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Implementation of combined surgical and targeted therapy strategies using tyrosine kinase inhibitors improved the prog-
nosis of patients with aggressive GISTs. The therapeutic answer may be individually different, some patients do not respond
properly, or even progress in spite of the therapy. This together with intratumoral heterogeneity and possible development of
secondary phenotypical and genetical changes represents a challenge for pathologists examining a biopsy of relapsed tumors
and/or their metastases. For this study biopsy files of the national Slovak GIST registry were reviewed to identify patients
examined bioptically both prior the therapy and during the TKI treatment due to suspected tumor relapse and/or progression.
All the GIST biopsies were analyzed using a standardized algorithm of histological, immunohistochemical and molecular
analyses of exon 7, 9, 11, 13 of c-KIT and exons 12, 14, and 18 of PDGFRA genes, with the aim to identify posttherapeutical
changes of these parameters. From 34 patients fulfilling the criteria of selection, all were histologically examined during their
clinically suspicious first GIST relaps, eight during the 2nd, three during 3rd and one during 4th and 5th relapse resp. All but
one posttherapeutical biopsies showed ,,viable“ GIST tissue and so 44 relapses of 33 patients could be evaluated in comparison
with identical parameters of diagnostic biopsies. Distinguishing three major histological types (spindle-, epitheloid-cell and
mixed cell type), a change of the GIST type was identified in 1/3 of Ist relapse and % of all relapse biopsies. Evaluation of
three phenotypical GIST parameters CD117, CD34 and DOG-1, showed that phenotype alteration was always represented
by a single change. The most common was either a gain or loss of CD34 positivity appearing in 1/3 of 1st relapse biopsies,
while aloss of CD117 positivity was identified in one patient ‘s biopsy only. Altogether, the phenotypical changes were in % of
all relapses. A changed mutational profile was recognized in 38,2% first relaps biopsies and in 33% of all relapses, the change
was mostly isolated (in 10/45 relapses) and less often (in 4/45 relapses) it represented a gain of a new mutation in association
with persisting original one. In conclusion, the biopsies of patients showing relapse and/or progression on TKI treatment
show predominance of viable GIST cells with limited or even absent signs of scaring, as well as relatively low incidence of
morphological, pheno- and genotypical changes.

Key words: gastrointestinal stromal tumor, c-KIT mutations, PDGFRA mutations, tyrosine kinase inhibition, targeted therapy,
postherapeutical changes

Gastrointestinal stromal tumors (GISTs) are the most fre-
quent mesenchymal malignancies of the gastrointestinal (GI)
tract, which develop primarily along the tract and often spread
but almost exclusivelly within the abdomen [1, 2]. They are
linked by sharing a common presumed cell of origin, as well
as common histological and phenotypical patterns. Although

biologically they form a collection of heterogenous molecular
entities, more than 80-90% of GISTs are driven by a pathogenic
mutation of either KIT or PDGFRA gene and the others, re-
ferred to as wild-type GISTs, harbor mutations of other genes,
as e.g. of SDH, B-RAF, or K-RAS [3]. Due to ineffectivity of
conventional chemotherapy and radiotherapy, for many years
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the only rational therapeutic option for GIST patients was
surgery alone. However, although most GISTs are localized at
presentation, approximatelly 40% recur despite macroscopi-
cally complete resection [4]. Recently, the understanding of
GIST molecular pathogenesis allowed implementation of
abiological therapy using tyrosine kinase inhibitors (TKI) tar-
geted to block the effect of driver " mutations. Nowadays, this
treatment is used in the clinical practice in adjuvant or neoad-
juvant settings in association with surgery [5-9]. The treatment
indication is based on assessment of the tumor agressiveness
and detection of its molecular pathogenesis [4, 10].

Following this challenge, a centralized biopsy diagnostic
program for Slovak GIST patients including implementation
of molecular analyses was established in 2004; the system is
operating due to the cooperation of Slovak pathologists and
oncologists. One of the important effects of this cooperation
was access to targeted therapy modalities available for GIST
patients also in our country based on a precise histopathologi-
cal and molecular diagnosis.

