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ABSTRACT Tumor rupture is an important risk factor

predictive of recurrence after macroscopically complete

resection of gastrointestinal stromal tumors (GISTs), and

an indication for defined interval or even lifelong adjuvant

therapy with imatinib according to guidelines. However,

there is no consensus or universally accepted definition of

the term ‘tumor rupture’, and, consequently, its incidence

varies greatly across reported series. Without predefined

criteria, the clinical significance of rupture has also been

difficult to assess on multivariate analysis of retrospective

data. We reviewed the relevant literature and international

guidelines, and, based on the Oslo criteria, proposed the

following six definitions for ‘tumor rupture’: (1) tumor

fracture or spillage; (2) blood-stained ascites; (3) gas-

trointestinal perforation at the tumor site; (4) microscopic

infiltration of an adjacent organ; (5) intralesional dissection

or piecemeal resection; or (6) incisional biopsy. Not all

minor defects of tumor integrity should not be classified as

rupture, i.e. mucosal defects or spillage contained within

the gastrointestinal lumen, microscopic tumor penetration

of the peritoneum or iatrogenic damage only to the peri-

toneal lining, uncomplicated transperitoneal needle biopsy,

and R1 resection. This broad definition identifies GIST

patients at particularly high risk of recurrence in popula-

tion-based cohorts; however, its applicability in other

sarcomas has not been investigated. As the proposed defi-

nition of tumor rupture in GIST has limited evidence based

on the small number of patients with rupture in each

retrospective study, we recommend validating the proposed

definition of tumor rupture in GIST in prospective studies

and considering it in clinical practice.

Sarcomas are a family of rare mesenchymal neoplasms

consisting of over 100 pathologically and genetically

heterogeneous tumors accounting for approximately 1% of

all malignancies in adults. Fifteen percent are gastroin-

testinal stromal tumors (GISTs), 75% are non-GIST soft

tissue sarcomas (STS), and 10% are osteogenic.1 GIST is

the most common sarcoma of the gastrointestinal tract,

with an estimated incidence of 1 per 100,000 per year.1

Most GISTs develop in the wall of the digestive tract or

hollow viscera, and usually show expansive growth into the

peritoneal cavity and/or gastrointestinal lumen. Although

GIST is initially surrounded by normal gastrointestinal

tissue, such as mucosa and serosa, breakdown of these

biologic barriers, including the so-called pseudocapsule of

compressed normal tissue, by tumor proliferation may

result in spontaneous rupture, with subsequent dissemina-

tion of tumor cells into the peritoneal cavity. Tumor

rupture may require emergent surgery and is usually

associated with poor oncologic prognosis.

Although the goal of surgery for localized,

resectable disease is a macroscopically complete resection,

surgical manipulation with any incision into, or disruption

of, the tumor capsule may result in potential dissemination

of tumor cells into the peritoneal cavity. Extent of surgery

has been described by various terms. The residual (R) tu-

mor classification2 used in surgical oncology distinguishes

macroscopic residual disease, microscopic residual disease

at the surgical margins, and margin-negative resection, and

applies to all solid tumors. The Enneking system,3 used

almost exclusively in orthopedic oncology, distinguishes
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between a marginal and an intralesional dissection of soft

tissue and bone sarcoma. The T4 category in the TNM

system4 defines extra-compartmental growth into adjacent

organs and tissues. In GIST, the term ‘tumor rupture’ is

applied to the clinical scenario with both iatrogenic or

spontaneous tumor exposure to the abdominal cavity or

dissection field.

