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Abstract

Gallbladder cancer (GBC) is a highly aggressive malignancy with 
limited therapeutic options and poor prognosis. It is characterized by 
multiple potentially targetable genomic alterations, highlighting the 
potential of a personalized therapeutic approach. However, data on 
the efficacy of this approach in GBC remain limited. PIK3CA and 
DNA damage repair gene alterations account for a major fraction of 
alterations frequently observed in GBC. The aim of this case report 
is to describe sequential molecularly informed therapy in a patient 
with recurrent GBC harboring ARID1A, PIK3CA, and ATM altera-
tions. We report a 54-year-old woman with recurrent GBC that had 
progressed after prior systemic chemotherapy, who underwent com-
prehensive molecular profiling revealing alterations in ARID1A, PIK-
3CA, and ATM. Based on these findings, the patient received sequen-
tial molecularly informed therapies: pembrolizumab, followed by the 
phosphatidylinositol 3-kinase (PI3K) inhibitor alpelisib, and subse-
quently the poly(ADP-ribose) polymerase (PARP) inhibitor olaparib. 
Time to treatment failure was approximately 6, 14, and 3 months, 
respectively. The total duration of sequential targeted therapy was 24 
months. The patient ultimately experienced disease progression and 
died shortly after discontinuation of olaparib, with an overall survival 
of 51 months from diagnosis. Although no objective responses were 
achieved, the patient experienced stable disease for 14 months during 
alpelisib treatment. Overall survival from diagnosis was 51 months; 
however, the contribution of molecularly informed therapy to this 

outcome cannot be determined from a single case. The prolonged 
stable disease observed during alpelisib treatment supports further 
investigation of PI3K inhibition in PIK3CA-mutated GBC.
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Introduction

Gallbladder cancer (GBC) is a highly aggressive cancer of the 
biliary tract. GBC is often diagnosed at an advanced stage and 
only 5–10% of patients survive for 5 years [1–3]. The most 
effective treatment for GBC over the years has been complete 
surgical resection. However, only about 10–20% of patients 
are eligible for surgery at the time of diagnosis [4]. There-
fore, precision therapy is urgently needed to improve out-
comes for patients with advanced disease. According to cur-
rent guidelines, in addition to standard chemotherapy, some 
types of targeted therapy can be used to treat GBC. Except 
for HER2 (ERBB2) amplification, there are currently only US 
Food and Drug Administration (FDA)-approved pan-cancer 
biomarkers for GBC, such as high tumor mutational burden 
(TMB-H), high microsatellite instability or deficient mis-
match repair (MSI-H/dMMR), RET and NTRK fusions, and 
BRAF p.V600E. However, up to 20% of GBC tumors carry 
at least one potentially targetable genomic alteration [5]. PIK-
3CA oncogenic mutations occur in 3–21% of GBC patients, 
whereas ARID1A and ATM deleterious mutations occur in up 
to 17% and 7.6% of patients with this tumor type, respectively 
[6–13]. PIK3CA mutations in GBC could potentially be tar-
geted with phosphatidylinositol 3-kinase (PI3K) inhibitors. 
For instance, in PIK3CA-mutated breast cancer, the addition 
of a PI3K inhibitor alpelisib to hormonal therapy with fulves-
trant is a standard of care [14]. Alpelisib has also been shown 
to be moderately effective in other types of cancer [15]. ATM 
and ARID1A loss-of-function mutations can potentially be 
targeted by poly(ADP-ribose) polymerase (PARP) inhibitors 
(PARPi) due to their involvement in DNA damage repair [16, 
17]. Additionally, loss of ARID1A has also been associated 
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with potential efficacy of immune checkpoint inhibitors (ICIs) 
and enhancer of zeste homolog 2 (EZH2) inhibitors [18, 19]. 
However, limited data exist on the efficacy of these molecularly 
informed treatment approaches in GBC. The clinical challenge 
arises when molecular profiling identifies several potentially 
actionable alterations in the same gallbladder tumor, while the 
evidence supporting the corresponding treatment options varies. 
This case illustrates such a challenge in a patient with recurrent 
GBC harboring ARID1A, PIK3CA, and ATM alterations who re-
ceived pembrolizumab, alpelisib, and olaparib sequentially after 
chemotherapy. Of particular interest are the different outcomes 
observed across these treatments, including 14 months of stable 
disease (SD) during alpelisib therapy. We report the rationale for 
treatment selection, the clinical course, and the limitations of 
interpreting these observations in a single patient.