At the same time, the implementation of TKI therapy into
the clinical practice required a change in the evaluation of
therapeutical response. The criteria used for the evaluation
of treatment effect assessment in solid tumors (so-called
RECIST criteria) based solely on the tumor size changes were
insufficient for targeted GIST treatment [11]. The TKI treat-
ment namely leads to the decrease up to ,,switch-off effect®
of metabolic activity of the GIST detectable very early by
sensitive positron emission tomography (PET) using fluorine-
18-fluorodeoxyglucose. Later on, the treatment effect can
be assessed by using radiological imaging techniques incl.
computed tomography (CT) and others for evaluation of even
small previously unrecognizable alterations of the tumor ap-
pearance. The imaging techniques have shown that a positive
response of GIST after TKI therapy must not necessarily lead
to a substantial reduction or shrinkage of tumor mass, but it
might be represented by minimal changes or even by a tumor
enlargement [1, 11]. That was the reason to employ quantita-
tive parameters such as small tumor size and tumor density
changes into recently defined Choi response criteria [2].

Although most patients with advanced GIST benefit from
the treatment, many patients subsequently develop resistance
to the applied agent. In many cases the acquired resistance is
reported to occur due to a development of secondary muta-
tion in the KIT or PDGFRA genes [7, 12]. In addition, many
patients with recurrence and/or metastatic dissemination
after TKI treatment may manifest morphological and phe-
notypical tumor changes [1, 6, 11]. However, in contrast to
increasing knowledge on radiological changes only limited
data on the GIST morphological changes after TKI therapy
verified by tumor biopsy are available. The reported common
treatment histological changes include stromal changes and
hyalinization due to scarring, the hyalinized areas may contain
islands of ,,surviving“ viable tumor cells [7]. The published
data sometimes admix radiologic with histopathologic GIST
»morphology*“ changes, or histomorphology after neoadju-

vant TKI therapy enabling the tumor resection of primarily
unoperable tumor with that of GIST after succesfull and/or
failed adjuvant therapy. That was the reason to review the
data from our registry with focus on GIST patients showing
clinically relapse and/or progression of the disease during the
TKI treatment verified by a subsequent biopsy.

Patients and methods

Patients. The files from registry of Slovak patients with
GISTs verified in our center in the period 2004-2015 were
reviewed for the data of patients with recorded rebiopsy of
either metastasis and or relaps/progression of the primary
GIST after targeted TKIs therapy. In all of these patients both
primary and all other tumor rebiopsies were represented by
tumor tissue fixed in formalin and embedded in paraffin.
The biopsies were in the actual time of diagnosis examined
first histologically and immunohistochemically (IHC) using
a standardized algorithm of examinations. After the verifica-
tion of the GIST diagnosis the paraffin sections were used for
molecular analyses.

Histological and immunohistochemical examinations.
Histological examinations using HE, Giemsa and PAS staining
and impregnation sec. Gomori included verification of the
diagnosis and determination of the basic histological type of
the tumors distinguishing spindle-cell, epitheloid-cell and
mixed-cell type respectively. The diagnosis as well as GIST
grading and staging were confirmed by at least of one of
qualified pathologists (LP and PS). The grading and staging
followed accepted criteria [13, 14]; recently, after 2010, also
criteria of WHO classification of the GI tract tumors [15].

In addition, occurrence of regressive changes within the
neoplastic infiltrates was evaluated and recorded in all the
biopsies; these included presence of coagulative necrosis,
fibrotisation, fibrohyalinization, of myxoid/cystic myxoid
degenerative changes and/or of haemorrhage. For the evalu-
ation, we used a simplified grading system, similar to that of
Dennis and Damjanov [7] distinguishing changes appearing
in less than 10% and in more than 10% of GIST tissue surface
area respectively. The evaluation was semiquantitative and was
based on data of two observers.

For determination of the GIST phenotype an algorithmical
approach including at least detection of CD117, CD34, and
since 2011 also of DOG1 was used. In majority of cases when
suitable sufficient tissue was available, the panel was sup-
plemented by detection of other antigens contributing to the
diagnosis and/or differential diagnosis, as e.g.: muscle-specific
actin and smooth muscle actin, desmin, h-caldesmon, S-100
protein, ALK-1, MDM2, CKD-4, SDHB, cytokeratin fila-
ments, Ki-67, etc. Deparaflinization, rehydration, and target
retrieval with the Target Retrieval Solution High pH (pH =
9) or EDTA (pH = 9) at 96 °C was performed in the PT Link
(Dako PT100). Slides were then processed on the Autostainer
Link 48 (Dako AS480) using an automated staining protocol
validated for the individual antibodies or mechanically using
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kit EnVision FLEX, High pH, Link in agreement with the
producer recommendations. Reagents utilized in addition to
mentioned components included a FLEX antibody diluent
and FLEX wash buffer, and a hematoxylin counterstain (Dako
Denmark A/S, Glostrup, Denmark). IHC-stained slides were
mounted in nonaqueous, permanent mounting media.