THE CONCEPT OF TUMOR RUPTURE

IN GASTROINTESTINAL STROMAL TUMORS

(GIST) AND OTHER SARCOMA

The prognosis of GIST patients depends on tumor size,

mitotic count, and anatomic location. These anatomic and

biological variables are included in the risk stratifications

of the National Institutes of Health (NIH) consensus cri-

teria,5 the Armed Forces Institute of Pathology (AFIP)

classification,6 the Memorial–Sloan Kettering Cancer

Center prognostic nomogram,7 and the Union for Interna-

tional Cancer Control/American Joint Committee on

Cancer (UICC/AJCC) TNM classification.4 In addition to

these anatomic and biologic factors, tumor rupture, a

clinical factor, was introduced in the modified NIH risk

classification based on a population-based study.8 The

prognostic significance of tumor rupture was initially

reported as an independent prognostic factor of gastroin-

testinal leiomyosarcomas,9 most of which would now be

considered GISTs. Subsequently, tumor rupture was con-

firmed as a risk factor of recurrence in retrospective

studies.10–19 Studies variably reported that tumor rupture

was an independent prognostic factor predictive of worse

recurrence-free survival (RFS),10,12–15 although this was

not a consistent finding.16–19 Some studies demonstrated

that recurrences after rupture were frequently peri-

toneal,15,20 whereas other studies did not confirm this.13,14

In any case, the risk of peritoneal or hepatic recurrence

after tumor rupture is high, indicating that tumor rupture is

an important prognostic factor in GIST.

Although relatively infrequent, tumor rupture in GIST

may occur spontaneously before surgery or iatrogenically

during surgical manipulation, and both etiologies are

associated with similarly poor prognosis.15,21 Tumor rup-

ture may be associated with biological aggressiveness, such

as large tumor size, high mitotic count, and KIT exon 11

deletion mutations involving codons 557 and 558.15,16,22

Rupture may be relatively more frequent with small

intestine GIST.16,20–22 There is no obvious association with

use of neoadjuvant therapy or specific surgical approach

(open vs. minimally invasive).15 In various clinical practice

guidelines, adjuvant therapy is recommended for patients

with ruptured GISTs.1,23,24 In contrast, spontaneous rupture

is rarely reported for other STS, but iatrogenic rupture may

increase the risk of local relapses and worsen disease-free

survival (DFS). However, the objective or quantifiable

clinical significance of tumor rupture remains undefined in

non-GIST STS.

WHY DO WE NEED TO MORE PRECISELY

DEFINE TUMOR RUPTURE IN GIST?

Although population-based data confirmed the negative

prognostic impact of tumor rupture,8 the definition of

rupture was not predefined a priori. With no established or

consistent definition of tumor rupture, the reported inci-

dence of tumor rupture varies greatly, from 1 to 27%

(Table 1). In this context, it is not surprising that the

independent impact on prognosis is not consistent on

multivariate analysis.12–19 Some reports only included

spontaneous rupture in their definition, while others also

included iatrogenic rupture and even R1 surgery.10,16,19,25

These discrepancies have led to an inconsistent definition

and, as a consequence, to an inconsistent prognostic impact

of tumor rupture.13 Recently, a strict definition of tumor

rupture was proposed by the Oslo Sarcoma Group.13,14,22

Their definition was comprised of six criteria and distin-

guished between tumor rupture and certain minor defects

of tumor integrity not classified as rupture.13,14,22 In this

review, we propose a comprehensive, evidence-based

definition of what does and does not constitute tumor

rupture in GIST for future validation and adoption.

THE PROPOSED DEFINITION OF TUMOR

RUPTURE IN GIST

We propose that six different clinical scenarios represent

the spectrum of tumor rupture in GIST based on the Oslo

criteria and supported by existing data (Table 2; Fig. 1).

Furthermore, we list four additional clinical scenarios that

would not be considered tumor rupture at this time based

on the lack of supportive evidence (Table 2).

