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Purpose: NF1-deficient GISTs account for about 1% of gastrointestinal stromal tumors 
(GISTs) and are usually considered as a subtype of KIT/PDGFRA wild-type GISTs that have 
no detectable KIT and PDGFRA mutations. Some KIT/PDGFRA wild-type GISTs actually 
have cryptic KIT mutations (mKIT). So we investigate whether concurrent mKIT existed in 
NF1-associated GISTs.
Patients and Methods: Three independent cohorts were retrospectively analyzed. KIT/ 
PDGFRA wild-type GISTs in Xiangya Hospital between May 2017 and Oct 2019 were 
investigated by next-generation sequencing (NGS) approach targeted 1021 cancer-related 
genes regions. GISTs cases in Gene+ dataset from May 2017 to May 2020 were collected 
from the platform of this company. The genotypes of GISTs in MSKCC cohort were 
downloaded from cBioPortal.
Results: A total of 290 cases including 23 KIT/PDGFRA wild-type GISTs in Xiangya Hospital, 
136 GISTs in Gene+ database, and 131 GISTs in MSKCC were enrolled. Twenty-six cases have 
NF1 mutations (mNF1), and 48% (12/26) of NF1-mutated GISTs have concurrent mKIT. 
Compared with MSKCC (2/10, 20%), a higher ratio of mKIT in NF1-associated GISTs was 
detected in Xiangya Hospital (3/5, 60%) and Gene+ (7/11, 64%) (p<0.05). No mutation hotspot 
existed in mNF1. Most of mKIT centered within exon 11 (7/12, 58%) and others including exon 
17 (3/12, 25%), exon 9(1/12, 8%), exon 13 (1/12, 8%) and exon 21 (1/12, 8%). No differences in 
age, gender, and location were detected between NF1-related GISTs with mKIT and those 
without mKIT. Three GIST cases of type I neurofibromatosis, skin neurofibromas and micro- 
GISTs (≤1 cm) were devoid of mKIT, but all the mini-GISTs (1~2 cm) and clinic GIST lesions 
(>2 cm) in two cases harbored mKIT.
Conclusion: mKIT was not unusual in NF1-associated GISTs, especially in Chinese popula-
tions. The gain-of-function mKIT possibly facilitated the progression of NF1-deficient 
lesions to clinic GISTs, however, the underlying mechanism warrants further studies.
Keywords: gastrointestinal stromal tumor, NF1, KIT, deep sequencing

Introduction
Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors usually located in the 
gastrointestinal tract. Most GISTs are sporadic and have oncogenic KIT or PDGFRA 
mutations. About 10–15% GISTs lack KIT/PDGFRA mutation and are classified as KIT/ 
PDGFRA wild-type GISTs.1 GISTs are a heterogeneous group that has various entities 
including SDH-defective, BRAF-mutated, NF1-deficient GISTs and other GISTs with 
rare gene abnormalities.1
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Neurofibromin (NF1) gene encodes a protein named 
neurofibromin. It negatively regulates Ras family GTPases 
to maintain the inactive form (RAS-GDP) of RAS onco-
protein. NF1 gene mutation causes defective neurofibro-
min protein that leads to loss of its inhibitory role on the 
activation of RAS oncoprotein.2 Individuals with NF1 
deficiency carry a 34-fold risk than the average population 
for developing GIST, and GISTs occur in about 5–25% of 
cases diagnosed as type I neurofibromatosis.3,4

