of all of these models were checked. All

statistical analyses were performed with R software (version 3.5), and the threshold for statistical

significance was set to 5% [23].

RESULTS

Patients characteristics

The population flow chart is shown in Figure 1. A total of 1098 patients were included. Surgical

resection was macroscopically complete (RO) in 1060 (97%) and incomplete (R1) in 38 tumours

(3%).



[ 1413 patients

—

- Metastatic GIST at diagnosis n = 151
- Concurrent malignancies n = 63
- GIST recurrence n = 17
- Medical treatment only n =14
- Endoscopic treatment n = 1
- R2 resectionn =1
- Missing datan = &6
(Monitoring time < 3 month n =9, recurrence
status or delay unknown n = 57)

[ 1098 patients included ]
RO R1
n=10&0 n =38

Figure 1. Flow Chart

Characteristics of the overall population are shown in Table 2. At presentation, the mean age of the
patients was 63 years. They were mostly in good general condition, with 80% of patients having a
WHO score of 0 to 1. Of these, 55 (5%) received neoadjuvant TKI and 21% received adjuvant TKI.
The risk of relapse was calculated according to the NIHC classification: 6% of patients were
classified as very low risk, 31% as low risk, 19% as intermediate risk and 43% as high risk.
Intraoperative complications occurred in 83 patients (8%) and mostly included surgical

complications necessitating transfusion (84%) . 5-year recurrence occurred in 114 patients (10%).

No. %
Follow-up time (months) 81.3 -
Age, yr median (DS) 63,29 (13)
Sex
Male 595 (54%)
Female 503 (46%)
BMI
Underweight (<18.5) 439 (40%)
Normal Weight (18,5-25) 38 (3%)




Overweight (25-30) 375 (34%)
Obesity (>30) 145 (13%)
NA 101 (9%)
ASA score
1 381 (35%)
2 502 (46%)
3 184 (17%)
4 11 (1%)
NA 20 (2%)
Tumour site
Esophagus 29 (3%)
Stomach 722 (66%)
Duodenum 84 (8%)
Small intestine 217 (20%)
Colon 7 (1%)
Rectum 31 (3%)
Other 8 (1%)
Tumour size (cm)
<2 92 (8%)
12;5] 464 (42%)
15;10] 360 (33%)
210 165 (15%)
NA 17 (2%)
Neoadjuvant therapy
No| 1043 (95%)
Yes 55 (5%)
Adjuvant therapy
No 861 (78%)
Yes 226 (21%)
NA 11 (<1%)
Joensuu criteria
Very low risk 70 (6%)
Low risk 342 (31%)
Intermediate risk 213 (19%)
High risk 473 (43%)
Type of resection
RO| 1060 97
R1 38 3
Tumour rupture
No 980 (89%)
Yes 118 (11%)
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Laparotomy

No 273 (25%)
Yes 810 (74%)
NA 15 (1%)
Intra-operative complications
No, 1013 (92%)
Yes 83 (8%)
NA 2 (0%)
Post-operative complications
No 877 (80%)
Yes 203 (18%)
NA 18 (2%)
Surgical complications
No 971 (88%)
Yes 109 (10%)
NA 18 (2%)
Type of surgical complications
No surgery complication 971 (88%)
Fistula 23 (2%)
Deep abscess 5 (0%)
Bleeding 26 (2%)
Other 45 (4%)
Association 9 (1%)
NA 19 (2%)
Recurrence at 5 years
No 984 (90%)
Yes 114 (10%)
Local recurrence
No, 1038 (95%)
Yes 52 (5%)
NA 8 (<1%)
Lymph Node recurrence
No, 1080 (98%)
Yes 11 (1%)
NA 7 (1%)
Distant recurrence
No, 1005 (92%)
Yes 90 (8%)
NA 3 (<1%)

Table 2 : Characteristics of patients and tumours
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The characteristics of the RO and R1 populations are described in Table 3. We observed no
difference between the two groups in terms of age, sex, BMI, ASA score, neoadjuvant or adjuvant
therapy, intraoperative complications, NIHC and major TR. We observed a significantly higher
proportion of patients undergoing laparotomy (p=0.025) or postoperative surgical complications in
the R1 resection group (p<0.001), which was consistent with tumour size, which was significantly

higher in the R1 resection group (p=0.001).