1. Tumor Fracture and/or Tumor Spillage: Tumor frac-

ture may be spontaneous or iatrogenic. Spontaneous

tumor fracture may require emergency surgery when

associated with hemorrhage or peritonitis, whereas

iatrogenic tumor fracture corresponds to an intrale-

sional dissection according to the Enneking system.3

Iatrogenic tumor fracture or an intralesional dissection

during surgery may result in poor prognostic outcomes

due to potential dissemination of tumor cells, even if

macroscopic complete resection was eventually per-

formed. Tumor fracture has been also reported

following trauma.20 In the SSGXVIII/AIO trial, tumor

spillage at surgery was defined as intraoperative

rupture.26
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TABLE 1 Studies reporting tumor rupture and related prognosis in GIST

References Study characteristics No. of

patients

No. of patients

with rupture

(%)

Definition of rupture Prognostic

significance of

rupture

Rutkowski

et al.10
2002–2006; Polish clinical GIST

registry; retrospective on rupture

335 75 (22) Unspecified, R1 resection included In multivariate

analysis

Takahashi

et al.11
1987–2003; Osaka region, Japan;

retrospective

303 12 (4) Unspecified In univariate

analysis

Rutkowski

et al.16
2001–2010; Polish clinical GIST

registry; retrospective on rupture

640 46 (7) Spontaneous and intraoperative,

otherwise unspecified

In univariate

analysis only

Joensuu

et al.8
1972–2010. Merged data from four

European/Japanese studies;

retrospective

1198 71 (6) Unspecified In multivariate

analysis

Yanagimoto

et al.12
1980–2010; Osaka region, Japan;

retrospective

711 34 (5) Unspecified, adjacent infiltration

included

In multivariate

analysis

Wozniac

et al.17
1985–2012; ConticaGIST Registry, 13

European institutions; prospective

854 54 (6) Unspecified In univariate

analysis only

Bischof

et al.18
1998–2012; seven academic centers in

US/Canada; retrospective

502 7 (1) Unspecified None

Casali

et al.25
2004–2008; EORTC/Australasian trial

(adjuvant imatinib); high/intermediate

risk GIST

908 97 (11) Unspecified, R1 resection included None

Kim et al.19 2000–2007; South-Korean multicenter;

gastric GIST; retrospective

1057 17 (2) Intraoperative, otherwise unspecified In univariate

analysis only

Hølmebakk

et al.13
2000–2012; South-East region, Norway;

small intestinal GIST; retrospective

71 19 (27) Spillage, fracture, incisional biopsy,

bleeding, GI perforation, adjacent

infiltration

In multivariate

analysis

Hølmebakk

et al.14
2000–2015; South-East region, Norway;

gastric GIST; retrospective

242 22 (9) Spillage, fracture, incisional biopsy,

bleeding, GI perforation, adjacent

infiltration

In multivariate

analysis

Nishida

et al.15
2003–2007; Kinki GIST Study Group,

Japan; retrospective

665 21 (3) Fracture and bleeding, otherwise

individually defined

In multivariate

analysis

GIST gastrointestinal stromal tumor, EORTC European Organization for Research and Treatment of Cancer, GI gastrointestinal, R1 resection

microscopically positive resection margin

TABLE 2 Definition of tumor rupture in GIST

Conditions Clinical settings Suggestion

Tumor fracture and/or tumor spillage Spontaneous or iatrogenic Rupture

Blood-stained ascites Spontaneous Rupture

Gastrointestinal perforation through tumor Spontaneous Rupture

Microscopically direct tumor invasion into adjacent organs Spontaneous Rupture

Piecemeal resection or intralesional dissection Iatrogenic Rupture

Incisional biopsy Iatrogenic Rupture

Mucosal defect/intraluminal tumor perforation or gastrointestinal bleeding Spontaneous Non-rupture

Microscopic peritoneal penetration of tumor cells or iatrogenic peritoneal damage Iatrogenic or spontaneous Non-rupture

Core- or fine-needle biopsy without complications Iatrogenic Non-rupture

R1 resection Iatrogenic Non-rupture

GIST gastrointestinal stromal tumor, R1 resection microscopically positive resection margin
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2. Blood-Stained Ascites: Blood-stained ascites may be

evident at laparotomy and laparoscopy, and is some-

times associated with spontaneous tumor fracture, but

macroscopic signs of rupture may be missing. In the

SSGXVIII/AIO trial, this was defined as preoperative

rupture.26

3. Gastrointestinal Perforation at the Tumor Site:

Increase in luminal pressure, tumor fragility, or

transmural tumor necrosis may result in spontaneous

perforation with intraperitoneal tumor cell spillage

(and spillage of intraluminal contents), a surgical

emergency. This may be relatively rare but can happen

to deeply ulcerated GISTs with thin tumor walls. Of

note, a contained perforation within tumors (or tumor-

enteric fistula)—as evidenced by gastrointestinal con-

tent or gas penetrating the tumor but without

communication to the abdominal cavity on imagining,

at surgery, or during pathology review—should not be

considered rupture (Fig. 2).

