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Background: Pulmonary blastoma (PB) is a rare subtype of lung cancer. Currently, the underlying pathogenesis
mechanisms of PB have not been fully illustrated, and the therapeutic approach for this entity is limited.

Methods: Whole-exome sequencing (WES), RNA sequencing, and DNA methylation profiling are applied to
seven PB patients. Multi-omics data of pulmonary sarcomatoid carcinoma (PSC) and pituitary blastoma (PitB)
from previous studies are invoked to illuminate the associations among PB and these malignacies.

Results: We portray the genomic alteration spectrum of PB and find that DICERI is with the highest alteration
rate (86 %). We uncover that DICER] alterations, Wnt signaling pathway dysregulation and IGF2 imprinting
dysregulation are the potential pathogenesis mechanisms of PB. Moreover, we reveal that the integrated molecular
features of PB are distinct from PSC, and the molecular characteristics of PB are more similar to PitB than to PSC.
Pancancer analysis show that the tumor mutation burden (TMB) and leukocyte fraction (LF) of PB are low,
while some cases are positive for PD-L1 or have CD8-positive focal areas, implying the potential applicability of
immunotherapy in selected PB patients.

Conclusion: This study depicts the integrated molecular characteristics of PB and offers novel insights into the
pathogenesis and therapeutic strategies of PB.

1. Introduction primitive mesenchymal stroma, according to the definition of the 5th

edition of the World Health Organization (WHO) classification of tho-

Pulmonary blastoma (PB), a rare branch of lung cancer, consistutes
< 0.1% of resected lung cancers.'> PB is most common in middle-aged
people, and the patients usually present with non-specific clinical syp-
toms similar to lung cancer. The 5- and 10-year survival rates of PB were
58.2% and 48.5 %, repectively.! In recent years, PB has received more
attentions in both clinical practice and molecular oncology research.

Orthodoxly, PB is a biphasic tumor consisting of low-grade fetal
adenocarcinoma/well-differentiated fetal adenocarcinoma (WDFA) and

racic tumors in 2021. Previous studies have identified several frequently
mutated genes in PB, including DICERI, CTNNB1, TP53, and EGFR.*1!
Pulmonary fetal adenocarcinoma is lung adenocarcinoma resembling
the developing fetal lung in its pseudoglandular stage.'” Although
WDFA is defined as a subtype of fetal adenocarcinoma by WHO, it is
considered as the monophasic variant of PB by many researchers.* This
mainly derives from the similarities of pathological contexture and ge-
netic features between WDFA and PB.* !> PB is a subtype of pulmonary
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Table 1

Clinicopathological characteristics of PB patients.?
Patient ID Pal Pa2 Pa3 Pa4 Pa5 Pa6 Pa7
City Beijing Beijing Beijing Beijing Kunming Kunming Kunming
Year of diagonsis 2005 2009 2009 2016 2019 2017 2016
Gender Female Male Male Female Female Male Male
Age at diagnosis, years 46 50 40 47 25 67 43
Family history” No No No No No No No
Smoking pack-year 0 0 40 0 0 40 9
Tumor location LLL RML+RUL RML+RLL RUL RUL RLL RML
Tumor Size, cm 23x22x2 22x10x8 9x 86 11x9%x4 1.4x1.5x%x1.6 3x25x1 5 x 2x0.4
TNM Stage pT1cNOMO pT4NOMO pT4NOMO pT4NOMO pT1bNOMO pT2aNOMO pT2bN2MO

1A3 IIIA 1IIA 1A 1A2 1B 1A

Subtype WDFA CBPB CBPB CBPB WDFA CBPB CBPB
Treatment No No Chemo Chemo No Chemo plus Immuno Chemo
WES T+N T+ N T+N T+ N T T+ N T
RNA-seq NA T+N T+N T+N T T T
Methylation T T+N T+N T+N T T+N T

a All patients in this study received radical resection of PB.

b Refers to the immediate family members of the patient (including parents, siblings, and children) who have a history of malignancies.
Abbreviations: CBPB, classic biphasic pulmonary blastoma; Chemo, chemotherapy; Immuno, immunotherapy; LLL, left lower lung; N, matched normal lung sample;
NA, not available; Pa, patient; RLL, right lower lung; RML, right middle lung; RUL, right upper lung; T, tumor sample; WDFA, well-differentiated fetal adenocarci

noma; WES, whole exose sequencing.

