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Abstract
Background: Gastrointestinal stromal tumors (GISTs) are the most common 
type of mesenchymal tumor in gastrointestinal tract, with striking features of 
morphology and immunohistochemistry. But GISTs in pregnancy could sel-
dom be found. Pathogenic activating mutations of the proto- oncogene KIT and 
PDGFRA are detected in majority GISTs, and adjuvant imatinib therapy targeting 
KIT and PDGFRA mutations is recommended for patients with high- risk GIST. 
However, some rare subgroups with distinct molecular features remain uncov-
ered and more therapeutic targets need to be revealed.
Methods: The DNA/RNA samples were detected using the NGS- based 
YuanSu450 gene panel. After identifying the CDC42BPB- ALK fusion by NGS, this 
novel fusion was further confirmed by Sanger sequencing. Subsequently, FISH 
analysis was performed using the Vysis ALK Break Apart FISH Probe kit to testify 
the ALK status. ALK protein expression was confirmed by IHC (D5F3 and 5A4).
Results: Herein, we reported the first case of quadruple wild- type (WT) GIST 
with ALK- CDC42BPB fusion and ALK (D5F3) overexpression. In this study, we 
described a 33- year- old pregnant patient in lactation who had a massive space oc-
cupying lesion (with the maximum diameter of 22 cm) in the stomach and was even-
tually diagnosed as quadruple WT GIST (KITWT/PDGFRAWT/SDHWT/RAS- PWT).
Conclusion: We unexpectedly found that this GIST patient showed ALK (D5F3) 
overexpression and harbored a novel fusion CDC42BPB exon 24- ALK in exon 20.
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1  |  BACKGROUND

Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal tumors occurring within the 
gastrointestinal tract (Mayr et al.,  2019). Approximately 
85% GISTs harbor KIT or PDGFRA mutations (Vankova 
et al., 2020), and GISTs that do not harbor any mutation of 
the KIT and PDGFRA genes are defined as wild type (WT) 
GISTs (Huss et al.,  2013). In addition, a small subset of 
all GISTs (5%) that lack KIT/PDGFRA/SDH/RAS- P (RAS 
pathways, RAS- P) mutations can be regarded as a spe-
cific molecular event and referred as quadruple WT GIST 
(Pantaleo et al., 2015). Up to now, some kinds of genetic 
alternations have been identified in this GIST subgroup, 
including ETV6- NTRK3 fusion, FGFR1 or FGF4, TP53, 
MEN1, and MAX mutations (Astolfi et al., 2020).

The tyrosine kinase inhibitors (TKIs), especially ima-
tinib, have been used as a standard first- line treatment 
for patients with localized and advanced GIST (Casali 
et al., 2018). What's more, there are increasing literatures 
illustrating the differential responses to TKIs (or imati-
nib) in GIST patients with different mutations (Corless 
et al., 2005). For example, the majority of GIST patients 
are imatinib- sensitive, especially with KIT exon 11 muta-
tions; while GISTs harboring a mutation in KIT exon 17 
or PDGFRA exon 18 (p.D842V) are confirmed imatinib- 
resistant (Cassier et al., 2012). Additionally, TKIs are not 
that effective for WT GIST patients, especially the SDH- 
deficient cases (Boikos & Stratakis, 2014). Therefore, iden-
tifying gene mutations in different patients is critical to 
guide the therapy and improve the prognosis by matching 
targeted drugs.

To our knowledge, most GISTs are ALK- negative, 
which helps to differentiate GISTs from other mesenchy-
mal neoplasms, such as inflammatory myofibroblastic 
tumors (IMTs) (Kataoka et al., 2014). ALK is a transmem-
brane receptor tyrosine kinase and its overexpression can 
be caused by gene fusion, mutation, and amplification 
(Fan et al., 2020). Previous researches demonstrated that 
ALK rearrangement led to a new driver oncogene and 
served as a biomarker in human cancers (Choi et al., 2008; 
Perner et al.,  2008). Until now, ALK rearrangement has 
been reported in various neoplasms, including pseudosar-
comatous myofibroblastic proliferation (Albores- Saavedra 
et al.,  1990), secretory carcinoma (Sasaki et al.,  2020), 
and non- small cell lung cancer (NSCLC) in China (Fei 
et al., 2019). However, only one ALK- PPP1R21 fusion in 
GIST has been reported yet (Zhao et al., 2020).

