RECOMENDACOES

Recomendagoes para Anélise Mutacional
em Tumores do Estroma Gastrointestinal

(GISTs)
Grupo de Trabalho Portugués GIST

— Proposta de Condeixa

Recommendations for Mutational Analysis
in Gastrointestinal Stromal Tumors (GISTs)
GIST Portuguese Working Group — Condeixa Proposal

JM Lopesl, M Soares®, AM Gouveia®, S Barroso*, M Cravo’,
H Mansinho®, ]| Penedo’, A S&8, LL Santos’, JA Teixeira'®

! Faculdade de Medicina do Porto, Servico de Anatomia Patoldgica do Centro Hospitalar de S.Jodo, e IPATIMUP, Porto;

2 Instituto Portugués de Oncologia, Porto; > Departamento de Cirurgia do Centro Hospitalar de S. Jodo, Porto, Faculdade
de Medicina do Porto; * Servico de Oncologia do Hospital de Evora; 5 Servigo de Gastroenterologia do Hospital Beatriz Angelo
e Faculdade de Medicina de Lisboa; © Servigo de Oncologia do Hospital Garcia de Orta, Almada; 7 Servigo de Cirurgia
do Centro Hospitalar de Lisboa Central e Faculdade de Ciéncias Médicas de Lisboa; 8 Servico de Oncologia do Centro
Hospitalar e Universitdrio de Coimbra; ? Departamento de Oncologia Cirtrgica, Instituto Portugués de Oncologia, Porto,

Universidade Fernando Pessoa, Porto; '° Servigo de Oncologia do Hospital Beatriz Angelo

RESUMO

Os autores apresentam as recomendacdes para a andlise mutacional de GISTs, aprovadas por unanimidade por um grupo multidisci-

plinar em 20 de Julho de 2012. O estado mutacional de genes como o KI7 ¢ o PDGFRA permite identificar alvos terapéuticos para

inibidores da tirosinacinase (ITKs) e, por isso, a boa prética clinica nas decisées bioterapéuticas de doentes com GISTs deve incluir a
andlise do estado mutacional. A andlise mutacional da doenga primdria nio ¢ recomendada na rotina diagndstica da generalidade dos
GISTs; no entanto, pode ter valor progndstico e ser util na selecio de doentes, apds resseccio completa de GIST primdrio e é consi-
derada experimental na doenca progressiva sob tratamento com ITKs. A andlise mutacional deve considerar-se nos casos selecionados
descritos neste texto e ser realizada em laboratérios em conformidade com padrées elevados de garantia de qualidade, atendendo ao
seu elevado impacto sobre as decisées clinicas.
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ABSTRACT

The authors outline recommendations for the mutational analysis of GISTs unanimously approved by a mulddisciplinary group
on July 20th, 2012. The mutational status of KIT and PDGFRA allows identifying therapeutic targets to tyrosine kinase inhibitors
(TKIs), and therefore, the safe clinical practice in the biotherapy decisions for patients with GISTs should include the analysis of the

mutational status. The mutational analysis of the primary disease is not recommended in the diagnostic routine of most GISTs; ne-

vertheless may have prognostic value and be useful in the selection for adjuvant treatment after complete resection of primary GIST,

and is considered experimental in the progressive disease under treatment with TKIs. The mutational analysis should be considered in

selected cases as described herewith and performed in laboratories in compliance with high standards of quality assurance, considering

the strong impact on clinical decisions.

Keywords: gastrointestinal stromal tumor (GIST); mutational analysis

A multidisciplinary group established by Portu-
guese experts from several medical areas, which in-
clude the authors of this work, held periodic meetings
during the last two years to address the diagnosis and
therapy of GISTs. Alongside these meetings, it was
decided to outline recommendations, non-existent in
Portugal so far, for the mutational analysis of GISTs.
As a methodology to settle this resolution, three of
its members (Marta Soares, Anténio Gouveia e José
Manuel Lopes) were indicated to perform and pre-
sent a proposal that, after comprehensive discussion,
was unanimously approved in the meeting convened
for that purpose in Condeixa, on July 20, 2012. As
a format it was agreed a reference text to relevant and
current publications about the issue, a mutational
analysis context diagram and a table check list with
proposal of requirements for the report of mutational
test exam in GIST.

