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Leiomyosarcoma occurring in the bone as primary tumor localization is extremely
scarce with limited cases described in the literature, accounting for less than 0.7%
of all primary bone malignancies. Once distant metastasis occurs, patients have
limited treatments and often a somber prognosis, which underscore the need for
innovative and effective treatment approaches. The emerging evidence suggests
that anti-angiogenic therapy could inhibit angiogenesis and normalize vascular
permeability in the tumor microenvironment, which, in turn, would increase
immune effector cell infiltration into tumors. Immunotherapy depends on the
accumulation and activity of immune effector cells within the tumor
microenvironment, and immune responses and vascular normalization seem to
be reciprocally regulated. Immunotherapy combined with anti-angiogenic
therapy has recently made great progress in the treatment of various types of
tumors. However, the effectiveness of the combination treatment in metastatic
leiomyosarcoma is undetermined. In this study, we presented a rare case of
primary leiomyosarcoma of the bone located in the trochanteric region of the
femur, accompanied by multiple distant metastases. After the failure of multi-line
therapies including Al regiments as the adjuvant chemotherapy, anlotinib as the
first-line therapy, GT regiment as the second-line therapy, and eribulin as the
third-line therapy, the patient received combinational therapy with penpulimab
plus lenvatinib. The best efficacy for this regimen was a partial response, with a
progression-free survival of 8.4 months according to the iRECIST criteria. After a
dissociated response was detected without severe toxicities, the patient received
local radiotherapy and continued treatment on penpulimab plus lenvatinib and
eventually achieved long-term survival benefits with a total of over 60 months of
overall survival with good quality of life and ongoing treatment. As our previous
retrospective study found that one-third of advanced STS patients could still
achieve clinical benefits from rechallenge with multi-targeted tyrosine kinase
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inhibitors (TKls), after the failure of previous TKI therapy, this case provided the
potential clinical activity of immunotherapy combined with anti-angiogenic TKI
rechallenge in metastatic leiomyosarcoma.
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Introduction

Leiomyosarcoma (LMS) is a malignant neoplasm derived from
either smooth muscle cells or precursor mesenchymal stem cells that
eventually differentiate into smooth muscle cells, with an estimated
incidence of 10%-20% of all newly diagnosed soft tissue sarcomas
(STSs) (Novotny and George, 2021). This tumor can originate from any
site of the body, with the retroperitoneum, uterus, and limbs/girdles
being more frequently affected (George et al., 2018). LMS that occurred
in bones as primary tumor localization is extremely rare and was first
reported by Evans and Sanerkin in 1965, with an incidence of less than
0.7% of all primary bone malignancies (Evans and Sanerkin, 1965;
Wang and Lucas, 2019). Primary leiomyosarcoma of the bone (PLMSB)
usually occurs in the long tubular bones of the lower extremities, with
about 70% of cases found in the knee joint (distal femur and proximal
tibia) (Wu et al,, 2022). It is rarely reported to occur in the hip joint and
trochanteric area of the femur. The diagnosis of PLMSB is marked by
the absence of either osteoid or chondroid matrix LMS. Clinical features
and relevant prognostic factors of PLMSB are not well defined because
of the few data obtained mostly from retrospective analyses, small case
series, and case reports (Wang and Lucas, 2019). LMS has a predilection
for metastasis, with common sites of metastasis including the lung, liver,
soft tissues, and bones; metastasis to the pancreas is extremely rare
(Rekhi et al,, 2011).

