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Abstract

Introduction. Deep inspiration breath-hold (DIBH) is an effective and feasible approach to reducing
the radiation dose to the heart in left-sided breast cancer radiotherapy (RT). This study aimed to assess
the impact of DIBH on dose reduction to the heart and the left anterior descending coronary artery
(LAD) in left-sided early breast cancer patients with intact breasts.

Material and methods. We compared RT plans of 42 patients from computed tomography datasets
acquired for free breathing (FB) and DIBH techniques with 6 MeV photon tangential fields. The pre-
scribed dose was 50 Gy in 25 fractions.

Results. DIBH enabled significant dose reduction to the heart and the LAD. A significantly lower
mean heart dose (MHD) was observed in DIBH compared to FB planning (2.9 vs. 6.0 Gy, respectively;
p < 0.0001). The considered LAD parameters, namely Dpay 0.2 cm?, mean dose, and VA5Gy, were all
significantly reduced in DIBH compared to FB planning (33.3 vs. 47 Gy; p < 0.0001, 16.7 vs. 30.1 Gy;
p < 0.0001 and 0.5 vs. 1.7 cm?; p < 0.0001, respectively). Reduction in any of the LAD dose parameters
was not correlated with MHD reduction. The LAD parameters were found to be significantly reduced in
the group of patients with modest MHD reduction defined as < 2.8 Gy (31.2 vs. 46.9 Gy; p = 0.0001, 15
vs. 26.9 Gy; p < 0.00001, and 0.5 vs. 1.6 Gy; p = 0.0005, respectively).

Conclusions. DIBH has a pronounced impact on dose reduction to the LAD. This influence is not cor-
related with the MHD and is present even in patients with modest MHD reduction with DIBH.

Keywords: DIBH, breast cancer, radiotherapy

Introduction

Adjuvant radiotherapy (RT) after breast-conserving

*Correspondence: Piotr Winczura, MD PhD, Nu-Med Radiotherapy surgery in breast cancer patients improves local con-
Center, ul. Krélewiecka 146, 82-300 Elblag, Poland trol and overall survival. However, in patients with
(piotrwinczura@nu-med.pl)

Received: 2 December 2023; Accepted: 5 March 2024;
Early publication: 29 May 2024 ity. In a classic study, Darby et al. [1] demonstrated

left-sided tumors, radiation increases cardiac toxic-

This article is available in open access under Creative Commons Attribution-Non-Commercial-No Derivatives CC BY-NC-ND 4.0 licence, allowing to download articles and
share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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that rates of major coronary events (myocardial in-
farction, necessity for coronary revascularization, and
death from ischemic heart disease) increase linearly
with the mean heart dose (MHD) by 7.4% per Gray
(Gy) after left-sided breast cancer RT. These results
have been independently validated by van den Boog-
ard et al. [2]. Their study showed that for the first
9 years after radiation exposure, the risk of major
coronary events increases by 16.5% per Gy [2]. Sev-
eral techniques to optimize heart dose exist, namely
deep inspiration breath-hold (DIBH), prone position,
intensity-modulated RT, partial breast irradiation, and
proton beam therapy [3-5]. Specifically, the DIBH
procedure, which requires careful positioning and
monitoring during treatment, is an effective and fea-
sible technique that reduces the MHD by moving the
heart away from the thoracic wall. Studies showed that
DIBH irradiation decreases heart volume in the treat-
ment field [5-9], MHD [5, 7, 10-17], and the radiation
dose to the left anterior descending coronary artery
(LAD) [5, 10, 12-18]. As radiation-induced heart in-
jury leads to a higher risk of coronary events, we
assumed that the dose to coronary vessels may be an
important factor. In this study, we present an analysis
of the MHD and different measures of radiation ex-
posure of the LAD in patients treated with DIBH. We
also present the development and prospective evalua-
tion of DIBH in our Institution.

Material and methods

Forty-two consecutive female left-sided early breast
cancer patients planned for DIBH radiotherapy at the
Radiotherapy Center NU-MED between 2016 and
2017 were analyzed retrospectively. All patients un-
derwent breast-conserving surgery procedures and
were referred for adjuvant RT. Patients after mastec-
tomy or scheduled for adjuvant lymph node irradiation
were excluded from the study. We also excluded all pa-
tients with invasive breast cancer who received exter-
nal beam boost [either free breathing (FB) or DIBH]
after whole breast irradiation due to heterogeneity of
the boost. At the first visit, each patient had a consul-
tation with the treating physician who explained the
nature and rationale of the DIBH procedure. Good
compliance is crucial in the DIBH procedure, so pa-
tients with poor lung function and unable to sustain
breath were not considered optimal candidates. At the
time of the study, no established criteria for DIBH ir-
radiation in terms of MHD reduction were available at
our Institution. Consequently, the treatment modality
was chosen individually for each patient by the staff.
Before the planned computed tomography (CT) simu-
lation, patients were trained on the treatment machine
and were considered eligible if they were able to hold
their breath for at least 30 seconds. Surface monitor-
ing system Align RT™ (VisionRT Ltd, London, UK)

was used to check if the patient’s chest wall was stable
during the procedure.

The CT simulation was performed on the wing
board in both FB and DIBH positions. Scans with-
out intravenous contrast medium were acquired with
a 3 mm slice width.

Target structures and organs at risk (OAR) were
contoured both on FB and DIBH scans. Clinical tar-
get volume (CTV) included glandular tissue of the
left breast down to the deep fascia, without the un-
derlying muscle and rib cage. Planning target volume
(PTV) was created by expanding the CTV by 5 mm
isotropic margins. OAR were defined as the heart,
LAD, and ipsilateral lung. The heart and the LAD
were contoured manually by two independent radi-
ation oncologists according to previously published
guidelines [19]. The heart was contoured together
with the pericardium starting superiorly and just infe-
riorly to the left pulmonary artery. When the LAD was
not visible on CT scans, the interventricular groove
was used as its surrogate. Lungs we contoured using
an automatic segmentation tool.

Treatment planning

Free breathing and DIBH CT data sets were trans-
ferred to the Eclipse™ planning system (Varian Med-
ical Systems Palo Alto, CA, USA), and treatment
plans with static 6 MV photon opposite conformal
tangential fields with multileaf collimators (MLC)
were created. The comparison of FB and DIBH plans
is presented in Figure 1. An additional field-in-field
approach was allowed to provide optimal dose distri-
bution and PTV coverage. The total dose was 50 Gy
in 25 fractions prescribed to the isocenter. In DIBH
plans, virtual wedges were not allowed, as their ex-
act position could not be exactly reproduced in case
of automatic beam off. Some examples of beam’s
eye views for DIBH and FB plans are shown in Fig-
ure 2.

The following optimal dose constraints for OAR
were used: V20Gy < 35% and a mean lung dose
(MLD) < 20 Gy for the ipsilateral lung. The MHD was
kept as low as possible, preferably lower than 4 Gy
[20], but without penalizing PTV coverage [21].

In daily practice in our institution, the LAD is not
considered an OAR, as no recommended dose con-
straints are available in the literature. For the study,
we used three dosimetric parameters from the liter-
ature to describe dose distribution in the LAD. The
first one was the mean LAD dose, which is the most
commonly used parameter in studies assessing the in-
fluence of DIBH on coronary vessels [3, 8, 10, 12—-14].
The second one was the maximum dose, which is very
important as the LAD is a serial structure. Because
of uncertainties about the exact position of the LAD
due to its movements associated with heartbeat, we
considered the maximum dose to the 0.2 cm? of the

2 https://journals.viamedica.pl/oncology_in_clinical_practice


https://journals.viamedica.pl/oncology_in_clinical_practice

Piotr Winczura et al., Impact of DIBH on dose reduction to the heart and LAD in breast cancer

Figure 1. Axial views of computed tomography (CT) based radiation free breathing (FB) (A) and deep inspiration breath-hold (DIBH) (B)
plans. The area in colour-wash represents volume covered by 95% isodose

Figure 2. Beam'’s eye view (BEV) of the tangential radiation fields of the same patient planned for deep inspiration breath-hold (DIBH) (A)
and free breathing (FB) (B). Note that in (A) the left anterior descending coronary artery (LAD) is situated at the edge of radiation field, while

in (B) it is almost completely included inside

LAD instead of point maximum as a second constraint
[9]. The third and last analyzed parameter was V45Gy
as it is postulated that doses > 45 Gy are associated
with a higher risk of ischemic myocardial perfusion
defects [22].

Treatment verification and monitoring

Treatment was delivered with a Siemens Artiste lin-
ear accelerator. We used a voluntary technique for
DIBH [23]. During the whole RT session, radiogra-
phers had direct audio-visual contact with the patient

to give commands and instructions on breathing when
needed. Before each fraction, the patient was asked
to breathe in the same way as during the simulation.
Two orthogonal 1 MV films were taken during the first
3 fractions to verify positioning and make changes if
necessary. Surface monitoring system Align RT was
used to achieve stable and reproducible patient po-
sition using a 3-mm tolerance limit. The beam was
automatically turned off during treatment if the pa-
tient’s surface was out of the limit.

https://journals.viamedica.pl/oncology_in_clinical_practice 3
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Electronic portal images (EPI) were obtained daily
from each treatment field and compared online with
digitally reconstructed radiographs (DRR) before
treatment delivery.

In the case of Align RT failure or poor compliance,
patients were treated with FB plans prepared before-
hand and could return to the DIBH procedure as soon
as it was possible.

Statistical methods

STATA 8.0 software was used for statistical analyses.
Categorical variables were compared using a two-
-sided Pearson chi-square test. A dosimetric compar-
ison was carried out by using a paired Student’s t-test
and Wilcoxon signed rank test. Statistical significance
was considered at p < 0.05.

Results

The characteristics of patients are presented in Ta-
ble 1. In 32 patients (76%), MHD dose reduction with
DIBH planning was considered clinically relevant,
and they were treated with this technique. Only in one
patient, the MHD was higher in DIBH than in FB, but
this difference was 0.2 Gy and was considered clini-
cally insignificant. The remaining 10 patients (24%)
received the FB treatment.

Table 1. Patient characteristics

Age, mean (range) 53 (33-68)
Systemic treatment, no. (%)
Hormonal therapy 36 (86%)
Chemotherapy 16 (38%)
Trastuzumab 8 (19%)
Histology, no. (%)
Ductal invasive carcinoma 33 (78%)
Lobular 3 (8%)
Other 6 (14%)
T stage, no. (%)
Tis 1(2%)
Ty 31 (74%)
T, 9 (22%)
T3 1(2%)
N stage, no. (%)
No 41 (98%)
N1 (mi) 1(2%)

904/778/344-2751
897/785/341-2630
p=023*
1279/1155/589-3511
1277/1151/591-3394
p=0.82*

CTV FB mean/median/range [cm?]

CTV DIBH mean/median/range [cm3]
CTV volume FB/DIBH

PTV FB mean/median/range [cm3]

PTV DIBH mean/median/range [cm?]
PTV volume FB/DIBH

*Student's t-test; CTV — clinical target volume; DIBH — deep inspiration breath
hold; FB — free breathing; PTV — planning target volume

Significantly, a lower MHD was observed in DIBH
compared to FB planning (2.9 vs. 6.0 Gy, respectively;
p < 0.0001), and the average MHD reduction between
DIBH and FB was 3.1 Gy. MHD < 4 Gy was achieved
in 33 (78.6%) DIBH plans compared to 11 (26.2%)
FB plans.

The analyzed LAD parameters, namely Dy
0.2 cm?, mean dose, and V45Gy, were all also sig-
nificantly reduced in DIBH compared to FB plan-
ning (33.3 vs. 47 Gy; p < 0.0001, 16.7 vs. 30.1 Gy;
p < 0.0001 and 0.5 vs. 1.7 cm’; p < 0.0001,
respectively). The mean reduction of the above-
-mentioned parameters achieved with DIBH planning
was 13.7 Gy, 13.4 Gy, and 1.2 cm?, respectively.

Such a reduction in any of the LAD dose param-
eters turned out not to be correlated with an MHD
decrease. Therefore, we subsequently analyzed the
impact of DIBH on the LAD parameters in patients
with a modest MHD reduction, defined as < 2.8 Gy
(n = 20). We found that these parameters were all
significantly reduced in DIBH compared to FB plans
(31.2 vs. 469 Gy; p = 0.0001, 15 vs. 26.6.9 Gy;
p < 0.00001, and 0.5 vs. 1.6 Gy; p = 0.0005, respec-
tively) (Tab. 2).

Deep inspiration breath-hold had a significant but
not pronounced impact on ipsilateral lung irradiation.
The MLD to the left lung was significantly lower in
DIBH than in FB (9.8 vs. 11.1 Gy; p < 0.00001) as
was V20Gy (18.6 vs. 20.9%; p < 0.0001). In 6 pa-
tients (14.3%), DIBH resulted in higher V20Gy and
in 9 patients (21.4%) in a higher MLD.

Discussion

Deep inspiration breath-hold in our Institution was
proven to be a feasible and effective procedure
for sparing heart in patients with left-sided early
breast cancer treated with RT after breast-conserving
surgery.