The mutational status of genes like K77 and
PDGFRA is used as GISTs biodiversity and hetero-
geneity marker, allows identifying therapeutic targets
to tyrosine kinase inhibitors (TKIs), is a marker po-
tentially predictive of response to TKIs therapy, is a
prognosis (recurrence/progression) marker, and can
be the cause of resistance to TKIs [1-6]. Therefore, the
safe clinical practice in the biotherapy decisions for
patients with GISTs should include the analysis of the
mutational status of these tumors.

The mutational analysis of the primary disease is
not recommended in the diagnostic routine of most

GISTs. The mutational analysis of K/7"and PDGFRA

No decurso dos tltimos dois anos, um grupo mul-
tidisciplinar constituido por médicos especialistas de
diferentes dreas, que inclui os autores deste trabalho,
teve reunioes periddicas sobre o diagndstico e tera-
péutica de GISTs. Na sequéncia dessas reunides de-
cidiu elaborar recomendacoes, inexistentes em Portu-
gal, para a andlise mutacional de GISTs. Como meto-
dologia para concretizar este objetivo encarregou trés
dos seus membros (Marta Soares, Anténio Gouveia
e José Manuel Lopes) para elaborar e apresentar uma
proposta que, apds ampla discussio, foi aprovada por
unanimidade na reuniao convocada para o efeito em
Condeixa, a 20 de Julho de 2012. Escolheu-se um
formato com texto de referéncia a publicacoes rele-
vantes e atuais sobre o tema e tabela (Tabela 1) com
proposta de requisitos de relatério de exame de ani-
lise mutacional em GIST.

O estado mutacional de genes como o KI7 e o
PDGFRA é usado como marcador da biodiversidade e
heterogeneidade dos GISTs, permite identificar alvos
terapéuticos para inibidores da tirosinacinase (ITKs),
¢ um marcador potencialmente preditivo de resposta a
terapéutica com I'TKs, é um marcador de prognéstico
(recidiva/progressao), e pode ser causa da resisténcia a
ITKs [1-6]. Por estes motivos, a boa prética clinica nas
decisoes bioterapéuticas de doentes com GISTs deve
incluir a andlise do estado mutacional destes tumores.

A andlise mutacional da doen¢a primdria nao é
recomendada na rotina diagnéstica da generalidade
dos GISTs. A anilise das mutagoes nos genes K77 e
PDGFRA pode confirmar em definitivo o diagndstico
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can confirm GIST diagnosis, not only in cases that
display ambiguous morphology, but also in GISTs
without CD117 and DOGI expression [1, 71.

The mutational analysis may have prognostic value
and be useful in the selection for adjuvant treatment
with imatinib after complete resection of primary
GIST. Three major randomized studies revealed that
GISTs with mutations in exon 11 are associated with
higher response rate to imatinib in the dose of 400 mg
and higher progression-free survival than GISTs with
mutations in K77 exon 9 [1]. The mutational analysis
may have impact in the imatinib dose since GISTs
with mutations in K77 exon 9 (more common in the
small intestine) response better to an initial higher
dose of imatinib. Sunitinib seems to be more effec-
tive in patients with K77 exon 9 mutated GISTs [8].
The mutational analysis can also help excluding less
sensitive cases (for example, PDGFRA D842V muta-
tions) to treatment with TKIs [7].

Several studies reported BRAF gene mutations in
GIST (91. The approved treatment options with KIT
and PDGFRA inhibitors can be ineffective in GISTs
with mutant BRAF. Sorafenib and vemurafenib may
be potential candidates in these cases. Pediatric GISTs
and those that occur in patients with NF1 (commonly
with normal sequences of the K77 and PDGFRA ge-
nes: wild-type GISTs) also seem to have less response
to imatinib [1].

The mutational analysis of the progressive disease
under treatment with imatinib is considered experi-
mental, because in this setting mutations are often
heterogeneous and there are no other agents, besides
imatinib and sunitinib, approved for metastatic/ad-
vanced GIST [1].

The indications for mutational analysis in GISTs
include settings of diagnosis evaluation (considering
differential diagnosis and distinct tumour location/
morphology), therapeutic decision (neoadjuvant, ad-
juvant, unresectable tumor/advanced disease, disease
in progression) with TKIs (or eventually other thera-
pies, in clinical trials), and genetic guidance (family
history) — Figure 1.