Systemic chemotherapy with doxorubicin alone or in combination is
still the first-line treatment for unresectable metastatic LMS (Pautier
et al,, 2022). Despite multiple clinical trials investigating single-agent and
combination schemes over the past decades, progression-free survival
(PES) for various therapies remains in the 3-7-month range with
median overall survival (OS) at 12-18 months (Miller et al., 2020).
Second- and later-line regimens provide small clinical benefits in patients
with STSs including LMS (e.g., pazopanib, trabectedin, and eribulin).
LMS is a disease of complex cytogenetic and molecular aberrancies and is
characterized by a relatively inflamed TME with higher PD-L1
expression, greater immune infiltration, and antigen presentation
compared with other sarcoma subtypes (Feng et al, 2023; Lacuna
et al, 2023). Despite the potential for immunotherapy in LMS,
immune checkpoint inhibitors (ICIs) targeting PD-1, PD-L1, and
CTLA-4 have greatly improved oncologic outcomes for several
cancer types but show minimal efficacy for LMS (Tawbi et al., 2017).
Thus, treatment regimens with higher efficacy are needed to improve the
outcomes of patients with metastatic LMS. Immune barrier mediated by
tumor angiogenesis is well established, and there is an ever-growing list
of immune cells exhibiting the dual capacity of facilitating angiogenesis
and immunosuppression (Fukumura et al, 2018). Through directly
inhibiting tumor growth and metastasis, anti-angiogenic therapies
reprogram the tumor milieu from an immunosuppressive to an
immune-permissive microenvironment, which, in turn, increases
immune effector cell infiltration into tumors (Lee et al, 2020).
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Activated immunity by ICIs can also enhance anti-angiogenesis by
decreasing the expression of VEGF and alleviating hypoxia (Lee et al,,
2020; Wang et al,, 2023). ICIs combined with anti-angiogenic therapy
have exhibited favorable outcomes in various types of cancers
(Fukumura et al, 2018). Penpulimab is a novel Fc-engineered
IgGl monoclonal antibody against PD-1. By eliminating fragment
crystallizable (Fc) receptor-binding activities such as antibody-
dependent  cell-mediated cytotoxicity (ADCC) and antibody-
dependent cellular phagocytosis (ADCP), the agent not only
enhances the efficacy of immunotherapy but also exhibits improved
safety profiles. Lenvatinib, an oral multi-targeted tyrosine kinase
inhibitor (TKI), has potent anti-angiogenic activity, mainly through
the inhibition of VEGFR 1-3, PDGFRa, FGFR 1-4, KIT, and RET. To
date, little information is available on the efficacy and safety of this
combination in metastatic LMS.

Here, we report a rare case of lelomyosarcoma metastatic to the
pancreas in a patient with confirmed PLMSB in the trochanteric
region of the femur. After progressing on third-line therapy, the
patient received the fourth-line therapy with penpulimab plus
lenvatinib and eventually achieved long-term benefits with a total
of over 60 months of overall survival with a good quality of life and
ongoing treatment. This case demonstrated the efficacy and safety of
immunotherapy combined with anti-angiogenic therapy for the
later-line treatment of metastatic PLMSB and provided the
possibility of a rechallenge with TKI.