Table 2. Comparison of heart and left anterior descending coro-
nary artery (LAD) doses between free breathing (FB) and deep
inspiration breath-hold (DIBH) planning

FB[Gy] DIBH[Gy] Reduction p value
[%]

Whole group (42 patients)

MHD 6.0 29 51.7 < 0.00001
Dmax 0.2 cm? 47 333 215 < 0.0001
V45Gy 1.7 0.5 70.6 < 0.0001
Mean LAD dose 30.1 16.7 44.5 < 0.0001
Modest MHD reduction group (20 patients)

Dimax 0.2 cm? 46.9 312 335 0.0001
VA5Gy 16 0.5 68.7 < 0.00001
Mean LAD dose 269 15 44,2 0.0005

MHD — mean heart dose
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The benefits of DIBH in terms of MHD reduction
in our cohort was 3.1 Gy and was consistent with other
reported studies where it ranged from 1 to 3.4 Gy
[5, 7, 12, 23]. It should also be mentioned that DIBH
enabled achieving the optimal (< 4 Gy) MHD in more
than 75% of patients while this constraint was fulfilled
only in about one-quarter of FB subjects.

The study revealed a pronounced impact of DIBH
on the LAD dose. To date, there are no established
dose constraints to the coronary vessels as there are no
prospective studies assessing the impact of absorbed
doses on clinically relevant endpoints such as coro-
nary events. Based on available clinical data, Piroth et
al. [24] proposed constraints for left-sided breast-only
RT. These include the MHD, mean LAD dose, and
LAD V30 and V40 [24]. Dose to the left ventricle
was also included as clinically relevant [22]. It is pos-
tulated that left ventricle V5 could be a predictor of
acute coronary events after breast RT [2]. Neverthe-
less, the left coronary artery seems to be an important
OAR in RT of left-sided breast cancers due to its
anatomical location and importance, as it supplies
blood to the left ventricle. This hypothesis is sup-
ported by large well-conducted studies showing that
long-term cardiac mortality after breast cancer RT
is associated mostly with coronary disease resulting
in ischemic heart disease and myocardial infarction
[23, 25]. According to these data, further studies on
heart toxicity in breast cancer RT patients should take
LAD, as an OAR, into consideration. In the era of con-
formal RT, this structure can be successfully identified
and spared without compromising target coverage.

The most widely studied dosimetric parameter for
the LAD is the mean dose [8, 11-13, 23]. In all
published studies, mean doses to the LAD were sig-
nificantly smaller in DIBH than in FB RT plans.
However, there was considerable variability in the
doses reported by the authors, which ranged from 5.5
to 21.9 Gy in DIBH and 11.4 to 31.7 Gy in FB. Dose
reduction ranged from 5.9 to 10.3 Gy. These differ-
ences can be partially explained by different planning
techniques and intra-observer variability in the con-
touring of coronary vessels, due to the scarcity of
contouring guidelines at the time of the treatments
and difficulties in delineation of small structures [19,
21, 23]. It should also be mentioned that, both in re-
search and clinical settings, planning CT in breast
cancer patients is performed without contrast media,
which makes contouring less accurate. Some authors
proposed adding an isotropic margin to the coronary
artery to account for uncertainties of internal organ
motion and intra-observer variability [13]. In our co-
hort, mean doses to the LAD in DIBH and FB were
16.7 and 30.1 Gy, respectively, with a resulting dose
reduction of 13.4 Gy, in line with other mentioned
studies.

No correlation between the reduction in the MHD
and significant gain in the LAD dosimetric parame-
ters was found. This can be explained by the anatomic
location of the coronary vessel, which in DIBH is of-
ten situated at the edge of the radiation field (Fig. 1).
As a result, even minor changes in thoracic geometry
between DIBH and FB can cause substantial differ-
ences in dose distribution within this structure, while
heart volume included in the radiation field would not
change much. We also showed that, even in the group
of patients with a modest reduction in the MHD in
DIBH plans, there was still a significant improvement
in all analyzed dose distribution parameters within the
LAD. This finding suggests that the MHD may not be
the most relevant parameter when assessing the risk
of cardiac toxicity in breast cancer RT. It seems rea-
sonable to assess the MHD in conjunction with the
dose to the coronary artery, especially in patients with
a low MHD. This hypothesis, however, requires fur-
ther studies and correlation with clinical data.

The study demonstrated that DIBH yields lung
dosimetric advantages both in terms of MLD and
V20Gy. However, this effect was not as unequivo-
cal as with the heart and the LAD, and it should
be kept in mind that in a significant group of pa-
tients, DIBH plans were inferior to the FB technique
in terms of the MLD and V20Gy. Some recent stud-
ies with significant groups of patients show similar
results [5, 26-28]. In some patients with special con-
cerns about lung toxicity, when DIBH is not sufficient
to reduce the dose to the heart and the ipsilateral
lung, radiotherapy in the prone position is a promis-
ing option [5]. Data on the influence of DIBH on the
lung dose are limited, and this issue needs further re-
search.

Conclusions

Our study showed that the DIBH technique results
in significant sparing of the coronary vessels in early
left-sided breast cancer patients treated with postop-
erative RT. DIBH has a pronounced impact on dose
reduction to the LAD. This influence is not correlated
with the mean heart dose and is present even in pa-
tients with a modest mean heart dose reduction with
DIBH.
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Abstract

Introduction. Data on factors affecting disease recurrence and survival after pulmonary metastasec-
tomy in adult osteosarcoma patients are still limited and inconclusive.

Material and methods. The study included 30 consecutive patients from a single institution who
underwent resection of isolated osteosarcoma, with follow-up of pulmonary metastases over the pe-
riod of 15 years between 1997 and 2012. Various perioperative variables were analyzed retrospectively
to confirm the prognostic role of pulmonary surgery for overall and progression-free survival after
metastasectomy. The multidisciplinary approach was implemented in qualification for repeated tho-
racic intervention.

Results. The overall 5-year survival rate (OS) after metastasectomy was 28% (median 27.5 months) and
the 5-year progression-free survival rate (PFS) was 9% (median 6.33 months). Only radical pulmonary
resection significantly influenced both OS (HR = 5.41; 95% CI 1.87-15.60, p = 0.002) and PFS (HR=5.17;
95% Cl 1.70-15.68, p = 0.004) after metastasectomy. The efficacy of thoracic surgery was independent
of the patient’s age, sex, number of operable lung metastases, bilateral presence of lung metastases, or
time to the appearance of lung metastases after surgery for osteosarcoma. Five-year OS and PFS after
radical and nonradical pulmonary metastasectomy were 35% vs. 0% (p = 0.002) and 11% vs. 0% (p =
0.004), respectively. In the observed group, 60 thoracotomies were performed; 3 or more procedures
were needed in 8 (27%) patients.

Conclusions. Similar to the population of children and adolescents, radical pulmonary metastasectomy
may be a curative treatment strategy in selected adult patients with metastatic osteosarcoma. Repeated
procedures are necessary in many cases.

Keywords: osteosarcoma, pulmonary metastasectomy, adult patients, outcome
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time of initial diagnosis, and the majority of these
are pulmonary metastases without other symptoms of
cancer disease [1]. Additionally, 30-50% of patients
after radical multimodal treatment may have disease
recurrence with a high probability of isolated lung
metastases [2]. Pulmonary metastases are the only lo-
cation of osteosarcoma disease in about 50-80% of
patients [1-4]. Long-term survival in these patients
has improved with aggressive resection of pulmonary
metastases with the use of combination chemother-
apy [5]. Most previous studies concerned the pediatric
and adolescent population due to the higher inci-
dence of osteosarcoma in young patients, and their
prognosis appears better [6]. Similarly, most articles
on survival and prognostic factors after pulmonary
metastasectomy refer to both osteosarcoma and soft
tissue sarcoma together in adult patients although the
biology, treatment, and prognosis of these two can-
cer types are different [6-8]. Important prognostic
factors for survival after pulmonary metastasectomy
include the disease-free interval, age, sex, number
of lesions, time of occurrence of metastases (syn-
chronous/metachronous), laterality of metastases, and
completeness of resection [2, 4, 7-11].

The main objective of our study was to evaluate
prognostic factors for survival in adult patients with
osteosarcoma after pulmonary metastasectomy based
on a single-center experience.

Material and methods

From January 1997 to December 2012, 176 adult
patients (over 18 years old) with high-grade os-
teosarcoma were diagnosed and treated at the Maria
Sklodowska-Curie Institute, Oncology Centre (now
Maria Sklodowska-Curie National Research Institute
of Oncology) in Warsaw. Twenty-two (12.5%) pa-
tients had metastases at presentation, 154 (87.5%)
had localized disease. Among patients with tumors
localized after radical multidisciplinary treatment,
53 (34.4%) had metastatic disease, and 42 (79.2%)
of them had metastases located only in the lung.
Twenty-four (57%) of them underwent pulmonary
metastasectomy, and 18 (43%) were considered un-
resectable due to the high probability of incomplete
resection or fast progression during chemotherapy be-
fore planned metastasectomy. Among 22 patients with
synchronous metastases, 6 had isolated resectable
pulmonary metastases. Thus, we identified 30 con-
secutive adult patients with synchronous (6 patients)
or metachronous (24 patients) pulmonary osteosar-
coma metastases who underwent at least one pul-
monary metastasectomy between 1997 and 2012.
All patients had isolated pulmonary metastases with-
out evidence of extrapulmonary disease at the time
of pulmonary resection. Patients with synchronous
pulmonary metastases underwent radical multimodal

treatment of the primary tumor including surgery and
standard perioperative chemotherapy before metasta-
sectomy. Patients with metachronous metastases un-
derwent multiagent chemotherapy (including mainly
etoposide and ifosfamide as second-line systemic
therapy in our institution) before metastasectomy. All
patients qualified for metastasectomy had no progres-
sion of the disease after preoperative chemotherapy.
Computed tomography (CT) scans were performed at
least 4 weeks before surgery. The indications for pul-
monary metastasectomy included primary tumor con-
trol, lack of other metastatic sites outside the lungs,
and sufficient pulmonary reserve to avoid pulmonary
failure after complete surgical resection of metastases.
All lung resections were performed by thoracotomy,
also in bilateral lesions. Mediastinal lymphadenec-
tomy or sampling during lung metastasectomy was
performed in all patients. Palpation of the lung tis-
sue was carried out to detect metastases that were not
identified earlier on CT scans. Follow-up after rad-
ical pulmonary resection included alternating chest
radiographs and CT scans performed every 6 weeks in
the first year, every 3 months in the second and third
year, and every 6 months thereafter. Complete staging
based on chest CT and bone scans was repeated if lung
disease relapse was suspected. The next pulmonary
metastasectomy was attempted in most patients with
isolated pulmonary metastases after disease recur-
rence. The collection of follow-up data was completed
in June 2020. The study was carried out accord-
ing to the principles recommended by the bioethics
commission at the Maria Sktodowska-Curie National
Research Institute of Oncology in Warsaw. All pa-
tients signed informed consent.

The prognostic variables were extracted from med-
ical records and included age at the time of the first
metastasectomy, sex, number of lung metastases (as
confirmed by pathologists), laterality of metastases,
disease-free interval (DFI; calculated as the time from
primary radical resection of osteosarcoma to initial
diagnosis of pulmonary metastases) and how radical
metastasectomy was. Complete resection was defined
as the lack of tumor cells in the surgical margins of the
resected lung examined macroscopically and histolog-
ically and surgical removal of all visible and palpable
nodules. All bilateral procedures (including staged bi-
lateral thoracotomies) that occurred within 6 weeks of
each other were considered a single intervention in the
analysis.

Overall survival (OS) was calculated as the time
from the date of initial pulmonary metastasectomy
to the date of death (complete) or the last follow-
-up (censored data). Progression-free survival (PFS)
was calculated as the time from the date of initial
pulmonary metastasectomy to the date of disease re-
currence (complete) or the last follow-up (censored).
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The Kaplan-Meier methods, log-rank test, and Cox’s
proportional hazards model were used to determine
prognostic factors for both OS and PFS.

Results

In the group of 30 adult patients after pulmonary
metastasectomy for osteosarcoma, there were 20
(66.7%) men and 10 (33.3%) women. At the onset of
lung involvement, the median age was 26 years (range
19-56). The disease-free interval (DFI) rate ranged
from O months to 11 years, including 6 (20%) patients
with a simultaneous diagnosis of the primary tumor
and pulmonary metastasis. The lung was the first site
of osteosarcoma recurrence after radical multimodal
treatment of the primary site in 17 (57%) patients.
In 7 (23%) patients locoregional recurrence was ob-
served first and radically treated before detection of
lung metastases. In 16 (53%) patients, lung metastases
were found to be bilateral. Population characteristics
are listed in Table 1.

After 30 initial thoracotomies, 6 (20%) patients un-
derwent non-radical resection. In those patients, small
lesions caused by disease dissemination that had not
been visualized on the preoperative CT scans were
detected during thoracotomy. A non-radical wedge re-
section was performed to confirm metastatic disease.
All of the patients with non-radical operations died
within 2 years due to progression despite intensive
chemotherapy.

