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PTEN pathogenic variants are associated with poor prognosis in
patients with advanced soft tissue sarcoma
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BACKGROUND: We aimed to examine whether PTEN pathogenic variants (mutPTEN) were associated with overall survival (OS) in
patients with advanced soft tissue sarcoma (STS) with the presence of one or more of the most common genomic alterations
including p53, CDKN2A, RB1, and ATRX pathogenic variants.
METHODS: This study included patients from Kaiser Permanente Northern California and Stanford Cancer Center with grade 2 or
higher locally advanced and metastatic STS.
RESULTS: A total of 174 patients had leiomyosarcoma (LMS), 136 had undifferentiated pleomorphic sarcoma (UPS), 78 had
Liposarcoma (LPS), and 214 had other histology subtypes (Others). Among all patients with STS, OS was worse for those with
mutPTEN versus wild-type PTEN (wtPTEN, adjusted HR [aHR] = 1.58 [95% CI, 1.11–2.23]), mutCDKN2A vs wtCDKN2A (aHR = 1.33
[95% CI .99–1.80]), and mutRB1 vs wtRB1 (aHR = 1.26 [95% CI 0.93–1.70[), while OS was similar for mutp53 vs wtp53 and mutATRX
vs wtATRX. MutPTEN versus wtPTEN was consistently associated with worse OS in histologic subtypes including LMS and UPS and
molecular subgroups.
CONCLUSION: MutPTEN vs wtPTEN was associated with worse OS in advanced STS. If confirmed, our findings could be helpful for
prognostic stratification in clinical practice and for further understanding the molecular mechanisms of STS.

BJC Reports; https://doi.org/10.1038/s44276-023-00029-3

INTRODUCTION
Soft tissue sarcomas (STSs) are a group of relatively uncommon
malignancies that are characterized by heterogeneity, with
leiomyosarcoma (LMS), undifferentiated pleomorphic sarcoma
(UPS), and Liposarcoma (LPS) the most common histologic
subtypes [1]. Several dozen genomic alterations have been
identified in advanced STSs including fusions, deletions, missense
pathogenic variants, and others [2, 3]. Different histologic
subtypes share some common genomic alterations but also
harbor unique alterations. For example, MDM2 and CDK4
amplifications are universally present in dedifferentiated liposar-
coma, while p53 (mutp53), CDKN2A (mutCDKN2A), RB1 (mutRB1),
PTEN (mutPTEN) and ATRX (mutATRX) deletions or pathogenic
variants are the most common alterations in LMS and UPS [2–4].
Other histologic subtypes, such as synovial sarcoma, are
characterized by a unique fusion gene SS18-SSX [5, 6].
The treatment options for advanced STSs have evolved only

modestly over the past three decades with very limited options still
available [7–10]. Success with systemic therapy has been far from
satisfactory for the most part [1, 11–13]. The recent advances with
immunotherapy including immune checkpoint inhibitors and adoptive
cell therapy have shown only modest efficacy [13–19]. The prognosis

for patients with intermediate to high-grade STSs remains very poor.
How the common genomic alterations affect the prognosis of
advanced STSs has not been well studied. Previous studies have
suggested that mutp53 is associated with poorer disease-free survival
(DFS) and overall survival (OS) [20, 21]. Other studies have suggested
that mutCDKN2A is associated with poorer OS [8, 22]. Little is known
about the potential impact of mutPTEN, mutRB1 and mutATRX on the
prognosis of STS. The current prognostic stratifications for STS remain
dependent on clinical factors [1, 23, 24].
The role of mutPTEN in the prognosis of advanced STS remains

unclear. In this study, we examined genomic pathogenic variants and
OS among a combined cohort of 602 adult patients with advanced STS
from Kaiser Permanente Northern California (KPNC) and Stanford
Cancer Center using next-generation sequencing (NGS) data, with
focus on the role ofmutPTEN in the presence of co-pathogenic variants
including mutp53, mutCDKN2A, mutRB1, and mutATRX.