sarcomatoid carcinoma (PSC), and is widely regarded as a disease re-
lated to DICER1 mutation. Pleuropulmonary blastoma (PPB) is a malig-
nancy of the DICER1 syndrome, while it usually occurs in children and
is now defined as a different entity with PB.1*

Surgical resection is the mainstream treatment for PB currently,
while other therapies are still in the cradle. Radical resection is proved to
be a protective factor for the long-term survival of PB in the American
cohort.!15:16 Radiotheray, chemotherapy, and targeted therapy have
been reported effective in a few cases of PB;'7-1° therefore solid con-
clusions about their efficacy in PB are lacking. Moreover, the effective-
ness of immunotherapy for PB is still underexplored. Generally, effective
treatments for PB remain a burning unmet clinical need currently. In-
tegrated molecular research on PB was highly constrained by the rarity
of this disease and the limitation of profiling techniques, hampering the
management of this entity.

This study faithfully recapitulates the multi-omic profile of seven PB
patients and compares the molecular features among PB, PSC, and pitu-
itary blastoma (PitB). We provide a comprehensive genomic alteration
spectrum of PB and report that DICER] alterations, the Wnt signaling
pathway dysregulation and IGF2 imprinting dysregulation are the po-
tential pathogenesis mechanisms of PB. Moreover, we reveal that the
integrated molecular features of PB are distinct from PSC, and the molec-
ular characteristics of PB are more similar to PitB than to PSC. Pancacer
analysis show that the tumor mutation burden (TMB) and leukocyte
fraction (LF) of PB are low, while some cases are positive for PD-L1
or have CD8-positive focal areas, implying the potential applicability
of immunotherapy in selected PB patients. Our findings offered novel
insights into the pathogenesis and therapeutic strategies of PB.

2. Materials and methods
2.1. Patients and samples

Seven PB patients diagnosed from 2005 to 2019 were enrolled in
our study, in which 4 patients underwent surgery at Cancer Hospital,
the Chinese Academy of Medical Sciences, and the other 3 patients ac-
cepted surgery at The Third Affiliated Hospital of Kunming Medical Uni-
versity, Yunnan Cancer Hospital, Yunnan Cancer Center. Two indepen-
dent pulmonary pathologists confirmed the diagnosis based on the 5th
edition of the WHO classification of thoracic tumors. All PB patients ac-
cepted no treatment before surgery and were without other malignant
conditions. The clinicopathological information of them was retrieved
from the medical record system, and the tumor samples and paired nor-

83

mal lung tissues were retrospectively collected from the archive of the
Department of Pathology. We applied whole-exome sequencing (WES),
RNA-seq, and DNA methylation profiling to our PB cohort. Additionally,
we introduced the data of PSC and PitB from previous studies?’-2? into
our analysis. For PSC, the mutation data of 55 patients, the RNA-seq data
of 14 patients, and the methylation data of 44 patients were utilized. For
PitB patients, the mutation data of 11 patients and the methylation data
of 8 patients were employed. The sample procession and sequencing
data anlaysitic methods were detailed in the Supplemetary materials.

2.2. Statistics analysis

Statistical analysis was performed using Fisher’s exact test for cat-
egorical variables, and the Wilcoxon test or Mann-Whitney U test was
used for continuous variables. Statistical tests were performed in R (ver-
sion 3.2.0). We regarded a two-tailed P-value < 0.05 as statistically sig-
nificant.

3. Results
3.1. Study design and patient information

The workflow of this study was demonstrated in Fig. 1A. We applied
multi-omic approaches to PB and invoked the PSC data and PitB data
from previous studies?*-22 to explore the molecular characteristics asso-
ciations among PB and these malignacies. Detailed clinical information
of PB patients was in Table 1. Representative hematoxylin-eosin (HE)
images of PB patients were shown in Fig. 1B. The median age of pa-
tients was 46 (range 25-67) years, and 57.1 % of patients were males.
42.9 % patients were tobacco users. The TNM stage was evaluated based
on the 8th edition TNM stage criteria of lung cancer.?® Totally four pa-
tients were identified as stage IIIA, and three patients were stage I. No
patient was with a family history of PB.