Twenty-four (80%) patients were qualified for rad-
ical resection based on macroscopic and microscopic
examinations. However, in 19 patients one or more
wedge resections were performed, and in 4 cases,
lobectomy and pneumonectomy were performed in
one subject. No metastases involving the hilar or me-
diastinal lymph nodes were found. The mean number
of metastatic nodules resected was 4.9 (range: from 1
to 18 nodules).

The median follow-up time was 29 months (range:
5-209 months). Among 24 patients after radical resec-
tion, 3 (12.5%) patients were alive without recurrence
after initial thoracotomy, 21 (87.5%) had disease
progression: 17 (81%) patients had isolated pulmo-
nary metastases, 11 (64.7%) underwent next pul-
monary metastasectomy, and 8 (33%) were operated
at least 3 times (range: 3-9) due to isolated pul-
monary recurrence. The patient after 9 procedures
was still alive without progression with overall sur-
vival of 90 months.

In the analyzed group of 30 patients, we per-
formed 60 thoracotomies without postoperative death
(Tab. 2).

The median OS rate after pulmonary metastasec-
tomy in the entire group was 27.5 months, and the
5-year OS rate was 28%. Patients after radical re-
section had median OS of 33.5 months and a 5-year

Table 1. Characteristics of 30 patients with osteosarcoma requir-
ing thoracic surgery for lung metastases

Age [years]
Median 26
Quartiles 24-36
Min.—max. 19-56
Sex
Female 10 (33.3%)
Male 20 (66.7%)
Lung metastases
Synchronous 6 (20.0%)
Metachronous 24 (80.0%)
Lung metastases
Unilateral 14 (46.7%)
Bilateral 16 (53.3%)
Time to lung metastases
occurrence after surgery due
to osteosarcoma [months]
Median 14.5
Quartiles 58-233
Min.—max. 0-1335
Number of operable lung
metastases
One 10 (33.3%)
Two or three or four 9 (30.0%)
Five and more 11 (36.7%)
Radical pulmonary
metastasectomy
Yes 24 (80.0%)
No 6 (20.0%)
Disease progression
Yes 27 (90.0%)
No 3 (10.0%)
Death
Yes 21 (70.0%)
No 9 (30.0%)

Table 2. Outcomes of 60 thoracotomies in 30 patients

Status Number of Number of thoracotomies
patients 1 2 3 4 5 9

No evidence of disease 7 3 1 2 1

Alive with disease 2 1 1

Died due to disease 21 15 3 2 1

OS rate of 35%. Patients after nonradical resection
had a significantly worse prognosis: median OS was
13.3 months, and the 5-year OS rate was 0%. (Tab. 3,
Fig. 1).

In the univariate analysis, only radical pulmonary
resection was a significantly important factor that in-
fluenced OS (Tab. 4). Multivariate analysis confirmed
the independent importance of radical pulmonary re-
section for OS.
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Table 3. Survival estimates in relation to thoracic surgery

2-year 5-year p-value
Rate SE Rate SE
Progression-free survival (PFS)
All patients 0.13 0.06 0.09 0.06
Radical pulmonary metastasectomy
N 0 0 0 0
© b = 0004
vs.
Yes 0.17 0.08 0.1 0.07
Overall survival (OS)
All patients 0.53 0.09 0.28 0.09
Radical pulmonary metastasectomy
N 0.17 0.15 0 0
© b =0002
vs.
Yes 0.63 0.1 035 0.1
SE — survival estimate
Cumulative Proportion Surviving (Kaplan-Meier)
o Complete 4+ Censored
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Figure 1. Survival estimates in relation to thoracic surgery
Median PFS in the entire group was 6.33 months, Discussion

and the 5-year PFS rate was 9%. Patients after mi-
croscopically radical resection had a median PFS rate
of 8.1 months and a 5-year PFS rate of 11%, which
was a significantly better outcome compared to pa-
tients after non-radical resection: 3.3 months and 0%,
respectively (Tab. 3).

Similarly, in the univariate and multivariate analy-
sis, only radical pulmonary resection was significantly
associated with longer PFS (Tab. 5).

Pulmonary metastasectomy has become the standard
therapy for various metastatic malignancies in the
lungs, including osteosarcomas. Therefore, we de-
cided to report our institutional experience in pul-
monary metastasectomy in the population of adult
patients with osteosarcoma and to evaluate its role in
extending OS and PFS. This was a retrospective study
of adult patients who underwent pulmonary metasta-
sectomy for synchronous and metachronous isolated
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Table 4. Analysis of the clinically important factors that influenced overall survival (OS) in osteosarcoma patients after thoracic surgery for

lung metastases

Factor Univariate analysis Multivariate analysis
HR 95%Cl p-value HR 95% Cl p-value

A

9¢ 4 057 023-138 p=021 043 016-113 p=008
Older than median (> 27y) vs. younger (< 26 y)
S

ex 065 025-170 p=038 064 019-215 p=047
Female vs. male
Time to lung metastasis occurrence after surgery for osteosarcoma
[months] 172 072-412 p=022 144 048-431 p=052
<12mvs.>12m
Lung metastases 139 059-329 p=045 059 016-224 p=044
Bilateral vs. unilateral
N f lel

umber of operable lung metastases 121 049-301 p=068 119 033-429 p=079

More than one vs. one
Radical pulmonary metastasectomy
No vs. yes

541 187-1560 p=0002 1009 232-4391 p=0.002

Cl — confidence interval; HR — hazard ratio

Table 5. Analysis of the clinically important factors that influenced progression-free survival (PFS) in osteosarcoma patients after thoracic

surgery for lung metastases

Factor Univariate analysis Multivariate analysis
HR 95%Cl p-value HR 95%Cl p-value

Age A 047 021-106 p=007 060 023-152 p=028
Older than median (> 27y) vs. younger (< 26 y)
S

ex 103 044-240 p=094 146 052415 p=048
Female vs. male
Time to lung metastasis occurrence after surgery for osteosarcoma
[months] 150 0.69-3.26 p=0.31 159 0.64-3.95 p=0.32
<12mvs.>12m
Lung metastases

ung , 131 061-282 p=049 051 0.18-146 p=021
Bilateral vs. unilateral
Number of blel tast

umber of operable fung metastases 167 072-389 p=023 186 061-565 p=027

More than one vs. one
Radical pulmonary metastasectomy
No vs. yes

517 1.70-1568 p=0004 628 1.71-23.04 p=0.006

Cl — confidence interval; HR — hazard ratio

pulmonary osteosarcoma metastases. To our knowl-
edge, this is one of the largest series in the adult
population after pulmonary metastasectomy for os-
teosarcoma reported by individual institutions.

The median age of our patients at the onset
of lung involvement was 26 years (range 19-56).
Aljubranet et al. [12] reported a series of 85 adult
and adolescent patients after pulmonary metastases.
The median age of their patients was 29 years (range
14-77), and 71 (83.5%) of them were < 18 years
old. Only 47 (55.35%) of all patients underwent
pulmonary metastasectomy. Furthermore, there were
35 (74.5%) complete pulmonary resections. Our rate
for complete resections was similar (80%). The most
frequent reasons for aborting complete surgery were
small metastatic deposits in the lungs found during
thoracotomy. This underlines the need for careful

palpation of the lung during thoracotomy. Due to the
high risk of micro-nodular dissemination in patients
with metastatic pulmonary osteosarcoma, it seems
that video-thoracoscopic surgery should be carefully
considered only in patients with a single metastasis.
The complete resection rate is variable in the litera-
ture, ranging between 65% and 91.5% [3, 13-16]. In
our study, only radical resection was a significantly
important predictor of long-term OS and PFS after
pulmonary metastasectomy. The completeness of
resection has been reported to be a better prognostic
factor for overall survival in many studies including
pediatric populations [1, 3, 7, 14, 16—18], but only two
reports [3, 7] confirm this result for progression-free
survival in metastatic osteosarcoma patients. Salah
et al. [3] noted this association in 14 of 32 patients
with metastatic lung osteosarcoma. Kempf-Bielack
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et al. [7] reported on a larger group, but their study
was not restricted only to lung metastases and the
adult population.

The number of resected nodules and DFI have been
often identified by many previous studies as impor-
tant independent risk factors for long survival after
lung metastasectomy in osteosarcoma patients [3, 7,
12, 13, 19]. Some studies have reported only the num-
ber of nodules as a statistically significant risk factor
for OS, while DFI had no importance [14, 16, 18]. In
contrast, Harting has reported the importance of DFI,
and the number of pulmonary metastases was also
insignificant [15]. Laterality of metastases has been
identified as an independent risk factor only in a few
studies [3, 18]. All of these reports included pediatric
patients. Our study found that the above-described
factors are nonsignificant for OS and PFS.

In our study, the 5-year survival rate was 28% in
all groups, 35% in radically resected patients, and
0% in patients with unexpected nodule dissemina-
tion during thoracotomy. This result is similar to
previous studies, including pediatric cases [1, 3, 7,
13-17, 19], and confirms the important and indepen-
dent role of radical surgery in treating pulmonary
metastases. A few reports described a survival rate
of 5% in nonradical metastasectomy patients or be-
tween 10-16% in patients without metastatic surgery
[12, 18, 20]. Furthermore, national or international
registries have recorded 5-year survival for all pa-
tients with metastatic osteosarcoma at 19-24% [3,
19, 21], but it is worth emphasizing that aggressive
radical surgery offers a higher probability of longer
survival in carefully selected patients with pulmonary
metastases. However, no randomized controlled trials
have compared pulmonary metastasectomy with other
treatment modalities [16, 21].

In our group of 30 patients after initial resection,
11 (37%) needed a repeated metastasectomy due to
isolated recurrence of pulmonary osteosarcoma. In
addition, 8 (27%) patients had 3 or more thoraco-
tomies, and 4 patients were alive and disease-free at
the last follow-up. It emphasizes the important role of
repeated pulmonary metastasectomy in selected pa-
tients as a curative treatment. This phenomenon has
been observed in many other studies, but complete
surgery is still crucial as the treatment strategy for
recurrent disease [3, 4, 14-16, 18-20, 22]. The next
problem is maintaining a satisfactory quality of life
with good cardiopulmonary exercise capacity after
repeated thoracic surgery. A specialized multidisci-
plinary team is needed for patient care.

We are aware of several limitations to our study.
The results should be interpreted with caution due to
the retrospective design of the study and the relatively
small number of patients. However, the limitations
mentioned above result from the small incidence of

osteosarcoma, especially in the adult population. Our
well-defined patient cohort represented a relatively
satisfactory study group. Additionally, chemothera-
peutic regimens and surgical strategies have evolved
substantially and rapidly over the last 20 years and
treatment decisions are individualized according to
tumor biology and unique patient characteristics in
many tumor types, but not in osteosarcoma.

Conclusions

Pulmonary metastasectomy may be a curative treat-
ment strategy in selected adult patients with isolated
pulmonary metastases of osteosarcoma, similar to the
populations of children and adolescents. The pos-
sibility of radical resection seems to be the most
important indication for pulmonary metastasectomy
and repeat surgery. These procedures require careful
collaboration of the multidisciplinary team and of-
fer a satisfactory probability of longer survival with
a good cardiopulmonary exercise capacity.
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Abstract

Introduction. Pancreatic cancer (PC) remains one of the most deadly malignancies with rising inci-
dence. As therapeutical options seem unsatisfactory, great effort should be put into identifying and
reducing risk factors as well as distinguishing possible factors influencing patient outcomes. The study
aimed to describe the prevalence of overweight and hypertension among PC patients, analyse the
possible association between overweight, hypertension and clinicopathological factors and distinguish
variables influencing survival.

Material and methods. A retrospective analysis of medical records was performed. The study was
designed in two branches: (1) the comparison of patients with hypertension (HTN group) and without;
(2) the comparison of patients with BMI > 25 and patients with BMI < 25. Statistical analysis with the
usage of appropriate tests was conducted.

Results. No differences in survival between studied groups in the two branches were determined, even
after subdividing into adjuvant and palliative types of treatment. Patients with HTN were more likely to
be older, have diabetes and be diagnosed without distant metastases. BMI, ACEIs/ARBs use, diabetes,
CRP/lymphocyte ratio (CLR) and AJCC lIb stage influenced survival. Patients with overweight/obesity
were more likely to have an autoimmune disease, metastases in > 4 lymph nodes (N2), tumour size
between 2 and 4 cm (T2) and experience neutropenia as side effect of palliative chemotherapy. Higher
BMI and CRP level influenced survival.

Conclusions. The exact effect of ACEIs/ARBs on cancerogenesis should be further studied. CLR appears
to be a feasible marker for prognosis in PC.