MATERIALS AND METHODS
Study population
Our dataset included a total of 602 eligible patients (297 from KPNC and
305 from Stanford Cancer Center) with grade 2 or higher locally
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advanced (unresectable) or metastatic STS [25]. The KPNC cohort
had NGS performed using StrataNGS (Ann Arbor, Michigan) from
November 2017 to June 2022 and the Stanford cohort had NGS
performed from February 2015 to April 2022 (see below). Patient data on
demographics, Charlson comorbidity index (CCI), performance status
(PS), and receipt of systemic therapy were obtained from the electronic
medical record (Epic) and cancer registry database. CCI was based on
the 12-month period prior to diagnosis of locally advanced or metastatic
STS. This study was approved by the KPNC and Stanford Cancer Center
institutional review boards with a waiver of consent.

NGS
StrataNGS is currently a 429-gene, pan-solid tumor, NGS assay for formalin-
fixed paraffin-embedded (FFPE) tumor tissue, performed on co-isolated
DNA and RNA [26]. ATRX was included in StrataNGS panel in
August 2020. For the Stanford cohort, NGS was performed by
FoundationOne (Foundation Medicine, Cambridge, MA) [27, 28], Tempus
(Tempus Labs, Inc., Chicago, IL) [28, 29], and Altera™ (Natera, Inc., Austin,
TX) [30]. All platforms evaluated the most common genomic alterations of
interest, including p53, CDKN2A, RB1, PTEN and ATRX. MutCDKN2A includes
CDKN2A deletion, pathogenic variants, CDK4 and CCND1 amplification.
Approximately 60 genes with pathogenic variants were identified. The NGS
assays were performed using three multiplexed PCR-based panels
(two DNA and one RNA), simultaneously assessed single nucleotide
variant, short indels, short structural variants and copy number
variation, and all variant classes were analyzed and subjected to
independent quality control metrics and bioinformatics pipelines for
reporting following the American College of Medical Genetics and
Genomics (ACMG) criteria.

Histology
We included only grade 2 or higher locally advanced (unresectable) or
metastatic STS (either de novo or recurrent). We excluded gastrointestinal
stromal tumor, benign histology, and grade 1 histology such as well-
differentiated LPS, low-grade myxoid LPS, etc. Bone sarcoma was excluded
from this analysis. We classified all patients into four histology subtypes to
facilitate analysis: LMS, which included uterine LMS (uLMS) and extra-
uterine LMS (extra-uLMS), UPS, LPS, and other histology subtypes (Others).
LPS included pleomorphic LPS, grade 2 and 3 myxoid LPS and
dedifferentiated LPS. UPS included unspecified high-grade sarcoma. The
histologic subtypes of Others are shown in Data Supplement (Table A1).

Treatment
Treatment included the administration of chemotherapy, targeted
therapeutics (such as pazopanib) and checkpoint inhibitors after a patient
was diagnosed with locally advanced or metastatic disease, either alone or
in a certain combination.

Definition of hotspot TP53 pathogenic variants
We previously defined mutp53 R175H, R248Q, R248W, R249S, R273H,
R273L, and R282W as gain-of-function pathogenic variants based on our
literature review [31]. The literature on these pathogenic variants were
predominantly in carcinoma cell lines and animal models. There is a lack of
studies of these pathogenic variants in sarcoma cell lines and animal
models; therefore, the functions of these pathogenic variants in sarcoma
remain unclear. For this reason, in our sarcoma studies, we have included
all missense pathogenic variants involving six hotspot pathogenic variant
codons (R175, G245, R248, R249, R173, and W282) as “hotspot pathogenic
variants” instead of gain-of-function pathogenic variants. The rest of TP53

Table 1. Demographics by histologic subtypes.

LMS
(n= 174)

UPS
(n= 136)

LPS (n= 78) Others
(n= 214)

P
value

Median age 59 (23–88) 63 (22–97) 63 (35–90) 57 (19–94) <0.001

Female 133 (76.4) 72 (52.9) 37 (47.4) 108 (50.5) <0.001

Race Asian 35 (20.1) 22 (16.2) 14 (17.9) 44 (20.6) 0.18

Black 11 (6.3) 5 (3.7) 2 (2.6) 7 (3.3)

Hispanic 26 (14.9) 12 (8.8) 16 (20.5) 39 (18.2)

White 99 (56.9) 89 (65.4) 44 (56.4) 115 (53.7)