RO R1 P-value
No % No. %
1060 (97%) 38 (3%)
Follow-up time (months) m * et 84.5 (56) 83.6 (58.2) 0,927
Age (years) m et 63,19 (13) 66,29 (13) 0,144
Sex
Male 577 (54%) 18 (47%) 0.3
Female 483 (46%) 20 (53%)
BMI
Underweight 422 (44%) 17 (52%)
Normal Weight 36 (4%) 2 (6%) 0.626
Overweight 364 (38%) 11 (33%) ’
Obesity 142 (15%) 3 (9%)
ASA score
1 372 (36%) 9 (24%)
2 483 (46%) 19 (50%)
3 174 | (17%) 10 (26%) )
4 11 (1%) 0 (0%)
Tumour site
Oesophagus 27 (3%) 2 (5%)
Stomach 700 (66%) 22 (58%)
Duodenum 80 (8%) 4 (11%)
Small intestine 209 (20%) 8 (21%) -
Colon 7 (1%) 0 (0%)
Rectum 30 (3%) 1 (3%)
Other 7 (1%) 1 (3%)
Tumour size (cm)
<2 88 (8%) 4 (11%)
0,001
12;5] 452 (43%) 12 (32%)
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15;10] 353 (34%) 7 (19%)
=10 151 (14%) 14 (38%)
Neoadjuvant therapy
No 1007 (95%) 36 (95%) 1,000
Yes 53 (5%) 2 (5%) ’
Adjuvant therapy
No 835 (80%) 26 (68%) 01
Yes 214 (20%) 12 (32%) '
Joensuu criteria
Very low risk 66 (6%) 4 (11%)
Low risk 333 (31%) 9 (24%) 0.335
Intermediate risk 208 (20%) 5 (13%) '
High risk 453 (43%) 20 (53%)
Tumour rupture
No 945 (89%) 35 (92%) 0.756
Yes 115 (11%) 3 (8%) '
Laparotomy
No 270 (26%) 3 (8%) 0.036
Yes 776 (74%) 34 (92%)
Intra-operative complications
No 980 (93%) 33 (87%) 0.19
Yes 78 (7%) 5 (13%)
Postoperative complications
No 855 (82%) 22 (63%)
<0,001
Yes 190 (18%) 13 (37%)
Surgical complications
No 941 (90%) 30 (86%) 0.01
Yes 104 (10%) 5 (14%)
Recurrence (5 years)
No 954 (90%) 30 (79%) 0.03
Yes 106 (10%) 8 (21%)
Local recurrence
No 1008 (96%) 30 (79%) <0,001
Yes 44 (4%) 8 (21%)
Lymph node recurrence
No 1043 (99%) 37 (97%) 0.324
Yes 10 (1%) 1 (3%)
Distant recurrence
No 974 (92%) 31 (82%) 0.02
Yes 83 (8%) 7 (18%)

Death all causes
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No

996 | (92%)

30

(81%)

Yes

53 (5%)

7

(19%)

<0,001

Table 3 : Characteristics of patients and tumours by surgical resection

Follow up and outcome: Recurrence Free Survival (RFS)

The 5-year RFS was 89.6% with a median follow-up of 81 months (range 31.2 to 152 months). 5-

year RFS was 90% in the RO tumours, and 79% in R1 tumours. The risk of recurrence was higher in

R1 tumours (21%) than in RO tumours (21% vs. 10%, p=0.028), and local recurrence was

significantly higher in the R1 resection group (21% vs. 4%, p<0.001). The rate of death was not

significantly higher in R1 tumours (3%) than in RO tumours (1%).

In univariable analysis (table 4), 5-year RFS was significantly lower in case of R1 resection [HR =

2.13; p=0.04]. RFS was also significantly lower with adjuvant therapy [HR=2.24; p<0.001], high

risk score according to modified NIHC including new definition of TR [HR=3.94; p=0.02], and

intraoperative complications [HR =2.82; p<0.001].

