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Background: The purpose of this study was to review surgical experience with gastrointestinal stromal
tumours (GISTs) at a single tertiary university hospital, and to identify morphological and genetic
prognostic markers of tumour progression.

Methods: Forty-eight GIST's from 39 patients were reviewed retrospectively. The prognostic significance
of DNA copy number changes, measured by comparative genomic hybridization (CGH), and
morphological markers in low-risk and high-risk tumours were investigated.

Results: Significantly more patients died from disease after incomplete tumour resection than after
complete primary resection (P = 0-020). Tumour size of 5 cm or greater, mitotic count of 2 or more,
and proliferative activity greater than 10 per cent were significantly associated with a shorter recurrence-
free survival (P = 0-020, P = 0-001 and P = 0-002 respectively). Patients with low-risk tumours had a
significantly better outcome than those with high-risk GIST's, both in terms of overall and recurrence-
free survival (P < 0-001). CGH performed on 16 tumours revealed fewer DNA sequence copy number
changes in low-risk than in high-risk GISTs. Non-progressive GISTs contained significantly fewer
genetic alterations than recurrent or metastatic tumours (P < 0-001). Only tumours with more than five
changes showed disease progression.

Conclusion: Complete surgical resection is the most important means of cure for GISTs. DNA
copy number changes are related to the behaviour of these tumours and may serve as additional

prognostic markers.
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Introduction

Gastrointestinal stromal tumours (GISTSs) constitute
the most important group of primary mesenchymal
tumours of the gastrointestinal tract!~*. There has been
considerable debate regarding diagnosis, prognosis and
surgical management. GIST's are known for their diversity
in clinical behaviour, and the difficulties in determining
malignancy and prognosis’~7. Patients generally lack
specific symptoms or typical diagnostic features® 810,
To date, there have been no randomized studies
comparing different treatments for GISTs. A review
of the literature shows that surgery is the only real
primary treatment modality, but the extent of the resection
411-16 " Diversity in the management
of these tumours contributes to the wide range in

remains unclear
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reported 5-year survival rates (from 20 to 78 per cent)
after potentially curative resection*®11:12.17.18 T predict
the biological potential and the risk of malignancy,
several prognostic factors have been suggested*7-17:19-21,
Cytogenetic and comparative genomic hybridization
(CGH) studies have indicated characteristic chromosomal
patterns in GISTs, distinct from other mesenchymal
tumours of the gastrointestinal tract’’~2%. Recent CGH
studies of GISTs found that several DNA copy number
changes were correlated with clinical behaviour!?,
indicating that genetic changes might be wused as
complementary tools in determining prognosis, and in the
differentiation between benign and malignant tumours.
"The main objective of this study was to review experience

with GISTs at a single surgical centre. DNA copy number
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changes in low-risk and high-risk tumours were examined
for their prognostic significance.

Patients and methods

Patients and tumour samples

There were 48 GISTs in 39 patients who underwent
surgical treatment from 1990 to 2001. The tumours
consisted of 39 primary GISTs, seven local recurrences
and two metastases from eight of the primary GISTs.
The tumours were reviewed by two pathologists (L.F.,
B.G.) to establish the diagnosis of GIST and to assess
their risk for aggressive clinical behaviour as suggested by
Franquemont?!. On the basis of tumour size, mitotic rate
and/or proliferation index, primary tumours were classified
as low risk (size smaller than 5 cm and mitotic rate less
than 2 per ten high-power fields (HPFs); or either size
5 cm or larger, or mitotic rate 2 or more per ten HPFs,
and proliferation index 10 per cent or less) or high risk
(size 5 cm or more and mitotic rate 2 or more per ten
HPFs; or either size smaller than 5 cm, or mitotic rate less
than 2 per ten HPFs, and proliferation index greater than
10 per cent). Mitotic count and proliferative activity were
not available for one tumour, which was considered to be
a low-risk tumour on the basis of size alone. Resection
was classified as RO (no residual tumour), R1 (microscopic
residual tumour), or R2 (macroscopic residual tumour)
according to the Union Internacional Contra la Cancrum
system?.