Others 3 (1.7) 8 (5.9) 2 (2.6) 9 (4.2)

PS 0–1 155 (89.1) 110 (80.9) 63 (80.8) 194 (90.7) 0.01

2–4 10 (5.7) 21 (15.4) 12 (15.4) 13 (6.1)

Unknown 19(5.2) 15(3.7) 3 (3.8) 7 (3.3)

CCI 1 (0–9) 2 (0–9) 1 (0–7) 1 (0–7) <0.001

Treatment Yes 146 (83.9) 103 (75.7) 52 (66.7) 173 (80.8) 0.01

No 28 (16.1) 33 (24.3) 26 (33.3) 41 (19.2)

TP53 wt 41 (23.6) 55 (40.5) 66 (76.9) 144 (67.3) <0.001

mut 133 (76.4) 81 (59.5) 12 (23.1) 70 (32.7)

CDKN2A wt 166 (95.4) 100 (73.5) 20 (25.6) 177 (82.7) <0.001

mut 8 (4.6) 36 (26.5) 58 (74.4) 37 (17.3)

RB1 wt 96 (55.2) 109 (80.1) 69 (88.5) 197 (92.1) <0.001

mut 78 (44.8) 27 (19.9) 9 (11.5) 17 (7.9)

PTEN wt 142 (81.6) 124 (91.2) 74 (94.9) 205 (95.8) <0.001

mut 32 (18.4) 12 (8.8) 4 (5.1) 9 (4.2)

ATRX wt 85 (48.9) 96 (70.6) 52 (66.7) 147 (68.7) <0.001

mut 34 (19.5) 14 (10.3) 5 (6.4) 14 (6.5)

unknown 55 (31.6) 26 (19.1) 21 (26.9) 53 (24.8)

The number inside the parenthesis represents the percent except for median age.
PS performance status, CCI Charlson comorbidity index, LMS leiomyosarcoma, UPS undifferentiated pleomorphic sarcoma, LPS liposarcoma.
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pathogenic variants were grouped as non-hotspot pathogenic variants.
There were 33 patients with hotspot pathogenic variant.

Statistical analysis
OS was measured from the date of diagnosis of locally advanced or
metastatic STS to the date of death or end of study follow-up (July 28, 2022
for KPNC cohort and December 27, 2022 for Stanford cohort), whichever
came first. We used Pearson’s χ2 test to assess differences in distributions
of demographic and clinical factors and in p53, CDKN2A, RB1, PTEN and
ATRX pathogenic variants. We used the one-way ANOVA test to assess
differences in continuous variables. We used the Kaplan–Meier plot (log-
rank test) to perform unadjusted (univariate) OS analysis and to estimate
the median OS. The number of patients at risk in the Kaplan–Meier OS
curves accounted for delayed entry into the cohort at the time of receipt of
NGS results (i.e., left-truncation, with median study entry of 7.7 months
post-diagnosis) [32]. Cox proportional hazards regression models were
used to estimate the adjusted hazard ratio (aHR) and 95% confidence
intervals (CI) for the association between pathogenic variant subsets and
OS, adjusted for covariates. Time since diagnosis of advanced STS was the
time scale used in the regression models, allowing for delayed entry into
the cohort [32]. Covariates included in our main regression models (and
unless otherwise stated) were age (continuous), sex (male, female),
ethnicity (Non-Hispanic White, Black, Asian, Hispanic, other/unknown), PS
(0–1, 2–4), CCI (continuous), and treatment received (yes, no). We
examined the effect of specific pathogenic variants in a model that
included all five pathogenic variants simultaneously: p53 [yes, no], CDKN2A

[yes, no], RB1 [yes, no], PTEN (yes, no), and ATRX (yes, no, unknown)
pathogenic variants, as well as four different histologic subtypes including
LMS (yes, no), UPS (yes, no), LPS (yes, no), and Others (yes, no). We
conducted subgroup analyses for the effect of each specific pathogenic
variant with or without other specified co-pathogenic variants. The
statistical analysis was performed using SAS software version 9.4, R (R
Core Team, 2020).