Keywords: oncology, pancreatic cancer, hypertension, obesity

Introduction reflecting the increasing prevalence of PC key risk fac-

. . tors [2]. Non-hereditary risk factors for PC could be
Pancreatic cancer (PC) remains one of the most deadly .. . . . .
. . . A : divided into modifiable and non-modifiable. Modifi-
malignancies with arising incidence. According to the

2020 Global Cancer Observatory (GLOBOCAN) re- able encompass tobacco smoking, excessive alcohol
port, PC accounts for almost as many deaths as cases consumption, pancreatitis, obesity, type 2 diabetes

and is currently the seventh leading cause of can- melliFus (DM), and .metabolic syndrome, while non-
cer death [1]. The incidence is projected to increase, -modifiable factors include male sex, older age, and
ethnicity [3]. PC survival rates remain unsatisfactory,
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of diagnosis [4]. Other factors influencing survival
include early distant metastases, resistance to conven-
tional treatment schemes, and a highly desmoplastic
tumor microenvironment. Pancreatic cancer treatment
options remain limited, as no immunotherapeutic or
anti-angiogenic regimens have been approved [5]. If
possible, the current approach encompasses multidis-
ciplinary treatment with surgery, chemotherapy, and
chemoradiotherapy [6]. The two approved, most com-
monly used chemotherapy regimens are mFOLFIRI-
NOX and gemcitabine with nab-paclitaxel. Despite
aggressive chemotherapy, most patients eventually re-
quire palliative care and symptom management [7].
As therapeutical options seem unsatisfactory, great
effort should be put into identifying and reducing risk
factors and distinguishing possible factors influenc-
ing patient outcomes. The growing incidence points
out metabolic syndrome and its components (insulin
resistance, central obesity, hypertension, and features
of atherogenic dyslipidemia) as some of the most sig-
nificant risk factors [8, 9]. Due to population aging,
it is estimated that the number of elderly PC patients
will continue to rise [10]. The aging population is
also associated with a higher prevalence of metabolic
syndrome [11]. It seems crucial to focus on charac-
terizing patients with PC concomitant with particular
components of metabolic syndrome. More specific

characterization might provide better patient care and
impact further outcomes.

Our study aimed to describe the prevalence of over-
weight and hypertension among PC patients, analyze
possible associations between overweight, hyperten-
sion, and clinicopathological factors, and distinguish
variables influencing survival.

Material and methods

Patients, data collection, and study design

We retrospectively analyzed patients diagnosed with
PC between 2012 and 2021 at the Central Clinical
Hospital of the Ministry of Interior and Administra-
tion in Warsaw, Poland. Clinical data from patients
were extracted from the hospital patient records. A to-
tal number of 175 patients was included in the study
for analysis after excluding 52 patients with neuroen-
docrine tumors and 58 patients who received only
one course of chemotherapy to reduce data vari-
ability and include information about adverse effects
of chemotherapy. The study was designed in two
branches:

1) comparison between patients with hypertension
(HTN group) and patients without hyperten-
sion (non-HTN group);

2) comparison of patients with BMI > 25 and pa-
tients with BMI < 25 (Fig. 1).

285 patients
with pancreatic cancer

110 patients excluded
58 with neuroendocrine

A

tumours
52 who received only one
course of chemotherapy

178 patients
included

v v

56 patients
with BMI = 25

119 patients
with BMI < 25

83 patients
without
hypertension

92 patients
with hypertension

Figure 1. Summary of study design with exclusion criteria; BMI — body mass index
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Figure 2. Histopathological image of pancreatic ductal adenocarcinoma (H&E, original magnification, 200x)

Analyzed data encompassed sex, age, weight,
height, cigarette smoking, family history of cancers,
history of other primary tumors, other diseases with
described treatment methods, World Health Organi-
zation (WHO) performance status, pathological vari-
ables (tumor site, tumor size, histological grading,
nodal involvement, tumor stage, resection margin)
(Fig. 2), treatment data (type of the operation, vascular
reconstruction, postoperative complications, adjuvant
and palliative chemotherapy, ad side effects), labora-
tory findings before the first course of chemotherapy,
survival, and progression time.

Body mass index (BMI) was calculated by dividing
weight in kilograms (kg) by height in square me-
ters (m). Data about weight and height were collected
before the first course of chemotherapy.

Hypertension was defined based on one or more of
the following criteria:

1) listed hypertension in patient history;

2) taking anti-hypertensive medication or

3) systolic blood pressure (SBP) in the clinic
> 140 mm Hg and/or diastolic blood pressure

(DBP) > 90 mm Hg following repeated exami-
nation.

In the analyses considering smoking, we took into
account only active smoking. Laboratory findings
were analyzed before chemotherapy. The C-reactive
protein (CRP)/lymphocyte ratio (CLR) biomarker
was additionally established. For statistical analysis,
the cutoff value of 1.8 was confirmed based on the
study by Fan et al. [12].

Diabetes mellitus was defined based on one or
more of the following criteria:

1) diabetes listed in medical history;

2) two consecutive fasting glucose levels
> 140 mg/dL (7.8 mmol/L);
3) random plasma glucose > 200 mg/dL

(11.1 mmol/L) in patients with classic symptoms
of hyperglycemia or hyperglycaemic crisis or

4) 2-hour plasma glucose > 200 mg/dL
(11.1 mmol/L) during an oral glucose toler-
ance test.

The study did not include abnormal cholesterol and
triglyceride levels, as they were not routinely analyzed
before the first course of chemotherapy.
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Tumor staging was performed according to the
American Joint Cancer Committee (AJCC) Staging
Manual, 8 edition. Recurrence was detected with ab-
dominal and chest computed tomography (CT) during
the follow-up period. The study’s primary endpoint
was defined as OS. OS was calculated from the date of
the histologically verified diagnosis (biopsies or mate-
rial from surgeries) to the date of the last follow-up or
death. Deaths were identified by reviewing the medi-
cal records.

Statistical analysis

IBM SPSS 26 Statistics was used for statistical analy-
sis. All analyzed variables were presented as means
and standard deviations or frequencies with per-
centages. Estimation of mean differences between
two independent groups was performed using the
Mann-Whitney U test. Relationships between the two
nominal variables were estimated using Pearson chi-
-squared or Fisher’s exact test. Median OS was calcu-
lated using the Kaplan-Meier method, and differences
were measured using the log-rank test, defined as the
time from diagnosis until death (living patients were
censored at the time of their last follow-up). Kaplan-
-Meier curves presented a summary of the data on
survival probability. Univariate and multivariate anal-
yses were conducted to examine the effect of single
or multiple potential prognostic parameters on me-
dian OS. Cox regression models were presented as
hazard ratios (HR) and were associated with a 95%
confidence interval (CI). An alpha level of 0.05 was
selected as statistically significant.

Ethical approval

The study was approved by the Bioethics Com-
mittee of the Medical University of Warsaw
(AKBE/144/2022). The work was carried out
following the Code of Ethics of the World Medical
Association (Declaration of Helsinki) on medical re-
search involving human subjects and the ethical
principle defined in the Farmington Consensus 1997.

Results

Group with hypertension

Of 175 PC patients, 92 (52.6%) were also diag-
nosed with HTN. From medical data, 53 schemes
of hypertensive treatment were retrieved. Most of
the patients were treated with two anti-hypertensive
drugs (37.5%), predominantly with the combina-
tion of angiotensin-converting enzyme inhibitors/
/angiotensin II receptor blockers (ACEIs/ARBs) and
B-blockers.

The majority of HTN patients were men (56.5%)
with WHO performance status 1 (72.5%). The mean
age was 66.3, with a range from 44 to 87. At the
beginning of chemotherapy, the median BMI was

23.7 kg/m?, while 39.8% of patients were overweight
or obese. Regarding medical history, 50.0% had DM,
12.0% autoimmune disease, 9.8% other primary tu-
mors, and 21.0% family history of cancers. History of
active smoking concerned 33.8% of patients.

Most patients in the studied group were diagnosed
with PC in the head of the pancreas (77.2%) with
52.2% having grade 2 while the most prevalent AJCC
cancer stage was IIB (36.1%). Neuroinvasion was
confirmed in 80.0% of the analyzed samples, while
angioinvasion in 74.5%. Regarding treatment, 72.8%
of patients underwent surgery (74.6% — the Whip-
ple procedure), predominantly without further com-
plications. Eleven of the operated patients (16.4%)
required vascular reconstruction. Sixty-one patients
(91.1%) received adjuvant chemotherapy, primarily
based on gemcitabine (73.8%), with neutropenia as
the most common side effect (65.6%). Eight-seven
percent of patients eventually received palliative treat-
ment with gemcitabine and nab-paclitaxel as the most
common scheme (40.0%). Adverse effects were devel-
oped by 63.75% of palliatively treated patients, among
which neutropenia was the most common.

Statistical analysis comparing the HTN group with
the non-HTN group is presented in Table 1. Hyperten-
sion patients were more likely to be older (p < 0.001),
have DM (p = 0.033), and have no distant metastases
at the time of diagnosis (p = 0.005).

In Kaplan—Meier analysis, no significant differ-
ences concerning OS, disease-free survival (DFS),
and progression-free survival (PFS) were confirmed
(Tab. 1. Fig. 3-5).

The analyzed group was further subdivided into
a group receiving adjuvant chemotherapy and a group
receiving palliative chemotherapy (patients who pre-
sented with advanced disease at the time of diagnosis).
In general, patients treated with adjuvant chemother-
apy turned out to have significantly higher median OS
than patients with advanced disease (20 months vs. 14,
p < 0.00012). Nevertheless, no difference in survival
between non-HTN and HTN groups was detected.

In the univariate analysis for survival in the
HTN group, higher BMI (p = 0.002), using ACEIs/
/ARBs (p = 0.003), DM diagnosis (p = 0.003),
and CLR < 1.8 (p = 0.013) were associated with
longer survival. On the other hand, AJCC stage IIB
(p = 0.037) was associated with shorter survival
(Tab. 2).

Statistically significant prognostic factors were fur-
ther analyzed in multivariate Cox regression us-
ing the backward method based on Wald statistics.
ACEIs/ARBs use was the last excluded out of five
studied prognostic factors, which means it was the
strongest predictor of survival in the HTN group.
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Non-HTN group HTN group
Variable Mean + SD/n (%)/MD (95% Cl) Mean + SD/n (%)/MD (95% Cl) p-value
Demography
Gender (male) 35 (42.2%) 52 (56.5%) 0.070
Age [years] 60.95 + 1037 66.34 + 833 <0.001
Medical history
WHO status (0/1/2/0-1/1-2/2-3) 3.7%/75.3%/16.0%/0.0%/3.7%/1.2% 7.7%/72.5%/14.3%/2.2%/3.3%/0.0% 0.517
BMI (= 25) 23 (32.4%) 33(39.8%) 0402
History of smoking 25 (39.1%) 27 (33.8%) 0.601
Autoimmune disease 9 (10.8%) 11 (12.0%) 1.000
Diabetes mellitus 28 (33.7%) 46 (50.0%) 0.033
History of other CA 7 (8.4%) 9 (9.8%) 0.799
Family history of CA 22 (34.3%) 17 (21.0%) 0.090
Number of relatives with CA 141 +£067 1.354+ 049 0.986
Histopathology
Localization of PC 0.220
Head 75.9% 77.2%
Body 7.2% 7.6%
Tail 8.4% 5.4%
Head and body 3.6% 3.3%
Body and tail 1.2% 6.5%
Undetermined 3.6% 0.0%
Grading (G1/G2/G3/Gx) 12.0%/50.6%/13.3%/24.1% 10.9%/52.2%/16.3%/20.7% 0.901
T(TV/T2/T3/T4/Tx) 24%/14.5%/50.6%/4.8%/27.7% 1.19%/19.6%/46.7%/3.3%/29.3% 0818
N (NO/N1/N2/Nx) 13.3%/39.8%/18.1%/28.9% 20.79%/38.0%/13.0%/28.3% 0.542
M (MO/M1) 50.6%/49.4% 71.7%/28.3% 0.005
AJCC cancer stage (IA/IB/IIA/IIB/III/IV) 1.3%/1.3%/5.0%/28.7%/13.8%/50.0%  1.29%/9.6%/8.4%/36.1%/13.3%/313%  0.072
R (RO/R1/R2/None) 32.5%/32.59%/2.4%/32.5% 44.6%/28.3%/0.0%/27.2% 0.210
Neuroinvasion 38 (86.4%) 40 (80.0%) 0.583
Angioinvasion 37 (82.2%) 38 (74.5%) 0460
Treatment
Adverse effects — adjuvant chemotherapy 28 (71.8%) 51 (83.6%) 0.209
Neuropathy 2 (5.1%) 4 (6.6%) 1.000
Neutropenia 22 (56.4%) 40 (65.6%) 0402
Hepatological 3(7.7%) 3 (4.9%) 0.676
Adverse effects — palliative chemotherapy 57 (80.3%) 51(77.3%) 0.682
Neutropenia 33 (46.5%) 33 (50.0%) 0.734
Hepatological 7 (9.9%) 4(6.1%) 0.535
Neuropathy 12 (16.9%) 9 (13.6%) 0.642
Operative complications 3(5.3%) 5(7.4%) 0.726
Laboratory findings
CEA > 5ng/mL 20 (37.7%) 21(31.8%) 0.562
CA19-9 > 37 IU/mL 44 (62.0%) 45 (53.6%) 0.330
CLR>18 26 (57.8%) 32 (57.1%) 1.000
LYM 1 x 103/ L 2134228 2.88 +6.00 0.289
HGB [g/dL] 1234 £ 145 1254 £158 0.407
Plt1 x 103/ uL 297.71 £ 158.85 290.12 4 114.80 0.717
CRP [mg/L] 3038 +61.82 14.57 + 2298 0.110
Survival
oS 19.00 (15.89-22.11) 20.00 (15.42-24.58) 0.255
DFS 13.00 (6.22-19.78) 12.00 (9.42-14.58) 0.809
PFS 5.00 (4.13-5.87) 7.00 (5.15-8.86) 0.951