Comparative genomic hybridization

For comparative genomic hybridization, fresh tumour
material was available from 13 primary tumours, two
local recurrences and one simultaneous liver metasta-
sis. Briefly, tumour DNA was extracted from snap-
frozen tumour samples following standard protocols.
For direct labelling, tumour DNA was nick-translated
using biotin-16-2’-deoxyuridine 5'-triphosphates (dUTPs)
(Roche, Mannheim, Germany). Digoxigenin-11-dUTP-
labelled normal reference DNA (Roche) was used for
co-hybridization. Hybridization, washings, digital image
acquisition and image analysis (Applied Imaging, New-
castle upon Tyne, UK) were performed as described
elsewhere. In each analysis, the average green-to-red ratio
was calculated for each chromosome, including at least
16 observations per autosome and eight observations per
sex chromosome. A gain of DNA sequences was assumed
at chromosomal regions where the tumour: normal ratio
was 1-25 or more, while loss of DNA sequences was
assumed where the tumour:normal ratio was 0-75 or

Copyright © 2003 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

less. Exceptionally, in cases with too few tumour cells
in the sample to allow detection of imbalances with the
aforementioned thresholds, cut-off levels were set at 1-20
and 0-80 respectively. Over-representations were consid-
ered to be high-level amplifications when the ratio values
exceeded 2-0. Chromosomal regions 1p32-pter, 13p, 14p,
15p, 19, 21p, 22p, telomeres, and constitutive heterochro-
matic regions at 1q, 9q, 16q and Yq, which are known
to produce false results by CGH, were excluded from
all analyses.

Immunohistochemical analysis

Immunohistochemical analysis was performed, applying
a panel of antibodies against c-Kit (1:50) (Santa
Cruz Biotechnology, Santa Cruz, California, USA)
and CD34 (1:20) (Immunotech, Marseilles, France).
Blood vessels and peripheral nerves served as internal
immunohistochemical controls for smooth muscle and
neural elements. The proliferative activity was determined
using the immunohistochemical proliferation marker Ki-
67 (1:10; Dianova, Hamburg, Germany). Computer-
assisted analysis of Ki-67 staining was performed as
described previously?’.

Statistical analysis

Clinicopathological variables (primary tumour site, tumour
size, mitotic count, proliferative activity and risk index)
were studied for their association with overall recurrence-
free survival and tested with the Mantel-Haenszel
test (log rank test) for censored data. Survival rates
were plotted using the Kaplan—Meier method. The
associations between clinicopathological variables and
DNA copy number changes were evaluated using the
two-sample Wilcoxon test and Fisher’s exact test for
contingency tables.

Results

Patients and preoperative diagnosis

There were 20 women and 19 men with a mean age at
diagnosis of 60-1 (range 33-78) years (Tuble I). There
were 21 tumours in the upper digestive tract (20 gastric,
one oesophageal) and 18 in the lower digestive tract (nine
small intestinal, seven colorectal, two intra-abdominal).
Ten patients were asymptomatic at first presentation;
others had non-specific symptoms such as epigastric pain
(12 patients), gastrointestinal bleeding (nine patients)
or nausea (two patients). A variety of diagnostic and
staging modalities was used (endoscopy, contrast radiology,
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Table 1 Clinical and pathological findings for 48 gastrointestinal stromal tumours obtained from 39 patients