HR C195% p

Surgical Resection R1VS RO 2,13 [1,04;4,38] |0,04
Age 1,00 [0,99;1,02] 0,615
Sex M VS F 0,75 [0,51;1,09] 10,13
Joensuu Score Low risk VS Very low risk |0,53 [0,14;1,99] 10,35

Interr_nedlate risk VS Very 1,00 [0,28:3,64] (0,9972

low risk

High Risk V'S Very low risk 3,94 ][1'25;12’46 0,02
Intraoperative complications Yes VS No 2,82 [1,74;4,57] |<0,001
Rupture Yes VS No 1,22 [0,69;2,13] 0,5
Adjuvant therapy Yes VS No 2,24 [1,54;3,27] |<0,001

Table 4. Recurrence-free Survival from univariate analysis ; Hazard Ratio estimated with 95%

confidence intervals and P-value from the cox proprotional Hazard models

In multivariate analysis (Table 5), only intraoperative complications [HR=1.79; p=0.02] and NIHC
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high risk score [HR=3.43; p=0.04] remained significant (Table 5). R1 resection remained

nonsignificant in multivariable analysis.

HR Cl 95% p

Surgical resection R1vs RO 1,8 |[0,87;3,73] 0,11
Age 1,01 |[0,99;1,02] 0,32
Sex M vs F 0,76 |[[0,52;1,13] 0,17
NIH modified classification Low risk vs very low risk 0,52 |[0,14;1,98]| 0,34

Interr_nedlate risk vs very 088 |[0.24:3.28]] 086

low risk

High risk vs very low risk | 3,43 [1’07;]11’01 0,04
Intraoperative complications Yes vs No 1,79 |[1,07;2,99] 0,02
Adjuvant therapy Yes vs No 1,14 |[0,77;1,72]| 0,50

Table 5 : Recurrence-Free Survival from multivariate analysis ; Hazard Ratio estimated with 95%
confidence intervals and P-value from the cox proportional Hazard models

DISCUSSION

In this large multicentre GIST series, 5-year RFS was significantly lower for R1 resection, high risk
according to the modified NIH classification, administration of adjuvant therapy and intraoperative
complications in univariate analysis. However, only intraoperative complications and NIH modified

high risk remained significant in multivariate analysis.

In a population of 1098 patients who underwent resection for GIST in a curative attempt, 3% had a
R1 resection, which is in the range of other studies (1.7%-27%) but lower that the pooled incidence
of 12.4% reported in the recent meta-analysis by Liu et al. [12]. This low rate may be explained by
the quality of the surgery inside the AFC working group and FREGAT network, and our selection
criteria particularly our choice to keep low risk tumours in the analysis, unlike other studies [14].
Published series generally include a small number of patients from retrospective analyses,

especially in R1 patient groups [24].
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Furthermore, despite the importance of an accurate analysis of tumour resection to determine the
significance of R1 as a prognostic factor, there is variability in how margins are reported. Previous
studies analysed "complete gross resection”, which includes RO and R1 resection [2, 25], while
others have recently focused on microscopically positive margins (R1) [14, 26, 27], as in our study.
Surgery with margin-negative resection (RO) is the recommended primary treatment for non-
metastatic GIST in all guidelines [4, 8, 9], but recommendations are inconsistent regarding what to
do after R1 resection. R1 resection is not considered an indication for reoperation in NCCN
guidelines [4] and ESMO guidelines [9] in their most recent update. Asian guidelines do not
comment on reoperation after R1 resection [8] Adjuvant treatment is recommended in case of R1
resection in Asian guidelines, but ESMO guidelines since their last update suggest that adjuvant
treatment is useless after R1 resection. Similarly, NCCN guidelines do not recommend adjuvant

treatment. [4, 8, 9].

The effect of RO resection (vs. R1) on the prognosis remains controversial because several
investigators between 2001 and 2020 have found it to be a main prognostic factor of RFS or OS [2,
11, 24, 28, 29] while others did not report any significance in terms of RFS or OS [21, 25, 26, 27,
30, 31, 32].

Three recent meta-analyses suggested that R1 resection resulted in significantly shorter RFS/DFS
than RO resection for GISTs, with results potentially confounded by the definition of tumour rupture

and the administration of adjuvant TKI [10, 11, 12].