Molecular analyses. Paraffin-embedded sections were
deparaffinized in xylene and washed in descending gradi-
ent of ethanol. Genomic DNA was extracted using DNeasy
Blood and Tissue Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s protocol. Detection of mutations
located in KIT and PDGFRA exons 9, 11, 13, 17 and 12,
14, 18 respectively, was performed as previously published
(16). Briefly, using endpoint PCR exons 9, 11, 13 and 17 of
KIT and 12, 14 and 18 of PDGFRA were amplified and se-
quenced by the Sanger method. Additionally to this protocol,
samples negative for mutations in exons 9,11,13 and 17 of
KIT and 12,14, and 18 of PDGFRA were tested for the pres-
ence of mutations in exon 8 of KIT using primers Ex8KIT-F
5'-TTTCCAGCACTCTGACATATGGC-3" and Ex8KIT_R
5'-TCCCCTCTGCATTATAAGCAGTGC-3". The PCR was
performed with 50 ng of DNA in 25 pl reaction mixture con-
taining 25 nM of each forward and reverse primer, 250 pM of
each of the four ANTPs (Gene Amp dNTP Mix with dTTP,
Thermo Fisher Scientific, USA), 2.5 mM MgCl, 2.5 pl of
10xPCR buffer and 1 Unit of FastStart Taq DNA Polymerase
(Roche Diagnostics, Germany). Thermal cycling condition
included 10 min at 95 °C, followed by 30 cycles of 94 °C for
30 s, 67 °C for 1 min and 72 °C for 1 min and one cycle of
72 °C for 5 min. The PCR products were analyzed by agarose
electrophoresis, purified by NucleoSpin Gel and PCR Clean-
up Kit (Macherey&Nagel, Germany) and sequenced with the
BigDye Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher
Scientific, USA) according to the manufacturer’s protocol
on 3500 Genetic Analyzer (Applied Biosystems, USA). The
sequences were analysed using the SeqScape software v2.7
(Applied Biosystems, USA).

Processing of the data. For the evaluation, patient’s data
of the first diagnostic biopsy were compared with those of 1st
relaps rebiopsy; in cases with history of multiple relapses al-
ways with those of previous biopsy. The evaluation included: a)
anatomical localisation of tumors, the GIST was considered to
represent an extragastrointestinal GIST (,,e-GIST*) when a di-
rect anatomical association with any of the luminal GI organs
could not be proved, neither by surgeon nor by pathologist, b)
GIST histomorphological typing, ¢) changes of CD117, CD34
(and DOG1) THC expressions, d) mutation status of KIT and
PDGFRA genes resp., and e) presence and extent of regressive
changes as described above.

Results

Patients and their biopsies. Altogether data of 34 patients
tulfilling the required criteria were identified in our files. The
series consisted of 20 male (58.8%) and 14 female (41.2%)

GIST patients, their age at the time of primary diagnosis was
within the interval 22 - 89 years, with median of 56.3 years.
In all of the patients, the rebiopsies were indicated due to
clinically suspicious relapse and/or GIST progression after
TKI treatment. The tissue was obtained by different methods
including partial or total surgical tumor and/or metastasis
resection, core and endoscopic biopsy, etc. From 34 patients
of the series, all were histologically examined during their
clinically suspicious first GIST relaps, 8 during the second,
3 during third and one of them also during his 4th and 5th
relapse. In majority of the patients, all parameters of primary
GISTs were verified in our registry. In a limited number of
patients (see further), some data had to be obtained from
the patient’s documentation for different reasons (primary
patient’s operation in abroad, or the primary tumor was not
registered and this tissue was no more available).

The localization of primary and relapsed tumors is summa-
rized in Table 1. The most common primary GISTs were small
intestinal tumors (17/34 = 50%), followed by gastric (10/34 =
29.4%), (intra-) abdominal soft tissue (AST) E-GISTs (5/34 =
14.7%) and large intestinal GIST (2/34 = 5.9%). The clinically
suspicious 1st recidive s tissue of 32/34 patients was obtained
from one of following localizations: local relaps (5/34 = 14.7%),
relaps in other GI organ (4/34 = 11.8%), GIST metastasis to
AST, either single or multiple (7 and 10 patients, resp., e.g.
together 17/34 = 50%), metastasis to liver (6/34 = 17.6%) and
urinary bladder (1/34 = 2.9%). In 2 of 34 patients (5.8%) the
biopsy of the 1st relaps included examinations of two different
localizations: local recidive together with AST metastasis and
coincidence of metastasis to liver and AST, respectively. The
relaps of the disease was histologically confirmed in 33/34
patients (97.1%). Biopsy of the first relapse of one patient with
expected AST metastasis consisted of fully hyalinized tissue
and contained neither vital and nor necrotic GIST tissue.