Case presentation

In February 2018, a 49-year-old male presented with an enlarged
palpable mass in the proximal right lower extremity, accompanied by
persistent dull pain and movement restriction. The patient did not have
any previous significant medical conditions. The computed tomography
(CT) revealed the shadow of a heterogeneous mass (89 x 42 mm) on the
right intertrochanteric region of the femur , and the lesion was obviously
strengthened unevenly after enhancement. Metastatic tumors were
excluded according to the patient’s whole-body imaging findings. In
August 2018, an excisional biopsy of the right intertrochanteric space-
occupying lesion was performed, and the pathological evaluation
demonstrated a right femoral intertrochanteric leiomyosarcoma. After
two cycles of neoadjuvant doxorubicin-ifosfamide (AI) chemotherapy
comprising doxorubicin 75 mg/m” given at day 1 and ifosfamide at 1.8 g/
m” per day over 5 days every 3 weeks, the patient underwent extensive
resection of femoral intertrochanteric leiomyosarcoma and total hip
arthroplasty under general anesthesia on 5 December 2018. Macroscopic
examination of the resected bone segment showed a grayish-yellow mass
with a size of 8 cm x 7 cm X 6 cm in the bone marrow cavity and 9 cm
from the broken end of talus tissue, which had a pattern of growth
replacing the marrow and invading the surrounding soft tissues. The
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efficacy assessment of neoadjuvant chemotherapy revealed extensive
necrosis in the tumor with a tumor necrosis rate of approximately 80%-
90% compared with preliminary pathologic results. The final pathology
of the post-operative specimens suggested spindle cell morphology with
immunohistochemical results being positive for desmin, calponin,
caldesmon, SMA, and MIB1 and negative for S100, CR, NF, and
SATB2 and confirmed the diagnosis of left femoral intertrochanteric
leiomyosarcoma, grade III (FNCLCC) (Figure 1). Three cycles of
adjuvant AI regimen chemotherapy were given after surgery,
followed by field adjuvant radiotherapy at a dose of 50 Gy until May
2019. Unfortunately, multiple newly bilateral pulmonary nodules were
detected by the routine chest CT scan on April 2020 (Supplementary
Figures S1A-D). Subsequently, the patient underwent first-line
treatment with anlotinib (12 mg, d1-14) every 3 weeks for seven
cycles from June to October 2020 and achieved a PFS of 4 months.
Then, the number and size of bilateral pulmonary nodes increased, and
the curative effect was evaluated as progression disease (PD) based on the
RECIST criteria (Supplementary Figures SIE-H). Thus, the patient
accepted second-line chemotherapy of gemcitabine at the dose of
1,000 mg/m* on days 1 and 8, combined with docetaxel at the dose
of 75 mg/m® on day 8 for six cycles. After a PFS of 8 months, the patient
began complaining of persistent epigastric abdominal sharp pain with
the numeric rating scale score of 7, accompanied by fever, nausea,
vomiting, abdominal distension, and diarrhea in May 2021. The patient
was not presented with melena, swallowing difficulties, or shortness of
breath. He was bedridden for the vast majority of the time with an
ECOG performance status score of 3, which severely compromised his
life quality. The follow-up imaginological examination revealed new
metastases in bilateral erector spinae, left internal abdominal oblique
muscle, L1 and 14 vertebra, and pancreas, along with acute necrotizing
pancreatitis and pancreatic pseudocyst (Figures 3A-E). At that time, the
laboratory examination showed the abnormal elevation of serum
amylase (up to 182 IU/L) and lipase (up to 325.4 IU/L) (Figure 4A).
After broad-spectrum antibiotics and other supportive treatments, the
patient’s abdominal pain was significantly alleviated, and the levels of
both serum amylase and lipase gradually declined but remained
range (Figure 4A).
Subsequently, the patient began to try third-line therapy with eribulin

persistently above the normal reference

at the dose of 1.4 mg/m* administered intravenously on days 1 and
8 every 21 days from September 2021. However, the patient did not
benefit from eribulin, with the disease being judged to progress after only
two cycles (Figures 2A-C, 3F-]). In December 2021, the patient received
the combined treatment with penpulimab (200 mg IV infusion every
3 weeks), a humanized anti-PD-1 IgG1 antibody, plus the multikinase
inhibitor lenvatinib (8 mg/day). The accompanying treatment plan
consisted of denosumab (120 mg) injections every 4 weeks to prevent
skeletal-related events. After two cycles, the physical conditions and life
quality of the patient had improved significantly, with pain fading away,
weight restoration, and the ECOG performance status score improving
to 1. The level of serum amylase and lipase demonstrated a constant
downward trend with complete normalization (14.39 U/mL) by the
end of his six cycles of treatment (Figure 4A). A CT re-examination
in February 2022 indicated that tumors had shrunk along with the
absorption of the inflammatory exudation around the pancreas and
the recession of the pancreatic pseudocyst, and the efficacy
evaluation was partial response (PR) (Figures 2D-F, 3K-0O). The
PES for this regimen was 8.4 months according to the iRECIST
criteria.
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Interestingly, repeated CT and MRI scans in May 2022 pictured
a mixed response with a new pulmonary lesion observed in the
posterior basal segment of the right lung but a regression in the size
of the rest of the target lesions, which suggested an immune-
unconfirmed progressive disease (iUPD) according to the
iRECIST criteria. In August 2022, the previous new nodule of
the lung continued to grow, but the rest of the lesions remained
stable, which indicated immune-confirmed progressive disease
(iCPD), with a pattern of dissociated response (DR) (Figures
2G-1, 3P-T). Given the clinical benefit of previous combination
therapy, after a multi-disciplinary treatment (MDT) discussion and
a thorough risk communication with the patient, he was treated
with radiotherapy for the new pulmonary lesion (30 Gy in
10 fractions) in September 2022 while continuing penpulimab
plus lenvatinib treatment. The latest imaging assessment in
November 2022 revealed that all lesions were all reduced or
stable, with the exception of a new metastasis in the right lobe
of the liver (Figures 2J-L, 3U-Y). The patient was planned to be
treated with SBRT for the hepatic metastatic lesion. Until now, the
patient is still alive and undergoes treatment with lenvatinib plus
penpulimab, with the OS time being extended to over 60 months
and counting. Importantly, during the course of combination
therapy, he had no other adverse events related to anti-
angiogenic therapy or immunotherapy except hypothyroidism
and osteoarthritis, which were controlled well by levothyroxine
tablets and
respectively. In order to intuitively reflect the patient’s prognosis