No. Sex Age (years) Site Size (cm) Risk Operation R status Follow-up (months)
4 M 33 Rectum 09 Low Transanal local resection RO NED (10)
31 M 75 Stomach 1.5 Low Gastric resection RO NED (1)
35 F 69 Stomach 1.7 Low Gastrectomy RO NED (12)
2 M 53 Sigmoid 2 Low Anterior resection RO NED (8)
16 F 41 Rectum 2 Low Transanal local resection RO DFC (15)
20 M 54 Stomach 25 Low Gastric resection RO NED (22)
34 F 72 Stomach 2.7 Low Gastric resection RO NED (63)
5 M 35 Stomach 3 Low Local resection RO NED (20)
21 M 33 Rectum 3 Low Transanal local resection RO NED (120)
29 M 43 Oesophagus 3 Low Local resection RO NED (22)
25 M 73 Stomach 3.5 Low Gastric resection RO NED (26)
8 F 77 Stomach 4 Low Gastric resection RO DFC (27)
28 F 57 Stomach 4.5 Low Gastric resection RO NED (57)
17 F 58 Stomach 4.5 Low Gastrectomy RO DFTD (98)
17r F 62 Abdomen 3 Resection, splenectomy RO
15 F 77 Stomach 5 Low Gastric resection RO DFC (9)
24 F 64 Stomach 55 Low Gastric resection RO NED (16)
18 M 65 Stomach 65 Low Gastric resection RO NED (4)
27 F 70 Stomach 7 Low Local resection RO NED (61)
22 F 59 Stomach 75 Low Gastric resection RO NED (1)
39 F 39 Stomach 10 Low Gastric resection RO NED (14)
26 M 71 Duodenum 125 Low Local resection, RO NED (8)
adrenalectomy
19 M 57 Duodenum 15 Low Local resection RO NED (29)
14 F 70 Jejunum 19 Low Partial resection RO Alive (49)
14r [ 73 Jejunum 3:5 Partial jejunal and colonic RO
segmental resection
33 F 58 Jejunum 4.5 High Partial jejunal and right RO DFTD (24)
hemicolectomy
33r1 7 59 Jejunum 135 Partial resection RO
33r2 F 59 Abdomen 105 Resection RO
6 F 71 Abdomen 5 High Resection R2 DFTD (4)
12 M 68 Jejunum 5.3 High Partial resection RO NED (17)
32 F 70 Abdomen 6 High Perineal resection RO DFTD (26)
32r F 70 Abdomen 3-8 Exenteration RO
36 F 35 Stomach 6 High Gastric resection RO NED (18)
1 M 56 Rectum 65 High Abdominoperineal resection R1 Alive (1)
1m M 56 Liver 0-6 Biopsy
30 M 53 Stomach 7 High Wedge resection RO NED (24)
9 M 44 Rectum 8 High Abdominoperineal resection RO NED (13)
38 M 77 Stomach 8 High Gastrectomy RO DFTD (15)
7 M 61 Duodenum 10 High Pylorus-preserving RO Alive (37)
pancreaticoduodenectomy
m M 65 Liver 1.5 Resection R2
10 F 74 Duodenum 10 High Local resection R1 DFTD (41)
11 M 75 Rectum 10 High Abdominoperineal resection R2 DFTD (12)
13 F 73 Jejunum 12 High Partial resection RO NED (18)
23 F 78 Stomach 13 High Gastric and colonic RO NED (1)
transversum resection
3 M 45 Jejunum 18 High Partial jejunal and colonic RO DFTD (59)
segmental resection
3r M 45 Abdomen 5 Resection R2
37 F 61 Stomach 30 High Gastric resection, RO Alive (23)
splenectomy
37r F 63 Abdomen Gastrectomy, segmental RO
colonic and local pancreatic
resection

r, Local recurrence; m, metastasis; NED, no evidence of disease; DFC, died from other cause; DFTD, died from tumour disease.
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c

Fig. 1 Representative morphological findings in a gastric
gastrointestinal stromal tumour. a Typical preoperative contrast
radiographic image. b Preoperative computed tomographic scan
of the same patient detecting tumour next to the liver. ¢ The
same tumour after partial gastric resection, typically covered by
intact mucosa and a central ulceration

computed tomography (CT), magnetic resonance imaging
and endosonography). Figure 1 gives an example of the
characteristic radiographic and macroscopic aspects of a
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gastric GIST. Preoperative diagnostic measures suggested
the diagnosis of a mesenchymal tumour in 17 patients,
but no single test consistently identified the nature of the
lesion. Two patients underwent emergency laparotomy
without any specific preoperative staging.

Surgical treatment

All patients were treated surgically either by complete
resection of the primary tumour with wide margins (R0)
in 35 cases, R1 resection in two or R2 resection in another
two cases (Tuble 1). The types of operation performed are
also shown in Tuble 1. There was no operative death.

Pathology

The mean size of the 39 primary tumours was 6-8 (range
0-9-30) cm (Tuble 1). Tumour size greater than 5 cm was
associated with worse recurrence-free survival (P = 0-020),
but not overall survival. In 36 tumours with available
mitotic counts, 18 had fewer than 2 per ten HPFs. There
was a significant association between mitotic count and
survival. Patients with fewer than 2 mitotic counts per ten
HPFs had a significantly better outcome than those with
higher counts, for both overall and recurrence-free survival
(both P = 0-001). Similarly, in 34 patients with available
proliferation index measurements, proliferative activity of
10 per cent or more was also significantly associated with
worse overall and recurrence-free survival (P = 0-01 and
P = 0-002 respectively). Overall, 23 primary GISTs were
classified as low-risk and 16 as high-risk tumours. Patients
with low-risk tumours had a far better outcome than
those with high-risk tumours. The differences for both
overall and recurrence-free survival were highly significant
(P < 0-001 and P = 0-001 respectively) (Fig. 2).

Immunohistochemical analysis

All tumour samples revealed strong diffuse reactivity for
c-Kit, whereas diffuse or focal CD34 expression was
observed in 28 of 40 tumour samples for which CD34
reactivity was informative.