Second relaps of GISTs was bioptically examined in 8/34
patients, either in biopsy of solitary and less common multiple
metastasis to AST, in relaps appearing in other GI tract organ,
and/or to synchronous metastasis to liver and lungs. Third
relaps was proved as local recidive in one patient with primary
gastric GIST. The second patient with primary small intestinal
tumor developed hepatal metastasis during both 1st and 2nd
relaps, synchronous liver and AST metastasis in 3rd and again
hepatal metastases during 4th and 5th recidive.

Histological types of the GISTs. The overview of all re-
sults on the GIST type is summarized in Table 2. In summary,
the primary GISTs represented following histological types:
spindle-cell in 18/34 (52.9%), epitheloid in 6/34 (17.6%) and
mixed cell GIST type in 10/34 (29.4%) patients. As already
mentioned, the relaps biopsy of one of the patients did not
show any GIST tissue. In 22/33 (66.7%) cases the type of the
Ist relapse was unchanged in the 1st relapse biopsy, this was
true for all 6 patients with primary epitheloid-cell type, 13/18
with primary spindle-cell type and for 3/10 patients with
primary mixed-cell type. 11/33 patients rebiopsies (33.3%)
showed different GIST type in contrast to the primary one.
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Table 1. Summary of localisation of the primary and relapsing GISTs.

Localisation of

Primary tumor 1st relaps 2nd relaps 3rd relaps 4th relaps 5th relaps
(n=34) (n=34) (n=8) (n=2) (n=1) (n=1)
local 2 - 1 - _
hepatal MTS 3 ) - - -
Stomach MTS to AST 3 - - _ _
(n=10) pulmonary MTS - 1 - - _
large intestine 1 - - - -
AST without vital tumor 1 - -
local 3* - - - R
X . large intestine 1 1 - - -
Small intestine
(n=17) stomach 1 - - - -
hepatal MTS 3 1 1¥ 1* 1
MTS to AST 10* 3 17 - -
Large intestine MTS to AST 1 - - -
(n=2) MTS to urinary bladder 1 - - - R
small intestine 1 1 - - -
E-GIST hepatal MTS ** - - - -
(n=5)
MTS to AST 4% - . - -

For abbreviations.: AST abdominal (intraabdominal) soft tissue, e.g. omentum, peritoneum, retroperitoneum, etc.
*in 1 patient the Ist relaps identified both in small intestine and AST MTS; ** in 1 patient the 1st relaps identified both in hepatal and AST MTS; ***in 1 patient the
2nd relaps identified both in hepatal and pulmonary MTS; # in 1 patient the 1st and 2nd relaps identified in the hepatal AST, the 3rd both in hepatal and AST MTS.

This was common in 7/18 (38.9%) patients with primary
mixed-cell type GISTs: 4 patients showed change to spin-
dle-, 2 to epitheloid-cell type, and the last patient showed
epitheloid morphology in local small intestinal recidive and
spindle-cell type in synchronous metastasis to AST. Biop-
sies of Ist relaps of 5/18 (27.8%) primary spindle-cell type
demonstrated change to epitheloid- in 4 and to mixed-cell
type in 1 patient.

The examinations of 8 patients with bioptically verified 2nd
relapse did not show any type change when comparing 2nd
versus 1st relaps biopsy. The same is true for both the patients
with bioptically verified 3rd and for one patient developing
4th and 5th relapses.

Altogether a change of the GIST histological type occured
in 11 of all 45 (24.4%) relapses of analyzed patients recidives
in the series.

Table 2. Summary of the histological types of the primary and relapsing GISTs.

GISTlocalisation Histological GIST type **
primary tumor primary tumor 1st relaps 2nd relaps 3rd relaps 4th relaps 5th relaps
(n=34) (n=34) (n=34) (n=8) (n=2) (n=1) (n=1)
Spindle cell type 4 2 - - - -
Stomach Epitheloid cell type 4 7 1 1 - -
(n=10) Mixed cell type 2 - - - . _
Without vital tumor tissue - 1 - - - -
Spindle-cell type 8 12* 4 1 1 1
Small intestine p. . P
Epitheloid cell type 1 3* 1 - - -
(n=17)
Mixed *8 3 - - - -
Spindle-cell type 2 2 1 - - -
Large intestine . .
(n=2) Epitheloid cell type - - - - - -
Mixed cell type - - - - - -
Spindle-cell type 4 1 1 - - -
E-GIST (n=5) Epitheloid cell type 1 2 - - - _
Mixed cell type - 1 - - - -