sodium short-term treatment of prednisone,
and clinical curative effect, we listed the entire treatment process

with timeline in Figure 4B.

Discussion

Primary LMSB is a rare and highly invasive leiomyosarcomas,
first described in 1965, with an incidence of less than 0.7% among all
primary bone malignancies (Wang and Lucas, 2019). PLMSB
generally has non-specific clinical and radiologic presentations
(Wang and Lucas, 2019). The histopathologic features of PLMSB
are identical to those originating from other more prevalent
anatomical sites, characterized by smooth muscle differentiation
and the absence of malignant osteoid formation (Wang and Lucas,
2019). The diagnosis of PLMSB is a challenge, which must be
distinguished from metastatic leiomyosarcoma from other sites,
fibroblastic osteosarcoma, primary undifferentiated pleomorphic
sarcoma (UPS) of bone, and metastatic sarcomatoid carcinoma
(George et al, 2018). Fibroblastic osteosarcoma tissues are
arranged as fibrosarcomatoid structures, and the identification of
focal malignant osteogenesis and the absence of myogenic tumor
markers aid in distinguishing osteosarcoma from PLMSB (Wang
and Lucas, 2019). In addition, SATB2 is a relatively specific marker
for osteosarcoma that may be utilized to differentiate between
osteosarcoma and PLMSB (Wang and Lucas, 2019). UPS is
typically an exclusion diagnosis, and myogenic markers such as
desmin and SMA can be particularly valuable in differentiating UPS
from PLMSB (Matushansky et al, 2009). Metastatic sarcoma is
PLMSB  but has
immunohistochemical profiles, with the expression of p63 and

morphologically ~ similar  to unique

PAX8 and lack of myogenic markers like desmin and SMA
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FIGURE 1

10.3389/fphar.2023.1239699
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Pathological findings of post-operative biopsies. (A) HE staining revealed spindle cell morphology (10 X), IHC staining showed that lymphoma cells
were positive for (B) desmin, (C) calponin, (D) caldesmon, (E) SMA, and (F) MIB1 and negative for (G) S100, (H) CR, (1) NF, (J) and SATB2, supporting the

diagnosis. Original magnification: (A-J), 200 X.

Nov. 2021 Feb. 2022

FIGURE 2

May. 2022 Nov. 2022

(A-C) Image evaluation after second-line treatment with eribulin for two cycles: progressive disease; (D—E) image evaluation after fourth-line
treatment of penpulimab combined with lenvatinib in February 2022: progressive disease; (G—I) image evaluation after fourth-line treatment of
penpulimab combined with lenvatinib in May 2022: dissociated response; and (J—L) image evaluation in November 2022: dissociated response.