With the advent of the technology of new generation 
sequencing (NGS), occult mNF1 was uncovered in about 
60% quadruple-negative GIST, which suggested unrecog-
nized NF1 deletion in clinical GISTs cases.5 Recently, NF1 
somatic mutation was identified in a GIST patient without 
germline NF1 mutation, and somatic NF1 mutation in duo-
denal-jejunal flexure GIST frequently coexists with 
PDGFRA or mKIT.6–8 About 22% (5/23) of cryptic mKIT 
exists in KIT/PDGFRA/SDH/RAS-P wild-type GISTs, 
mostly within exon 11 and exon 9 of KIT, akin to the 
genotype of KIT in sporadic GISTs.1,9 Therefore, in this 
study, we retested our 23 archived Formalin-Fixed and 
Paraffin-Embedded (FFPE) samples of KIT/PDGFRA wild- 
type GISTs (negative of exons 9,11,13,14 and17 in KIT and 
exons 12, 14 and 18 in PDGFRA detected by routine Sanger 
sequencing) between May 2017 and Oct 2019 using targeted 
deep sequencing of 1021 cancer-related genes region. 
Meanwhile, we retrospectively analyze the profiles for the 
molecular status of genes aberration of GISTs by targeted 
deep sequencing with 73 genes panel or 1021 genes panel in 
Gene+ database and that of GISTs in MSKCC database 
using hybridization-capture-based sequencing with 410 
genes that are druggable by approved therapies or are targets 
of experimental therapies. And then we make comparisons 
of the differences of gene landscapes between neurofibroma 
lesions in the skin and multiple lesions including micro- or 
mini-GISTs and GISTs more than 2 cm in intestines in three 
GIST cases with type I neurofibromatosis, aiming to inves-
tigate if mKIT existed in NF1-associated GISTs and possibly 
the pathogenesis of NF1-deficient GISTs.

Patients and Methods
Patients and Samples
The flowchart below illustrates the study design and patient 
screening process of this study (Figure 1). From May 2017 to 
Oct 2019, a total of 576 GISTs cases in our center (Xiangya 
Hospital) were screened. One hundred and eighty-five patients 
with no available genetic data of routine Sanger sequencing 

and 11 patients lost to follow-up were all excluded. 380 GISTs 
were included and 23 KIT/PDGFRA wild-type GISTs were 
identified and enrolled in this study. All clinical and patholo-
gical information was retrospectively collected, and samples 
were tested using next-generation sequencing (NGS) approach 
targeted 1021 cancer-related genes regions. The mutational 
data of 136 GISTs and 131 GISTs in the Gene+ dataset and 
MSKCC of the American population were accordingly 
extracted from the data platform of China National 
Genebank (www.cngb.org) or downloaded from cBioPortal 
(http://cbioportal.org/msk-impact). The clinical information 
including gender, age, location and survival data were also 
collected. Overall survival (OS) was determined from the date 
of diagnosis to the date of death or loss to follow-up. Time to 
progression (TTP) was defined from the date of surgery or 
stable disease to the date of relapse or disease progression. All 
cases diagnosed with GISTs in Xiangya Hospital were con-
firmed by an experienced pathologist who is a member of our 
multiple disciplinary tumor boards for GISTs. The study was 
approved by the Institutional Review Board (IRB) of Xiangya 
Hospital of Central South University, and the written informed 
consent of patients from Xiangya Hospital was waived. The 
patients included in the Gene+ dataset have been fully 
informed and signed the informed consent to perform sequen-
cing and mutational analysis of their genetic data while their 
privacies are protected, according to the protocol approved by 
the Institutional Review Board of Geneplus-Beijing. The 
signed informed consent was not required for the patients of 
MSKCC dataset which belong to the cBioPortal database 
since it was an open-access database.

Targeted Deep Sequencing and Data 
Collection
The FFPE tissues of 23 KIT/PDGFRA wild-type GISTs were 
analyzed using targeted deep sequencing of 1021 cancer- 
related genes region. Corresponding peripheral blood sam-
ples of these patients were collected as germline controls. 
The Next-Generation Sequencing was executed in accor-
dance with the manufacturer’s instructions (Illumina, San 
Diego, CA, USA). The somatic mutations of KIT/PDGFRA 
wild-type GISTs were investigated for the genomics land-
scape description with the ComplexHeatmap R package. The 
molecular status of gene aberration of 136 GISTs patients in 
the Gene+ database was detected by targeted deep sequen-
cing with 73 genes panel or 1021 genes panel. The 131 cases 
of GISTs in the MSKCC database were detected for gene 
abnormalities using hybridization-capture-based sequencing 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 298

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.cngb.org
http://cbioportal.org/msk-impact
http://www.dovepress.com
http://www.dovepress.com


with 410 genes that are druggable by approved therapies or 
are targets of experimental therapies.