TR has been shown to be strongly associated with disease recurrence: It was first introduced as a
risk factor by Rutkowski et al. in 2007, then confirmed in the modified National Institutes of Health
(NIH) consensus criteria in 2008, and added in the 2012 edition of the ESMO guidelines [2, 22, 5,
9]. Indeed, GIST are fragile tumours and tend to rupture spontaneously into the peritoneal cavity or

during surgery, increasing the risk of intra-abdominal implant tumours[22]. In clinical practice,
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without predefined criteria, tumour rupture was usually a vague expression based on intraoperative
judgement. This has led to inconsistent definitions of tumour rupture in reported series, sometimes
including R1 resections or tumour spillage without consideration of gastrointestinal perforation into
the abdominal cavity [14, 15]. In 2016, the Oslo Sarcoma Group proposed a clear definition for
coding tumour rupture based on a small bowel GIST population and applied it to gastric GIST in
2018 [15, 21]. Major deficiencies identifying patients at high risk of recurrence included: tumour
fracture, tumour spillage, hemorrhagic ascites, bowel perforation at the tumour site, microscopic
tumour infiltration into adjacent organs (T4b in TNM classification) even if resected in one block,
piecemeal resection and surgical biopsy (Figl) [15, 21]. A strength of our study is that we have
incorporated the updated definition of the Oslo Sarcoma Group into the Joensuu classification to

assess the true prognostic significance of R1.

RFS was significantly lower with intraoperative complications [HR = 1.79; p=0.02], mainly
transfusions (84%). There is no literature on the impact of intraoperative complications on

recurrence-free survival in GIST, mainly because these events are rare.

The potential limitations of the study are as follows. Tumour mutational status has been shown to
be associated with prognosis and response to adjuvant imatinib [33]. Due to the retrospective nature
of our study, we could not analyse the impact of tumour mutational status on RFS as it was known
in only 312 (28.4%) of 1098 patients.

Neoadjuvant treatment is currently recommended for locally advanced GIST [4, 9] and could
hypothetically improve the oncological outcome by preventing TR during surgery and also
improving the RO resection rate [34] As patients were enrolled between 2001 and 2013 before the
imatinib era, only 55 patients (5%) received neoadjuvant treatment. However, both RO and R1
groups were comparable on this criterion at baseline.

During follow-up, only 60 patients (4.2%) died, of which only 19 were due to GIST. The analyses
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of overall survival and cancer-specific survival were therefore underpowered, as is often the case in

studies of non-metastatic GIST due to the relatively good prognosis of such tumours.

Conclusion

Our study confirms that R1 resection does not influence RFS in a large multi-centre cohort using
the updated definition of tumour rupture. Although RO resection remains the gold standard for
localised GIST, R1 resection may be considered a reasonable alternative to avoid major functional

sequelae and should not lead to reoperation.

Ethical Approval for Research
Data concerning the patients medical records were included in an online database, approved by the local

comity of informatics and liberty (CIL) reference N°920361.

References

[1] Miettinen M, Lasota J. Gastrointestinal Stromal Tumors. Gastroenterology Clinics of North America. Juin
2013;42(2):399 415. DOI: 10.1016/j.9tc.2013.01.001

[2] Rutkowski P, Nowecki ZI, Michej W, D¢biec-Rychter M, Wozniak A, Limon J, et al. Risk Criteria and Prognostic
Factors for Predicting Recurrences After Resection of Primary Gastrointestinal Stromal Tumor. Ann Surg Oncol. 22
juin 2007;14(7):2018 27. DOI: 10.1245/5s10434-007-9377-9

[3] Miettinen M, Lasota J. Gastrointestinal stromal tumors: Pathology and prognosis at different sites. Seminars in
Diagnostic Pathology. Mai 2006;23(2):70 83. DOI: 10.1053/j.semdp.2006.09.001