Case Report

A 54-year-old woman presented to the primary care physician 
with complaints of right upper quadrant abdominal pain, pale-
colored stool, and dark yellow urine. An inflammatory process 
of the gallbladder was suspected, and laparoscopic cholecys-
tectomy was performed in March 2019. Histology revealed 
gallbladder adenocarcinoma pT2N0. The patient underwent 
computed tomography (CT) in April 2019. Two lesions in S4b-
5 and 4a of the liver were found and were resected. In October 
2019, she was diagnosed with recurrent disease. Metastatic le-
sions on the abdominal wall were the main signs of recurrence. 
The patient then started first-line chemotherapy with gemcit-
abine and cisplatin in December 2019, and after four cycles, 
a partial response (PR) was achieved in April 2020. In June 
2020, the patient underwent resection of metastatic lesions on 
the abdominal wall, and adjuvant therapy with capecitabine 
was started. The patient received five courses of capecitabine 
chemotherapy, which was stopped in January 2021. In January 
2021, disease recurrence in the soft tissue of the abdominal 
wall was registered.

In April 2021, the patient underwent comprehensive mo-
lecular profiling (CMP) using a primary tumor specimen ob-
tained in 2020. CMP was performed via Solo Complex (TM), 
including Solo ABC panel with a total of 411 genes analyzed 
(1.3 coding megabases). Additionally, immunohistochemical 
(IHC) screening for NTRK1–3 fusions and fluorescence in 
situ hybridization (FISH) analysis for RET translocations were 
performed. Testing revealed a low tumor mutational burden 
(TMB, 4.2 mutations/Mb), microsatellite stability (MSS) de-
termined by polymerase chain reaction (PCR), and proficient 
mismatch repair (pMMR) confirmed by immunohistochemis-
try, with no signs of a homologous recombination deficiency 
(HRD) phenotype based on copy number variation (CNV) and 
allelic imbalance analysis. The following potentially targetable 
genomic alterations were also identified: potentially somatic 
ARID1A p.Ala1466CysfsTer25 and PIK3CA p.Glu542Lys var-
iants, and a potentially germline ATM p.Glu1978Ter variant. 
The ATM p.Glu1978Ter variant was detected in tumor DNA 
and was considered potentially germline based on its variant 
allele frequency; however, confirmatory germline testing of 

non-tumor DNA and genetic counseling were not performed. 
Both ARID1A and ATM variants were hypothesized to be del-
eterious, while the PIK3CA variant was a known hotspot on-
cogenic mutation [20]. Therefore, several off-label therapeutic 
options were suggested, including a PARP inhibitor (olaparib) 
due to the ATM variant, a PI3K inhibitor (alpelisib) due to the 
PIK3CA mutation, and ICIs due to the presence of a deleteri-
ous ARID1A variant (Fig. 1) [20]. The rationale for consid-
ering ICIs was based on exploratory evidence suggesting an 
association between ARID1A alterations and response to im-
mune checkpoint inhibition; however, ARID1A is not an estab-
lished predictive biomarker for immunotherapy in GBC.

In May 2021, recurrence in the anterior abdominal wall 
and metastatic axillary and supraclavicular lymph nodes was 
detected. The patient then started pembrolizumab monothera-
py from June 2021 until November 2021. No adverse events 
were detected during treatment. Disease progression was reg-
istered in January 2022. Due to the presence of a PIK3CA on-
cogenic variant, monotherapy with alpelisib was initiated in 
January 2022. Therapy was well tolerated with grade 1 diar-
rhea and hyperglycemia that did not require dose adjustment or 
interruption, and the patient remained stable during 14 months 
of molecularly matched therapy. The best response was SD. 
In March 2023, progressive disease (PD) was detected due to 
enlargement of target lesions (+58% Response Evaluation Cri-
teria in Solid Tumors (RECIST) 1.1) and appearance of new 
lesions in the left ovary and sternum. Given platinum sensitiv-
ity, defined as no disease progression for 6 months after com-
pletion of cisplatin-based therapy (from May 2020 to January 
2021), and the presence of an ATM alteration detected in tumor 
DNA, PARP inhibition was considered a potential therapeutic 
option. Considering limited standard treatment options, the pa-
tient then started olaparib in March 2023.