3.2. Genomic alteration spectrum of PB

WES was performed on the DNA samples from seven PB patients to
assess the genomic alterations globally. The average sequencing depth
of tumor and normal samples were 223 x and 112 X, respectively. The
detailed sequencing quality information of WES and transcriptome were
in Supplementary Table 1. In total, 809 nonsilent candidate somatic mu-
tations were detected (Supplementary Table 2). The list of copy number
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Fig. 1. Study design and PB alteration spec-
trum. (A) Workflow of this study. (B) Rep-
resentative hematoxylin-eosin images of pa-
tients in our study. Scale bars, 200 pm. (C)
Genomic alteration spectrum of PB. *, indi-
cates patients without paired normal samples
as controls in genomic alteration identification.
Amp, amplification; CBPB, classic biphasic pul-
monary blastoma; CNV, copy number varia-
tion; Del, deletion; LOH, loss of heterozygosity;
Pa, patient; PB, pulmonary blastoma; PSC, pul-
monary sarcomatoid carcinoma; PitB, Pituitary
blastoma; T, tumor; WDFA, well-differentiated
fetal adenocarcinoma.
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variations (CNVs) and loss of heterozygosity (LOH) was provided in Sup-
plementary Table 3. The contributions of 30 mutational signatures from
the Catalogue of Somatic Mutations in Cancer (COSMIC) in each tumor
was demonstrated in Supplementary Table 4. The genomic alteration
spectrum of PB was displayed in Fig. 1C.

DICER1, encoding essential ribo-endonuclease processing pre-
miRNAs into functional miRNAs,?* was the gene with the highest alter-
ation rate in our cohort (6/7, 86 %). Among the six patients with DICER1
alterations, missense mutations were identified in five patients, affect-
ing the amino acids Gly1809, Glu1813, and Asp1810, which were in
the RNase IIIb domain and could cause the abnormal function of RNase
ITIb in miRNA processing.?> Moreover, there were four patients harbor-
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ing two DICER1 alterations,!! suggesting the significance of “two-hit”
mode of DICER1 in PB pathogenesis. In addition, we identified exon 3
missense mutations of CTNNBI in five (5/7, 71 %) patients, which could
affect the phosphorylation-mediated degradation of g-catenin and lead
to aberrant stabilization of g-catenin, thus resulting in the abnormal ac-
tivation of the Wnt signaling pathway.?¢%7

Wnt signaling pathway, PI3K signaling pathway, and RTK/RAS/
MAPK signaling pathway were the pathways with frequent genomic al-
terations. In PI3K signling pathway, we identified PIK3CA and AKT1 mu-
tations in 28.6 % and 14.3 % of patients, respectively. The two missense
mutations of PIK3CA both involved codon 1047, which is located within
the kinase domain. The oncogenic AKT1 E17K mutation was identified
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in one patient. Additionally, TP53 missense mutation combined with
LOH was identified in one patient, indicating the important roles of
TP53 in PB carcinogenesis; however, the mutation rate of TP53 in PB
was much lower than that of traditional lung cancer and other subtypes
of PSC.20’28’29

3.3. Wht signaling pathway dysregulation

CTNNBI1, which encoded f-catenin, was the most frequently mutated
genes in Wnt signling pathway. We identified CTNNBI mutations in
71.4% of patients, and the patients all harbored missense mutations
involving exon 3 (Fig. 2A). The exon 3 of CTNNBI is a key region en-
coding serine-threonine phosphorylation sites for GSK3B, which could
activate the phosphorylation and subsequent degradation of f-catenin
in the cytoplasm under physiological conditions. The exon 3 mutations
of CTNNB1 would disrupt this degradation and lead to the nuclear
accumulation of f-catenin.?®-30-31 Accordingly, immunohistochemistry
(IHC) experiments demonstrated the aberrant nuclear accumulation of
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In frame insertion

. ARM - Armadillo/B-catenin-like repeats
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Fig. 2. Wnt signaling pathway dysregulation
in PB. (A) CTNNB1 mutation distribution in
PB. (B) Immunohistochemistry of f-catenin on
PB. Upper panel, representative images of -
catenin expression. Lower panel, the patholog-
ical evaluation and the cellular location of -
catenin. For patient 7, formalin fixed paraf-
fin embedded specimen was unavailable for
immunohistochemistry analysis. (C) GSEA be-
tween the transcriptomic profiles of PB and
normal lung tissues based on the fold change
rank of all genes. (D) The expression of genes
in Wnt signaling pathway. Foldchange repre-
sents the relative gene expression level of tu-
mor samples over matched normal samples. *,
P < 0.05; **, P < 0.01; and ***, P < 0.001. AA,
amino acid; PB, pulmonary blastoma.
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p-catenin in patient 1, 3, 4, and 5; all of whom were with CTNNBI exon
3 mutation (Fig. 2B).