Comparative genomic hybridization analysis

CGH was performed on 13 primary tumours (seven low
risk), two local recurrences and one liver metastasis. In all
but one low-risk tumour, DNA copy number changes were
detected (Tuble 2). The seven low-risk GIST's had a mean of
2.7 DNA copy number changes (range 0-5), including 0-6
gains (range 0-2) and 2-1 losses (range 0-5). The six high-
risk tumours had a mean of 10-0 chromosomal imbalances
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Fig. 2 Kaplan—Meier plot of a overall and b recurrence-free
survival of 39 patients with low-risk (23 patients; one death and
two with disease progression) and high-risk (16 patients; seven
deaths and eight with disease progression) gastrointestinal
stromal tumours. P < 0-001 for overall and P = 0-001 for
recurrence-free survival (log rank test)

(range 2-24), including 4-8 gains (range 0-16) and 5-2
losses (range 2-9). With respect to disease progression
(including the two recurrences and one case of metastasis)
these differences were even more distinct: the nine non-
progressive GISTs contained significantly fewer DNA
copy number changes (mean 2.7; gains 0-4, losses 2-2)
than the seven recurrent or metastatic tumours (mean
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Table 2 Comparative genomic hybridization karyotype findings
for 16 gastrointestinal stromal tumours from 15 patients

CGH karyotype

No. Risk Gains Losses
29 Low
8 Low 14q
18 Low 14q
24  Low 8p, 8q 14q, 22q
19 Low 8q 1p, 15q, 22q
39 Low 5q 1p, 10q, 14q
25 Low 1p, 3p, 3q, 14q, 21q
23  High 14q, 22q
30 High 1p, 3p, 14q
7*  High 4p, 4q, 5p, 59, 7q 1p, 15q, 22q
37 High 8q 3q, 8p, 13q, 149, 22q

37r* Recurrence

14r* Recurrence

5p13-p15

3p, 39, 69, 9p, 9q,
13q, 14q, 22q

1p, 549, 8p, 9p, 10p,
13q, 149, 15q, 22q

6 High 5q, 60, 8p, 8q, 12q, 1p, 99, 10p, 10q, 11p,
13q, 18q 11q, 14q, 15q, 22q
1* High 1q, 5p, 59, 6p, 7p, 79,  1p, 2q, 4p, 64, 9q,

1m* Metastasis

8p, 8q, 12p, 12q,
13q, 18p, 189, 20p,
Xp, Xq

19, 5p, 59, 7p, 74, 8p,
8q, 11p, 11q, 12p,
12q, 13q, 18q, 20p,

10q, 14q, 22q

1p, 3p, 3q, 4p, 4q, 69,
9p, 9q, 10p, 10q,
14q, 22q

Xp, Xq

CGH, comparative genomic hybridization; r, local recurrence; m,
metastasis. *Patients with progressive tumours.

14-4; gains 6-6, losses 7-9) (P < 0-001), and only tumours
with more than five copy number changes were associated
with disease progression.

The most common alterations detected in all GISTs
(n = 16) were losses of chromosome 14q (z = 13) and 22q
(n = 10). Further changes included (in decreasing order
of frequency) 1Ip = 9), +8q (n = 6), + 5q (n = 5), + 5p
n=4),—-10q (n=4), —15q (n=4), =3p m=4), —3q
(n=4), —9p (m=3) and +8p (m = 1). Of these, + 5p,
+8p, —15q and — 9p were only observed in progressive
tumours, including the two local recurrences and one
metastasis. Loss of 9p was observed exclusively in the two
recurrences and one metastasis.

Follow-up

Follow-up data were available for all 39 patents. The
median duration of follow-up was 2-2 years (range
3 months to 10 years). The overall 2-year survival rate
was 87 per cent, 100 per cent in the low-risk group
and 75 per cent in the high-risk group (Fig. 24). Only
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five of 35 patients with complete tumour resection
died from recurrent disease in contrast to three of
four patients following incomplete resection (P = 0-020).
The overall recurrence rate was 26 per cent (z = 10),
two of 23 in the low-risk group and eight of 16 in
the high-risk group (P = 0-008). Recurrences occurred
after a mean interval of 23 (range 6-49) months. Two
patients with low-risk tumours developed local recurrences
and one additionally developed metachronous peritoneal
metastases. Eight patients who had high-risk tumours
developed progressive disease. Two had one or repeated
local recurrences, three had synchronous local recurrences
and liver metastases, one developed a recurrent tumour
and a metachronous liver metastasis, one a solitary liver
metastasis, and another developed metachronous lymph-
node and peritoneal metastases.