(Wang et al., 2021). The lesion reported in this case presented as a
spindle cell sarcoma by microscopy, and immunohistochemistry
showed positive staining for desmin, calponin, caldesmon, SMA,
and MIBI and negative staining for $100, CR, NF, and SATB2.
Metastatic tumors were excluded according to the patient’s medical

Frontiers in Pharmacology

history and whole-body imaging findings. Based on the absence of
malignant osteogenesis and positive myogenic markers, diseases
mentioned previously were ruled out, and a definite diagnosis of
PLMSB in the right intertrochanteric region of the femur was finally
reached.
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Sep. 2021 Nov. 2021 Feb. 2022 May. 2022 Nov. 2022

FIGURE 3

(A—F) Image evaluation after second-line treatment of gemcitabine plus docetaxel in September 2021: progressive disease; (F-J) image evaluation
after third-line treatment with eribulin for two cycles: progressive disease; (K—0) image evaluation after fourth-line treatment of penpulimab combined
with lenvatinib in February 2022: progressive disease; (P—T) image evaluation after fourth-line treatment of penpulimab combined with lenvatinib in May
2022: dissociated response; and (U-Y) image evaluation in November 2022: dissociated response
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FIGURE 4

(A) Changes in serum amylase and lipase levels during the treatment; (B) treatment timeline of the patient with PLMSB.
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Patients with PLMSB tended to have a worse prognosis than those
with soft tissue LMS (Kobayashi et al., 2022). Due to its low prevalence,
data on optimal treatment for PLMSB are limited. When possible,
surgery with negative surgical margins remained the primary treatment
modality, independent of origin sites (Wang and Lucas, 2019). No clear
survival benefit has been demonstrated with the use of adjuvant
chemotherapy or radiotherapy (Zhang et al., 2022). However, due to
possible differences in biological behavior, chemotherapy and/or
radiotherapy are still recommended, especially for cases that failed to
completely resect the lesion (Sun et al, 2022). Local recurrence is
relatively uncommon, while distant metastases are more likely to
develop early, generally in the first year, regardless of the initial
tumor grade (Rekhi et al, 2011). The most frequent metastatic sites
are the lung and the axial skeleton, while metastases to the pancreas are
not common and few cases have been reported (Rekhi et al,, 2011). In
our case, the patient developed multiple metastases including the
pancreas within 8 months after extended resection and adjuvant Al
regimen chemotherapy and radiotherapy. For advanced STS/LMS,
anthracycline-based chemotherapy is the cornerstone therapy, with a
median overall survival of approximately 1 year (Novotny and George,
2021). After the failure of first-line chemotherapy, there is no evidence
to indicate which regimen is optimal for second-line therapy and
beyond. Some chemotherapeutic agents like gemcitabine, eribulin,
and trabectedin have exhibited certain efficacy for LMS, but their
significance in improving OS remains controversial (Meyer and
Seetharam, 2019). Some tyrosine kinase inhibitors, including
pazopanib, regorafenib, and sunitinib among others, have
demonstrated efficacy in STS/LMS. Moreover, multi-targeted TKI
anlotinib against VEGFR1, VEGFR2/KDR, VEGFR3, FGFRI-3,
PDGEFR-a, and c-Kit has been licensed in China for the treatment
of advanced STS after the failure of anthracycline-based chemotherapy
based on phase IT (Chi et al., 2018a) and phase IIb studies (ALTER0203)
(Chi et al., 2018b). The subgroup analysis from a phase III study in LMS
patients demonstrated the superior efficacy of eribulin compared to
dacarbazine, with a median PFES of 2.2 months versus 2.6 months, a
median OS of 12.7 months versus 13.0 months, and an ORR of 5%
versus 7%, respectively (Blay et al., 2019). Given these premises, we
selected the AI regimen, anlotinib, and GT regimen as adjuvant
chemotherapy and first- and second-line treatments for this patient,
respectively. The patient experienced the progression of pancreatic
metastases that presented as severe acute pancreatitis while receiving
second-line therapy. He was managed conservatively with supportive
treatment, followed by two cycles of eribulin salvage chemotherapy.
Regrettably, the patient did not benefit from single eribulin, with the
therapeutic evaluation being PD.