In order to identify other potentially effective treatment 
options, subsequent CMP was performed in May 2023 using 
a specimen from a skin metastasis obtained in February 2023. 
A total of 484 genes (1.5 coding megabases) were analyzed 
via Solo Complex (TM). Testing again identified the activating 
somatic PIK3CA p.Glu542Lys variant with high variant allele 
frequency. Despite no signs of an HRD phenotype based on 
CNV and allelic imbalance analysis, a secondary somatic del-
eterious ATM p.Arg1204Ter variant was detected, suggesting 
a potential loss of heterozygosity at the ATM locus. Two addi-
tional variants were identified that are not currently therapeuti-
cally actionable, either due to variant of uncertain significance 
(VUS) status (BRCA2) or the absence of an associated targeted 
therapy (SPINK1) (Table 1). In June 2023, signs of pleural car-
cinomatosis, pleural effusion, enlargement of the left ovary, 
and bile duct dilatation were revealed. The patient then dis-
continued olaparib and underwent biliary decompression and 
bilateral adnexectomy. The patient passed away shortly after 
in June 2023.

Discussion

Up to 20% of biliary tract cancer (BTC) patients are predict-
ed to harbor potentially targetable alterations [5]. Thus, CMP 
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Table 1.  A Summary of Alterations Uncovered Following Initial (Left) and Subsequent (Right) Genomic Testing

Gene Variant VAF Effect Origin
Initial testing (primary tumor)
    PIK3CAa p.E542K 26% Activating Somatic
    ATMa p.E1978Ter 28% Deleterious Potentially germlineb

    ARID1A p.A1466fs 20% Deleterious Somatic
    TMB: 4.2 mutation/Mb
Subsequent testing (metastatic lesion)
    PIK3CAa p.E542K 35% Activating Somatic
    ATMa p.E1978Ter 45% Deleterious Potentially germlineb

    ATM p.R1204Ter 22% Deleterious Somatic
    BRCA2 p.M2935I 20% VUS Somatic
    SPINK1 p.N34S 36% Risk factor Potentially germlineb

    TMB: 2.6 mutation/Mb

aMatching alterations observed in both analyses. bBased on variant allele frequency; confirmatory testing of non-tumor DNA was not performed. TMB: 
tumor mutational burden; VAF: variant allele frequency; VUS: variant of unknown significance.

Figure 1. Evidence blocks supporting the clinical significance of the biomarkers (a–c) uncovered by the initial comprehensive 
genomic profiling and the measures reflected in the evidence blocks (d). Evidence blocks are filled in a similar manner to that of 
NCCN evidence blocks [20]. NCCN: National Comprehensive Cancer Network.
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has become an essential component of systemic treatment of 
BTCs, guiding molecularly matched therapies [21]. Here, we 
describe a case of a GBC patient with multiple potentially tar-
getable alterations who was treated with molecularly matched 
therapy, achieving long-term SD following alpelisib mono-
therapy, and PD as the best response to olaparib (Fig. 2).

Next-generation sequencing (NGS) enables the simultane-
ous analysis of a broad spectrum of genomic alterations, often 
resulting in the detection of multiple therapeutically relevant 
findings. Differentiating between alterations with proven clini-
cal relevance and hypothetical targets requires assigning levels 
of evidence (LoE) to prioritize the most actionable findings. 
When several potentially targetable alterations of similar LoE 
are identified, the optimal therapeutic strategy may be unclear. 
In such situations, molecularly informed therapies may be ad-
ministered either in combination or sequentially. Combination 
strategies have shown potential benefit in advanced cancers, 
as suggested by trials such as I-PREDICT and NCI-MATCH 
[22, 23]. However, sequential treatment with targeted agents 
has also been explored in selected tumor types, such as lung 
cancer, for specific alterations [24–26]. Although prospective 
studies have not yet definitively established the superiority 
of either approach, sequential therapy may reduce treatment-
related toxicity [26]. In the present case, a sequential strate-
gy was chosen because the safety and efficacy of combining 
agents targeting ATM, ARID1A, and PIK3CA had not been 
established.