In five of eight operations for recurrent or metastatic
tumour, complete resection (R0) was performed. Two
patients are alive following RO resection of the recurrent
tumours at 3 and 26 months, as is one patient after R2
resection of recurrent tumour and palliative chemotherapy
of synchronous liver metastasis at 13 months. Another
patient with an untreated liver metastasis is still alive
7 months after diagnosis of the metastasis. The remaining
six patients all died from tumour disease with a mean
survival time after detection of the first recurrence of 11
(range 1-24) months.

Discussion

In contrast to that of DeMatteo et al.'!, the present study
indicates that resection status strongly influences outcome.
Complete primary resection of the tumour was achieved
in 35 of 39 patients; of these, only five died as a result
of recurrent disease compared with three of four patients
following R1 or R2 resection.

Primary tumour sites and clinical features were similar
3.3.8.13.1417 Preoperative
diagnosis is not always easy’®171%20  and precise
determination of the organ of origin may be difficult,
especially in large tumours. A radiological distinction
between benign and malignant GISTs is not possible?10:14,
Accordingly, clues to the correct preoperative diagnosis of
a mesenchymal tumour were obtained in only 17 of the
39 patients studied. The fact that the surgeon did not
know the diagnosis before surgery in more than half of the
cases makes it important to have an understanding of the
special behaviour of GIST's and an RO resection if possible,
with the resection of adjacent structures*®13:17:20 Poor
responses to radiation or chemotherapy™*!1:17:19:20.28 make
surgery the only realistic prospect for cure of the primary

to those described in other series
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lesion. Eight of ten patients with recurrence underwent
further surgery with RO resection in five. Similar to other
studies®!! these recurrences occurred after a mean follow-
up of 23 (range 6—49) months. Since most of the recurrent
tumours were asymptomatic at the time of detection, close
long-term surveillance is necessary. For asymptomatic
patients who have undergone RO resection, a yearly re-
examination by ultrasonography and contrast-enhanced
CT is therefore recommended. In the case of gastric or
duodenal GIST, or localization within the colon or rectum,
an endoscopy should also be performed.

Attempts have been made to differentiate benign
from malignant tumours and to identify factors that
might predict outcome. In agreement with Pierie et a/.%?,
classification into low- and high-risk tumours correlated
well with both survival and recurrence rates. Recurrence
rates were two of 23 for low-risk tumours and eight of 16
for high-risk tumours, supporting the view that all GIST's
should be considered as potentially malignant tumours and
referred to as low-risk or high-risk GIST's to indicate their
estimated potential for aggressive clinical behaviour; the
confusing terminology of ‘benign’ and ‘malignant’ GIST's
should be discontinued.

It has been suggested that genetic changes in GISTs
identified by conventional cytogenetics’*?*? and by
CGH'? can correlate with clinical behaviour. The
finding that low-risk tumours contained significantly
fewer DNA sequence copy number changes than high-
risk tumours is in accordance with previous studies®
and reflects increasing genetic instability during tumour
progression. Even more important is the observation
that DNA copy number changes appeared to be related
to the behaviour of GISTSs; recurrent or metastatic
GISTs not only contained significantly more imbalances
than non-progressive tumours, but also appeared to be
characterized by a specific subset of additional genetic
markers. Progressive tumours had more than five changes
and almost exclusively exhibited gains at 5p and 8p, and
losses in 10q, 15q and 9p. Loss of 9p was observed
exclusively in the two recurrences and one metastasis,
as well as in a high-risk GIST that had simultaneous lymph
node metastases at the time of surgery, suggesting that
loss of 9p is important in the malignant transformation
and progression of GISTs. CGH may be a complementary
tool with which to predict the potential for aggressive
clinical behaviour of GISTs. The increased number of
changes correlates not only with high-risk tumours, but
also with unfavourable biological behaviour. Furthermore,
additional genetic changes, such as +5p, +8p, —10q, —15q
and —9p, may mark a characteristic pattern of potentially
aggressive GISTs.
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As the overall risk for recurrence in GISTs is high,
even for low-risk and RO-resected tumours, there is a
need to develop adjuvant therapies. The identification
of genetic changes may identify those patients likely to
benefit from this approach. Early reports indicate that
inhibition of the constitutively active mutant c-kit tyrosine
kinase in GISTs might represent an effective systemic
therapy®?~32. The first phase I study using imatinib in
metastatic GIST's showed an objective response in 25 of 36
patients with GIST?3; this clearly merits a randomized trial.
The potential role of imatinib not only in metastatic GIST's
but also for adjuvant or neoadjuvant therapy remains to be
determined. In this context, the results of the first phase
IIT trials should be awaited.
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