In this study, we presented a case of a 33- year- old 
woman diagnosed with quadruple WT GIST, and ALK 
(D5F3) was overexpressed. Surprisingly, CDC42BPB- 
ALK fusion was identified by next- generation sequencing 
(NGS) and confirmed by Sanger sequencing, enriching 

the molecular profiling of GIST and highlighting the im-
portance of personalized cancer therapy.

2  |  CASE PRESENTATION

A 33- year- old pregnant woman was initially admitted to 
the hospital for routine antenatal testing and a massive 
space- occupying lesion (with an estimated diameter of 
20.5 cm) located in the right upper abdomen was discov-
ered incidentally on MRI. Subsequently, this patient was 
transferred to another hospital for further examination. 
The computed tomography (CT) revealed a mass adher-
ing to the stomach, and adjacent to the liver and pancreas 
(Figure  1a). The tumor and part of the stomach were 
surgically removed in July 2020 (Figure  1b). No lymph 
node metastases were observed. Immunohistochemically, 
the spindle cells were positive for CD117, DOG- 1, CD34, 
SDHA, and SDHB (Figure 1d– h), but negative for a- SMA, 
desmin, and S100. Ki- 67 was estimated to be 5%. As a re-
sult, the diagnosis of NIH high- risk GIST was rendered.

Subsequently, the mutation status of the patient was 
detected by Sanger sequencing, and no mutations were ob-
served in KIT (exon 9, 11, 13, 17), PDGFRA (exon 12, 18), 
KRAS (exon 2, 3, 4), BRAF (exon 15), NRAS (exon 2, 3, 4), 
and PIK3CA (exon 20). SDH deficiency could be excluded 
based on its IHC status of SDHA and SDHB expression 
(Figure 1g,h). For further verification, the DNA/RNA sam-
ples were detected by using the NGS- based by using the NGS- 
based YuanSu450 gene panel (OrigiMed, Shanghai, China), 
which covers all the coding exon of 450 tumor- related genes 
that are frequently rearranged in solid tumors. The result 
confirmed that this GIST lacked mutations in KIT/PDGFRA/
SDH/RAS- P (NF- 1, BRAF, RAS). Therefore, this GIST was 
quadruple WT GIST (KITWT/PDGFRAWT/SDHWT/RAS- 
PWT). Interestingly, a novel rearrangement involving 
CDC42BPB exon 24 (chr14:103417527) and ALK exon 19 
(chr20:29446465), which encode an in- frame fusion protein 
containing the ALK kinase domain (Shimizu et al., 2019). 
After identifying the CDC42BPB- ALK fusion by NGS- based 
DNA (Figure 2a) and RNA (Figure 2b) targeted sequencing, 
we further confirmed the novel fusion by Sanger sequenc-
ing (Figure 3a).

In order to testify the ALK status, FISH analysis was 
performed using the Vysis ALK Break Apart FISH Probe 
kit (Abbott Molecular, Des Plaines, IL, USA), and split sig-
nals for ALK were detected in 90% of tumor cells, indicat-
ing the ALK gene breaking (Figure 3b). Additionally, ALK 
protein expression was confirmed by IHC (D5F3 and 5A4). 
However, ALK was strongly stained only by the antibody 
of D5F3 (Figure  3c,d). Generally speaking, these results 
mentioned above suggested that this case was proven to be 
quadruple WT GIST with a novel CDC42BPB- ALK fusion, 
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which was likely to function as the oncogenic driver in 
this tumor.

According to the previous study (Gao et al.,  2012), 
TKIs could offer a treatment option with relativly good 
responses for wild- type patients (36.4% imatinib response 
rate). Besides, curative effects are currently undetermined 
in ALK- rearranged GIST. Thus, postoperative adjuvant 
imatinib therapy or ALK inhibitors were recommended 
for this patient. This patient was still in lactation and de-
clined medical treatment. Alternatively, close follow- up 
was suggested. Three months after resection (from July 
2020), the patient started to take imatinib (400  mg/day) 
and feels well. No sign of recurrence is observed till now.