[4] von Mehren, M., Kane, J. M., Bui, M. M., Choy, E., Connelly, M., Dry, S., ... & George, G. V. (2020). NCCN
guidelines insights: soft tissue sarcoma, version 1.2021: featured updates to the NCCN guidelines. Journal of the
National Comprehensive Cancer Network, 18(12), 1604-1612. DOI: 10.6004/jnccn.2020.0058

[5] Rutkowski P, Bylina E, Wozniak A, Nowecki ZI, Osuch C, Matlok M, et al. Validation of the Joensuu risk criteria
for primary resectable gastrointestinal stromal tumour — The impact of tumour rupture on patient outcomes. European
Journal of Surgical Oncology (EJSO). Oct 2011;37(10):890 6. DOI : 10.1016/j.ejs0.2011.06.005

[6] Nilsson B, Bimming P, Meis-Kindblom JM, Odén A, Dortok A, Gustavsson B, et al. Gastrointestinal stromal
tumors: The incidence, prevalence, clinical course, and prognostication in the preimatinib mesylate era: A population-
based study in Western Sweden. Cancer. 15 févr 2005;103(4):821 9. DOI: 10.1002/cncr.20862

[7] McCarter MD, Antonescu CR, Ballman KV, Maki RG, Pisters PWT, Demetri GD, et al. Microscopically Positive
Margins for Primary Gastrointestinal Stromal Tumors: Analysis of Risk Factors and Tumor Recurrence. Journal of the
American College of Surgeons. Juill 2012;215(1):53 9. DOI : 10.1016/j.jamcollsurg.2012.05.008

[8] Nishida T. Asian consensus guidelines for gastrointestinal stromal tumor: what is the same and what is different
from global guidelines. Transl Gastroenterol Hepatol. 8 févr 2018;3:11 11. DOI: 10.21037/tgh.2018.01.07

[9] Casali, P. G., Blay, J. Y., Abecassis, N., Bajpai, J., Bauer, S., Biagini, R., ... & ESMO Guidelines Committee.
(2022). Gastrointestinal stromal tumours: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Annals of oncology, 33(1), 20-33. DOI : 10.1016/j.annonc.2021.09.005

[10] Kong M, Liu G, Zhuo H, Xin Y, Chen H, Sheng H, et al. Association between R1 resection and oncological
outcome in resectable gastrointestinal stromal tumors without tumor rupture: A systematic review and meta-analysis.
European Journal of Surgical Oncology. févr 2021;5S0748798321000627. DOI: 10.1016/].€]50.2021.01.032

[11] Zhi X, Jiang B, Yu J, Rge OD, Qin J, Ni Q, et al. Prognostic role of microscopically positive margins for primary

18


https://doi.org/10.1016/j.gtc.2013.01.001
https://doi.org/10.1245/s10434-007-9377-9
https://doi.org/10.1053/j.semdp.2006.09.001
https://doi.org/10.6004/jnccn.2020.0058
https://doi.org/10.1016/j.ejso.2011.06.005
https://doi.org/10.1002/cncr.20862
https://doi.org/10.1016%2Fj.jamcollsurg.2012.05.008
https://doi.org/10.1016%2Fj.jamcollsurg.2012.05.008
https://doi.org/10.21037/tgh.2018.01.07
https://doi.org/10.1016/j.annonc.2021.09.005
https://doi.org/10.1016/j.ejso.2021.01.032

gastrointestinal stromal tumors: a systematic review and meta-analysis. Sci Rep. Aolt 2016;6(1):21541.

DOI: 10.1038/srep21541

[12] Liu, Z., Zhang, Y., Yin, H., Geng, X., Li, S., Zhao, J., ... & Kang, W. (2022). Comparison of prognosis between
microscopically positive and negative surgical margins for primary gastrointestinal stromal tumors: a systematic review
and meta-analysis. Frontiers in Oncology, 12, 679115. DOI : 10.3389/fonc.2022.679115

[13] Ahlén J, Karlsson F, Wejde J, Nilsson I-L, Larsson C, Brénstrom R. Wide Surgical Margin Improves the Outcome
for Patients with Gastrointestinal Stromal Tumors (GISTs). World J Surg. Aodt 2018;42(8):2512-21.