Statistical Analysis
Numerical variables were summarized as the mean (stan-
dard deviation) and median (interquartile range). 
Categorical variables were reported as counts (percen-
tage). The comparison between the categorical variables 
was analyzed by a chi-square test. The comparison 
between continuous variables was analyzed by a Mann– 
Whitney test. Survival analysis was assessed by the 
Kaplan-Meier method, and the differences were analyzed 
by the long-rank test. All tests of hypotheses were two- 
tailed and conducted at a significance level of 0.05.

Results
The Mutation Type of NF1 in GISTs
Totally 290 GISTs patients including 23 KIT/PDGFRA 
wild-type cases in Xiangya Hospital, 136 cases in Gene+ 
database and 131 cases in MSKCC database were enrolled 
in this study. The incidence of mNF1 in KIT/PDGFRA 
wild-type GISTs of Xiangya Hospital was 23% (5/23). 
The prevalence of mNF1 in GISTs was about 8% both in 
the Gene+ database (11/136) and in the MSKCC database 
(10/131). In the NF1-associated GISTs cases, 46% (12/26) 
had mKIT. No difference in age, gender, and location was 
detected between the NF1-correlated GISTs with or with-
out mKIT (Table 1). The mutation status of NF1 is dis-
played in Figure 2. The most frequent mutant area was 

Figure 1 Case screening flow chart. 
Notes: A total of 576 GISTs cases in our center (Xiangya Hospital) from May 2017 to Oct 2019 were screened. One hundred and eighty-five patients with no available 
genetic data of routine Sanger sequencing and 11 patients lost to follow-up were all excluded. Twenty-nine patients with poor quality FFPE were also excluded. Finally, 23 
cases of 52 wild-types KIT/PDGFRA GISTs were included (negative for exons 9,11,13,14, and 17 in KIT and exon 12, 14, and 18 in PDGFRA using Sanger sequencing). A total 
of 136 GISTs cases between May 2017 to May 2020 in the Gene+ database and the 131 cases of GISTs from the MSKCC database were also included in our study.
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exon 28 (5/26, 19.2%), followed by exon 3 (4/26, 15.4%) 
and exon 9 (3/26, 11.5%). No differences existed in the 
type of NF1 mutation between GISTs with KIT mutation 
and without KIT mutation (Table 2). Detailed descriptions 
of coexisting NF1 and KIT gene mutations in each of the 
12 GISTs cases are shown in Table 3.

Concurrent Gene Abnormalities in 
NF1-Deficiency GISTs
Growing evidence showed that extra molecule events are 
required for GISTs which developed from NF1-deficient 

lesion or neurofibroma,10 so we analyze the genomic land-
scapes of 26 GIST patients with mNF1. The most common 
abnormal genes concurrent with mNF1 were KIT oncogene 
with a frequency of 46% and TP53 gene with a frequency 
of 15%, followed by the mutations of other genes, includ-
ing NOTCH2, RB1, and TSC2 et al, as shown in 
Supplementary 1.

KIT Mutation in NF1-Associated GISTs
Compared with the proportion of mKIT in the American 
population in the MSKCC database (20%, 2/10), a higher 

Table 1 Clinical Characteristics of GIST with NF1 Mutation

Clinical Features mNF1 and mKIT mNF1 and wtKIT P-value (Methods)

Number of patients (N) 12 14

Age at diagnosis (years) 0.6665 (Mann–Whitney)

Mean ±SD 65.50±2.12 44.00±22.63
Median 65.5(36–68) 44.00(28–94)

NA (N) 2 8

Gender (N) 0.2466 (Chi-square)

Female 5 9
Male 7 5

NA 0 0

Location (N) 0.4389 (Chi-square)

Duodenum 1 1

Small Bowel 3 9
Stomach 4 3

Intraabdominal 0 1

NA 4 0

Abbreviations: NA, not available; N, number.