In general, there is little evidence that immunotherapies work for
LMS, barring a few case reports. The SARC028 trial revealed that the
objective response rate (ORR) was 17.5% among patients with
undifferentiated pleomorphic sarcoma (4/10), liposarcoma (2/10),
and synovial sarcoma (1/10), while no response was observed in the
LMS subgroup (Tawbi et al., 2017). The poor outcome was in line with
another phase II study confirming the lack of efficacy of single
nivolumab in uterine LMS (Ben-Ami et al, 2017). Many studies
have shown that the combination of anti-angiogenic agents and ICI
might enhance the presence and activation of CTLs in the TME to
further enhance the anti-tumor effect, emerging as a novel treatment
strategy (Roulleaux Dugage et al., 2021). A phase 2 trial (NCT02636725)
revealed that pembrolizumab plus axitinib had preliminary activity and
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manageable toxicity in patients with advanced STSs, with a 3-month
PES rate of 65.6% (Wilky et al, 2019). Another phase II trial
(NCT03798106) showed encouraging activity in advanced STS,
achieving an ORR of 28.3% (Kim et al,, 2021). Results of a single-
center retrospective analysis enrolling 61 patients with advanced STSs
also showed that the median PFS was significantly prolonged after
ICI-TKI combination compared to ICI alone, with 50% (8/16) of LMS
patients achieving SD (You et al., 2021). A phase 2 trial (NCT04551430)
revealed that cabozantinib combined with ipilimumab and nivolumab
was superior to cabozantinib for the treatment of non-translocation
STSs in DCR and PFS, with LMS being the most frequent responding
histology (Van Tine et al., 2023). The patient initiated combinational
therapy with penpulimab plus lenvatinib, and the efficacy evaluation
was PR after 3 months. Different from other monoclonal antibodies
against PD-1 which all use IgG4 subtypes, penpulimab is an
IgG1 monoclonal antibody engineered to completely eliminate Fcy
receptor binding and Fc-mediated effector functions that can impair
anti-tumor activity, exhibiting better stability, less host cell protein
residue, and more favorable safety profiles (Tawbi et al, 2017).
Lenvatinib, a multi-targeted TKI inhibitor, has potent anti-
angiogenic activity, mainly through the inhibition of VEGFR 1-3,
PDGFRa, FGFR 1-4, KIT, and RET [5]. However, another phase
2 trial (NCT04784247) evaluating the efficacy of lenvatinib and
pembrolizumab in selected sarcomas suggested there were no
responses in the LMS cohort with a poor PFS (Avutu et al, 2023).
Due to the intra-/intertumor heterogeneity of LMS, it is not sufficient to
guide combination approaches with current biomarkers such as PD-L1,
TILs, and TMB. Ectopic lymphoid aggregates, termed as tertiary
lymphoid structures (TLSs), have been recently demonstrated to be
related to higher response to immunotherapy and superior prognosis in
various types of cancers including STSs, independent of CD8" T-cell
density and PD-L1 status (Schumacher and Thommen, 2022; Wang
et al,, 2022). Anti-angiogenic immune-modulating therapies have been
proven to induce tumoral high-endothelial venules with T-cell-enriched
TLSs, which exhibit an improved tumor response (Hua et al., 2022). The
predictive value of TLS in STSs has been validated prospectively. The
PEMBROSARC trial suggested a significant improvement in the ORR
and 6-month non-progression rate in the TLS-positive STS cohort
compared to the previously unselected cohort (Italiano et al., 2022). The
SPARTO study (NCT05210413) is ongoing to evaluate spartalizumab
combined with pazopanib in solid tumors including TLS-positive STSs.
In addition, the CONGRATS study (NCT04095208), still recruiting,
includes STS patients with a sarcoma enriched with TLS to evaluate the
combination of nivolumab and relatlimab, with results expected in the
near future. This case not only proved the superior clinical activity of
ICIs and anti-angiogenic therapy but also displayed the possibility of
TKI rechallenge with lenvatinib after the failure of anlotinib therapy in
advanced LMS. The median time interval between initial TKI treatment
and TKI rechallenge was 14 months. The long TKI treatment interval
with other types of therapy might change the tumor microenvironment
and make tumors restore the sensitivity to anti-angiogenic therapy. Our
previous retrospective study also found that 34.6% of advanced STS
patients could still achieve clinical benefits from rechallenge with multi-
targeted TKI after the failure of previous TKI therapy, with a median OS
of 11.7 months and a median PFS of 3.3 months (Liu et al, 2021).
Another explanation for the efficacy of TKI rechallenge might be the
differences in targets and affinities among the multi-targeted TKIs.
Apart from different targets, lenvatinib and anlotinib have different
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affinities with VEGFR. It is well known that multi-targeted TKI therapy
increased the expression of PD-L1 and tumor mutation burden, and
TKI-resistant clones made tumor cells more sensitive to combination
immunotherapy (Isomoto et al,, 2020). It was assumed that the TKI-
sensitive clone might re-populate and dominate the tumor cell
after ICIs,
immunotherapy resistance while restoring TKI sensitivity (Lam
et al, 2021). The mechanism of TKI efficacy in this rechallenge
setting needs further exploration.