RESULT
Demographic and clinical characteristics of the cohort by
histology and pathogenic variant status
Mutp53 was detected in 76.4% of patients with LMS, 59.6% with
UPS, 15.4% with LPS and 32.7% with Others. The percent of
patients with mutCDKN2A, mutRB1, mutPTEN or mutATRX also
varied by histologic subtype (Table 1). Patients with mutPTEN had
higher percentages of mutRB1, mutp53, and mutCDKN2A
compared to patients with wtPTEN (Table 2). Patients with
mutp53 versus wtp53 were generally older and more commonly
female. In addition, the histology of their tumors was more
commonly LMS, had fewer mutCDKN2A but more mutPTEN,
mutRB1, and mutATRX (data supplement, Table A2). The demo-
graphic characteristics of patients with hotspot vs. non-hotspot
mutp53 were not substantially different (Table A3). Patients with
mutCDKN2A versus wild-type CDKN2A (wtCDKN2A) were generally
older, with lower percentage of females, had a higher CCI, had
more UPS or LMS, and fewer mutp53, mutRB1, mutPTEN or
mutATRX (Data supplement, Table A4). Patients with mutRB1
versus wild-type RB1 (wtRB1) had a higher percentage of female
patients and had a better CCI, and was essentially mutually
exclusive with mutCDKN2. In contrast, tumors of patients with
mutRB1 had a higher percentage of mutPTEN and mutATRX (Data
supplement, Table A5). The histology of tumors of patients with
mutPTEN versus wild-type PTEN (wtPTEN) was more likely to be
LMS and had mutRB1 and mutp53 (Data supplement, Table A5).
The histology of tumors of patients with mutATRX versus wild-
type ATRX (wtATRX) were more commonly LMS, and had higher
percentage of mutp53 and mutRB1 but lower percentage of
mutCDKN2A (Data supplement, Table A6).

MutPTEN vs wtPTEN was associated with a worse prognosis in
the full cohort
When examining single genes, OS appeared to be worse for
patients with mutPTEN versus wtPTEN (aHR = 1.58 [95% CI,
1.11–2.23]), and for patients with mutCDKN2A versus wtCDKN2A
(aHR = 1.33 [95% CI 0.99–1.80]), mutRB1 versus wtRB1 (aHR = 1.26
[95% CI 0.93–1.70]). In contrast, mutATRX versus wtATRX did not
appear to be associated with worse OS (aHR = 0.93 [95% CI
0.63–1.37]) (Fig. 1a). While mutp53 versus wtp53 was also not
associated with OS (aHR = 1.02 [95% CI 0.78–1.32]), hotspot versus
non-hotspot mutp53 did appear to be associated with worse OS
(aHR = 1.43 [95% CI 0.87–2.32]) (Fig. 1a).
Compared to patients with LMS, OS appeared to be worse for

patients with LPS (aHR = 1.22 [95% CI 0.78–1.91]), UPS (aHR = 1.53
[95% CI 1.11–2.14]) or with Other subtypes (aHR = 1.52 [95% CI
1.11–2.14]). (Fig. 1a). Median OS was 9.2 months for UPS,
15.4 months for LS, 14.4 for Other subtypes and 29.5 months for
LMS, respectively (Fig. 1b).

MutPTEN vs wtPTEN was associated with worse OS in LMS
and UPS
LMS. Among patients with LMS, mutPTEN versus wtPTEN was
associated with substantially worse OS (aHR = 1.73 [95% CI
0.96–3.12]) (Fig. 2a), with median OS of 14 versus 32 months
(Fig. 2b), while mutp53 versus wtp53 (aHR = 1.07 [95% CI
0.57–1.99]), mutRB1 versus wtRB1 (aHR = 0.96 [95% CI 0.43–2.16]),
mutATRX versus wtATRX (aHR = 1.00 [95% CI 0.50–2.02]) were not
associated with substantial OS difference.

Table 2. Demographic and clinical characteristics of patients with
PTEN pathogenic variant (mutPTEN) vs wild-type PTEN (wtPTEN).