Figure 2 The mutation loci and subtypes within the NF1 gene and their corresponding pathogenicity in GISTs. 
Notes: #Xiangya Hospital; ##Gene+ database; ###MSKCC database; ±, Neutral; –, Deleterious; Red symbols of #, ## and ###represent n=2.
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ratio of mKIT in NF1-associated GISTs was detected in the 
Chinese cohort including that of our center (60%, 3/5) and in 
the Gene+ database (64%, 7/11)(p<0.05) (Table 4). mKIT 
focus in the juxtamembrane domain (JM) or kinase domain 
showed hotspot mutation of KIT to be within exon 11 (7/12, 
58%), similar to the gene subtype of sporadic KIT-mutated 
GISTs. Other mutation locations of KIT were exon 17 (3/12, 
25%), exon 9(1/12, 8%), exon 13 (1/12, 8%), exon 21 (1/12, 
8%) and exon 4(1/12, 8%) respectively.

The mutation types of KIT contained in-frame deletions 
(4/7, 57%), deletion and insertion (2/7, 29%) and missense 
mutation (1/7, 14%) in exon 11, N822K in exon 17 (3/3, 

100%), A502_Y503dup in exon 9 (1/1, 100%) and 
I669_T670delinsMI in exon 13 (1/1, 100%). In the 
MSKCC dataset, both two cases of NF1-deficiency 
GISTs harbored double mutations, in which one of the 
shared mutations was still within the exon 11 of KIT 
(Figure 3).

KIT Mutation in Various Lesions in Type 
I Neurofibromatosis
With the purpose of exploring the role of KIT in the 
pathogenesis of NF1-deficient GISTs, we collected various 
samples range from skin neurofibromas, micro-GIST 
lesions (≤1 cm), mini-GIST lesions between 1 cm and 2  
cm, and GIST lesions (>2 cm) in three GISTs patients with 
type I neurofibroma. All these 3 cases had multiple café-au 
-lait spots and superficial neurofibromas which were con-
sidered as the diagnosis of type I Neurofibromatosis. 
Among the three cases, mKIT existed in 2 cases with 
GISTs that were more than 2 cm but not in the skin 
neurofibromas subtype and micro-GISTs (Figure 4). 
Evidently, as shown in Figure 4, the number of gene 

Table 2 The Mutation Types and Their Differences Between 
mNF1 with mKIT and mNF1 with wtKIT

mNF1 Subtype mKIT wtKIT P-value

Frameshift 6 9 0.4642

Missense 5 4 0.5229

Nonsense 3 3 0.8548

Note: No differences of the type of NF1 mutation between with KIT mutation and 
without KIT mutation.

Table 3 Concurrent Mutation of NF1 and KIT in GISTs Patients

Patient mNF1 mKIT

cHGVS Exon Abundance cHGVS Exon Abundance

1# c.239_245delATCTCTC 

c.1017CT[2>1] 
c.6792C>A

3 

9 
45

10% 

3.60% 
7.30%

c.2828G>T 21 4.30%

2# c.1799T>A 16 38.40% c.2466T>A 17 39.90%

3# c.4009C>T 30 3.50% c.2466T>A 17 30.50%

4## c.3805_3808dupGACT 28 2.10% c.1676T>G 11 39.90%

5## c.7926dupT 54 53.50% c.1669_1674delTGGAAG 11 33.10%

6## c.5691T>G 38 2.20% c.1669T>A 11 40.80%

7## c.1004A>G 9 40.70% c.1504_1509dupGCCTAT 9 49.90%

8## c.2033C>T 18 49.60% c.1669_1674delTGGAAG 11 11.50%

9## c.1799T>A 16 38.80% c.2466T>A 17 38.60%

10## c.2033C>T 18 50.20% c.1676_1684delTTGTTGAGG 11 34.30%

11### c.331A>T 4 NA c.698G>C 

c.1657_1662delTATGAA

4 

11

NA 

NA

12### c.4960_4967delTTTAAAAC 37 NA c.1668_1683delinsACAA 

c.2007_2009delinsGAT

11 

13

NA 

NA

Notes: The detailed information of mutated NF1 gene and concurrent KIT mutation in each of the 12 GISTs cases; #Xiangya Hospital; ##Gene+ database; ###MSKCC database. 
Abbreviations: NA, not available; cHGVS, ctDNA Human Genome Variation Society.
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mutations gradually increased with the clinical progression 
of neurofibromas to overt GISTS in all three cases.