4. Microscopic Adjacent Organ Infiltration: This finding

corresponds to T4b in the TNM classification of gas-

trointestinal carcinomas. We acknowledge that this

may be a somewhat controversial category. Strictly

speaking, it is not rupture, but represents longstanding

peritoneal exposure of a biologically aggressive tumor,

and, even if resected en bloc with clear margins, the

prognosis is poor.11,13–15,27 In the Oslo series, all

patients with this particular presentation relapsed

despite R0 resections.13,14 Of note, fibrous or inflam-

matory adhesions without microscopic infiltration

showed better prognostic outcomes and should not be

considered rupture.

5. Piecemeal Resection or Intralesional Dissection: This

is a variation of criterion 1 above (tumor fracture) and

is invariably associated with spillage of tumor cells

and extensive exposure of tumor tissue to the peri-

toneal cavity.

6. Incisional Biopsy This is usually a premeditated

diagnostic procedure performed at laparotomy or

laparoscopy, but, fortunately, this is a rare event in

sarcoma centers. The evidence regarding this criterion

is lacking. however it is technically a piecemeal

resection. Thus, incisional biopsies should be dis-

couraged in resectable primary GIST.

FINDINGS NOT CONSIDERED TUMOR RUPTURE

Some clinical settings with possible tumor exposure

termed ‘‘minor defects of tumor integrity’’ by the Oslo

Sarcoma Group13,14 show distinct outcomes from tumor

rupture (Table 2). These clinical settings include (1)

mucosal defects or tumor spillage into the gastrointestinal

lumen with no extraluminal spillage; (2) microscopic

tumor penetration of the peritoneum (which corresponds to

T4a in the TNM classification of gastrointestinal

1A 1B 2 3 4 5 6

tumor fracture tumor spillage blood-stained
ascites

gastrointestinal
perforation on tumor

adjacent organ
infiltration

piecemeal resection or
intralesional dissection

incisional biopsy

Peritoneum/serosa

FIG. 1 Cartoons illustrating tumor rupture in GIST. (1a, 1b) Tumor

fracture and tumor spillage; (2) blood-stained ascites; (3)

gastrointestinal perforation on tumor; (4) adjacent organ infiltration

(microscopic); (5) piecemeal resection/intralesional dissection; (6)

incisional biopsy. GIST gastrointestinal stromal tumor

FIG. 2 CT image of a contained perforation1 of a gastric GIST

without communication to the abdominal cavity, which is not

considered tumor rupture. 1A contained perforation; perforation into

the gastrointestinal lumen without any communication to the

abdominal cavity. CT computed tomography, GIST gastrointestinal

stromal tumor
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carcinomas) or iatrogenic damage only to the peritoneal

lining; (3) transperitoneal needle biopsy without compli-

cations; and (4) R1 resection (Table 2). The survival of

patients with intact tumor resection is not different from

that of patients undergoing surgery for tumors fulfilling one

or several of these criteria, and patients in these two cat-

egories show better survival than those with tumor rupture

as defined in the prior section; 5-year RFS rates in popu-

lation-based series were 69% and 81% versus 36% in small

intestinal GIST, and 96% and 91% versus 37% in gastric

GIST, respectively.13,14

Of these, a potentially controversial category is peri-

toneal penetration. Iatrogenic damage to the peritoneal

lining may be identified at surgery or histopathologic

analysis. Under the microscope, it may be impossible to

distinguish between an iatrogenic defect and a spontaneous

penetration. These criteria were therefore grouped together

in the studies investigating their prognostic signifi-

cance;13,14 however, conceptually, they are different

entities. When transperitoneal core needle biopsy is per-

formed without complications, the procedure does not have

an impact on prognosis.28 In GIST surgery, the resection

margin corresponds to the organ transection surface or the

extraperitoneal dissection surface—the circumferential

margin. The peritoneum is without relevance to R status;