Wt (n= 545) Mut
(n= 57)

P

Median age 60 (19–92) 56 (35–81) 0.56

Female 315 (57.8) 35 (61.4) 0.61

Race Asian 106 (19.4) 9 (15.8) 0.06

Black 19 (3.5) 6 (10.5)

Hispanic 84 (15.4) 9 (15.8)

White 314 (57.5) 33 (57.9)

Others 22 (4.0) 0

PS 0–1 474 (87.0) 48 (84.2) 0.71

2–4 49 (9.0) 7 (12.3)

Unknown 22 (4.0) 2 (3.5)

CCI 1 (0–9) 2 (0–6) 0.07

Treatment Yes 429 (78.7) 45 (78.9) 0.97

No 116 (21.3) 12 (21.2)

Histology LMS 142 (26.1) 32 (56.1) <0.001

UPS 124 (22.8) 12 (21.1)

LPS 74 (13.6) 4 (7.0)

Others 205 (37.6) 9 (15.8)

RB1 wt 440 (80.7) 31 (54.4) <0.001

mut 105 (19.3) 26 (45.6)

TP53 wt 294 (53.9) 12 (21.1) <0.001

mut 251 (46.1) 45 (78.9)

CDKN2A wt 410 (75.2) 53 (93.0) 0.002

mut 135 (24.8) 4 (7.0)

ATRX wt 349 (64.0) 31 (54.4) 0.30

mut 58 (10.6) 9 (15.8)

unknown 138 (25.3) 17 (29.8)

The number inside the parenthesis represents the percent except for
median age.
PS performance status, CCI Charlson comorbidity index, LMS leiomyosar-
coma, UPS undifferentiated pleomorphic sarcoma, LPS liposarcoma.
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UPS. Among patients with UPS, OS with mutPTEN versus wtPTEN
(HR= 2.11 [95% CI 0.96–4.15]) was substantially worse (Fig. 2c),
with a median OS of 5.5 versus 9.0 months (Fig. 2d). However, the
sample was small. OS with mutp53 versus wtp53 (aHR = 0.90 [95%
CI 0.55–1.45]), OS with mutCDKN2A versus wtCDKN2A (aHR = 1.10
[95% CI 0.64–1.89]), mutRB1 versus wtRB1 (aHR = 1.22 [95% CI
0.69–2.17]), mutATRX versus wtATRX (HR= 0.98 [95% CI
0.46–2.08]) were not substantially different.

LPS. Among patients with LPS, OS with mutp53 versus wtp53
appears slightly worse (aHR = 1.37 [0.24–7.63]) but the sample
size with mutp53 was small (n= 12) (Fig. 2e). OS with mutCDKN2A
versus wtCDKN2A was worse (aHR = 2.80 [95% CI 0.67–12.05])
(Fig. 2e). The sample size with mutRB1, mutPTEN and mutATRX
was too small to allow meaningful analysis.

Others. Among patients with Others, OS with mutPTEN versus
wtPTEN (aHR = 1.50 [95% CI 0.68–3.31]) was worse, and OS
with mutp53 versus wtp53 was also worse (aHR = 1.47
[95% CI 0.91–2.39]). OS with mutCDKN2A versus wtCDKN2A
(aHR = 0.99 [95% CI 0.61–1.59]) and mutRB1 versus wtRB1 (aHR
= 0.95 [95% CI 0.42–1.11]) were not substantially different, and
OS with mutATRX versus wtATRX (aHR = 0.59 [95% CI
0.23–1.49]) was better but had small sample size (Data
supplement, Fig. A1).

Association of mutp53 vs wtp53 with OS among subgroups
based on co-pathogenic variants
Although many subgroups were small, there was a suggestion
that mutp53 versus wtp53 was associated with modestly better
OS among patients with mutCDKN2A (aHR = 0.79 [95%
CI 0.43–1.76]) but not with wtCDKN2A (aHR = 1.16
[95% CI 0.84–1.59]), and among patients with mutRB1 (aHR =
0.84 [95% CI 0.44–1.60]) but not among patients with
wtRB1 (HR= 1.09 [95% CI 0.81–1.48]), and among patients
with mutPTEN (aHR = 0.51 [95% CI 0.18–1.42]) but not among

patients with wtPTEN (aHR = 1.11 [95% CI 0.84–1.48]), and among
patients with mutATRX (aHR = 0.88 p95% CI 0.55–1.42]) but not
among patients with wtATRX (aHR = 1.12 [95% CI 0.79–1.59])
(Fig. 3a).