Bolded p-value — value statistically significant; AJCC — The American Joint Committee on Cancer; BMI — body mass index; CA — cancer; CA19-9 — carbohydrate
antigen 19-9; CEA — carcinoembryonic antigen; CI — confidence interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; DFS — disease-free
survival; HGB — hemoglobin; HTN — hypertension; LYM — lymphocytes; M — distant metastases; MD — median; N — nodal involvement; n — number; OS — overall
survival; PC — pancreatic cancer; PFS — progression-free survival; PLT — platelets; R — resection margin; SD — standard deviation; T — tumor size; WHO status — World

Health Organization performance status
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Figure 3. Overall survival of pancreatic cancer patients in the hy-
pertension (HTN) and non-HTN groups
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Figure 4. Disease-free survival of pancreatic cancer patients in
the hypertension (HTN) and non-HTN groups
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Figure 5. Progression-free survival of pancreatic cancer patients
in the hypertension (HTN) and non-HTN groups

Group with BMI > 25

Of 175 PC patients, 56 (32.0%) were overweight or
obese. Most were men (51.8%) with WHO perfor-
mance status 1 (78.6%). The mean age was 62.7, with
arange from 40 to 82. At the beginning of chemother-
apy, the median BMI was 27.8 kg/m?, with a mean
of 28.5 kg/m2 [standard deviation (SD) = 3.0, range
25.0-36.2].

Table 2. Univariate analysis of survival in the hypertension (HTN)

group
Variable HR (95% CI) p-value
Age 1.014 (0.984-1.045) 0.358
WHO performance status

0 Ref -

1 0.192 (0.035-1.057) 0.058

2 0.399 (0.093-1.707) 0.215

0/1 0.264 (0.054-1.294) 0.100

1/2 0.516 (0.046-5.841) 0.593
BMI > 25

No Ref -

Yes 0.384 (0.211-0.670) 0.002
History of smoking

No Ref -

Yes 1.294 (0.742-2.258) 0.364
Diabetes mellitus

No Ref -

Yes 0.399 (0.219-0.727) 0.003
Family history of CA

No Ref -

Yes 0.674 (0.355-1.278) 0.227
History of other CA

No Ref -

Yes 0.565 (0.265-1.205) 0.139
Number of
anti-hypertensive drugs

1 Ref -

2 0.582 (0.075-4.541) 0.606

3 0.521 (0.066-4.118) 0.536

4 0.579 (0.072-4.628) 0.606

5 0.150(0.013-1.767) 0.132
ACEIs/ARBs usage

No Ref -

Yes 0.170 (0.054-0.538) 0.003
B-blockers usage

No Ref -

Yes 0.848 (0414-1.738) 0.653
CCBs usage

No Ref -

Yes 1.137(0.573-2.257) 0.713
Diuretics usage

No Ref -

Yes 0.744 (0.379-1.46) 0.390
a-blockers usage

No Ref -

Yes 1.806 (0636-5.131) 0267
AJCC cancer stage

1B Ref -

IIA 0.656 (0.247-1.741) 0.398

1B 2.035 (1.045-3.961) 0.037

Il 0.562(0.312-1.0132)  0.055

% 0.792 (0.337-1.865) 0.594

—
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Table 2 cont. Univariate analysis of survival in the hypertension

(HTN) group
Variable HR (95% Cl) p-value
Adverse effects —
adjuvant chth

No Ref -

Yes 1.003 (0.552-1.823) 0.993
Neutropenia

No Ref -

Yes 0.763(0438-1328) 0339
Adverse effects —
palliative chth

No Ref -

Yes 0968 (0.541-1.732) 0913
Neutropenia

No Ref -

Yes 1625 (0.966-2.734)  0.067
CLR>1.8

No Ref -

Yes 1.886(1.143-3.111)  0.013
LYM 1 x 103/ L

<1 Ref -

> 1 0.839(0.356-1977)  0.688
CRP [mg/L]

<5 Ref -

>5 1361 (0.807-2.297)  0.247

Bolded p-value — value statistically significant; ACEls — angiotensin-converting
enzyme inhibitors; AJCC — The American Joint Committee on Cancer; ARBs —
angiotensin Il receptor blockers; BMI — body mass index; CA — cancer;
CCBs — calcium channel blockers; chth — chemotherapy; CI — confidence in-
terval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; HR
— hazard ratio; LYM — lymphocytes; Ref — reference

Regarding medical history, 58.9% of patients had
HTN, 50.0% DM, 21.4% autoimmune disease, 7.14%
other primary tumors, and 18.5% family history of
cancers. History of active smoking concerned 30.2%.

Most patients in the studied group were diagnosed
with PC in the head of the pancreas (78.6%) with
51.8% having grade 2 while the most prevalent AJCC
cancer stage was IIB (21.6%). Neuroinvasion was
confirmed in 93.5% of the analyzed samples while
angioinvasion in 87.9%. Regarding treatment, 66.1%
of patients underwent surgery (83.8% — the Whipple
procedure), predominantly without further complica-
tions. Four of the operated patients (10.8%) required
vascular reconstruction. Thirty-two (86.5%) received
adjuvant chemotherapy, primarily based on gemc-
itabine (68.8%). Twenty-five suffered from adverse
effects, predominantly neutropenia (76.0%). In to-
tal, 78.6% of patients eventually received palliative
treatment, primarily based on gemcitabine with nab-
-paclitaxel (65.9%). Adverse effects were developed
by 86.4% of palliatively treated patients, among which
neutropenia was the most common.

Statistical ~analysis comparing groups with
BMI < 25 and BMI > 25 is presented in Table 3. Pa-
tients with overweight or obesity were more likely to
have an autoimmune disease (p = 0.020), metastases
in 4 or more lymph nodes (N2) (p = 0.041), tumor
size between 2 and 4 cm (T2) (p = 0.022); they were
more likely to experience neutropenia as a side effect
of palliative chemotherapy (p = 0.014).

In Kaplan-Meier analysis, no significant differ-
ences concerning OS, DFS, and PFS were confirmed,
even after subdividing into adjuvant and palliative
types of treatment (Tab. 3, Fig. 6-8).

In the univariate analysis for survival in the studied
group, higher BMI (p = 0.021) was associated with
longer survival, whilst a CRP level higher than 5 mg/L.
(p = 0.025) with shorter survival (Tab. 4). In the fur-
ther multivariate analysis, BMI was confirmed as the
strongest predictor of survival.

Discussion

Worldwide, HTN is the leading modifiable risk fac-
tor for premature deaths. The prevalence and absolute
burden of HTN have increased over the past few years
[13]. Approximately 60% of the population is diag-
nosed with HTN by the age of 60 years, and about
65% of men and 75% of women develop high blood
pressure by 70. As the incidence of PC is also ris-
ing with age — 80% of the cases are diagnosed in
people between 60 and 80 years of age, HTN is preva-
lent in this group [14]. In our study, over half of the
analyzed group was diagnosed with HTN (52.6%),
and the group with HTN was significantly older than
the group without HTN (p < 0.001). In our previ-
ous analysis, DM was confirmed to be prevalent in
PC patients [15]. Our results were in agreement with
earlier studies, in which the prevalence of DM in PC
patients was estimated to reach 40-65% [16]. In the
current analysis, HTN patients were more likely to be
diagnosed with DM (p = 0.033). Moreover, DM di-
agnosis was confirmed to be a prognostic factor for
longer survival (p = 0.003). Reports regarding the im-
pact of co-incidence of DM and PC on survival are
ambiguous. Studies suggesting improved survival in
DM patients discuss the positive effect of metformin
on survival through various anti-cancer mechanisms
[17, 18].

Drug therapy for HTN is recommended to
come from one of four drug classes — calcium
channel blockers (CCBs), thiazide diuretics, and
ACEIs/ARBs. Two-drug treatment should be initiated
in patients with blood pressure over 20/10 mmHg
above the target [19]. In the studied group, most pa-
tients were treated with a two-drug combination, most
with a combination of ACEIs/ARBS and S-blockers.
In the univariate analysis, using ACEIs/ARBs was
associated with longer survival (p = 0.003). In the
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Table 3. Baseline characteristics of participants according to body mass index (BMI) with statistical analysis

BMI < 25 BMI > 25
Variable Mean + SD/n (%)/MD (95% Cl) Mean + SD/n (%)/ MD (95% Cl) p-value
Demography
Sex (male) 47 (48.0%) 29 (51.8%) 0.738
Age [years] 64.88 £9.82 62.68 £+ 848 0.069
Medical history
WHO status (0/1/2/01/1-2) 4.2%/75.8%/15.8%/0.0%/4.2% 5.4%/78.6%/14.3%/1.8%/0.0% 0.374
History of smoking 35 (40.2%) 16 (30.2%) 0.279
Hypertension 50 (51.0%) 33 (58.9%) 0.402
Autoimmune disease 7 (7.1%) 12 (21.4%) 0.020
Diabetes mellitus 35(35.7%) 28 (50.0%) 0.091
History of other CA 11(11.2%) 4(7.1%) 0.574
Family history of CA 28 (32.2%) 10 (18.5%) 0.083
Number of relatives with CA 146 +0.64 1.10 £ 0.31 0.087
Histopathology
Localisation of PC 0.896
Head 79.6% 78.6%
Body 7.1% 8.9%
Tail 5.1% 5.4%
Head and body 5.1% 1.8%
Body and tail 2.0% 3.6%
Undetermined 1.0% 1.8%
Grading (G1/G2/G3/Gx) 13.3%/49.0%/14.3%/23.5% 12.5%/51.8%/14.3%/21.4% 0.987
T (T1/T2/T3/T4/Tx) 2.0%/13.3%/57.1%/5.1%/22.4% 0.0%/28.6%/33.9%/3.6%/33.9% 0.022
N (NO/NT/N2/Nx) 18.4%/45.9%/13.3%/22.4% 14.3%/26.8%/25.0%/33.9% 0.041
M (MO/M1) 64.3%/35.7% 58.9%/41.1% 0.604
AJCC cancer stage (IA/IB/IIA/IIB/III/IV) 1.19%/4.3%/7.7%/37.6%/12.9%/36.6%  0.0%/7.8%/5.9%/21.6%/19.6%/45.1%  0.341
R (RO/R1/R2/None) 45.99%/29.6%/0.0%/24.5% 30.4%/35.7%/0.0%/33.9% 0.157
Neuroinvasion 44 (78.6%) 29 (93.5%) 0.125
Angioinvasion 44 (75.9%) 29 (87.9%) 0.273
Treatment
Adverse effects — adjuvant chemotherapy 49 (84.5%) 25 (78.1%) 0.566
Neuropathy 3(5.2%) 2 (6.3%) 1.000
Neutropenia 40 (69.0%) 19 (59.4%) 0.366
Hepatological 5 (8.6%) 1(3.1%) 0416
Adverse effects — palliative chemotherapy 56 (73.7%) 38 (86.4%) 0.115
Neutropenia 30 (39.5%) 28 (63.6%) 0.014
Hepatological 7(9.2%) 4(9.1%) 1.000
Neuropathy 14 (18.4%) 6 (13.6%) 0615
Operative complications 5 (6.6%) 3(8.1%) 0.715
Laboratory findings
CEA > 5ng/mL 22 (34.9%) 13 (32.5%) 0.834
CA19-9 > 37 IU/mL 50 (55.6%) 30 (60.0%) 0.722
CLR>18 34 (54.0%) 18 (60.0%) 0.658
LYM 1 x 103/ uL 309+ 6.14 1.83 £ 0.69 0.707
HGB g/dL 1229 +£1.71 1269 £ 1.22 0.161
PLT 1 x 103/ L 31227 £ 15045 267.64 +106.16 0.142
CRP [mg/L] 18.16 £41.80 2326 £51.16 0.308
Survival
0S 18.00 (15.27-20.73) 22.00(17.28-26.72) 0.352
DFS 13.00 (9.17-16.83) 14.00 (5.83-22.17) 0.757
PFS 6.00 (4.62-7.38) 7.00 (4.94-9.08) 0.523