?

de GIST, nao s6 em casos que apresentem morfologia
equivoca mas, também, nos GISTs sem expressao de
CD117 e DOG1 [1,7].

A andlise mutacional pode ter valor progndstico e
ser util na selegao de doentes, ap6s ressecgdo completa
de GIST primdrio, para tratamento adjuvante com
imatinib. Trés grandes estudos randomizados regista-
ram que GISTs com mutagbes no exio 11 se asso-
ciam a maior taxa de resposta ao imatinib na dose
de 400 mg e maior sobrevida livre de progressao do
que GISTs com mutagoes no exao 9 do K77 [1]. A
andlise mutacional pode ter impacto na dose de ima-
tinib dado que os GISTs com mutagdes no exio 9 do
KIT (mais comuns no intestino delgado) respondem
melhor a uma dose inicial maior de imatinib. O su-
nitinib parece ser mais eficaz em doentes com GISTs
mutados no exao 9 do K77 [8]. A anailise mutacional
pode, também, ajudar a excluir casos menos sensiveis
(por exemplo, mutagdbes PDGFRA D842V) ao trata-
mento com [TKs [7].

Virios estudos descreveram mutagdes no gene
BRAF em GIST [9]. As opgoes de tratamento com ini-
bidores de KIT e PDGFRA podem ser ineficazes no
controle de GIST com BRAF mutante. O sorafenib e
o vemurafenib sio candidatos potenciais nestes casos.
Os GISTs pedidtricos e os que ocorrem em doentes
com NF1 (frequentemente com sequéncias normais
dos genes KIT e PDGFRA: GISTs wild-type) parecem
também ter menor resposta ao imatinib [1].

A anilise mutacional da doenga progressiva sob tra-
tamento com imatinib é considerada experimental,
porque estas mutagoes s3o, muitas vezes, heterogéneas
e nao hd outros agentes, além do imatinib e sunitinib,
aprovados para GIST metastdtico/avancado [1].

As indicagoes para andlise mutacional em GISTs
podem incluir contextos de avaliagio diagnéstica
(considerando diagnéstico diferencial e localizagao/
morfologia tumoral particular), para decisiao tera-
péutica (neoadjuvante, adjuvante, tumor irressecdvel/
doenca avangada, doenga em progressao) com ITKs
(ou, eventualmente, outras terapéuticas, em ensaio
clinico) e contextos de aconselhamento genético (his-
toria familiar) — Figura 1.
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Figure 1 — Contexts to consider mutational analysis in GISTs

Being as such, the mutational analysis should be
considered (based on different levels of evidence) in
selected cases to guide the identification of patients
that are more susceptible of benefit from the appro-
ved treatments or to be enrolled in clinical trials:
a) in the diagnosis of KIT/CD117 positive tumors with
atypical morphology, or GISTs KIT/DOG]1-negative;
b) to differentiate GIST from desmoid tumors (fibro-
matosis), high grade sarcomas with weak KIT expres-
sion, or from other neoplasias; ) epithelioid GISTs that
are often wild-type or PDGFRA mutant; d) GISTs
in young patients (wild-type or with germline mu-
tations of the SDH complex genes: Carney-Stratakis
syndrome) [10]; e) hereditary GISTs (germline muta-
tions) [11]; f) to identify cases that can benefit from
pre-operative treatment (neoadjuvant) with TKIs;
g) to identify cases with higher risk of recurrence that
can benefit from post-operative therapy (adjuvant)
with imatinib; h) cases of metastatic or advanced/un-
resectable GIST; i) GISTs with primary or secondary
resistance to TKIs.