* 1 patient with primary duodenal mixed-cell type GIST, the 1st relaps was local with epitheloid type morphology and in AST MTS with spindle-cell morphology
** with exception of one above mentioned patient, all individual cases with multifocal biopsies of the 1st, 2nd and 3rd relaps of individual patients (see data

in Table 1) showed identical morphological GIST type each of the localisations
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Immunohistochemically defined phenotypes of GISTs.
Evaluation of phenotypical patterns was focused on expres-
sion of two throughout the whole analyzed period standardly
used basic GIST markers CD117 and CD34, the results are
summarized in Table 3. Altogether, the primary GISTs showed
positive CD117 expression in biopsies of 31/33 (93.9%) and
CD34 positivity in 26/34 patients (76.4%), while the phenotype
of primary GIST of 1 patient remained unknown. The pheno-
type remained unchanged in relaps biopsies of 26/33 (78.8%)
patients, in 7/33 (21.2%) patients following single phenotypical
alterations occurred: loss of CD34 positivity in 2/33 (6.1%)
patients, loss of CD117 positivity in 1/33 (3.0%) and gain of
CD34 positivity in biopsies of 4/33 (12.1%) patients. However,
in one of the last mentioned cases, the gain of CD34 positiv-
ity was present in biopsy taken from local duodenal recidive
only, while a synchronous metastasis to omentum was CD34
negative (as in the primary biopsy). One patient, as already
mentioned, did not show any tumor tissue in the rebiopsy
excision of AST.

Evaluation of the second relapse biopsies of 5/8 (62.5%)
patients showed unchanged phenotype when compared
with that of primary tumor. In one patient a loss and in
one a gain of CD34 expression respectively were identified,
and in the last patient the phenotype was unknown. Evalu-
ation of the 3rd relaps biopsies identified one patient with
a gain of CD34 positivity, while in the second patient s the
relapsed GIST showed unchanged phenotype) and the same
was true for his 4th and 5th relaps. Altogether the change
of either CD117 and/or CD34 IHC expression occured in
11 of all 45 (24.4%) relapses of analyzed patients recidives
in the series.

A positive DOGL expression was verified in primary tumors
of three patients and in relaps biopsies of 10 patients, the

DOGT1 positive expression remained unchanged in all biopsies
with exception of one case with two synchronous localizations
of 1st relaps: the local duodenal recidive showed (in addition
to the gain of CD34 positivity) aloss of DOG1 positivity, while
a metastasis to the omentum (losing CD34 expression - see
above) was DOGI positive.

Neither primary nor relapsed biopsies showed positivity
of other antigens used for the differential diagnosis and/or
discrimination of other tumors from the GISTs, e.g. ALK1,
MDM2, CDK4, cytokeratin filaments etc.

Molecular analyses of GISTs. The results of are summa-
rized in Table 4. The analyses of the primary GISTs verified:
KIT exon 11 mutations in 15 patients, KIT exon 9 in 5 patients,
PDGFRA exon 18 mutations (c.252A-T, pD842V) in 2 patients,
WT genotype in 9 patients, while in 3 patients the mutational
status remained unknown.

DNA analyses obtained from 1st relaps biopsies showed
unchanged mutational status of 21/34 (61.8%) patient’s tu-
mors. In 10/34 (29.4%) patients the genotype was changed as
follows: loss of original mutation in 5 patients, gain of a second
mutation in association with persisting primary in 3 patients,
new mutation in primary WT GIST in 1 patient, and muta-
tion in 1 patient with originally unknown status. The results
of 1st relaps DNA analysis of 2 patients were not accessible
and in relaps biopsy of one patient vital GIST tissue was not
present. Mutation status identified in 2nd relaps compared
with that of 1st one was following: loss of mutation in one pa-
tient, unchanged type of mutation in 5 patients, gain of a new
mutation of exon 17 in association with persisting primary
exon 11 mutation of KIT in one, and unknown status in one
patient. The mutation status of one patient in the 3rd relaps
was unknown, the second patient with previously unknown
status showed WT/W'T genotype in the 3rd relaps and gained

Table 3. Summary of CD117 and CD34 expressions of the primary and relapsing GISTs.