Survival of the Patients with mNF1 and 
Those without mNF1
At the time of drafting this paper, only one patient with 
wild-type NF1 genotype had a recurrence, while all other 
patients recruited at our center still have stable disease. In 
the MSKCC dataset, the overall survival (OS) of the 
patients with wild-type NF1 genotype showed shorter 
than that of the patients with NF1 mutation, but the dif-
ference in OS between these two groups had no statistical 
significance. (Supplementary 2).

Discussion
In this study, we investigated the frequency of NF1 
mutation in GISTs. The incidence of mNF1 in KIT/ 
PDGFRA wild-type GISTs of Xiangya Hospital was 
23%. The prevalence of mNF1 in GISTs in both Gene+ 
database and MSKCC database were 8%, indicating no 
racial correlation. Among NF1-associated GISTs, 46% of 
cases had concurrent KIT oncogene mutation. In our 
center and Gene+ database, both of which had 

a Chinese population, mKIT had a higher frequency of 
60% (3/5) and 64% (7/11) in NF1-deficiency GISTs than 
that of the MSCKCC database with the American popu-
lation (20%, 2/10) (p<0.05). No hotspot mutations were 
detected in NF1, and there was no difference of mutation 
subtype in the NF1 gene between those with or without 
mKIT. The mutation of KIT in NF1-associated GISTs 
centered on the JM or TKI domain, similar to that in 
the sporadic mKIT GISTs.1

In the three GIST patients with type 
I neurofibromatosis, NGS was performed in a various 
range of neurofibromas lesions in the skin, micro-GISTs, 
or mini-GISTs and clinic GISTs more than 2 cm in the 
intestines. mKIT was not detected in neurofibromas of the 
skin and micro-GISTs, but it was identified in mini-GISTs 
and clinic GISTs bigger than 2 cm in two cases.

GISTs are mesenchymal tumors mostly located in the 
gastrointestinal tract. The majority of GISTs have KIT or 
PDGFRA mutations, and the rest about 10–15% harbor 
wild-type KIT/PDGFRA, hence considered as 
a heterogeneous entity mainly including SDH-defective 
and RAS-pathway abnormalities of K/N/H-RAS, BRAF, 
and NF1 mutation. NF1 is a tumor suppressor gene that 
negatively modulates RAS signaling that accounts for less 
than 1% of total KIT/PDGFRA wild-type GISTs.1

Recently, using massively parallel sequencing, 
Gasparotto et al reported that about 60% (13/22) of quad-
ruple-negative tumors harbored biallelic inactivation of 
NF1.5 In concordance with this, our center also disclosed 
about 22% of GIST patients have mNF1 in KIT/PDGFRA 
wild-type GISTs.

Figure 3 KIT mutations loci and subtype. 
Notes: The distribution of various mutation subtypes identified by NGS within the exons of KIT gene; #Xiangya Hospital; ##Gene+ database; ###MSKCC database; ±, 
Neutral; –, Deleterious; Red symbols of ## and ###represent n=2. 
Abbreviations: TM, transmembrane domain; JM, juxtamembrane domain; N, number.

Table 4 NF1 Concurrent with KIT Mutation

Genes Chinese (n,%) American 
(n,%)

P-value 
(Chi- 
square)

Xiangya Gene+ MSKCC

mNF1 and mKIT 3(13.0%) 7(5.2%) 2(1.5%) 0.034442
mNF1 and wtKIT 2(8.7%) 4(2.9%) 8(6.1%)
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mKIT was first identified in GIST patients in 1998, 
leading to the understanding of the underlying mechanism 
of KIT-driven GISTs and exploration of abnormal genes 
that are concurrent with mKIT.17 The first report about the 
molecular profile of NF1-associated GISTs was provided 
by Kinoshita and colleagues. There was no mKIT in their 
case series of 29 GISTs lesions in seven NF-1 patients; 
neither was there any NF1 aberration in sporadic mKIT 
GISTs.18,19