population prolonged  exposure  to causing

After more than 8 months of treatment with penpulimab and
lenvatinib, the patient was confirmed to have progressive disease
based on the iRECIST criteria but with a pattern of dissociated
response (DR). This atypical response pattern is analogous to mixed
responses in settings of chemotherapy and targeted therapy, which
was defined as the simultaneous coexistence of responding and non-
responding lesions within the same patient (Borcoman et al., 2019).
The incidence of DR in cancer patients receiving systemic
chemotherapy and targeted therapy has been previously reported
to range from 13.9% to 39.0% (Guan et al., 2022). DR has also been
found in patients receiving combination immunotherapy, like PD-1/
PD-LI inhibitors combined with chemotherapy, targeted therapy, or
radiotherapy, with a DR rate of 12.5% in mesothelioma, 13.2% in
NSCLC, 14.3% in endometrial carcinoma, and 30.3% in RCC (Guan
et al.,, 2022). To date, the DR rate in STS has been rarely reported in
the literature. In contrast to PR/complete response, DR is considered
as an unfavorable prognostic factor for patients receiving targeted
therapy or chemotherapy. However, in almost all studies regarding
the response pattern of immune-related DR, patients with DR had a
prolonged OS or increased clinical benefit compared to those who
achieved true PD (39). Sato et al. (2021) revealed that DR had
significantly longer OS compared to those showing PD (46.9 versus
8.2 months) in advanced NSCLC patients treated with nivolumab.
benefit was observed in
of patients with DR after the
(Humbert et al, 2020).
Importantly, DR cannot simply be considered as a true tumor

Furthermore, a durable clinical
approximately 20%-50%

continuation of immunotherapy

progression and does not represent real-acquired resistance to
ICIs 2019).  Although no
recommendations exist in DR setting, immediately discontinuing

(Borcoman et al, clear
immunotherapy or switching to other systematic therapies may not
be an early alternative strategy (Borcoman et al., 2019). If possible,
local treatments of progressing lesions should be discussed in
selected patients with good clinical conditions (Borcoman et al.,
2019). Liniker et al. (2016) demonstrated the feasibility of salvage
radiotherapy to lesions progressing on the PD-1 blockade in
advanced melanoma, achieving an overall response rate of 45%.
This patient received local radiotherapy to the single metastatic
lesion of the lung and liver, respectively, while continuing treatment
with penpulimab plus lenvatinib and eventually obtained a long-
term and high-quality survival benefits.

In summary, we presented a rare case of PLMSB in the right
intertrochanteric region of the femur . After the failure of multi-
line therapies, this case not only proved the superior clinical
activity of immunotherapy combined with anti-angiogenic
therapy in PLMSB but also showed the possibility of TKI
rechallenge. Localized therapy of progressive lesions after DR
was an important treatment strategy that could be beneficial to
advanced LMS patients. So far as we know, no similar therapeutic
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regimens and strategies have been reported in PLMSB, and our
findings provided new insights into therapeutic options for
advanced PLMSB, which still need to be tested in clinical
trials with larger samples.
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