hence, a GIST disrupted in terms of peritoneal penetration

otherwise resected with negative margins is still considered

an R0 resection. As demonstrated in the ACOSOG Z9000

and Z9001 trials,29 R1 resection is not an independent

prognostic factor for recurrence on multivariate analysis.

Mucosal defects (ulcer, endoscopic biopsy, piecemeal

endoscopic resection), gastrointestinal bleeding, or tumor

spillage into the gastrointestinal lumen are not classified as

tumor rupture per se. However, tumor spillage within the

peritoneal cavity during resection should be considered a

potential peritoneal contamination, i.e. rupture.

The definitions of tumor rupture in GIST proposed in

this work are based on the results of retrospective studies

and experience from sarcoma centers, and have been

shown to distinguish patients at high risk of recurrence in a

restricted number of studies. However, these studies are all

retrospective; the number of patients with tumor rupture

are comparatively few, and the number within each cate-

gory even fewer. The definitions need to be validated in

prospective cohorts before widespread adoption. We elec-

ted to propose these definitions to collate the various

categories of tumor rupture reported in the literature for

further study.

MANAGEMENT OF TUMOR RUPTURE

Tumor rupture is a strong and independent risk factor for

recurrence, with long-term relapse rates of approximately

80%.14,15,18 Fifty percent of ruptures are spontaneous15 and

are thus unpreventable, whereas iatrogenic rupture may

potentially be avoided by referral to centers experienced in

the multidisciplinary management of GIST. Rupture is

related to tumor size, and neoadjuvant imatinib for 6–12

months should be considered for large tumors deemed at

risk for rupture.1 Preoperative genotyping can also be

considered in certain patients since gastric GISTs harbor-

ing a KIT exon 11 deletion involving codon 557 or 558

have increased risk of rupture (and could benefit from

imatinib neoadjuvant treatment under appropriate circum-

stances).22 Rupture rates after neoadjuvant treatment are

largely unknown, but studies have reported incidence rates

ranging from 0 to 21%.15,30 Whether neoadjuvant treat-

ment attenuates the dire consequences of rupture is

unknown.

Tumor rupture is considered an indication for adjuvant

imatinib therapy. However, most patients will relapse

despite adjuvant treatment,14 and data from the SSGXVIII/

AIO trial show that patients with rupture did not benefit

from prolonged (3 years) adjuvant therapy.31 Extended

adjuvant treatment is now being explored in two random-

ized trials (ClinicalTrials.gov identifier NCT02413736 and

NCT02260505), but lifelong imatinib should be consid-

ered, as indicated in the European Society for Medical

Oncology (ESMO) guidelines, essentially classifying these

high-risk patients into a category similar to those with

metastatic disease.1 Still, one in five patients will never

experience a recurrence after rupture, and hopefully future

research will enable clinicians to identify these patients

who could be followed closely rather than treated.

CLINICAL SIGNIFICANCE OF TUMOR RUPTURE

IN OTHER SARCOMAS

The clinical relevance of tumor rupture has been

reported in STS.32 The quality of the initial surgery is an

important factor for final outcomes for STS, and much

research has confirmed that microscopically negative

margins (R0) are a critical factor for local RFS and

DFS.33–35 Local control has a significant impact on overall

survival (OS) in specific localizations, such as retroperi-

toneal sarcomas (RPS).36,37 In extremity sarcomas, the

relationship with OS is less evident, possibly due to salvage

options such as reoperation, amputation, or regional infu-

sion therapy in case of local relapse.38 Unplanned resection

of a tumor and piecemeal resection in non-referral centers

are associated with worse prognostic outcomes. Tumor
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rupture is extremely uncommon in extremity or trunk wall