3  |  DISCUSSION

Here, we described a quadruple WT GIST in pregnancy 
with a novel CDC42BPB- ALK fusion. According to the 
relevant researches, the relation between ALK rear-
rangement and the ALK protein expression is uncertain. 
In 2020, Fan et al.  (2020) reported a case of GIST with 
PDGFRA p. D842V mutation, which showed ALK over-
expression (both of D5F3 and 5A4 clones) but lacked 
ALK rearrangement. Zhao et al. (2020) presented a GIST 
patient with a PPP1R21- ALK rearrangement, and ALK 
protein expression was confirmed by IHC. According 
to the standard methods advocated by the US Food and 
Drug Administration (FDA) and the China Food and 

Drug Administration (CFDA), FISH based on break- apart 
FISH probes and IHC using D5F3 antibody were standard 
methods for ALK arrangement detection in NSCLC (Liu 
et al., 2020). In our study, the FISH analysis showed that 
a significant proportion of ALK gene were split, and ALK 
D5F3 overexpression was confirmed by IHC, indicating 
that the CDC42BPB- ALK fusion result in the expression of 
a CDC42BPB- ALK fusion protein.

CDC42BPB encodes a member of the serine/threonine- 
protein kinase family and is a key mediator of cell growth, 
proliferation, and apoptosis (Manning & Cantley,  2007). 
Shkolyar et al.  (2021) discovered that CDC42BPB was as 
a cancer- associated gene for risk stratification in bladder 
cancer, and would serve as potential drug candidates to 
prevent tumor growth (Nagaraj & Reverter,  2011). ALK 
fusion after exon 20 on the ALK side, which includes the 
complete ALK kinase domain, has been reported to ac-
tivate a carcinogenic kinase in various ALK- rearranged 
tumors including NSCLC (Shimizu et al.,  2019), IMT 
(Lawrence et al., 2000), peritoneal mesothelioma, and var-
ious other carcinomas (Huang, 2018). We supposed that 
the CDC42BPB- ALK fusion is that it may cause the neo-  or 
over- expression of ALK kinase in tissues where it would be 
silent under physiological condition but this mechanism 
in this ALK- rearranged GIST still needs further study.

Wild- type GISTs have been proved to respond poorly 
to TKI- therapy owing to the lack of target oncogenic al-
teration (Park et al.,  2020). However, one 2012 study 
of Chinese advanced GIST patients found that the 

F I G U R E  1  Abdominal CT scan 
showed a massive space- occupying 
lesion which was related to gastric wall 
(a). The gross image showed that the 
cut surface of this tumor has yellowish- 
white appearance (b). Hematoxylin 
and eosin (H&E) staining (c, 400×) and 
immunohistochemistry staining for 
CD117 (d, 400×), Dog1 (e, 400×), CD34 
(f, 400×), SDHA (g, 400×), and SDHB (h, 
400×)
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imatinib response rate was 36.4% for wild- type patients 
(Gao et al.,  2012). Although ALK inhibitor has been re-
ported as a possible therapeutic option in some ALK fusion 
cancers (Fei et al., 2019; Sasaki et al., 2020), the efficacy 
and safety of ALK inhibitors were still unknown in ALK- 
rearranged GIST. Considering the two factors above, post-
operative adjuvant imatinib therapy or ALK inhibitors 
were recommended for this patient. To avoid the adverse 
effect of breast milk secreted- imatinib on infant, the pa-
tient tended to choose close follow- up (without medicine 

treatment) for 2.5- month after resection, and subsequently, 
imatinib therapy (400 mg/day) was carried out after stop-
ping breastfeeding from September 2020. It would be rea-
sonable to carry out targeted therapy with ALK tyrosine 
kinase inhibitors when the patient developed tumor pro-
gression. Now 10 months after resection (from July 2020), 
this patient is alive with no evidence of recurrence.