The mutual exclusion of the mutations of KIT and NF1 
in GISTs was reported in accumulative clinic studies.19 

Indeed, haplodeficiency of neurofibromin was enough to 
promote the growth of a specific subtype of ICC expres-
sing both KIT and S-100 protein in the small intestine, 
inferring that GIST progression in patients with type 
I Neurofibromatosis do not need gain-of-function mutation 
of KIT.14

However, recent studies via targeted deep sequencing 
uncovered about 20% (5/26) have occult KIT abnormal-
ities in a series of KIT/PDGFRA wild-type GISTs cases 
originally classified by Sanger sequencing, and 4 out of 5 
cases were in the exon 11 of KIT.9 Similarly, Gao and 
colleagues reported that 19 out of 146 KIT/PDGFRA wild- 
type GISTs had the mutation of KIT according to NGS 
results,20 which was also mostly within the exon 11 of KIT 
(14/19,74%). These results indicated that the incidence of 

mKIT was underreported in the KIT/PDGFRA wild-type 
GISTs patients in the clinic when using conventional 
Sanger sequencing.

In nine cases of type I neurofibromatosis, Takazawa 
et al reported about 8% of mKIT in 36 GIST lesions and all 
GISTs were of low-risk grade.10,14 Yantiss et al reported 
that three patients with NF1 and multiple small intestinal 
stromal tumors were investigated and three tumors in 
different locations from one patient had identical point 
mutations in KIT exon 11, which has been previously 
reported in several studies of germline KIT mutation in 
JM or kinase domain developing GISTs.16 One NF1 case 
with all three GIST lesions had an identical mutation in 
KIT exon 11 with in-frame deletions.13 Mussi and collea-
gues detected 2 cases of 28 NF1-deficiency GISTs who 
had mKIT with one of the cases of deletion in exon 11 and 
another one case of duplication in exon 9 in primary 
lesion. Intriguingly, one case in this report had exon 17 
mutation of KIT in the metastatic lesion but not in the 
primary tumor.11

In our study, we found that 46% cases of NF1-deficient 
GISTs harbored concurrent mKIT in total. Two of the three 
patients in our center had the frequency of more than 30% 
of Exon 17 (p.N822K) as identified in NGS, which were 
negative for KIT mutation in the conventional Sanger 
method (detection of exons 9,11,13,14 and 17 in KIT and 

Figure 4 The genomic landscapes of skin neurofibroma and GISTs in 3 cases of type I neurofibromatosis. 
Notes: (A–C) represent individual cases 1–3, respectively. In panel A (case 1) and panel B (case 2), compared with the lesions of skin neurofibromas and micro-GISTs (≤1  
cm) that merely harbor mNF1, GISTs lesions (>2 cm) have NF1 aberration with a concurrent mKIT. In all three cases, the number of gene mutations is gradually increasing 
with the neurofibromas lesions to micro-GISTs or/and mini-GISTs to clinic GISTs.
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exon 12, 14 and 18 in PDGFRA). The possible explana-
tion was tumor heterogeneity, as reported in the cases 
presented by Namgung and Bajor.12,25 Similar to our 
center, all the GISTs patients in the Gene+ database were 
of the Chinese population and had a higher frequency of 
63% (10/16) of KIT mutation in NF1-deficiency GISTs 
than that of the American cohort in the MSCKCC data-
base (20%, 2/10) (p<0.05). The exact reason for this dis-
crepancy is not clear. We speculate that racial and ethnic 
differences among the cohorts may play a role.

Apart from one of mKIT was in the extracellular 
domain of exon 4 in KIT, the others were within the region 
of JM or kinase domain. In line with the previous 
studies,21 the mutation in exon 11 was the most common 
subtype of mKIT, followed by exon 17, exon 9, exon 13, 
and exon 21. The mutation types of KIT contained in- 
frame deletions, deletion and insertion, and missense 
mutation in exon 11, as well as point mutations in exon 
17 and duplication in exon 9. In the MSKCC dataset, both 
two cases of NF1-deficiency GISTs harbored double muta-
tions within KIT, one of the shared mutations was still 
within the exon 11 of KIT (Figure 3). These results uncov-
ered that the mutation scenery of KIT in NF1-associated 
GISTs was similar to that of sporadic mKIT GISTs, hinting 
at the role of KIT in the development of NF1-aberrant 
GISTs, but it was still largely unknown.