Association of mutCDKN2A vs. wtCDKN2A with OS among
subgroups based on co-pathogenic variants
MutCDKN2A versus wtCDKN2A was associated with substantially
worse OS in among patients with wtp53 (aHR = 1.50 [95% CI
1.01–2.23]), among patients with wtPTEN (aHR = 1.36 [95% CI
0.99–1.85]), among patients with wtRB1 (aHR = 1.31 [95% CI
0.96–1.79), and among patients with wtATRX (aHR = 1.56 [95% CI
1.07–2.25]) (Fig. 3b). but not among patients with mutp53 (aHR =
1.00 [95% CI 0.60–1.60]) (Fig. 3b).

Association of mutRB1 vs wtRB1 with OS among subgroups
based on co-pathogenic variants
MutRB1 versus wtRB1 was associated with modestly worse OS
among patients with wtp53 (aHR = 1.36 [95% CI 0.71–2.58]) and
among patients with mutPTEN (aHR = 1.47 [95% CI 0.60–3.35]),
but slightly worse OS among patients with mutp53 (aHR = 1.15
[95% CI 0.80–1.64]), and among patients with wtPTEN (aHR = 1.18
[95% CI 0.84–1.66]) (Fig. 3c).

Association of mutPTEN vs wtPTEN with OS among subgroups
based on co-pathogenic variants
MutPTEN versus wtPTEN was associated with slightly worse OS
among patients with mutp53 (aHR = 1.27 [95% CI 0.85–1.91])
but substantially worse OS among patients with wtp53
(aHR = 3.97 [95% CI 1.85–8.52]) (Fig. 3d). OS with mutPTEN
versus wtPTEN was substantially worse among patients with
mutRB1 (aHR = 2.31 [95% CI 1.26–4.24]), and worse among
patients with wtRB1 (aHR = 1.47 [95% CI 0.91–2.37]) and among
patients with wtCDKN2A (aHR = 1.43 [95% CI 0.98–2.08]) and
among patients with wtATRX (aHR = 1.54 [95% CI 0.94–2.52])
(Fig. 3d).

LPS (n = 78) vs LMS (174) 

UPS (n = 136) vs LMS (n = 174) 

Others (n = 214) vs LMS (n = 174) 

Mutp53 (n = 296) vs wtp53 (n = 306) 

Hotspot (n = 33) vs non-hotspot mutp53 (263) 

MutCDKN2A (n = 139) vs wtCDKN2A (n = 463) 

MutRB1 (n = 131) vs  wtRB1 (n = 471) 

MutPTEN (n = 57) vs wtPTEN (n = 545) 

MutATRX (n = 67) vs wtATRX (n = 380) 

HR on OS (95% CI)
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LMS UPS OthersLiposarcoma
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S
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l p
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0.25
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Months from diagnosis sarcoma

41 62 71 63 53 47 41 36 24 19 14 14 12 7 6 6 6

12 41 49 43 36 29 32 25 24 15 11 10 10 9 5 6 6

10 27 29 30 23 20 19 17 11 8 8 7 4 1 1 1 1

33 75 81 74 63 46 38 32 23 22 20 17 16 11 8 4 3

Number of patients at risk

36 42 48 54 60 66 72 78 84 90 96

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96

1.53 (1.09–2.13)

1.52 (1.11–2.09)

1.02 (078–1.32)

1.43 (087–2.32)