CD117 and CD34 phenotype detected in biopsy of
(n= number of patients)

primary tumor 1st relaps 2nd relaps 3rd relaps 4th relaps 5th relaps
(n=34) (n=34) (n=8) (n=2) (n=1) (n=1)
unchanged 21 4 1 1 1
CD117+/ CD34+ loss of CD34 positivity 2 1 - - -
(n=24) gain of CD34 positivity - 1*
without vital tumor tissue 1 - - - -
unchanged 3* - - - -
(Cn]z;; 7%/ CD34- gain of CD34 positivity 4+ 1 - - -
loss of CD117 positivity 1 - - - -
CD117-/ CD34+ (n=1) unchanged 1 1 - - -
CD117-/ CD34- (n=1) unchanged 1 - - - -
CD117+/ CD34 U/ND (n=0) 17 - - -
U/ND* (n=1) - 17 - - -

* biopsy of local small intestinal 1st recidive of one patient showed CD34 positivity, but a simultaneously resected metastasis to omentum was CD34 negative
# one patient with unknown CD34 expression of primary tumor und either unknown or uncomplete phenotype data of the 1st and 2nd relaps (patient oper-
ated in abroad, missing data in patient s records), the 3rd relaps biopsy available in our records

Abbreviations: U=unknown, ND = not done
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Table 4. Summary of molecular changes of the primary and relapsing GISTs.
Localisation and type of the mutation in (n= number of patients)
primary tumor 1st relaps 2nd relaps 3rd relaps 4th relaps 5th relaps
gene/exon/type (n=34) (n=8) (n=2) (n=1) (n=1)
(n=34) loss/gain of identical loss/gain of identical mutation mutation mutation
ins 4 1/- 2 -/- 2 - - -
del 1 1/- - -/- - - - -
KIT /9 PM / /
(n=5) i _/_ i o i i i i
-1
other - delll - -/- - - -
ins 1 -/1 2% -/- - - -
del 12 1/- 9 -/- 3 - - -
Krr/11 PM 2 1/1* /
(n=15) p ) - . ) ) )
-1 b
other ) PM 9 ) - PM 17 ) ) )
PM 2 1/- - -I- - - -
PDGFRA / 18* 1
=2 - /- _/- _ _ _
(n=2) other / U/ND /
WT 9 -/- 8 -/- 1 - - -
wI /1
-9 _ - - /- - - - -
(n-9) other del 11 /
-/1 1 1/- 1 1
U/ND UMD 3 PM 11 U/ND PM11 U/ND U/ND i i
(n=3) ther 1 / 1 1 1
ome ) no vital tissue B WT gain of ins 9 gain of ins 9

Abbreviations: del = deletion, PM = point mutation, ins = insertion, WT (WT/WT) = without detectable mutation in the examined exons of KIT and PDGFRA

resp., U=unknown, ND = not done

* one patient showed in the 1st relapse persistence of exon 11 ins and gained second exon 11 point mutation; **one patients showed persistence of exon 11
del mutation during the 1st and 2nd relaps and gained in addition in the 2nd relaps second exon 17 point mutation; *both patients with p.D842V mutation

new mutation of exon 9 in the 4th relaps, the same mutation
was detected also in the last 5th relaps of this patient.

Altogether the change of mutation” type was detected in
our register in 13/34 (38.2%) patients and 15 of all 45 (33.3%)
patients relapses in the series respectively. In spite of some
missing data we can summarize that the change was isolated
in 10/45 (22.2%) relapses, while in 4/45 (8.9%) relapses it
represented a gain of a new mutation in association with
persisting original mutation.

Regressive changes and fibrosis of GISTs. All the data
are summarized in Table 5. The biopsies of primary tumors
showed inextensive areas of focal: a) acute haemorrhage in
15/32, b) myxoid degeneration in 11/32, c) coagulative ne-
crosis (with ,,ghost“ necrotic tumor cells) in 8/32, d) fibrosis
in 3/32, e) dystrophic calcification in one tumor, and in two
patients the primary tumor tissue was not accessible for the
evaluation. In all of these focal lesion, their extent was smaller
than 5% of GIST tissue surface area.

In addition to less frequent identical focal changes in relapse
biopsies of many patients (details see in Table 5), the relaps
biopsies of some patients showed also more extensive areas
(shown in Table 5 with bold type letters) of: a) fibrohyalinisa-
tion, either acellular or hypocellular, or with foci (,,islands“) of
vital tumor tissue — this change was observed in 11/45 (24.4%)

relaps biopsies (see Figure 1), and of b) myxoid pseudovacuolar
and/or cystic myxoid changes in 4/45 (8.9%) relaps biopsies.
With exception of the above mentioned patient showing only
fibrohyalinized tissue without any GIST tissue in the first
relapse biopsy, these changes in all other biopsies occupied
approx. 10-20% of the GIST surface area. In addition, in some
posttreatment biopsies also more-less extensive areas of acute
haemorrhage were observed.