KIT protein is a transmembrane type III receptor tyr-
osine kinase, consisting of an extracellular region and 
a cytoplasmic region which constitute a juxtamembrane 
domain and two kinase domains. Type I neurofibromatosis 
presents alterations in the NF1 gene located in the long 
arm of chromosome 17 (17q11.2) and contains 50 exons, 
which code for the neurofibromin protein. GISTs linked to 
NF-1 frequently prove loss of heterozygosity at 14q and 
22q similar to sporadic GISTs mutated by KIT and 
PDGFRA.22 Further study showed that the KIT ligand 
signal can stimulate the proliferation of neurofibrosarcoma 
cells.23 Heterozygous inactivation of the NF1 gene 
enhances c-kit-induced Ras output by reducing neurofibro-
min levels and RAS-GAP activity in cell lineages, which 
interprets the coordination mechanism underlying the 
mKIT with deficient NF1 for GIST progression.13,24 

Namgung presented two GIST lesions of one type 
I neurofibromatosis patient with E11 mutation in KIT in 
the extramural portion of the largest tumor, but wtKIT in 
the intramural portion of the largest tumor and the other 
tumor.12 Secondary point mutation of D820N in exon 17 
was shown in the metastatic lesion of one NF1 patient, but 

the primary tumor was wild type.11 Both of them sug-
gested that mKIT probably developed at a later step of 
NF1-deficient tumor genesis.25 This hypothesis was also 
observed in our study showing that mKIT was in the mini- 
GISTs more than 1 cm, but not in micro-GISTs and skin 
neurofibromas. Further studies were required to depict the 
role and the mechanism of mKIT in the pathogenesis of 
GISTs in some NF1 patients.16,26

The treatment with imatinib in the GISTs associated 
with NF1 inactivation is ineffective and not 
recommended.1 Three NF1 cases with mKIT showed 
a poor reaction to imatinib treatment.11 Several cases 
showed that NF1-associated GISTs have a good response 
to sunitinib or Regorafenib.27,28 So the optimal treatment 
in the subtype of concurrent mutations of NF1 and KIT 
remains to be elucidated. Besides, it is reported that the 
risk of recurrence and mortality is very similar between 
NF1 and non-NF1 patients after surgical resection of 
GISTs.29 In accordance with this, most cases included in 
our study were post-surgery, and an adjuvant TKI regimen 
was given to these GIST patients with medium- to high- 
risk grade. The TTP and OS of these subgroups between 
NF1 deficiency and NF1-intact GISTs were similar. 
However, this conclusion remains equivocal due to the 
short follow-up period and the limited sample size.

This study has several limitations. Firstly, it was 
a retrospective study that is inherently limited by some con-
founding factors or bias, including clinical information. 
Secondly, NGS with different gene panels among these 
three cohorts from our center, Gene+, and MSKCC datasets 
affects the comparability of their differences. Thirdly, limited 
samples and a short follow-up time are inconclusive to show 
the effect of NF1 mutation on the survival of GIST cases.

Conclusion
Collectively, our study disclosed a high frequency of 
unrecognized mKIT in NF1-associated GISTs. Further 
underlying mechanisms of KIT oncogene cooperation 
with deficient NF1 in the pathogenesis of GISTs warrant 
further probing. NGS holds the potential for screening 
undiscovered mKIT from a subset of GISTs originally 
regarded as KIT/PDGFRA wild-type tumors using regular 
Sanger sequencing. Due to its comparatively higher sensi-
tivity and tumor heterogeneity, it provides a better under-
standing of mKIT in NF1-associated GISTs as well as 
identifying potentially eligible patients for optimal 
therapy.
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