Notably, p-catenin positive areas were also detected in patient 6,
who was without detectable CTNNBI mutation. However, the g-catenin
accumulation in this patient was only involved with the cytoplasm and
cytomembrane (Fig. 2B), reinforcing the associations between CTNNB1
exon 3 mutations and f#-catenin nuclear accumulation. Additionally, we
identified several genomic alterations of the Wnt signaling pathway in
this patient, including RSPO3 missense mutation, APC2 deletion, AXIN2
LOH, and GSK3B LOH (Supplementary Tables 2 and 3).

Further, we performed RNA-seq on the RNA samples from 6 PB
patients. Totally, 23,437 genes were tested for differential expression
between PB tumor and normal samples, and we performed gene set
enrichment analysis (GSEA) of the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway based on the fold change rank of all genes.
Several immune-related pathways and classical cancer-related pathways
were significantly enriched, such as PD-L1 expression and PD-1 check-
point pathway in cancer (P = 0.0056), B cell receptor signaling pathway
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Fig. 3. IGF2 imprinting dysregulation in PB.
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(P = 0.0009), Wnt signaling pathway (P = 0.0440), JAK-STAT signal-
ing pathway (P = 0.0004), etc. (Fig. 2C). The detailed gene expression
pattern of the Wnt signaling pathway is displayed in Fig. 2D. We ob-
served that several genes of the R-spondin/LGR5/RNF43 module, in-
cluding RNF43, LGR5, and ZNRF3, were over-expressed in PB tumor
samples, indicating that the R-spondin/LGR5/RNF43 module dysfunc-
tion might play important roles in the Wnt signaling dysregulation of
PB.

3.4. IGF2 imprinting dysregulation in PB

We found that no CTNNBI1 alteration was detected in patient 2, who
was also negative in f-catenin IHC staining, indicating that molecular
events other than Wnt signaling dysregulation were involved in the tu-
morigenesis (Fig. 1C and Fig. 2B). We illustrated the CNV and LOH detail
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of 5 PB patients with matched normal samples in Fig. 3A (patient 2) and
Supplementary Fig. 1A (patients 1, 3, 4, and 6). The total copy number
of patient 2 was >2, and the copy number discrepancy between alleles
in chromosome 11 was more significant than that in other chromosomes
(Fig. 3A and Supplementary Fig. 1B), indicating that LOH occurred in
the chromosome region. This region affected an imprinted gene cluster
at 11p15.5, where the paternal allele and the maternal allele expressed
IGF2 and H19, respectively.>”> The IGF2-H19 expression is highly in-
fluenced by epigenetic mechanisms, primarily DNA methylation, and
the binding of CCCTC-binding factor (CTCF) to the imprinting control
region (ICR). Bisulfite conversion and Sanger sequencing revealed ho-
mozygous hypermethylation of ICR in the tumor sample of patient 2
(Fig. 3B), indicating that the LOH caused paternal uniparental poly-
ploidy, which could result in aberrant IGF2 overexpression. To further
validate the loss of imprinting of IGF2, we compared the expression level
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of IGF2 among PB, pleomorphic carcinoma, and normal lung tissues,
and found that the IGF2 expression of the tumor sample from patient 2
was significantly higher than that of other samples (Fig. 3C). In addi-
tion, we observed extremely high IGF2 expression combined with low
H19 expression in the tumor of patient 2 (Fig. 3C). Taken together, the
aberrant imprinting at the locus might be the driver alterations in the
tumorigenesis of PB.

3.5. Differences in the molecular characteristics between PB and PSC

PB was classified as a subtype of PSC by the 5th edition of the
WHO Classification of Thoracic Tumors in 2021, and we introduced
the multi-omic data of PSC samples, including pleomorphic carcinoma
and carcinosarcoma, from a previous study?’ into our analysis to depict
the differences of the molecular characteristics among different sub-
types of PSC. The detailed information of PSC samples we employed
was in Supplementary Tables 8 and 9. Compared to other subtypes of
PSC, PB was featured with significantly higher mutation frequencies of
DICER1, CTNNBI1, and Wnt signaling pathways. In contrast, the muta-
tion rates of TP53 and RTK/RAS/MAPK signaling pathways were lower
in PB (Fig. 4A). The unsupervised clustering of the transcriptomic data
demonstrated that PB tumor samples were well-distinguished from the
pleomorphic PSC subtype, reinforcing the unique characteristics of PB
(Fig. 4B). GSEA enriched several immune-related pathways between the
transcriptomic profiles of PB and other subtypes of PSC, such as the
natural killer cell-mediated cytotoxicity pathway and the antigen pro-
cessing & presentation pathway (Fig. 4C). Further, we compared the
DNA methylation profiles of PB and the other subtypes of PSC (Fig. 4D),
where PB manifested distinct methylation traits compared with the
other PSC subtypes. Multiple immune-related terms, classical cancer-
related terms, and epigenetic-related terms were enriched by GSEA be-
tween the DNA methylation profiles of PB and other subtypes of PSC.
Notably, the Wnt signaling pathways were also significantly enriched
(P < 0.01), emphasizing its significance in PB (Fig. 4E).