Discussion

Recent advances in understanding the molecular GIST
pathogenesis followed by implementation of precise histo-
pathological, phenotypical, and molecular GIST diagnosis
have substantially contributed to positive changes of GIST
patients outcome. The introduction of centralized program
on GIST diagnosis in Slovakia in 2004 has facilitated access
to new therapeutic modalities for the patients, allowed a pop-
ulation-based study of GIST mutations [16] and successful
inclusion of Slovak GIST Registry data into large European
meta-analyses [4, 10]. In this study pre- and post-treatment
biopsies of patients with GIST relapsing after TKI therapy reg-
istered in the program were analyzed to identify the changes
of the tumor s parameters.
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Figure 1. A/ extensive hyalinosis and myxoid regressive changes of GIST after targeted therapy (HE staining, 20x), B/ residual island of ,,vital“ GIST
tissue within areas of fibrohyalinisation (HE staining, 20x)

Table 5. Summary of morphological changes of GIST tissue in primary tumors and their relapses

Primary GIST localisation Morphological (regressive ) changes in
primary tumor 1st relaps 2nd relaps 3rd relaps 4th relaps 5th relaps
(n=34) (n=34 patients) (n=34) (n=8) (n=2) (n=1) (n=1)
haemorrhage 6 2 - - - R
necrosis 2 2 - - - -
fibrotisation 3 - - - - -
f::ﬁ;l;h myxoid degeneration 6 2 - - - -
U/ND 2* 1* 1*
extensive hyalinisation - 5 - 1* - R

extensive myxoid changes

haemorrhage

N

necrosis 5

Small intestine fibrotisation 4
(n=17) myxoid degeneration 5 7
3

1

1

extensive hyalinisation -
extensive myxoid changes -

haemorrhage -
necrosis - - - - - -

. . calcification 1 - - - - -
Large intestine

(n=2) fibrotisation - - 1 - - _

myxoid degeneration - - 1 - - R
extensive hyalinisation - - - - - R

extensivemyxoid changes

haemorrhage

[\SIN S

necrosis
E-GIST fibrotisation -
(n=5) myxoid changes -

N = =N
—
!
!

extensive hyalinisation
extensive myxoid changes - - - - - -

* Two patients without available primary GIST tissue for evaluation of the analyzed changes, for one of them at least the 3rd relaps biopsy could be evaluated
Explanation: The morphological changes described in thick letters appearing in grey boxes represent posttherapeutical changes exceeding more than 10% of
the tumor surface, other are either focal and/or minimal only.
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Generally, GIST patients may be treated by a combination
of surgery and targeted therapy - either in neoadjuvant set-
ting of primary unresectable tumor or by a surgical resection
associated with adjuvant TKI therapy of patients with aggres-
sive GISTs [3, 11]. The targeted therapy leads to metabolic
and morphological changes of the tumor tissue detectable by
radiological examination incl. CT and other imaging tech-
niques, and/or by biopsy examinations [1, 7, 11, 17-19]. The
desired effects of targeted therapy on the tumor morphology
and ,,size“ might be variable in different settings. A neoadju-
vant therapy is expected to reduce a tumor mass allowing its
subsequent surgical resection [6, 9]. However, the metastatic
adjuvant therapy must not lead to a substantial decrease of
tumor size and therefore the traditional response assessment
criteria failed to be sufficiently relevant [20]. Recently, new
so called Choi GIST response criteria, based on radiologic
evaluations of tumor density and morphology alterations have
been developed for a proper therapeutic response evaluation
[1,2,11,17-19]. They allow to recognize therapy changes such
as even small tumor size alterations, or a ,,stable disease” or
a ,pseudoprogression” caused by tumor enlargement, e.g. due
to secondary cystic, myxoid, ,,necrotic“ and/or intratumoral
haemorrhagic changes [2, 7, 17, 18, 21].

Histologically, GISTs after TKI succesful treatment may
show decrease of tumor cellularity and stromal alterations
including various degrees of sclerosis/hyalinosis and myxoid/
cystic myxoid changes, but an extensive tumor necrosis is
not a frequent finding [7, 8]. In the first patient treated with
imatinib, biopsy specimens at 1 and 2 months after starting
treatment showed a marked decrease in tumor cells as well as
myxoid degeneration and scarring [3]. Since the introduction
of TKI treatment, the biopsies representing successfully re-
sected GISTs after neoadjuvant treatment represent a challenge
to pathologist to evaluate a residual disease in a background
of regressive and healing changes [7]. They include mostly
dominating areas of hyalinization and scarring, containing
either residual ,,island® of tumor tissue or few or no remaining
tumor cells [5, 12, 23].

