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Abstract

Background
Gastrointestinal stromal tumors (GISTs) are the most common type of mesenchymal tumor in
gastrointestinal tract (GI), with striking features of morphology and immunohistochemistry. Pathogenic
activating mutations of the proto-Oncogene Kit are detected in 80–85% GISTs, while 5–7% of cases
harbor activating mutations of platelet derived growth factor receptor alpha (PDGFRA). There are still
some rare mutation types, including succinate dehydrogenase (SDH)-x, BRAF, RAS and NF1 mutations, or
ETV6-NTRK3 fusion. Herein, we reported the �rst case of GIST with ALK gene rearrangement and ALK
(D5F3) overexpression.

Case presentation
In this study, we described a 33-year-old female patient who appeared a massive space occupying lesion
(with the maximum diameter of 22 cm) in the stomach and was eventually diagnosed as Kit and
PDGFRA wide type GIST. We unexpectedly found that GIST of this patient showed ALK (D5F3)
overexpression and harbored a novel fusion CDC42BPB exon 24-ALK in exon 20.

Conclusion
This is the �rst case of GIST with both ALK rearrangement (CDC42BPB exon 24-ALK in exon 20) and ALK
(D5F3) overexpression. This rare phenomenon might suggest that ALK (D5F3) immunohistochemistry
could be a screening tool for ALK-rearranged GIST. In addition, ALK inhibitors could be a potential
therapeutic target for patients (with ALK rearrangement), which should be con�rmed further.

Background
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors occurring within the
GI tract which most frequently originate from the stomach [1]. The great majority of GISTs harbor
mutations in the Kit or PDGFRA genes (the members of the type III tyrosine kinase receptors) [2]. The
remaining 10% of GISTs do not harbor any mutation of the KIT and PDGFRA genes, and are designated
as wild type GISTs [3].

The tyrosine kinase inhibitors (TKIs), especially imatinib, have been used as a standard �rst-line
treatment for patients with localized and advanced GIST [4]. What’s more, there are increasing literatures
illustrating the differential responses to TKIs (or imatinib) in GIST patients with different mutations [5].
For example, the majority of GIST patients are imatinib-sensitive (especially with KIT exon 11 mutations),
while GISTs harboring a mutation in KIT exon 17 or PDGFRA exon 18 (p.D842V) are con�rmed as
imatinib-resistant [6]. Additionally, TKIs are not effective for wild type GIST patients, especially the SDH-
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de�cient cases [7]. Therefore, identifying gene mutations in different patients is critical to guide the
therapy and improve the prognosis by matching targeted drugs to speci�c mutations [8]. It is also
necessary to explore new therapeutic targets as alternative or �rst choice for patients with drug-resistant
GIST.

GIST is a pleomorphic mesenchymal tumor which excretes CD117 (Kit protein) or CD34 as
immunohistochemical agents [9]. Besides, DOG-1 is also considered to be a marker of GIST [10]. To our
knowledge, most GISTs are ALK-negative, which is helpful to differentiate GISTs from other mesenchymal
neoplasms, such as in�ammatory myo�broblastic tumors (IMTs) (most of which are positive for ALK)
[11]. ALK is a transmembrane receptor tyrosine kinase and its overexpression can be caused by gene
fusion, mutations and ampli�cation [12]. Previous researches demonstrated that ALK gene
rearrangement, in which fusion of ALK and a second gene led to a new driver oncogene and served as a
biomarker [13, 14]. Until now, ALK rearrangement have been reported in various neoplasms, including
pseudosarcomatous myo�broblastic proliferations [15], secretory carcinoma (SCs) [16] and non-small
cell lung cancer (NSCLC) in China [17]. However, the relationship between the rearrangement of ALK and
GIST has not been entirely clear. To date, only two studies have reported ALK overexpression status of
GIST [12, 18]; and only one literature has showed little on the clinical and molecular characteristics of
GIST with ALK rearrangement [18]. Besides, no limited targeted RNA-seq results were reported in any
case.

In this study, we presented a case of 33-year-old woman with wide type GIST, in which ALK (D5F3) was
overexpressed. We also determined the prevalence of ALK gene rearrangement with �uorescence in situ
hybridization (FISH), so as to identify speci�c fusion genes by next-generation sequencing (NGS) and
targeted RNA sequencing, for a better analysis of a novel gene fusion in GIST.