In conclusion, we identified a quadruple WT GIST in 
pregnancy with a novel CDC42BPB- ALK fusion. Our results 
expanded the molecular spectrum of this tumor beyond the 

F I G U R E  2  The IGV images of the CDC42BPB- ALK fusion identified DNA sequencing (a) and RNA sequencing (b)
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well- known GIST driver genes. These oncogenic events may 
have implications for therapeutic targets in patients with 
ALK- rearranged GIST, which deserves further investigation.

ACKNOWLEDGMENTS
The authors sincerely express their thanks to colleagues 
and many individuals for their help during the study 
processes.

CONFLICT OF INTEREST
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
Wen Huang and Mian Xu reviewed the literature and 
contributed to manuscript drafting; Wen Huang, Wei 
Yuan and Yingyong Hou conceptualized and designed 
the study; Lei Ren, Chen Xu, Rongkui Luo, Yuhong Zhou, 
Weiqi Lu and Qing Hao collected the data; Wen Huang 
and Yingyong Hou critically reviewed the manuscript for 
important intellectual content. All authors issued final ap-
proval for the version to be submitted.

ETHICAL APPROVAL
This study was approved by the Institutional Review 
Board (IRB) of Zhongshan Hospital Fudan University. 
Informed consent was obtained from the patient.

DATA AVAILBILITY STATEMENT
All data are included in the manuscript and no additional 
data need to be disclosed.

ORCID
Yingyong Hou   https://orcid.org/0000-0001-9156-2305 

REFERENCES
Albores- Saavedra, J., Manivel, J. C., Essenfeld, H., Dehner, L. P., 

Drut, R., Gould, E., & Rosai, J. (1990). Pseudosarcomatous my-
ofibroblastic proliferations in the urinary bladder of children. 
Cancer, 66(6), 1234– 1241.

Astolfi, A., Indio, V., Nannini, M., Saponara, M., Schipani, A., De 
Leo, A., Altimari, A., Vincenzi, B., Comandini, D., Grignani, G., 
Secchiero, P., Urbini, M., & Pantaleo, M. A. (2020). Targeted deep 
sequencing uncovers cryptic KIT mutations in KIT/PDGFRA/
SDH/RAS- P wild- type GIST. Frontiers in Oncology, 10, 504.

Boikos, S. A., & Stratakis, C. A. (2014). The genetic landscape of gas-
trointestinal stromal tumor lacking KIT and PDGFRA muta-
tions. Endocrine, 47(2), 401– 408.

Casali, P. G., Abecassis, N., Bauer, S., Biagini, R., Bielack, S., 
Bonvalot, S., Boukovinas, I., Bovee, J. V. M. G., Brodowicz, T., 
Broto, J. M., Buonadonna, A., De Álava, E., Dei Tos, A. P., Del 
Muro, X. G., Dileo, P., Eriksson, M., Fedenko, A., Ferraresi, 
V., … ESMO Guidelines Committee and EURACAN. (2018). 
Gastrointestinal stromal tumours: ESMO- EURACAN clinical 
practice guidelines for diagnosis, treatment and follow- up. 
Annals of Oncology, 29(Suppl. 4), iv68– iv78.

F I G U R E  3  Sanger analysis further confirmed the breakpoint of CDC42BPB- ALK fusion (a). FISH analysis using the FISH break- 
apart probes shows split signals for ALK (red, 3′; green, 5′) (b). IHC staining showed that ALK protein expression was strongly positive for 
antibody D5F3, but negative for antibody 5A4 (c,d, 400×)

https://orcid.org/0000-0001-9156-2305
https://orcid.org/0000-0001-9156-2305


6 of 6 |   HUANG et al.

Cassier, P. A., Fumagalli, E., Rutkowski, P., Schöffski, P., van 
Glabbeke, M., Debiec- Rychter, M., Emile, J. F., Duffaud, F., 
Martin- Broto, J., Landi, B., Adenis, A., Bertucci, F., Bompas, E., 
Bouché, O., Leyvraz, S., Judson, I., Verweij, J., Casali, P., Blay, 
J. Y., … European Organisation for Research and Treatment 
of Cancer. (2012). Outcome of patients with platelet- derived 
growth factor receptor alpha- mutated gastrointestinal strom 
al tumors in the tyrosine kinase inhibitor era. Clinical Cancer 
Research, 18(16), 4458– 4464.