3.6. Affinities between PB and PitB

PitB is a rare and lethal pediatric intracranial tumor®® driven by
DICER1 mutations.?!-%2-34 Histologically, PitB and PB are blastomas de-
riving from different organs. We depicted the association of the molecu-
lar features between the two malignancies. The detailed information of
PitB samples we employed was in Supplementary Table 8. Generally, we
observed high DICER1 mutation rates in both PitB (90.9 %, n = 11) and
PB (71.4 %, n = 7). We noticed that over half of the DICER1 mutations
in PB occurred in the RNase IIla and IIIb domains. Although this region
harbored several DICERI mutations in PitB, most DICERI mutations in
PitB are scattered in other regions. For both PB and PitB, all the DICER1
missense mutations were in the RNase IIla and IIIb domains. Some PitB
DICER1 mutations (Arg509Ter, Arg676Ter, and Tyr793Ter) were non-
sense mutations, while we did not detect nonsense DICERI mutations in
PB. Compared to PB, many DICERI mutations in PitB were not located
in any functional domain (Lys429AlafsTer47, Tyr793Ter, Asn1093Ter,
Ser1179ThrfsTer12, and Asp1437MetfsTer16) (Fig. SA and Supplemen-
tary Table 5). Next, we summarized the methylation features of PB,
PitB, and PSC (Fig. 5B) and evaluated the similarity among the DNA
methylation profiles of these malignancies by calculating the Euclidean
distance. As shown in Fig. 5C and Supplementary Table 6, the simi-
larity between PB and PitB was significantly higher than that between
PB and PSC (P = 7.2 x 10°-16), indicating the affinities between PB
and PitB. GSEA between the DNA methylation profiles of PB and PitB
revealed the enrichment of several immune-related terms and classical
cancer-related terms, such as the T cell activation and Ras protein sig-
nal transduction. Moreover, the lung development term (P < 0.01) and
the endocrine system development term (P < 0.01) were enriched, indi-
cating the organ-specific features of PB and PitB despite their affinities
(Fig. 5D).
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3.7. Immune microenvironment features of PB

The introduction of immunotherapy has revolutionized the treat-
ment paradigm of lung cancer, and the tumor immune microenviron-
ment (TIME) is critical to the efficacy of immune checkpoint inhibitors
(ICIs) .*> Tumor mutation burden (TMB) and leukocyte fraction (LF)
were reported to be predictive biomarkers for ICIs. Therefore, to fur-
ther explore the feasibility of immunotherapy in PB, we performed pan-
cancer TMB and LF analysis. As shown in Fig. 6A and Supplementary
Table 6, PB was out of the top TMB cancer types. The average TMB of PB
was 2.77 per megabase, lower than that of lung adenocarcinoma (LUAD,
P = 0.037), lung squamous cell carcinoma (LUSC, P = 0.001), and PSC
(P = 0.077). Both PB and PitB belonged to the cancer types with very
low LF (Fig. 6B and Supplementary Table 7). The LF of PB was signifi-
cantly lower than that of LUAD (P = 0.001), LUSC (P = 0.004), and PSC
(P = 0.001). These results indicated that patients with PB might not be
perfect beneficiaries for ICIs.

In addition, we performed IHC of PD-L1 and CD8 on our PB co-
hort. Patient 1 was positive for PD-L1 staining (tumor proportion score
[TPS] = 1 %, combined positive score [CPS] = 2), and CD8-positive focal
areas were detected in patients 1, 5, and 6 (Fig. 6C and D, Supplemen-
tary Fig. 2A and B). These results suggested that some PB patients, such
as patient 1 and patient 6, might benefit from immunotherapy; however,
further investigation is required.

4. Discussion

The history of PB can be traced back to 1965,¢ but our mastery of
its nature and treatment is insufficient. Here, we portrayed PB’s multi-
omic profile and compared its molecular features with those of other
subtypes of PSC and PitB. Our findings offered novel insights into PB’s
pathogenesis and therapeutic approaches.