1.33 (099–1.80)
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a b

Fig. 1 a Forest plot of adjusted hazard ratios of OS associated with histologic subtypes and for wild-type vs pathogenic variant comparisons
in single genes. aHR adjusted hazard ratio, OS overall survival, LMS leiomyosarcoma, UPS undifferentiated pleomorphic sarcoma, LPS
liposarcoma, Others other histology subtypes than LMS, UPS and LPS, Mut pathogenic variant, Wt wild-type. b Kaplan–Meyer OS curves of
four different histology subtypes. Histology subtypes include uLMS and extra-uLMS; UPS undifferentiated pleomorphic sarcoma, Liposarcoma
(including dedifferentiated liposarcoma, pleomorphic liposarcoma, and grade 2 and 3 myxoid liposarcoma), Others (including all other grade
2 and 3 histology subtypes than LMS, UPS, or liposarcoma). The number of patients at risk accounted for left-truncation. Patients who were
still alive by the data lock date were censored.
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DISCUSSION
In this study using the combined KPNC and Stanford cohort of 602
patients with advanced STS, we have shown that mutPTEN vs
wtPTEN was associated with worse OS. We have also shown that
histologically LMS had the best while UPS had the worst OS. It
appeared that hotspot versus non-hotspot mutp53 but not
mutp53 versus wtp53 was associated with worse OS; In addition,
there was a suggestion that mutp53 versus wtp53 was associated
with favorable OS among subgroups with mutCDKN2A, mutRB1,
mutPTEN and mutATRX than among subgroups with wtCDKN2A,
wtRB1, wtPTEN and wtATRX; Also, mutCDKN2A versus wtCDKN2A,
mutRB1 versus wtRB1 and mutPTEN versus wtPTEN were
associated with worse OS primarily among patients with wtp53
but not among patients with mutp53.
MutPTEN is a common pathogenic variant in advanced STS. To

our knowledge, our study is the first to reveal that mutPTEN versus
wtPTEN was associated with worse OS. MutPTEN versus wtPTEN
was consistently associated with worse OS among the entire
cohort, among histologic subtypes including LMS and UPS and
among several molecular subgroups including patients with
wtp53, wtCDKN2A, wtATRX, and mutRB1. This finding should be
helpful for clinical practice in stratifying prognosis and potentially
be helpful in subgroup stratification in clinical trials. Our findings

are consistent with some of the previous reports on PTEN
pathogenic variant and prognosis in other malignancies [33–35].
The worse OS associated with hotspot versus non-hotspot

mutp53 appears to be consistent with our previous studies in
metastatic colorectal cancer (CRC) and in advanced pancreatic
ductal adenocarcinoma (PDAC) [31, 36]. However, the attenuation
of the adverse OS effect of mutCDKN2A, mutRB1 and mutPTEN by
mutp53 was unexpected and intriguing, though independently for
others, mutp53 was associated with substantially worse OS. These
results suggest that different advanced STS may be driven by
driver pathogenic variant and co-pathogenic variants differently
during the evolution of disease despite similar pathogenic variant
profiles being present; some may adopt p53 pathogenic variant as
a driver pathogenic variant and PTEN pathogenic variant as a co-
pathogenic variant of passenger in nature, while some may adopt
PTEN (or RB1, or CDKN2A or others) pathogenic variant as a driver
pathogenic variant while p53 pathogenic variant as a subsequent
pathogenic variant acting more of a passenger pathogenic variant,
resulting in diverse biology with prognostic biases. Studies in STS
on the association of mutp53 with prognosis have been limited. In
the pooled analysis of MOSCATO and ProfiLER precision trials in
sarcoma, mutp53 was found to be associated with worse DFS, but
better response to anthracycline chemotherapy [20]. A previous
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Fig. 2 a Forest plot of hazard ratios of OS for patients with leiomyosarcoma (LMS). aHR adjusted hazard ratio, OS overall survival, uLMS uterine
leiomyosarcoma, extra-uLMS extra-uterine leiomyosarcoma, Mut pathogenic variant, Wt wild-type. b Kaplan–Meir OS curves of LMS patients
with mutPTEN versus with wtPTEN. The number of patients at risk accounted for left-truncation. Patients who were still alive by the data lock
date were censored. c Forest plot of hazard ratios of OS for patients with undifferentiated pleomorphic sarcoma (UPS). aHR adjusted hazard
ratio, OS overall survival, Mut pathogenic variant, Wt wild-type. d Kaplan–Meir OS curves of UPS patients with mutPTEN vs with wtPTEN. The
number of patients at risk accounted for left-truncation. Patients who were still alive by the data lock date were censored. e Forest plot of
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study showed worse OS with mutp53 versus wtp53 in patients
with metastatic sarcoma based on univariate analysis with a small
sample size [21]. A small retrospective study with only 19 patients
showed that mutp53 was predictive of response to pazopanib in
patients with advanced STS.33 We speculate that certain TP53
pathogenic variants may present a vulnerability in STS for
treatment targeting, similar to some of the well-characterized
genomic lesions that have been targeted [37–41]. This notion
appears consistent with the above-referenced studies showing
that mutp53 was associated with a better response to doxorubicin
and pazopanib [20, 33]. Certain chemical agents such as arsenic
trioxide have been shown to be capable of restoring the
conformation of multiple different p53 mutants into their original
tumor suppressive function, indicating that mutant p53 proteins
could be molecularly “differentiated” or “rescued” [42–45]. In our
previous study in patients with metastatic CRC, mutp53 overall
was not associated with prognosis, similar to our current finding in
advanced STS; however, hotspot mutp53 was associated with
worse OS than non-hotspot mutp53 in left-sided CRC (LCC) but
not in right-sided CRC (RCC), while RCC was associated with worse
OS than LCC only in patients with non-hotspot TP53. Our current
results with advanced STS appear consistent with our previous
findings in metastatic CRC as RCC and LCC possess distinct
histologic characteristics [31]. The mechanisms of such a co-
pathogenic variant-dependent OS differential would be interest-
ing to investigate. This may be explored by functional studies and
in prospective trials.
Our results showing that OS of mutCDKN2A versus wtCDKN2A