Case Presentation
A 33-year-old female patient initially admitted to the hospital for routine antenatal testing and a massive
space occupying lesions (with an estimated disaster of 20.5 cm) located in the right upper abdomen was
discovered incidentally on MRI. Subsequently this patient was transferred to another hospital for further
examination. The computed tomography (CT) revealed a mass adherent to the stomach, which was also
adjacent to the liver and pancreas (Fig. 1). The tumor and part of the stomach were surgically removed in
July.2020. Through gross examination, the tumor was 22 × 17 × 14 cm in size and the cut surface of it
showed yellowish white appearance (Fig. 2). Histologic examination revealed numerous spindle cells with
coagulation necrosis and medium nuclear atypia, small nucleoli, and low mitotic activity (2 mitosis/ 50
HPF). No lymph node metastases were observed. Immunohistochemically, the spindle cells were positive
for CD117, DOG-1, CD34, SDHA and SDHB (Fig. 3b-f), but negative for a-SMA, desmin and S100. Ki-67
was estimated to be 5%. As a result, the diagnosis of NIH high-risk GIST was rendered. Molecular analysis
revealed the absence of Kit (exon 9, 11, 13, 17) and PDGFRA (exon 12, 18), which also didn’t harbor any
mutations of K-ras (exon 2, 3, 4), B-raf (exon 15), N-ras (exon 2, 3, 4) and PIK3CA (exon 20), indicating a
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Kit and PDGFRA wide type GIST. Therefore, NGS was carried out to seek the possibility of new targets for
therapeutic strategies.

Subsequently, genomic DNA was extracted from the unstained 4 µm formalin �xed para�n-embedded
tissue and performed for NGS. The results of NGS analysis and structural variant analysis identi�ed a
novel rearrangement involving CDC42BPB exon 24 (chr14:103 417 527) and ALK exon 19 (chr10:29 446
465), which was suggested to encode an in-frame fusion protein containing the ALK kinase domain
(Fig. 5a) [19]. As we know, exon 19 is a common breakpoint location for oncogenic ALK rearrangements
[16, 17], but this is the �rst report of an ALK fusion with CDC42BPB.

In addition, RNA sequencing revealed that CDC42BPB-ALK fusion including ALK exons 20–29 with the
predicted breakpoint in exon 19. The breakpoint of CDC42BPB involves exon 24, rendering fusion product
of encompass exons 1–24 (Fig. 5b-c). The CDC42BPB-ALK fusion was in-frame. More importantly, this
fusion product includes the intracytoplasmic C-terminal domain of ALK (exons 20–29) [20], containing
the ALK kinase domain.

CDC42BPB-ALK fusion was screened out, and some types of ALK fusions were veri�ed as a possible
therapeutic target against ALK inhibitors in other cancers [21, 22], such as SC (with CTNNA1-ALK) and
ALK fusion NSCLC. In order to further testify the ALK gene status, we performed FISH analysis using the
Vysis ALK Break Apart FISH Probe kit (Abbott Molecular, Des Plaines, IL, USA). And split signals for ALK
could be detected in 90% tumor cells, indicating the ALK gene breaking (Fig. 4). Additionally, ALK protein
expression was con�rmed by immunohistochemistry (two different antibody clones, D5F3 and 5A4 were
used). However, ALK was strongly stained only by the antibody of D5F3 (Fig. 3g). Generally speaking,
these results mentioned above suggested that this case was a GIST (negative for other known GIST driver
genes, such as Kit, PDGFRA, BRAF, SDHx and others) with ALK gene rearrangement, which was likely to
function as the oncogenic driver in this tumor.

Although wild type GIST has been found to be insensitive to TKIs, especially in SDH-de�cient GIST, there
are still a few patients who can bene�t from the TKIs treatment. Immunohistochemical shows SDHB
positive in this patient, so postoperative adjuvant imatinib therapy can be tried. However, this patient is
still in lactation and declines medical treatment. Therefore, close follow-up was suggested for this
patient. Now 4 months after resection (from July.2020), this patient is alive and well, with no sign of
recurrence.

Discussion And Conclusions
Here, we described a case with a huge tumor located in the stomach. Morphological feature revealed that
tumor tissue from the spindle cells and collagen �ber bundles cutting through. Besides, IHC results
showed that the spindle cells expressed CD117, DOG1, CD34, SDHA, SDHB, while a-SMA and other
markers were negative. Given the immunophenotype of Cajal cell differentiation, which was con�rmed to
express CD117 and DOG-1 [23], as well as the location of this lesion, the diagnosis of GIST was �rst
taken into consideration.
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In order to further con�rm the diagnosis of GIST, genetic analysis was carried out, and the results revealed
a KIT and PDGFRA wild type GIST. NGS sequencing of a recent study claimed that [24] TP53, RB and ALK
mutations could be detected in 72 Chinese patients with quadruple-negative GISTs (devoid of KIT,
PDGFRA, BRAF, and SDH alterations). Besides, as it is known to all, wild type GIST is not sensitive to TKIs.
Previous studies have suggested that the resistance to imatinib can be restored by other gene inhibitions,
including FGFR3 [25] and NTRK3 [26]. Therefore, NGS was performed to identify driver mutations in GIST
so as to �nd the potential therapeutic targets. To our surprise, a novel CDC42BPB-ALK fusion type
(CDC42BPB exon 24-ALK in exon 20) with involvement of ALK exon 20 was identi�ed. The function of the
fusion protein is still unknown for the reason that CDC42BPB has not been reported as a fusion partner of
ALK in any ALK-rearranged tumor. The result of RNA sequencing showed that CDC42BPB gene might be a
fusion partner to ALK in some GIST cases. CDC42BPB, a member of the small Rho GTPase family [27],
was located on 14q32.3 chromosome by FISH [28]. Shivashankar et al [29] discovered that CDC42BPB
was a kind of non-cancer associated gene, and would serve as potential drug target and diagnostic or
prognostic markers if the cancer association was established. In addition, there is no previous report of
any causal mutation of CDC42BPB in cancer. However, ALK fusion after exon 20 on the ALK side, which
includes the complete ALK kinase domain, has been reported to activate a carcinogenic kinase in various
ALK-rearranged tumors [30], including NSCLC [19], IMT [31], peritoneal mesothelioma and various other
carcinomas [32]. Previous study demonstrated that wild type GIST with the ETV6-NTRK3 fusion gene
could be suppressed by ALK inhibitors, which could also inhibit NTRK3 [33]. Similarly, we supposed that
ALK inhibitors might serve as a new strategy for the targeting therapy of GIST in this case, which required
further exploration and research.