DOI: 10.1007/s00268-018-4498-9

[14] Gronchi A, Bonvalot S, Poveda Velasco A, Kotasek D, Rutkowski P, Hohenberger P, et al. Quality of Surgery and
Outcome in Localized Gastrointestinal Stromal Tumors Treated Within an International Intergroup Randomized
Clinical Trial of Adjuvant Imatinib. JAMA Surg. 17 juin 2020;155(6):e200397.

DOI: 10.1001/jamasurg.2020.0397

[15] Helmebakk T, Bjerkehagen B, Boye K, Bruland @, Stoldt S, Sundby Hall K. Definition and clinical significance of
tumour rupture in gastrointestinal stromal tumours of the small intestine. British Journal of Surgery. 13 avr
2016;103(6):684 91. DOI: 10.1002/bjs.10104

[16] Rosenthal, R., Hoffmann, H., Clavien, P. A., Bucher, H. C., & Dell-Kuster, S. (2015). Definition and Class
ification of | ntraoperative C omplications (CLASSIC): Delphi Study and Pilot Evaluation. World journal of

surgery, 39, 1663-1671. DOI 10.1097/SLA.0b013e3181b13ca2

[18] Gastrointestinal stromal tumours (GISTs): French Intergroup Clinical Practice Guidelines for diagnosis,
treatments and follow-up (SNFGE, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO)

Landi B, Blay JY, Bonvalot S, Brasseur M, Coindre JM, Emile JF, Hautefeuille V, Honore C, Lartigau E, Mantion G,
Pracht M, Le Cesne A, Ducreux M, Bouche O; Thésaurus National de Cancérologie Digestive (TNCD). Dig Liver Dis.
2019 Sep;51(9):1223-1231.DOI: 10.1016/j.d1d.2019.07.006.

[19] Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant Tumours. Somerset: Wiley; 2011.
http://public.ebookcentral.proquest.com/choice/publicfullrecord.aspx?p=4043906

[20] Wittekind C, Compton CC, Greene FL, Sobin LH. TNM residual tumor classification revisited. Cancer. 1 mai
2002;94(9):2511 6. DOI: 10.1002/cncr.10492

[21] Helmebakk T, Hompland I, Bjerkehagen B, Stoldt S, Bruland &S, Hall KS, et al. Recurrence-Free Survival After
Resection of Gastric Gastrointestinal Stromal Tumors Classified According to a Strict Definition of Tumor Rupture: A
Population-Based Study. Ann Surg Oncol. Mai 2018;25(5):1133 9. DOI: 10.1245/s10434-018-6353-5

[22] Joensuu H. Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Human Pathology. Oct
2008;39(10):1411 9. DOI: 10.1016/j.humpath.2008.06.025

[23] R Core Team (2019). R: The R Project for Statistical Computing. https://www.r-project.org/

[24] Langer C, Gunawan B, Schiler P, Huber W, Fizesi L, Becker H. Prognostic factors influencing surgical
management and outcome of gastrointestinal stromal tumours. British Journal of Surgery. 19 févr 2003;90(3):332 9.

DOI: 10.1002/bjs.4046

[25] DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, Brennan MF. Two Hundred Gastrointestinal Stromal
Tumors: Recurrence Patterns and Prognostic Factors for Survival. Annals of Surgery. Janv 2000;231(1):51.

DOI: 10.1097/00000658-200001000-00008

[26] Pantuso G, Macaione I, Taverna A, Guercio G, Incorvaia L, Di Piazza M, et al. Surgical treatment of primary
gastrointestinal stromal tumors (GISTs): Management and prognostic role of R1 resections. The American Journal of
Surgery. Aot 2020;220(2):359 64. DOI: 10.1016/j.amjsurg.2019.12.006

[27] Shannon AB, Song Y, Fraker DL, Roses RE, DeMatteo RP, Miura JT, et al. Do microscopic surgical margins
matter for primary gastric gastrointestinal stromal tumor? Surgery. Févr 2021;169(2):419 25.