Mutational analyses are performed in many labora-
tories with variable protocols. Considering the strong
impact on clinical decisions, mutational test must be
in compliance with high standards of quality assu-

Andlise Mutacional em GIST

DiagndsticalProgndstica | | Indicadordaresposta | Aconselhamentogenétice
Fendtipo tumoral Neo aduvante Heredofamiliar
KITIDOGH- Eptede;D. dierencil) Aduvante KITIPDGFRA
Grupoetério Na doenga avangadafresecdvel | | SDH (Camey-Siratakis)
{PedigticolJovem) Na resisténcia ITPragressio NF1
Risco Decisdo Terapéutica Prevengéo

Figura 1 — Contextos para considerar andlise mutacional em GISTs

Sendo assim, deve considerar-se (com base em
diferentes niveis de evidéncia) a andlise mutacional
em casos selecionados para orientar a identificago
de doentes que sao mais suscetiveis de beneficiar do
tratamento aprovado ou serem incluidos em ensaios
clinicos: a) no diagnéstico de tumores KIT/CD117
positivos com morfologia atipica, ou GISTs KIT/
DOG]1-negativos; b) para diferenciar GIST de tumo-
res desmoéides (fibromatoses), sarcomas de alto grau
com expressao fraca de KIT, ou de outras neoplasias;
¢) GISTs com a morfologia celular epitelioide que
tém maior probabilidade de ser do tipo wild-type ou
com mutagio no gene PDGFRA; d) GISTs em doen-
tes jovens (wild-type ou com mutagoes germinativas
de genes do complexo SDH — sindrome de Carney-
-Stratakis) [10); e) GISTs heredo-familiares (muta-
¢oes germinativas) [11]; f) para identificar casos que
podem beneficiar de tratamento pré-operatério (neo-
adjuvante) com ITKs; g) para identificar casos com
maior risco de recidiva que podem beneficiar de
terapéutica pés-operatéria (adjuvante) com imati-
nib, em que os tumores primdrios foram ressecados;
h) nos casos de GIST metastdtico ou avangado/irres-

secdvel; i) GISTs com resisténcia primdria ou secun-
ddria a ITKs.
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Table 1 — Proposal for report of mutational analysis results in GIST

Tabela 1 — Proposta de relatério de resultados de andlise mutacional

em GIST

/nformation needed

Optionalinformation

1. Age and gender of the patient, family
history, precise location, largest
dimension, TNM (AJCC) and previous
tumor therapy.

2. Confirmation of GIST (histology and
immunohistochemistry) diagnosis

3. Type of tissue analyzed (primary tumor,
metastasis, local recurrence)

4. Type of material (cytology, biopsy,
specimen, cryopreserved tissue, paraffin
block)

5. In primary GIST, indicate risk group

(consensus classification)

6. Register molecular findings for each exon
analysed by gene (indicate mutations
with consensus terminology)

Context of the analysis (diagnosis,
adjuvant, neoadjuvant  therapeutic
decision, unresectable/metastatic
disease, other-specify)

Indicate date of the surgery/collection,
fixative, fixation time

Other risk classffication (specify)

Indicate homo-/hemizygous mutations,
test method (e.g PCR and DNA
sequencing)

7. Inform about predictable response to
TKis (specify), based on the type of Indicate prognostic value of specific type
mutation identified andin accordance mutation in accordance with current data
with current reference data

8. Suggest and/or inform about results of

adjuvant therapy based on type of
mutation and in accordance with current
reference data

Adapted from [12] Pitfalls in mutational testing and reporting of common
KIT and PDGFRA mutations in gastrointestinal stromal tumors.

rance [12]. As the fresh frozen tumor tissue is rarely
available for mutational analysis (because it implies
the establishment of tissues and tumors bank that
complies with the requirements for cryopreservation
of tissues and tumors, according to the Portuguese
National Coordination of Oncological Diseases [13]),
buffered formalin-fixed (4%) parafin-embedded tis-
sues (FFPE) are usually used in the molecular analysis
of tumors. The integrity and stability of the DNA in
FFPE is a limiting factor of the reliability of the muta-
tional test. The DNA quality depends substantially on
the way and on the duration of the fixation (at least 6
hours in biopsies and 12 hours in surgical specimens
properly processed after excision) and on the age of
the paraffin blocks. The DNA direct sequencing is the
consensual method of KI7T and PDGFRA mutations’
analysis in GISTs. The denaturing high-performance

?