FISH analysis (using FISH break-apart probes) and IHC methods were performed to identify ALK gene
status. We found that a signi�cant proportion of ALK genes were split. According to the relevant
researches, the relation between the expression of ALK protein and ALK rearrangement was not sure. In
2020, Jun et al [12] reported a case of GIST with PDGFRA p. D842V mutation, which showed ALK protein
overexpression (both of D5F3 and 5A4 clones) but lacked ALK rearrangement by FISH analysis. However,
Lei et al [18] presented GIST with an ALK gene rearrangement (PPP1R21-ALK) which was examined by
NGS. One possibility accounts for this confusing phenomenon is that some cases harbor cryptic
structural variants that cannot be resolved by FISH [34]. Besides, according to the standard methods
which were advocated by the US Food and Drug Administration (FDA), as well as the China Food and
Drug Administration (CFDA), FISH basing on break-apart FISH probes and IHC using D5F3 antibody were
standard methods for ALK arrangement detection in NSCLC [30]. In our study, we found that ALK
overexpression could only be observed with the usage of D5F3 antibody, and this ALK (D5F3)-positive
GIST had ALK gene rearrangement. Our current �ndings indicated that the use of different
immunohistochemical antibody clones of ALK could also affect results, and the in-frame rearrangement
might result in expression of a CDC42BPB-ALK fusion protein.

Our �ndings suggest that ALK fusion in the GIST starts at the canonical exon 20, and this type of ALK
fusion has been reported as a possible therapeutic target in other cancers [35, 36]. Therefore, we
supposed that ALK inhibitors would be a therapeutic option for patients with ALK-rearranged GIST who
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were insensitive to or resistant to TKIs. In this case, given that Kit and PDGFRA wild type GIST was proved
to be not sensitive to TKIs, and this female patient is still in lactation, follow-up was suggested for this
patient. During 4 months of following up, there was no recurrence after excision. If this patient develops
recurrence/metastases in the future, it would seem reasonable to try targeted therapy using ALK
inhibitors. However, the frequency of ALK rearrangement in GIST appears to be low and there were too
few samples of patient cohorts. To date, ALK fusion has not been examined in GIST with intention (even
using ALK immunohistochemistry for a preliminary screening). Thus, further research needs to be done in
larger patient cohorts.

In conclusion, we identi�ed a GIST with a novel fusion of CDC42BPB-ALK. Our results, combining with
previously described 2 cases of GIST (with ALK gene rearrangement or ALK overexpression), also
expanded the molecular spectrum of this tumor beyond the well-known GIST driver genes. These
oncogenic events may have implications for therapeutic targets in patients with ALK rearranged GIST,
which deserves our further investigation.
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Figures

Figure 1
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Abdominal CT scan shows a massive space occupying lesion, which was related to gastric wall.

Figure 2

Gross image The cut surface of this tumor has yellowish white appearance.
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Figure 3

Section stained with hematoxylin and eosin (H&E) (a, 400×). Immunohistochemistry staining (b~h)
indicated that tumor cells were positive for CD117 (b, 400×), Dog1 (c, 400×), CD34 (d, 400×), SDHA (e,
400×), SDHB (f, 400×) and ALK D5F3 (g, 400×), but negative for ALK 5A4 (h, 400×).

Figure 4

Fluorescence in situ hybridization (FISH) analysis using the FISH break-apart probes shows split signals
for ALK (red, 3′; green, 5′).
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Figure 5

a A novel rare ALK rearrangement of CDC42BPB-ALK (exon 24: exon 20) was identi�ed by Targeted next-
generation sequencing (NGS). b A novel ALK fusion of CDC42BPB-ALK (exon 24: exon 20) was identi�ed
by RNA sequencing. c A novel intergenic region between CDC42BPB and receptor tyrosine kinase gene
(ALK) exon 20 fusion variant was identi�ed.