Bolded p-value — value statistically significant; AJCC — The American Joint Committee on Cancer; CA — cancer; CA19-9 — carbohydrate antigen 19-9; CEA — carcinoem-
bryonic antigen; Cl — confidence interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein; DFS — disease-free survival; HGB — haemoglobin; LYM
— lymphocytes; M — distant metastases; MD — median; N — nodal involvement; n — number; OS — overall survival; PC — pancreatic cancer; PFS — progression-free
survival; PLT — platelets; R — resection margin; SD — standard deviation; T — tumour size; WHO status — World Health Organization performance status
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Figure 6. Overall survival of pancreatic cancer patients with body
mass index (BMI) < 25 and BMI > 25
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Figure 7. Disease-free survival of pancreatic cancer patients with
body mass index (BMI) < 25 and BMI > 25
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Figure 8. Progression-free survival of pancreatic cancer patients
with body mass index (BMI) < 25 and BMI > 25

subsequent multivariate Cox regression analysis
using the backward method, it was the strongest
predictor of survival in the HTN group. Similar to
our analysis, in the study by Nakai et al. (2010) [20],
the use of ACEIs/ARBs was associated with longer
PES and OS in patients with advanced PC receiving
gemcitabine in monotherapy. Results from large
population studies also imply that exposure to either
ARBs or ACEI after PC diagnosis is significantly
associated with improved survival [21]. Up-to-date

Table 4. Univariate analysis of survival in group with body mass
index (BMI) > 25

Variable HR (95% CI) p-value
Age 0.981 (0.943-1.020) 0.330
WHO performance status

0 Ref -

1 0.086 (0.005-1.531) 0.095

2 0.674 (0.091-5.017) 0.700

0/1 0.556 (0.064-4.815) 0.594
BMI 0.853 (0.745-0.976) 0.021
History of smoking

No Ref -

Yes 0.696 (0.348-1.390) 0.304
Hypertension

No Ref -

Yes 1.383 (0.740-2.584) 0.310
Diabetes Mellitus

No Ref -

Yes 1.202 (0.643-2.248) 0.564
Autoimmune disease

No Ref -

Yes 0.964 (0.228-4.093) 0.961
Family history of CA

No Ref -

Yes 0.751(0.331-1.704) 0494
AJCC cancer stage

1B Ref -

IIA 0.528 (0.121-2.306) 0.396

IIB 0479 (0.130-1.757) 0.267

Il 0.591 (0.238-1.464) 0.255

vV 1.005 (0.430-2.349) 0.991
Tumour localisation

Head Ref -

Body 0.919 (0.214-3.945) 0.909

Tail 0.753 (0.144-3.931) 0.737

Head and body 7.137(0.563-90.463)0.129

Body and tail 7.137 (0.563-90.463)0.129
Adverse effects — adjuvant chth

No Ref -

Yes 0.890 (0.440-1.837) 0.771
Neutropenia

No Ref -

Yes 1.060 (0.557-2.018) 0.860
Adverse effects — palliative chth

No Ref -

Yes 1.250 (0.646-2.419) 0.507
Neutropenia

No Ref -

Yes 1426 (0.770-2.644) 0.259
CLR>1.8

No Ref -

Yes 0.546 (0.275-1.087) 0.085
LYM 1 x 103/ L

<1 Ref -

> 1 0.58 (0.174-1.934) 0.375
CRP [mg/L]

<5 Ref -

>5 1447 (1.221-1.903) 0.025

Bolded p-value - value statistically significant; AJCC — The American Joint
Committee on Cancer; CA — cancer; chth — chemotherapy; Cl — confidence
interval; CLR — C-reactive protein/lymphocytes ratio; CRP — C-reactive protein;
HR — hazard ratio; LYM — lymphocytes; Ref — reference
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preclinical and clinical studies support the role of the
renin-angiotensin system (RAS) in regulating tumor
growth and metastasis in different neoplasms, encom-
passing PC [22]. In the pancreas, RAS components
are considered to mediate growth and further lead to
carcinogenesis [23]. Angiotensin II has two receptors
prevalent in human tissue — the angiotensin II type 1
(AT1) and the angiotensin II type 2 (AT2). Stimula-
tion of the AT1 receptor is associated with increased
cell proliferation, growth, and reduced apoptosis.
ACEIs inhibit angiotensin II systemic formation and
its downstream effects through receptors. ARBs were
designed to displace angiotensin II from the AT1
receptor [24]. Initial studies identified angiotensin II
as a potent mediator of vascular endothelial growth
factor (VEGF) expression in PC cells through
an ATl-dependent pathway. The inhibition of its
receptor by ARBs may inhibit tumor growth via
suppression of VEGF-mediated angiogenesis [21].
One of ARBs, telmisartan, turned out to inhibit PC
cell proliferation by inducing cell cycle arrest [25].
On the other hand, another ARB, losartan, reduced
stromal collagen and hyaluronan production in PC
models and, as a result, increased vascular perfusion
and drug delivery [5]. Currently, losartan is under
investigation in several PC clinical trials, including
the combination of losartan with mFOLFIRINOX and
beam proton radiation or the combination of losartan
with gemcitabine (NCT01821729, NCT01276613).
Moreover, a phase II clinical study on the efficacy of
irbesartan with gemcitabine/nab-paclitaxel treatment
for patients with advanced PC is designed, as in
preclinical studies, irbesartan was proved to inhibit
chemotherapy resistance and consequently improve
the therapeutic efficacy in PC patients [26].

Our analysis did not present associations be-
tween CCBs, diuretics, or SB-blocker use, and pa-
tient survival. Various studies analyzing the effect
of anti-hypertensive treatment on PC patient survival
demonstrate contradictory results. A meta-analysis by
Jiang et al. (2022) [27] confirmed that the use of
anti-hypertensive medication (ACEIs/ARBs, CCBs,
diuretics, B-blockers) does not have a negative ef-
fect on overall survival of PC patients; thus, they
should continue to use these drugs to prevent cardio-
vascular events. Yang et al. (2021) [28] suggested that
B-blockers usage before PC diagnosis is not correlated
with survival advantage; nevertheless, continuous use
before and after diagnosis presented survival bene-
fits. The mechanism remains unclear, and the authors
noted the need for further prospective studies [28].
Previous analysis conducted by Udumyan et al. (2017)
[29] revealed that patients using S-blockers had lower
cancer-specific mortality rates, especially users with
higher daily doses and localized disease at diagnosis.

In a retrospective cohort study, the authors concluded
that CCBs may prolong survival in PC patients [30].
Principe et al. (2022) [31] used CCBs, such as am-
lodipine, which inhibited pro-survival extracellular
signal-regulated kinase (ERK) signaling in vitro and
remarkably enhanced therapeutic responses to gem-
citabine in both orthotopic xenografts and transgenic
PC models. Further prospective studies are required to
establish the exact impact of anti-hypertensive treat-
ment on PC patient survival.

Although in our analysis, patients in the HTN
group were significantly more likely to be diagnosed
without distant metastases (p = 0.005), no impact of
HTN on progression or survival was observed, even
after further subdividing patients into receiving adju-
vant or palliative therapy. Patients with comorbidities,
such as hypertension, might be suspected to experi-
ence shorter survival or time to progression; never-
theless, in our study, this observation failed to achieve
statistical significance. This phenomenon might be
associated with receiving holistic care from doctors
with both internal medicine and oncology special-
ties. Moreover, being hospitalized in a multi-specialist
center provides patients with integrated care by mul-
tidisciplinary teams. Multidisciplinary teams might
become an effective tool to facilitate collaboration be-
tween different professionals and further improve out-
comes of patients with comorbidities. Similar to our
study, in a single-center analysis of 2323 PC patients,
HTN did not correlate with OS and showed no statisti-
cal significance in univariate analyses [32]. The study
by Iede et al. (2022) [33] showed that median OS in
the HTN group was significantly longer than in the
non-HTN group; nevertheless, the multivariate anal-
ysis failed to identify the usage of anti-hypertensive
drugs as an independent prognostic factor for OS in
PC patients.

The CLR level reflects the equilibrium state be-
tween the systemic inflammatory and immunological
response. An elevated CLR indicates a decrease in
immune response and an increase in systemic inflam-
mation [34]. It seems unclear if the CLR could serve
as a prognostic marker in PC. In our previous analysis,
higher CLR and CRP levels were significantly associ-
ated with poorer OS in PC and DM patients. In the
current study, a higher CLR was also associated with
shorter survival in the HTN group (p = 0.013). Sim-
ilar results were obtained in the study by Fan et al.
(2020) [12] in which a CLR > 1.8 was correlated
with poorer survival of PC patients, both in univari-
ate and multivariate analysis. On the other hand, in
the group with BMI > 25 analyzed in our study, the
CLR failed to reach statistical significance as a prog-
nostic marker; nevertheless, a higher CRP level was
associated with shorter survival in this group. In the
study by Yuan et al. (2021) [35], pre-diagnostic lev-
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els of CRP were associated with reduced survival
in PC patients, demonstrating that chronic inflamma-
tion is a significant risk factor for PC and influences
further survival. A Mendelian randomization analy-
sis confirmed the causal mechanism in which obesity
induces chronic inflammation and contributes to PC
development [36]. Moreover, an increase in CRP lev-
els during chemotherapy with the mFOLFIRINOX
regimen positively correlated with disease progres-
sion [37].

On the one hand, obesity is a well-known modi-
fiable risk factor for PC; on the other hand, several
studies confirmed that a higher BMI was correlated
with longer survival in PC patients [32, 38—40]. These
findings concur with our results, in which a higher
BMI was also associated with longer survival in the
group with HTN and the group with overweight/obe-
sity. In the further multivariate analysis of the group
with BMI > 25, a higher BMI was the strongest pre-
dictor of survival. Interestingly, many previous studies
have reported that a BMI higher than 25 kg/m? is
associated with improved survival in other malignan-
cies. This phenomenon was described as the “obesity
paradox” [41]. Scientists trying to explain the obe-
sity paradox underlie that measurement of obesity
with BMI presents some limitations and cannot re-
flect metabolic and endocrine disruption [42]. Also,
in some cancers, unintentional weight loss may occur
before diagnosis; thus, weight at the time of diagno-
sis may be misleading [43]. On the other hand, it has
been suggested that lack of cachexia in obese patients
with advanced cancers may underlie this paradox [44].
Cachexia is a multifactorial syndrome defined by non-
-volitional weight loss, sarcopenia, anorexia, fatigue,
weakness, loss of appetite, taste alterations, and early
satiety [45]. It has been shown to affect approximately
50% of oncological patients and be driven by reduced
food intake and specific alterations in metabolism
caused by host-tumor interactions [46]. Insufficient
food intake is a significant driver of weight loss, while
metabolic changes and reduced activity contribute to
the loss of muscle mass, called sarcopenia [47]. PC
is associated with the highest frequency of develop-
ing cancer cachexia-sarcopenia syndrome, negatively
influencing tolerance and response to treatment and
survival [40]. In this context, obesity might correlate
with better survival; however, rigorous and prospec-
tive studies are necessary to define the impact of
obesity in the oncology setting.

This study had several limitations. It was a single-
-center study, and the juxtaposition of results collected
in other clinical centers would have ensured a more
reliable analysis. Moreover, we could not eliminate
potential selection bias due to the retrospective char-
acter of the research. The outpatient medical records

did not indicate the change in patients’ weight both
before diagnosis and during treatment. No data about
exact blood pressure measurements was collected.
Nonetheless, we firmly believe that our outcomes pro-
vide new insight into the relationship between being
overweight, hypertension, and PC.

Conclusions

Although hypertension and overweight are prevalent
in PC patients, they seem to have no impact on out-
comes. In the studied groups, we managed to distin-
guish some variables influencing survival. The exact
effect of ACEIs/ARBs on cancerogenesis should be
further investigated. The CLR seems to be a feasible
marker of prognosis in PC.
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Abstract

Introduction. Neoantigen load (NAL) has been extensively studied as a promising biomarker for im-
munotherapy. Recently it was also reported that NAL is associated with lung cancer patient survival,
but the results were not consistent.

Material and methods. To further evaluate the prognostic value of NAL in lung cancer, we analyzed
NAL in a cohort of 96 lung adenocarcinoma (AD) and 83 lung squamous cell carcinoma (SQ) patients
from the Cancer Genome Atlas (TCGA). We found that high NAL correlates with better overall survival
(OS) of AD patients but with worse OS of SQ patients. Next, we collected a total of 25 NSCLC patient
samples and explored whole exome sequencing (WES) and a large targeted gene panel (Med1CDx
panel containing 579 genes) for NAL and tumor mutation burden (TMB) analysis.

Results. We found that patients with both higher NAL and TMB, who underwent chemotherapy com-
bined with immunotherapy, showed better OS and progression-free survival (PFS) in both AD and SQ
subgroups. We also compared the concordance of NAL and TMB between WES and the Med1CDx
panel. The R? for concordance of NAL and TMB prediction by WES and our Med1CDx panel was 0.81
and 0.86, respectively.

Conclusions. In this study, we showed that NAL is a useful biomarker for lung cancer OS prediction at
least in the AD cohort. Furthermore, considering the high cost of WES, large targeted gene-panel-based

NAL and TMB analysis could be a good alternative in clinical practical settings.