and OS of mutPTEN versus wtPTEN were worse among patients
whose STS retained wtp53 but not among patients whose tumor
harbored mutp53 are also consistent with the results that
mutp53 versus wtp53 was associated with better OS among
patients with mutCDKN2A, mutRB1 and mutPTEN. This suggests
that mutp53 could be functionally capable of overcoming the

adverse effect by mutCDKN2A or mutPTEN in certain aspects.
This would be quite intriguing if confirmed in additional studies
as mutCDKN2A and mutPTEN would usually be considered
cooperative with mutp53 to exacerbate cancer progression
[30, 46–49], though better outcomes associated with mutp53
over wtp53 have been presented in some previous studies. In a
study on patients with non-small cell lung cancer (NSCLC)
bearing an STK11 pathogenic variant (mutSTK11), it was found
that mutp53 conferred better OS over wtp53 [50]. In a separate
study on patients with NSCLC bearing a mutSTK11, it was found
that mutp53 was associated with better PFS and immunologi-
cally metabolic reprogramming compared to wtp53 [51].
Experimentally, a recent study showed that wtp53 could
promote mitotic bypass and whole genome duplication under
cyclin E-induced replicative stress, suggesting that wtp53 could
exacerbate cancer progression under certain biological circum-
stances [52]. This finding brought about a novel concept on the
roles of TP53 that warrants further investigations in animal and
human studies.
Our study has several strengths. To our knowledge, our sample

size is the largest compared to all the published STS genomic
studies cohorts. In addition, our cohort includes patients from two
large institutions with multi-specialty care centers. Furthermore,
our cohort included the five most commonly mutated genes and
the four most common histology subtypes in STS. We used Cox
regression modeling to adjust for several patient and clinical
variables. Our study also has limitations. First, it is a retrospective
study and some patients did not have NGS performed at the time
of diagnosis of advanced disease until months later. Nonetheless,
we used appropriate statistical methods to address this issue [32].
Second, only approximately two-third of patients had known ATRX
pathogenic variant status. Third, the sample size of some
subgroups was small and analyses should be considered
exploratory. Fourth, the results with Others could be more
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Fig. 3 a Forest plot of adjusted hazard ratios of OS for patients with mutp53 versus wtp53 among subgroups. aHR adjusted hazard ratio, OS
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challenging to interpret as it is comprised of heterogeneous STS
subtypes.
In summary, our study suggests that mutPTEN was associated

with worse OS compared to wtPTEN and mutp53 appeared to
attenuate the adverse OS effect by mutCDKN2A and mutPTEN co-
pathogenic variants in advanced STS. If confirmed, our results
provide new insight for further understanding the molecular
mechanisms of STS and may improve prognostic stratifications in
clinical practice and future clinical trial designs based on
molecular subgroups and histologic subtypes.
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