Choi, Y. L., Takeuchi, K., Soda, M., Inamura, K., Togashi, Y., Hatano, 
S., Enomoto, M., Hamada, T., Haruta, H., Watanabe, H., 
Kurashina, K., Hatanaka, H., Ueno, T., Takada, S., Yamashita, 
Y., Sugiyama, Y., Ishikawa, Y., & Mano, H. (2008). Identification 
of novel isoforms of the EML4- ALK transforming gene in non- 
small cell lung cancer. Cancer Research, 68(13), 4971– 4976.

Corless, C. L., Schroeder, A., Griffith, D., Town, A., McGreevey, L., 
Harrell, P., Shiraga, S., Bainbridge, T., Morich, J., & Heinrich, 
M. C. (2005). PDGFRA mutations in gastrointestinal stromal 
tumors: Frequency, spectrum and in vitro sensitivity to imati-
nib. Journal of Clinical Oncology, 23(23), 5357– 5364.

Fan, J., Yang, M., Huang, B., Wang, Z., Luo, D., Zhang, J., Zhang, P., 
Shi, H., Li, Y., & Nie, X. (2020). ALK expressed in a gastrointes-
tinal stromal tumor harboring PDGFRA p. D842V mutation: A 
case report. Diagnostic Pathology, 15(1), 8.

Fei, X., Zhu, L., Zhou, H., Qi, C., & Wang, C. (2019). A novel inter-
genic region between CENPA and DPYSL5- ALK exon 20 fusion 
variant responding to Crizotini b treatment in a patient with 
lung adenocarcinoma. Journal of Thoracic Oncology, 14(9), 
e191– e193.

Gao, J., Dang, Y., Sun, N., Li, J., & Shen, L. (2012). C- KIT muta-
tions were closely associated with the response to imatinib in 
Chinese advanced gastrointes tinal stromal tumor patients. 
Medical Oncology, 29(5), 3039– 3045.

Huang, H. (2018). Anaplastic lymphoma kinase (ALK) receptor tyro-
sine kinase: A catalytic receptor with many faces. International 
Journal of Molecular Sciences, 19(11), 3448.

Huss, S., Künstlinger, H., Wardelmann, E., Kleine, M. A., Binot, E., 
Merkelbach- Bruse, S., Rüdiger, T., Mittler, J., Hartmann, W., 
Büttner, R., & Schildhaus, H. U. (2013). A subset of gastrointes-
tinal stromal tumors previously regarded as wild- type tumors 
carries somatic a ctivating mutations in KIT exon 8 (p.D419del). 
Modern Pathology, 26(7), 1004– 1012.

Kataoka, T. R., Yamashita, N., Furuhata, A., Hirata, M., Ishida, T., 
Nakamura, I., Hirota, S., Haga, H., & Katsuyama, E. (2014). An 
inflammatory myofibroblastic tumor exhibiting immunore-
activity to KIT: A case report focusing on a diagnostic pitfall. 
World Journal of Surgical Oncology, 12, 186.

Lawrence, B., Perez- Atayde, A., Hibbard, M. K., Rubin, B. P., Dal Cin, 
P., Pinkus, J. L., Pinkus, G. S., Xiao, S., Yi, E. S., Fletcher, C. D., 
& Fletcher, J. A. (2000). TPM3- ALK and TPM4- ALK oncogenes 
in inflammatory myofibroblastic tumors. American Journal of 
Pathology, 157(2), 377– 384.

Liu, Y., Wu, S., Shi, X., Liang, Z., & Zeng, X. (2020). ALK detection 
in lung cancer: Identification of atypical and cryptic ALK re-
arrangements using an optimal algorithm. Journal of Cancer 
Research and Clinical Oncology, 146(5), 1307– 1320.

Manning, B. D., & Cantley, L. C. (2007). AKT/PKB signaling: 
Navigating downstream. Cell, 129(7), 1261– 1274.