Informagao necessdria Informagao opcional

Contexto da anélise (diagndstico,

1. Idad énero do doente, histori
ade € genero do doerie, hisiora decisdo terapéutica neoadjuvante,

familiar, localizagdo precisa,

adjuvante, doen
dimenséo maior, TNM (AJCC) & adjuvante, y @
- . imessecavelmetastatica, outro-
terapéutica prévia do tumor o
especificar)

2. Confimagéo do dagndéstico de GIST
(histologia e IHC)

3. Tipo de tecido analisado (tumor primario,
metastase, recidiva

local)
4. Tipo de material (cttologia, bidpsia, peca,
tecido criopreservado,

bloco de parafina)
5. No GIST primario, indicagdo do grupo de
risco (classificagdo de

€onsenso)
6. Registo dos achados moleculares para
cada exao analisado por

gene (indicar mutagdes com
nomenclatura de consenso)
7. Informagéo sobre resposta previsivel aos
ITKs (especificar),

baseada no tipo de mutagéo identificado
e de acordo com

recomendacdes de referéncia atuais
8. Sugerir e/ou informar sobre eventual
terapia adjuvante baseada

no tipo de mutacéo e de acordo com
recomendagdes de

referéncia atuais

Indicar a data da cirurgia/colhetta,
fixador, tempo de fixagdo

Outra classificacdo de risco

Indicar mutacdes homo-
/hemizigéticas, método de analise
(ex: PCR e sequenciagao de ADN)

Indicar o significado prognéstico do
tipo especifico de mutagdo de acordo
com dados atuais

Adaptado de [12] Pitfalls in mutational testing and reporting of common
KIT and PDGFRA mutations in gastrointestinal stromal tumors.

As andlises mutacionais sao realizadas em muitos
laboratérios com protocolos varidveis. Dado o elevado
impacto sobre as decisoes clinicas, o teste mutacional
deve estar em conformidade com padrées elevados de
garantia de qualidade [12]. Como o tecido tumoral
fresco congelado raramente estd disponivel para teste
mutacional (porque implica a existéncia de banco de
tecidos e tumores que cumpra os requisitos estabele-
cidos para criopreservagio de tecidos e tumores, con-
forme a Coordenagao Nacional de Doengas Oncolé-
gicas [13], utilizam-se, geralmente, tecidos fixados em
formol (4%) tamponado e incluidos em (blocos de)
parafina (FFIP) na andlise molecular de tumores. A in-
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liquid chromatography (DHPLC), used as screening
technique for direct sequencing and the high per-
formance systems of sequencing are expensive and
there are not many available. In Table 1 it is presen-
ted a proposal of requirements for a GISTs mutatio-
nal analysis report. The performance of internal and
external control tests to minimize false-positive and
false-negative results implies the certification/accre-
ditation of the laboratories licensed for these tests.
The centralization of the mutational analysis in certi-
fied laboratories with external quality assurance pro-
gramme is recommended.

Despite the persistent controversies, it is essential
to establish multidisciplinary groups of therapeutic
decision including several medical specialities.

tegridade e estabilidade do ADN em FFIP ¢ um fator
limitante da fiabilidade do teste mutacional. A quali-
dade do ADN depende, substancialmente, da forma
e da duragao da fixa¢ao (6 horas pelo menos em bi-
Opsias e 12 horas em pegas cirtrgicas adequadamente
processadas apds exérese) e da idade dos blocos de
parafina. A sequenciagao direta de ADN ¢é o método
consensual de andlise de mutacoes do K17 e PDGFRA
em GISTs. A cromatografia liquida de alta resolugao
por desnaturagio (DHPLC), utilizada como técnica
de triagem para a sequenciagao direta, e os sistemas de
alto rendimento de sequenciacio sio dispendiosos e
pouco disponiveis. Na tabela 1 apresenta-se proposta
de requisitos de um relatério de andlise mutacional
de GIST. A realizacao de testes de controlo internos
e externos para minimizar resultados falso-positivos e
falso-negativos implica a certificagio/acreditagio dos
laboratérios licenciados para a realizagao destes testes.
Recomenda-se a centraliza¢io da andlise mutacional
em laboratérios certificados com programa de garan-
tia de qualidade externa.

Apesar das controvérsias persistentes, ¢é essencial
estabelecer grupos multidisciplinares de decisao te-
rapéutica incluindo virias especialidades médicas. As
experiéncias disponiveis em centros de referenciagio
de sarcomas, para além do envolvimento e consenti-
mento informado dos doentes, devem ser considera-
das a pritica médica padrao no atendimento persona-
lizado dos doentes com GIST.
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