DICER1 alteration, of great significance in cancer biology,?* is a
widely-accepted feature of pleuropulmonary blastoma,’-%” and has been
reported in diverse malignant diseases originating in other organs, such
as PitB and pineoblastoma.??-3® In our study, we observed that DICERI
was the gene with the highest alteration rate, and the “two-hit” mode
of DICERI might play an important role in the pathogenesis of PB.
Although DICER1 mutation has been reported in adult-onset PB previ-
ously,®!! we provided a comprehensive description in a relatively larger
cohort. Moreover, we are looking forward to future resutls of comparing
PB with other DICERI-associated adult-type malignancies, since these
comparisions will also advance our recognation about the role DICER-1
alteration played in PB.

Wnt signaling aberrant activation has been reported in multiple
blastomas originating from different organs, including pancreatoblas-
toma,*° hepatoblastoma,***> and pituitary blastoma.?? In our study,
CTNNBI1 mutations were identified in 71.43% (5/7) PB patients, all
harboring CTNNBI exon 3 missense mutation, and were with g-catenin
nuclear aberrant accumulation. Notably, we observed one patient who
did not harbor CTNNB1 mutation, and the g-catenin accumulation only
occurred in the cytoplasm and the cytomembrane, reinforcing the ef-
fect of CTNNBI exon 3 mutations. It is notable that we detected RSPO3
missense mutation, APC2 deletion, AXIN2 LOH, and GSK3B LOH in pa-
tient 6. RSPO3 belongs to the R-spondin family, the enhancer of the Wnt
signaling pathway,*> while APC2, AXIN2, and GSK3B were members of
the f-catenin destruction complex.** This suggests that the malfunction
of these regulators might explain the aberrant expression of f-catenin.
Moreover, the Wnt signaling pathway was significantly enriched in the
GSEA analysis based on the differential expression of genes between PB
tumors and normal lung tissues. Generally, aberrant Wnt signaling path-
way activation might be an important molecular mechanism underlying
the pathogenesis of PB.

In patient 2 of our cohort, no f-catenin accumulation was detected
by IHC, indicating that other molecular mechanisms were involved
in the tumorigenesis. We observed IGF2 imprinting dysregulation and
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significantly high IGF2 expression in the patient. IGF2 imprinting
aberration was proved to be the potential critical events to disease
initiation in pancreatoblastoma®® and hepatoblastoma.*> IGF2 dysfunc-
tion was also intertwined with the progression of multiple malignant
diseases.*®>" Our results suggested that the IGF2 imprinting dys-
regulation was one of the important molecular mechanisms of PB
pathogenesis.

Orthodoxly, PB is a subtype of PSC while they are still heteroge-
neous in pathological morphologies and clinical features. We introduced
the multi-omics data of PSC (mainly pleomorphic PSC) and PitB into
our study to explore the associations in the molecular characteristics
among these malignancies. PB and PitB, in which we identified a high
rate of DICER] mutations, exhibited higher levels of similarities in the
mutational spectrum than PB and PSC. Moreover, by calculating the Eu-
clidean distance-based similarities, we found that PB was more similar
in DNA methylation profiles to PitB than to PSC. These results indicated
that the organ heterogeneity between PB and PitB could not mask the

90

Patient 6

inner associations, and it might be more suitable to take PB out of PSC
in future basic research and clinical treatment.

PB remains an entity without effective treatment.'®-1%-51,52 We iden-
tified PIK3CA and AKT1 missense mutations in 28.6 % and 14.3% of
patients, respectively. These mutations were within the PIK3CA kinase
domain. According to previous studies, mutations in the PIK3CA kinase
domain could activate the mitogen-activated protein kinase pathway
and promote cell proliferation/transformation.>® These suggested the
potential applicability of PI3K inhibitors, such as alpelisibin,>* in PB.
The detection of AKT1 E17K mutation implies the application of AKT
inhibitors, such as capivaseritib,>® in PB, while their efficacy warrants
further investigation.

Immunotherapy has revolutionized cancer treatment in the recent
decade, but only a minority of patients derive long-term clinical benefits
from ICIs. In our study, although the pan-cancer analysis showed that
TMB and LF of PB were low, we found that one patient of our cohort was
positive for PD-L1, and CD8-positive focal areas were detected in some
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PB patients, implying the potential applicability of ICIs in PB. Generally,
PB immunotherapy is at dawn, and investigation on large-scale cohorts
is needed.

In summary, we provided a comprehensive molecular scenario of
PB and deepened the public’s understanding of the pathogenesis and
therapeutic strategies of PB.
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