Mayr, P., Märkl, B., Agaimy, A., Kriening, B., Dintner, S., Schenkirsch, 
G., & Schneider- Stock, R. (2019). Malignancies associated with 
GIST: A retrospective study with molecular analysis of KIT and 
PDGFRA. Langenbeck's Archives of Surgery, 404(5), 605– 613.

Nagaraj, S. H., & Reverter, A. (2011). A Boolean- based systems bi-
ology approach to predict novel genes associated with cancer: 
Application to colorectal cancer. BMC Systems Biology, 5, 35.

Pantaleo, M. A., Nannini, M., Corless, C. L., & Heinrich, M. C. 
(2015). Quadruple wild- type (WT) GIST: Defining the subset of 
GIST that lacks abnormalities of KIT, PDGFRA, S DH, or RAS 
signaling pathways. Cancer Medicine, 4(1), 101– 103.

Park, J., Yoo, H. M., Sul, H. J., Shin, S., Lee, S. W., & Kim, J. G. (2020). 
Genetic characterization of molecular targets in Korean pa-
tients with gastrointestinal stromal tumors. Journal of Gastric 
Cancer, 20(1), 29– 40.

Perner, S., Wagner, P. L., Demichelis, F., Mehra, R., Lafargue, C. J., 
Moss, B. J., Arbogast, S., Soltermann, A., Weder, W., Giordano, 
T. J., Beer, D. G., Rickman, D. S., Chinnaiyan, A. M., Moch, H., 
& Rubin, M. A. (2008). EML4- ALK fusion lung cancer: A rare 
acquired event. Neoplasia, 10(3), 298– 302.

Sasaki, E., Masago, K., Fujita, S., Suzuki, H., Hanai, N., & Hosoda, 
W. (2020). Salivary secretory carcinoma harboring a novel ALK 
fusion: Expanding the molecular characterization of carcino-
mas beyond the ETV6 gene. The American Journal of Surgical 
Pathology, 44(7), 962– 969.

Shimizu, N., Akashi, Y., Fujii, T., Shiono, H., Yane, K., Kitahara, T., Ohta, 
Y., Kakudo, K., & Wakasa, T. (2019). Use of ALK immunohisto-
chemistry for optimal therapeutic strategy of pulmonary large- cell 
neuroendocrine carcinoma and identification of a novel KIF5B- 
ALK fusion oncokinase. Anticancer Research, 39(1), 413– 420.

Shkolyar, E., Zhao, Q., Mach, K. E., Teslovich, N. C., Lee, T. J., Cox, 
S., Skinner, E. C., Lu, Y., & Liao, J. C. (2021). Bladder cancer 
risk stratification using a urinary mRNA biomarker panel— A 
path towards cystoscopy triaging. Urologic Oncology, 39, 497.
e9– 497.e15.

Vankova, B., Behenska, K., Bauer, M., Sedivcova, M., Daumova, M., 
Agaimy, A., Michal, M., & Daum, O. (2020). Morphological fea-
tures useful in the differential diagnosis between undifferenti-
ated carcinoma and gastrointestinal stromal tumor. Annals of 
Diagnostic Pathology, 46, 151527.

Zhao, L., Nathenson, M. J., Nowak, J. A., Fairweather, M., & Hornick, 
J. L. (2020). ALK rearrangement in a gastrointestinal stromal 
tumour of the small bowel. Histopathology, 77(3), 513– 515.

How to cite this article: Huang, W., Yuan, W., Ren, 
L., Xu, C., Luo, R., Zhou, Y., Lu, W., Hao, Q., Xu, M. 
& Hou, Y. (2022). A novel fusion between CDC42BPB 
and ALK in a patient with quadruple wild- type 
gastrointestinal stromal tumor. Molecular Genetics & 
Genomic Medicine, 10, e1881. https://doi.org/10.1002/
mgg3.1881

https://doi.org/10.1002/mgg3.1881
https://doi.org/10.1002/mgg3.1881

	A novel fusion between CDC42BPB and ALK in a patient with quadruple wild-­type gastrointestinal stromal tumor
	Abstract
	1|BACKGROUND
	2|CASE PRESENTATION
	3|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ETHICAL APPROVAL
	DATA AVAILBILITY STATEMENT

	REFERENCES