STS, and, in these localizations, tumor rupture is mainly

iatrogenic as a result of inappropriate handling.32

Given location, RPS may be more prone to intraopera-

tive rupture than extremity STS.39 Spontaneous rupture

seems less common for RPS than for GIST.40,41 The long-

term prognostic consequences of rupture for RPS, espe-

cially iatrogenic rupture, beyond local recurrence, are not

as clear as for GIST. Perhaps, the most striking example of

a sarcoma subgroup, besides GIST, in which tumor rupture

has a negative impact on outcomes may be uterine sarco-

mas. The process of morcellation of a tumor during

laparoscopic resection of undiagnosed uterine sarcoma

definitively worsens the prognosis of patients, leading to

inevitable dissemination of the sarcoma.42,43 Some studies

suggest that patients having morcellation are most likely to

develop distant rather than local recurrences, probably

because tumor manipulation may cause disease spread into

the upper abdomen and via hematological and lymphatic

vessels.44

CONCLUSIONS

Although tumor rupture is an important risk factor for

recurrence after complete resection of GISTs for which

adjuvant imatinib therapy is recommended according to

guidelines, there has been no consistent definition of what

constitutes ‘tumor rupture’ in GIST. Based on the Oslo

criteria, we propose a comprehensive, composite definition

of tumor rupture: (1) tumor fracture or spillage; (2) blood-

stained ascites; (3) gastrointestinal perforation at the tumor

site; (4) microscopic infiltration of an adjacent organ; (5)

intralesional dissection or piecemeal resection; or (6)

incisional biopsy. Minor defects, including mucosal defects

or spillage contained within the gastrointestinal lumen,

microscopic tumor penetration of the peritoneum or iatro-

genic damage only to the peritoneal lining, uncomplicated

transperitoneal needle biopsy, and R1 resection, should not

be considered rupture. This definition is applicable for

GIST, but not for non-GIST STS, where more evidence is

required. Although some of the scenarios/categories are

controversial, the proposed definition may identify GIST

patients at particularly high risk of recurrence. We hope

that this comprehensive definition of tumor rupture is

validated in prospective studies.

ACKNOWLEDGMENT The authors are indebted to Ms. Ellen

Tenstad, Science Shaped, for designing Fig. 1.

OPEN ACCESS This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

FUNDING This work was supported in part by a grant from the

National Cancer Center Research and Development Fund (Grant

Number 28-A-16).

REFERENCES

1. Casali PG, Abecassis N, Bauer S, et al. Soft tissue and visceral

sarcomas: ESMO-EURACAN Clinical Practice Guidelines for

diagnosis, treatment and follow-up. Ann Oncol. 2018;29 Suppl

4:iv51–iv67.

2. Wittekind C, Compton CC, Greene FL, Sobin LH. TNM residual

tumor classification revisited. Cancer 2002; 94: 2511–16.

3. Enneking WF, Spanier SS, Goodman MA. A system for the

surgical staging of musculoskeletal sarcoma. Clin Orthop Relat

Res 1980; 153: 106–20.

4. Brierley JD, Gospodarowicz MK, Wittekind C, eds. TNM clas-

sification of malignant tumors (UICC). 8th ed. Wiley: Oxford;

2017.

5. Fletcher CD, Berman JJ, Corless C, et al. Diagnosis of gas-

trointestinal stromal tumors: a consensus approach. Hum Pathol.

2002;33:459–65.

6. Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathol-

ogy and prognosis at different sites. Semin Diagn Pathol.

2006;23:70–83.

7. Gold JS, Gönen M, Gutiérrez A, et al. Development and vali-

dation of a prognostic nomogram for recurrence-free survival

after complete surgical resection of localised primary gastroin-

testinal stromal tumour: a retrospective analysis. Lancet Oncol.

2009;10:1045–52.
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