The first molecularly informed therapy was pembroli-
zumab, which was administered off-label based on explora-
tory evidence linking ARID1A alterations with sensitivity to 
immune checkpoint inhibition. The tumor had a low TMB 
(4.2 mutations/Mb), was MSS, and showed pMMR; therefore, 
the rationale for pembrolizumab treatment was independent 
of TMB/MSI/MMR status. ICIs targeting programmed cell 
death protein 1 (PD-1)/programmed death-ligand 1 (PD-
L1) have been associated with improved progression-free 
survival (PFS) across tumor types [18], potentially related 
to immune microenvironment changes in ARID1A-deficient 
tumors [27]. Okamura et al reported longer median PFS in 
patients with ARID1A mutations treated with anti-PD-1/
PD-L1 therapy, even after stratification by MSI status (10.9 
months vs 3.9 months; hazard ratio (HR), 0.62; P = 0.03) 

[18]. However, despite the presence of an ARID1A alteration, 
our patient experienced rapid disease progression on pem-
brolizumab. Notably, the ARID1A alteration detected in the 
initial specimen was not identified in the metastatic lesion, 
which may reflect tumor heterogeneity or clonal evolution 
and further limits interpretation of ARID1A as a predictive 
biomarker in this case.

Alpelisib, targeting the PIK3CA mutation, was admin-
istered following progression on immunotherapy. Evidence 
supporting PI3K inhibition in PIK3CA-mutated GBC remains 
limited. Early-phase studies of PI3K inhibitors in BTCs have 
demonstrated modest activity, although most patients were 
not selected based on PIK3CA status [28, 29]. In our case, 
prolonged disease stabilization for 14 months was observed 
during alpelisib treatment, despite eventual disease progres-
sion. However, this observation cannot be attributed solely to 
alpelisib, as prior treatments and the underlying biology of the 
tumor may also have influenced the clinical course. Increased 
variant allele frequency of PIK3CA in the metastatic lesion 
may suggest clonal evolution and acquired resistance.

Olaparib was subsequently administered based on the 
ATM alteration detected in tumor DNA and the prior response 
to cisplatin-based therapy. However, no clinical benefit was 
observed. This may reflect the lower efficacy of PARP in-
hibitors in ATM-mutated tumors compared with BRCA1/2- or 
PALB2-altered cancers, as well as the absence of an HRD-as-
sociated genomic signature. Data on PARP inhibition in GBC 
are limited and largely extrapolated from other tumor types. 
In the PROfound study, olaparib did not improve outcomes in 
patients with ATM alterations [30]. Similarly, limited or absent 
responses have been reported in other tumor cohorts with ATM 
mutations [31, 32]. Although isolated case reports suggest oc-
casional responses in GBC, overall evidence remains incon-
sistent [33–35]. Importantly, HRD phenotype appears less 
frequent in ATM-mutated tumors compared with BRCA1/2-
altered cancers [36]. While homologous recombination repair 
(HRR) gene alterations are relatively common in BTCs, true 
HRD phenotype is less frequent [37, 38]. These findings col-
lectively suggest limited predictive value of ATM mutations 
alone for PARP inhibitor sensitivity in GBC, particularly in the 
absence of an HRD phenotype.

In summary, this case describes the use of sequential mo-

Figure 2. Treatment timeline. Alterations targeted at each line of sequential precision therapy are shown in red. 1L: first line; 2L: 
second line; CMP: comprehensive molecular profiling.
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lecularly informed therapy in a patient with advanced GBC 
harboring multiple potentially actionable alterations. The most 
notable observation was SD for 14 months during alpelisib 
treatment; however, the contribution of molecularly informed 
therapy to overall survival cannot be determined from a single 
case.

Conclusions

To conclude, we report a case of a patient with GBC harbor-
ing multiple genomic alterations who was treated with various 
molecularly informed regimens. Contrary to a combination 
treatment approach, pembrolizumab, alpelisib, and olaparib 
were administered sequentially targeting ARID1A, PIK3CA, 
and ATM alterations identified after initial CMP in the setting 
of recurrent disease after prior systemic chemotherapy. The 
patient had an overall survival of 51 months from diagnosis; 
however, the relative contribution of surgery, chemotherapy, 
and molecularly informed therapies to this outcome cannot be 
determined from a single case. Taken together, the prolonged 
SD observed during alpelisib treatment supports further inves-
tigation of PI3K inhibition in PIK3CA-mutated GBC.

Learning points

Molecular profiling can identify several potential treatment 
targets in GBC, but the strength of clinical evidence varies 
across treatment options.

In this patient with PIK3CA-mutated GBC, SD was ob-
served for 14 months during alpelisib monotherapy, supporting 
further investigation of PI3K inhibition in this setting.
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