However, the radiologic response rates show inadequate
correlation with histopathologic alterations and pathologic
response rates. In addition, it is to be expected that the findings
in patient’s biopsy after a good therapeutic response might
be different from that of patient showing progression on TKI
treatment. All that seems to be relevant for evaluation of our
patients, who manifested clinically suspected progression and/
or relaps of the disease on TKI treatment and were therefore
rebiopsied. The clinical suspicion of a relaps was histologically
proven in all but one patient and in 44 of 45 rebiopsies. The
rebiopsy of one single patient, examined at clinically expected
first relapse, contained neither histologically nor immunohis-
tochemically any residual tumor cells by finding of hyalinized
fibrous tissue only. In contrast, in all other in relapse rebiopsies
of 33 from 34 patients in the series, the biopsy specimens
contained flourishing tumor tissue with inextensive areas of
either haemorrhagic or regressive changes including necrosis,

fibrosis etc. Of course we can not fully exclude a sampling er-
ror by second opinion reading of the biopsy. However, only in
less than 25% of all rebiopsy examinations we could observe
more extensive areas of hyalinization and or myxoid changes,
occupying more than 10% of the tumor surface area inside
the dominating ,vital“ tumor areas. These findings might be
considered to represent histomorphologic expression of the
treatment failure, although associated with different clinical
manifestations, e.g local relapse or progression, or metastatic
dissemination of the disease.

Regardless of intratumoral heterogeneity problems, such
treatment failures might be associated with primary and/or
secondary developed resistance. The primary resistance to
TKI treatment has been reported in approximately 15% of
patients with GIST and the surgical specimens from such
patients show a correlating lack of histological response [7].
The proportion of patients with primary GIST mutations
known to be associated with inferior outcome and/or recur-
rence free survival or with suboptimal therapeutic response
was relatively high in our series. Five of our patients had
KIT exon 9 mutations, two PDGFRA exon 18 substitution
mutation leading to Asp842Val (p.D842V) and 9 patients
wild-type GISTs lacking KIT and PDGFRA mutations. In
addition, other 12 of 15 patients with KIT exon 11 mutation
showed its deletion type reported to be associated with high
recurrence risk [10]. Altogether at least in 28 of 34 patients
the mutation profile of their primary tumor might help to
understand the course of their disease. Another clinical
problem is the resistance to applied agent based on occur-
rence of secondary mutation in the KIT or PDGFRA genes
[7, 12]. In the biopsies taken throughout the disease relapse
and/or progression, we have identified a changed KIT or
PDGFRA mutation type - either loss or gain of previous
mutations in approximately 1/3 of our patients and their
relapses. However, a secondary mutation acquired in ad-
dition to the primary one was observed in 4 of 45 (8.9%)
relapses only. One of the secondary arising mutations was
represented by KIT exon 17 mutation being associated with
moderate sensitivity to TKI treatment [10].

It has been discussed that a GIST relapse is often associ-
ated with an alteration of its phenotypical parameters [7].
Relapsed GISTs in our cohort showed changed histotype in
24.4% of all relapses only, majority of changes appeared in
cases with primary mixed-cell type. In contrast, no change
of histological GIST type was observed throughout 75% of all
relapses, including the patients with multiple relapses. In spite
of some missing phenotype data of few patients of our series,
similar results were proved by our analysis of GIST phenotype,
what might allow two conclusions. First, the change of two
basic phenotype GIST markers CD117 and CD34 was not
as frequent, as it occurred in approx. 25% of all relapses of
our patients. In addition, the phenotype of GIST of limited
number of our patients with multiple relapses was relatively
stable. Second, the intratumoral heterogeneity is indeed a rare
phenomenon, but may lead to different IHC profile of simulta-
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neously appearing relapsing GISTs at different sites [24]. This
is true also for the observed loss of DOG1 positivity, which is
considered to be the most sensitive of GIST markers.

In summary, it is reasonable to understand that all the
morphological and phenotypical changes might have an im-
pact not only on treatment decisions and diagnostic accuracy
in relapsing GISTs [7] but also on prognosis of the patients.
However, they appeared in the cohort of our patients in ap-
prox. 1/4 and a change of KIT or PDGFRA mutation type in
approx. 1/3 of relapse biopsies only. For the prognosis of the
patients, the intrinsic properties of the tumor, e.g. primary
GIST mutations known to be associated with inferior outcome
and tumor heterogeneity [24] seem to be of great importance.
A rate of secondary mutations of these genes was relatively
low, as they were recognized in less than 10% of all relapses.
It seems to be plausible to involve also other than KIT and
PDGFRA gene mutational status into the complex diagnostic
algorithm of GIST biopsies.
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