Keywords: necantigen load, overall survival, lung adenocarcinoma, Chinese patients

Introduction

Lung cancer has been the leading cause of death
worldwide and the 2" common cancer type in 2020,
accounting for 1.8 million cases of 10 million deaths
in 2020 [World Health Organization (WHO) website]
[1]. Advanced molecular diagnostics and recogni-
tion of targetable oncogenic driver alterations have
led to dramatic changes in non-small cell lung can-
cer (NSCLC) treatment in recent years. Many new
effective targeted agents were developed and the treat-
ment of some oncogene-addicted NSCLC, such as
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Medicine Co,, Ltd, Suite 901, B5 Building, 218 Xinghu St., Suzhou
Industrial Park, 215123 Suzhou, China (yu.wang@medxtmc.com)
Received: 16 November 2023; Accepted: 16 February 2024;
Early publication: 8 April 2024

EGFR-mutated or ALK -rearranged NSCLC is well-
-established [2, 3]. Although these drugs have rev-
olutionized clinical practice, only a fraction of sus-
ceptible patients will benefit, and acquired resistance
to these agents remains a challenge. Individualized
vaccines targeting neoantigens would be a good op-
tion for lung cancer therapy in the future. Neoantigens
are protein fragments derived only from cancer cells.
With this unique property, targeting neoantigen al-
lows the patient’s immune system to detect and attack
cancer cells instead of attacking healthy cells [4, 5].
Neoantigens are classified into two types: shared and
personalized neoantigens. While shared neoantigens
are not specific to an individual or tumor type, per-
sonalized neoantigens are highly specific to individual
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tumors and are the basis of personalized neoantigen
vaccines.

Identifying prognostic markers in cancer patients
is essential because it allows the recognition of pa-
tient subpopulations that might anticipate different
outcomes or might benefit from different types of ther-
apies. Novel molecular prognostic biomarkers include
such genes as TP53, VEGF, TUBB3, Ki-67, etc. How-
ever, despite an enormous amount of data available
on molecular biomarkers, results are often not repro-
ducible, partially due to the heterogeneity of study de-
signs, techniques used, and data interpretation. There-
fore, many molecular prognostic markers to date, have
not managed to make their way into routine clini-
cal use [6, 7]. Tumor mutation burden (TMB) and
neoantigen load (NAL) have been extensively studied
as promising biomarkers for predicting the anti-tumor
effects of immune checkpoint inhibitors (ICIs) [8—12].
Several studies have reported the prognostic effect of
TMB on the clinical benefits for patients with resected
early-stage NSCLC, but the results are inconsistent.
Two studies showed that a high TMB is associated
with a favorable outcome in resected NSCLC patients
[13, 14], but other reports demonstrated that TMB
is not associated with overall survival of early-stage
NSCLC patients, implying that TMB is not sufficient
to predict NSCLC prognosis [15, 16]. However, utiliz-
ing computational tools to predict tumor NAL based
on whole exome sequencing (WES) data has been
confirmed to be a potentially useful method [17]. Re-
cently, several studies have shown that NAL has good
potential as a prognosis biomarker although the re-
sults were also contradictory. Gong et al. [18] showed
that higher NAL exhibited better disease-free sur-
vival (DFS) for stage II/IIl Chinese lung squamous
cell carcinoma (SQ) patients. However, another report
demonstrated that high neoantigen burden was asso-
ciated with significantly longer overall survival (OS)
in the lung adenocarcinoma (AD) cohort of patients
from Cancer Genome Atlas (TCGA) [19].

Tumor mutation burden and NAL analysis by WES
is complicated and expensive due to large genomic
space sequencing. Recent studies have shown that
TMB can be accurately measured by smaller gene
panels [9, 10, 20]. In this study, we assessed TMB
and NAL by both WES and a large targeted gene
panel and identified the correlation of TMB and NAL
with clinical outcomes. The concordance of TMB and
NAL measurements by WES and the large targeted
gene panel was also determined. We expected to be
able to provide more insights into biomarker discov-
ery and identification for the prognosis of Chinese
lung cancer patients. Personalized neoantigens pre-
dicted by WES were also compared with those from
online public databases.

Material and methods

Cancer Genome Atlas data retrieval, neoantigen
load calculation, and survival analysis

Thorsson et al. [21] presented an immunogenomic
analysis of more than 10 000 tumors comprising
33 diverse cancer types by utilizing data compiled by
TCGA. Clinical data for lung cancer patients was ac-
cessed and downloaded from https://gdc.cancer.gov/
about-data/publications/panimmune. Predicted single
nucleotide variant (SNV) and Indel neoantigen counts
are available in this dataset. So we used predicted
SNV, Indel neoantigen counts, and the sum of these
two (NeoAll) to correlate with OS. Survfit objects
were generated by surv_categorize() and survfit.for-
mula() from R package survminer and survival. The
ggsurvplot() function from R package ggplot2 was
used to plot the Kaplan-Meier survival curve.

Patient cohort

A total of 25 patients with pathologically confirmed
NSCLC, including 17 AD and 8 SQ patients, were en-
rolled between 2017 Feb and 2018 Nov. Clinical data
were retrieved from the electronic medical records.
Data acquisition was in line with relevant legislation
and institutional review board guidelines. All patients
were followed up regularly in the Shanghai Chest Hos-
pital until recurrent or last follow-up. All procedures
involving human participants performed in this study
were in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
institutional committee board of the Shanghai Chest
Hospital and informed consent was taken from all the
participants.

Whole exome and large targeted panel
sequencing and tumor mutation burden
calculation
Next-generation sequence (NGS) was performed
using genomic DNA isolated from formalin-fixed
paraffin-embedded (FFPE) samples with WES and
a large targeted panel (Med1CDx panel including
full coding sequences (CDS) regions of 579 genes,
selected introns of 37 genes, which is designed for fu-
sion calling). Deep sequencing was performed by the
Hiseq X10 or NovaSeq platforms with a mean depth
of 5000X. The bioinformatics workflow utilized a cus-
tomized variant calling method based on GATK4 and
Varscan, which contains SNP/InDel/CNV/SV calling.
Tumor mutation burden was determined as the av-
erage number of coding mutations per megabase (Mb)
of genome examined following the method of Founda-
tionOne panel [22]. All single nucleotide variations
and Indels in the coding region including the syn-
onymous alternation of targeted genes were counted
for TMB calculation. Alterations listed as known so-
matic alterations in COSMIC hot spots were excluded,
and truncations in tumor suppressor genes were not
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counted. Sites presented in 1000G, ESP6500, and
gnomAD with > 1% frequency and synonymous SNV
sites were filtered. The threshold for high TMB was
determined by the 25" and 75" percentiles method
used by the FoundationOne panel [22].

Human leukocyte antigen typing, neoantigen
prediction, and statistics analysis

Four-digit human leukocyte antigen (HLA) class
I (HLA-A, HLA-B, and HLA-C) alleles of each
patient were identified from WES data using Opti-
type (version 1.3.1, default parameters). The pvac-
tools (version 1.5.8, default parameters) tool was
used to predict binding of 8- to 11-mer mutant pep-
tides to the patients” HLA alleles. Neoantigens pre-
dicted in this study were compared with those from the
TSNAJD (version 4.0) database. Neoantigen load was
calculated by dividing the total number of neoanti-
gens in each sample by the CDS length (Mb) of the
WES or Med1CDx panel. The Kaplan-Meier method
and the log-rank test were performed to correlate sur-
vival of patients with genomic alterations and NAL.
A p < 0.05 was considered statistically significant.

Mutation spectra analysis and comparison
between lung adenocarcinoma and lung
squamous cell carcinoma patients

Raw sequence variants were called from WES data ac-
cording to the GATK best practice analysis pipeline.
Variant calling datasets were annotated by ANNO-
VAR. Screening of gene mutations from the bulk
of raw variants sites followed the below analysis
criteria: (1) > 25x coverage in the variant site;
(2) variant allele frequency > 5% and at least 5 in-
dividual mutant reads; (3) filter variants only ob-
served on positive-strand or negative-strand; (4) filter
sites presented in 1000 Genome Project with > 1%
frequency, NHLBI-ESP project with 6500 exomes
with > 1% frequency and the Genome Aggregation
Database (gnomAD) with > 1% frequency; (5) fil-
ter sequence variation frequency > 5% and vari-
ants site < 20x coverage in normal control samples.
Vcf files were converted to mutation annotation for-
mat (MAF) by vcf2maf and vep. The R packages
maftools (https://bioconductor.org/packages/release/
bioc/vignettes/maftools/inst/doc/maftools.html) were
used to summarize, analyze, annotate, and visualize
somatic MAF files. The tool deconstructSigs (https://
rdrr.io/cran/deconstructSigs/) was used to identify
signatures present in tumor samples.

Results

Cancer Genome Atlas neoantigen load analysis
and correlation with overall survival

With the clinical data from TCGA, we were able to
determine the cutoff value of predictive SNV, Indel,

and total neoantigen counts. Patient samples and mu-
tation numbers used to determine the cutoff values
were: 96 AD and 83 SQ patients; 525 and 72 SNV
neoantigen counts, 5 and 10 Indel neoantigen counts,
174 and 284 all neoantigens counts from AD and SQ,
respectively. In this TCGA dataset, we showed that in
AD, when the same survival probability was applied,
high SN'V/Indel/total neoantigen correlated with bet-
ter overall survival. But in SQ, the results showed the
opposite trend, high SNV/Indel/total neoantigen cor-
related with worse overall survival (Fig. 1A-F).

Patient characteristics

The clinical characteristics of the patients are shown
in Table 1. There were 17 AD patients and 8 SQ pa-
tients with a median age of 64 years (ranging between
34 and 83 years old). A total of 16 patients were for-
mer or current smokers: 53% (9/17) of AD patients
versus 87.5% (7/8) of SQ patients (Tab. 1). The me-
dian cigarette consumption was 23 and 35 packs/year
in AD and SQ patients, respectively. EGFR muta-
tion occurred in 35% (6/17) of AD patients, but only
in 12.5% (1/8) of SQ patients. For the treatment
regime, 12 patients (12/25, 48%) received standard
chemotherapy for at least one cycle.

Tumor mutation burden concordance between
the 579 gene panel and whole exome sequencing
Evidence has suggested that the TMB and tumor-
-specific neoantigens are potential determinants of the
response to ICIs and can influence patient outcomes
in immunotherapy [8—12]. Whole exome sequencing
allows a direct measurement of TMB. However, rou-
tine implementation of WES in clinical practice is
unsuitable because of high costs, labor and time inten-
siveness, and extensive data management. To test the
potential utility of our in-house 579 gene Med1CDx
panel in clinically predictive TMB estimates, DNA
from 16 samples (including 11 AD and 5 SQ) was pro-
filed. The Med1CDx panel showed a good correlation
with WES for TMB estimation, with R? correla-
tion values of 0.86 for all mutations.

Analysis of personalized neoantigens derived
from whole exome sequencing and Med1CDx
panel

Whole exome sequencing and Med1CDx panel were
applied to profile neoantigen spectra in 16 patients.
Mutations occurring in the patients were assessed for
predicted binding affinity to HLA alleles, and poten-
tial neoantigens were identified. In the WES data,
1733 neoantigens with binding affinities < 500 nM
were identified. Of these, only 52 (3%) were observed
through the Med1CDx panel, demonstrating that the
large targeted gene panel failed to identify a broad
spectrum of neoantigens as compared to WES. We
found the most frequent shared missense mutation
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Figure 1. Correlation of neoantigen load with overall survival (OS) using Cancer Genome Atlas (TCGA) clinical data. Correlation of predicted
single nucleotide variant (SNV) neoantigen (A, B), predicted Indel neoantigen (C, D), predicted total neocantigen (E, F) with OS

Table 1. Clinical characteristics of patients

Characteristics Number (%)
Sex

Male 18 (72)

Female 7 (28)
Age [years]

Range 34-83

Medium 64

<65 13(52)

> 65 12 (48)
Smoking status

Never 9 (36)

Former/current 16 (64)
Stage

Il 5(20)

% 20 (80)
Histologic diagnosis

Adenocarcinoma 17 (68)

Squamous cell carcinoma 8(32)

detected by WES were TTN, MUC16, and TP53, oc-
curring in 11,11, and 9 patients, respectively. The
neoantigens derived from WES were compared with
those in the online public database which contains
1.1 million neoantigens. Twelve neoantigens from
9 patients were identical to those from the public
database, even though the HLA types are different
(Tab. 2). Among these neoantigens, neoantigens de-
rived from TP53 gene mutation were the most fre-
quent (3 samples), and 2 neoantigens were derived
from the PCDHA4 and FFAR2 genes (Tab. 2).