DOI: 10.1016/j.surg.2020.07.018

[28] Jakob J, Mussi C, Ronellenfitsch U, Wardelmann E, Negri T, Gronchi A, et al. Gastrointestinal Stromal Tumor of
the Rectum: Results of Surgical and Multimodality Therapy in the Era of Imatinib. Ann Surg Oncol. Févr

2013;20(2):586 92. DOI: 10.1245/s10434-012-2647-1

[29] Pierie J-PEN. The Effect of Surgery and Grade on Outcome of Gastrointestinal Stromal Tumors. Archives of
Surgery. 1 avr 2001;136(4):383 9. DOI: 10.1001/archsurg.136.4.383

[30] Gouveia AM, Pimenta AP, Capelinha AF, de la Cruz D, Silva P, Lopes JM. Surgical Margin Status and Prognosis
of Gastrointestinal Stromal Tumor. World J Surg. nov 2008;32(11):2375 82. DOI: 10.1007/s00268-008-9704-8

[31] Demetri GD, von Mehren M, Antonescu CR, DeMatteo RP, Ganjoo KN, Maki RG, et al. NCCN Task Force

19


https://doi.org/10.1038/srep21541
https://doi.org/10.3389/fonc.2022.679115
https://doi.org/10.1007/s00268-018-4498-9
https://doi.org/10.1001/jamasurg.2020.0397
https://doi.org/10.1002/bjs.10104
https://pubmed.ncbi.nlm.nih.gov/31387778/
https://pubmed.ncbi.nlm.nih.gov/31387778/
http://public.ebookcentral.proquest.com/choice/publicfullrecord.aspx?p=4043906
https://doi.org/10.1002/cncr.10492
https://doi.org/10.1245/s10434-018-6353-5
https://doi.org/10.1016/j.humpath.2008.06.025
https://www.r-project.org/
https://doi.org/10.1002/bjs.4046
https://doi.org/10.1097/00000658-200001000-00008
https://doi.org/10.1097/00000658-200001000-00008
https://doi.org/10.1016/j.amjsurg.2019.12.006
https://doi.org/10.1016/j.surg.2020.07.018
https://doi.org/10.1245/s10434-012-2647-1
https://doi.org/10.1001/archsurg.136.4.383
https://doi.org/10.1007/s00268-008-9704-8

Report: Update on the Management of Patients with Gastrointestinal Stromal Tumors. J Natl Compr Canc Netw. avr
2010;8(Suppl 2):S-1-S-41. DOI: 10.6004/jnccn.2010.0116

[32] Bischof DA, Kim Y, Dodson R, Jimenez MC, Behman R, Cocieru A, et al. Conditional Disease-Free Survival
After Surgical Resection of Gastrointestinal Stromal Tumors: A Multi-institutional Analysis of 502 Patients. JAMA

Surg. 1 avr 2015;150(4):299. DOI: 10.1001/jamasurg.2014.2881

[33] Lee, J. H., Kim, Y., Choi, J. W., & Kim, Y. S. (2013). Correlation of imatinib resistance with the mutational status
of KIT and PDGFRA genes in gastrointestinal stromal tumors: a meta-analysis. Journal of Gastrointestinal & Liver
Diseases, 22(4).

[34] Shu, P., Sun, X. F., Fang, Y., Gao, X. D., Hou, Y. Y., Shen, K. T, ... & Fu, M. (2020). Clinical outcomes of
different therapeutic modalities for rectal gastrointestinal stromal tumor: Summary of 14-year clinical experience in a
single center. International Journal of Surgery, 77, 1-7. DOI : 10.1016/j.ijsu.2020.03.007

20


https://doi.org/10.6004/jnccn.2010.0116
https://doi.org/10.1001/jamasurg.2014.2881
https://doi.org/10.1016/j.ijsu.2020.03.007

Risk category

Tumour Size (cm)

Mitotic index (per 50

Primary Tumour Site

HPF)

Very low risk <2.0 <5 Any
Low risk 2.1-5 <5 Any
Intermediate risk 2.1-5 >5 Gastric

<5 6-10 Any

5.1-10 <5 Gastric
High risk Any Any Tumour rupture

> 10 Any Any

Any >10 Any

>5.0 >5 Any

2.1-5 >5 Non-gastric

5.1-10 <5 Non-gastric

Table 1 : NIH Modified Classification (Joensuu Criteria) of recurrence risk
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