Neoantigen load analysis and correlation with
progression-free survival and overall survival

The median number of NAL in all patients deter-
mined by WES was 3.0 neoantigens per Mb, while
the median number called by the Med1CDx panel was
4.0. There was a linear relationship between neoanti-
gens recovered from the Med1CDx panel and WES
(R? = 0.81) (Fig. 2A, B). In the WES data, our data
demonstrated that TMB and NAL were higher in the
SQ subgroup than in the AD subgroup (Fig. 2C, D).
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Table 2. Shared neoantigens between whole exome sequencing
(WES) results and online public database of lung cancer

Neoantigen Genein HLA type HLA typein
(frequency) database insamples database
HLA-A*23:01
TYSPALIKM (3) TP53 HLA-C*07:02  HLA-A*24:02
HLA-C*04:01
HLA-B*51:01
RAFGRGLHV (2)  FFAR2 HLA-C*12:03 °10
HLA-C*14:02
VRDGGSPSL (2) PCDHA4 HLA-C*06:02 ALA-CT07:02
HLA-B*27:05
IHTGEKPY (1) ZNF121 HLA-C*03:.03  HLA-B*15:01
RTYTGEKPY (1) ZNF559
LTRPVHNAAR (1) CDKN2A HLA-A*31:0] HLA-A*33:.03
ASHDERFKR (1) KDM2A HLA-A*11:01
AMLKNTVTI (1) MAGECT HLA-A¥02:01  HLA-A*02:01

HLA — human leukocyte antigen

Tumors with higher TMB carry higher NAL. Higher
NAL was associated with improved overall survival
using 10.3 neoantigens per Mb as a cutoff point (me-
dian OS not reached versus 11.0 months, log-rank p =
0.016) and progression-free survival (PFS) (median
not reached versus 3.3 months, log-rank p = 0.03,
10.3 neoantigens per Mb as a cutoff point) (Fig. 2E, F).

Mutation spectra and signatures in lung
adenocarcinoma and lung squamous cell
carcinoma samples
In the SNV class, transitions of C>T, and C>A were
significantly mutated in both AD and SQ samples.
In addition to these two variations, the prevalence of
T>C transitions was observed in AD and C>G in SQ.
The top 20 mutated genes were quite different be-
tween the AD and SQ subgroups, but TP53 and TTN
were in the top 3 genes (Fig. 3A, C). In AD, genes
with the highest mutation rate were TP53 (9/17,53%),
MUCI6 (7/117, 41%), TTN, and EGFR (6/17, 35%).
TP53 and TTN were the most frequent mutations in
SQ (7/8,88%). Other mutations that presented fre-
quently in SQ included KMT2D and RYR?2 (5/8, 62%),
MUCI16/GOLGAG6L2/SYNEI/INCAMI1/OBSCN/TPTE
(4/8, 50%) (Fig. 3B, D). TP53 and TTN were also
among the top 3 mutations in tobacco smokers, with
MUCI6 and KMT2D as other frequent mutations in
AD and SQ smokers, respectively. The genes mutated
in non-smokers in both AD and SQ subtypes were
very diverse, and the mutation rates were not high.
Analysis of the mutational somatic substitutions
using the COSMIC Mutational Signatures database
(v2 — March 2015) demonstrated that the AD mu-
tations were distributed in Signatures 1, 3, 4, while
the SQ mutations were mainly Signature 3 and 4 re-
lated (Fig. 3E, F). Signature 1 is common in all cancer

types and most cancer samples. Signature 3 was re-
ported in breast, ovarian, and pancreatic cancers, our
results confirmed that this signature set was also pre-
sented in lung cancer samples. Signature 4 has been
found in lung adenocarcinoma and lung squamous
carcinoma and is considered to be associated with
smoking and tobacco mutagens.

Discussion

Neoantigen load, as a promising biomarker for pre-
dicting ICI efficacy, has been extensively studied, par-
ticularly in melanoma, lung cancer, and gynecological
tumors [19, 23, 24]. In these types of cancer, NAL can
predict anti-tumor effects of ICIs. However, research
into neoantigens still faces challenges, such as the
lack of an established standard protocol for neoanti-
gen prediction or an optimized cutoff value for NAL.
Previous research reported that large targeted panels
are sufficient for most variant identification and NAL
prediction [20, 21]. In this study, we compared a large
targeted panel with WES to identify and profile NAL.
Our data also showed that NAL measurement by the
Med1CDx panel has a strong correlation with exome
sequencing, which suggests that using a large gene
panel for NAL prediction is feasible in NAL estima-
tion. However, detailed neoantigen profiling demon-
strated by the Med1CDx panel sequencing results
failed to duplicate mutation estimated from WES data.
Only 3% of the neoantigens identified by WES were
observed through the Med1CDx panel, indicating that
large targeted gene panels would not be appropriate
for personalized neoantigen-based therapy develop-
ment despite their convenience and advantages.
Currently, the association between NAL and ge-
nomic alterations is being studied to explore whether
gene mutations can be utilized to estimate NAL for
predicting the response to ICI therapies [11]. Com-
mon oncogene mutations can disrupt genome stability
and alter immune status by creating novel antigens.
Lyu et al. [25] found that that patients with mutant
TP53 exhibited enhanced tumor antigenicity and anti-
gen presentation compared to those with wild-type
TP53, and were more likely to benefit from ICI ther-
apy. Besides common oncogenes, some rare gene
mutations were also reported to cause an increase in
NAL. Zhang et al. [26] reported that compared with
patients with wild-type tumors, patients with MUC16
mutant tumors have a significant increase in NAL,
which is related to improved OS of patients with
MUC16 mutation containing NSCLC and melanoma.
Research based on the TCGA indicated that TP53,
TTN, and MUC16 were the most frequently mutated
genes in various cancers, including lung cancer [27].
Consistent with this, our study also found that these
three genes have the highest mutation frequency in
AD, while in SQ, TP53 and TTN are the two genes
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with the highest frequency. It is also possible that due
to the high mutation frequency of 7P53 and MUCI6,
NAL is associated with the prognosis for AD and SQ
in this study.

Recent studies have shown that neoantigens are not
only associated with the response to anti-programmed
cell death protein 1 (anti-PD-1) therapy in NSCLC pa-
tients but also are useful biomarkers for lung cancer
prognosis and prediction of responses to chemother-
apy in Chinese patients. A previous study analyzed
NSCLC samples collected from patients treated with
pembrolizumab and reported that higher NAL in
tumors was associated with improved objective re-
sponse and PES [28]. Chae et al. [29] analyzed mu-
tations in DNA repair genes using TCGA samples
and found that NAL correlated with the expression of
PD-1 and programmed death-ligand 1 (PD-L1) and
tended to increase OS of patients with lung adeno-
carcinoma. High NAL is linked to DNA repair mu-
tations and an increased number of tumor-infiltrating
lymphocytes [24]. Although prognosis indication for
neoantigen in lung cancer is promising, more detailed
studies are still needed because contradictory results
were obtained on the correlation of neoantigens with
clinical outcomes of lung cancer subtypes. McGrana-
han et al. [19] reported that high NAL (defined as the
upper quartile of NAL) was associated with signifi-
cantly longer overall survival in lung AD but not SQ.
Gong et al. [18] showed that higher NAL (> 2 neoanti-
gens/Mb) exhibited better DFS for SQ but not AD
patients. A benefit from adjuvant chemotherapy was
correlated with lower NAL (< 2 neoantigens/Mb). In
our study, we demonstrated that high NAL is cor-
related with better overall survival in the AD sub-
group in the clinical data retrieved from TCGA. In
the 25-patient cohort, NAL could predict lung cancer
prognosis in both AD and SQ patient subgroups both
of which underwent a treatment strategy combining
chemotherapy and immunotherapy.

Our study has a few limitations. Firstly, the study
involved a relatively small sample size of participants.
Given the potential implications of NAL for clinical
decision-making, it is necessary to conduct further
validation within a larger, independent patient cohort.
Second, the method for calculating neoantigen load in
this study differs from that of TCGA, although the im-
pact on the observed trends may not be significant. In
TCGA, the identification of potential neoantigen pep-
tides was conducted using NetMHCpan v3.0 (Nielsen
and Andreatta, 2016), and the neoantigen load refers
to the number of pMHCs (peptides predicted to bind
with MHC proteins). In our study, neoantigen predic-
tion was carried out using the pvactools (version 1.5.8,
default parameters). The NAL was calculated by di-
viding the total number of neoantigens by the CDS
length in Mb of the WES or Med1CDx panel. More-
over, these two neoantigen algorithms were all based

on the HLA-I binding prediction and did not account
for other aspects of neoantigen production, including
the processing and presentation of antigens, integra-
tion into the genome, and immune recognition. Last,
all patients in this study were in stages III/IV, and
the treatment regimens were primarily chemotherapy
combined with immunotherapy. Therefore, the find-
ings about the correlation between neoantigen and OS
of AD patients are generally applicable to patients and
treatments within this scope.

Conclusions

In conclusion, our study demonstrated that NAL could
be used as a useful prognosis marker to provide strat-
ification for lung adenocarcinoma (LUAD) patient
outcomes. Further studies with a larger cohort from
multiple institutions are needed to validate the cur-
rent data and confirm the prognostic role of NAL in
different subtypes of lung cancer. The results of ge-
nomic alternation in this study also show that TP53
and MUC16 are among the genes with the highest mu-
tation frequency in NSCLC and are involved in the
correlation of NAL value and prognosis. In addition,
we have shown that the Med1CDx panel (targeting
579 genes) can accurately assess TMB and NAL com-
pared with WES, providing more evidence on the
feasibility of using a large targeted gene panel in TMB
and NAL analysis.
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Abstract

Malignant peripheral nerve sheath tumor (MPNST) is an aggressive soft tissue sarcoma (STS); it origi-
nates from nervous tissue and typically develops in proximity to nerve trunks in the limbs and trunk.
These tumors, constituting approximately 5% of soft tissue sarcomas, can either form spontaneously or
arise from pre-existing neurofibromas. The majority (90%) of cases occur in individuals between the 2nd
and 5™ decades of life. The main risk factor for MPNST is von Recklinghausen disease (type 1 neurofibro-
matosis). The cornerstone of MPNST management involves radical surgical measures, specifically tumor
excision within healthy tissue boundaries (wide local excision), which is complemented by adjuvant
radiotherapy. In case of metastatic disease, palliative chemotherapy employing doxorubicin or a com-
bination of doxorubicin and ifosfamide is utilized. Approximately 25-30% of patients experience clinical
improvement after chemotherapy. Looking ahead, advancements in research on molecular biology
may lead to the development of inhibitors demonstrating greater efficacy than traditional chemother-
apy for MPNST patients. At present, ongoing clinical trials of the therapeutic management of MPNST
encompass pembrolizumab, the combination of nivolumab with ipilimumab, pexydartinib (an inhibitor
targeting KIT, CSF1R, and FLT3) in conjunction with sirolimus, sapanisertib (@ TORC1/2 inhibitor), or
LOXO-195 (an inhibitor of neurotrophic tyrosine kinase receptors NTRK type 1, 2, and 3).

Keywords: MPNST, malignant peripheral nerve sheath tumor, sarcoma, chemotherapy, NF1

MPNST epidemiology

Malignant peripheral nerve sheath tumor (MPNST),
previously known as malignant schwannoma or neu-
rofibrosarcoma, is a rare neoplasm accounting for
4-5% of all sarcomas. According to the World Health
Organization (WHO), MPNST should be categorized
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as a malignant form of tumor arising from nerve
sheaths, as it originates from and displays differen-
tiation towards any peripheral nerve sheath cell —
not only Schwann cells [1]. The incidence of MPNST
in the general population is approximately 0.001%,
translating to a frequency of about 1 in 100 000
persons per year [2, 3]. Predominantly observed in
adults, only 10-20% of cases manifest in individuals
under 20 years old. Notably, half of these are asso-
ciated with type I neurofibromatosis (NF1 or Reck-
linghausen syndrome), where MPNST arises from
plexiform neurofibromas. The incidence increases to
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0.1% in this population, with an overall potential haz-
ard of MPNST development ranging from 13% to
16%, significantly higher than the broader popula-
tion. In practical terms, this implies that individuals
with NF1 mutations have arisk of developing MPSNT
that is 4600-fold greater than those in the general
population. In male NFI mutation carriers, the inci-
dence of MNST increases to approximately 70—80%
[3-6]. Both sexes are affected with similar frequen-
cies, however, men tend to develop the disease about
4 years earlier, across different populations (Cau-
casians, Afro-Americans, and Asians). The typical
age range for individuals with sporadic MPNST falls
between 30 and 60 years and for cases associated with
NF1 mutations from 20 to 40 years.

Malignant peripheral nerve sheath tumors predom-
inantly manifest in the limbs (in 30% of patients) and
the trunk (approximately 50% of cases, including oc-
currences in the retroperitoneal space). However, they
may also arise in other areas, such as the head and
neck region (around 20%). Instances of intracranial
MPNST not associated with cranial nerves are rare
and occur sporadically [7]. Metastases typically in-
volve the lungs, pleura, and bones during MPNST
progression [3]. About 11% of these types of neo-
plasms form in previously irradiated areas, and the
median time to development of MPNST from prior
radiation is 15 years [8]. The primary factors con-
tributing to the development of MPNST include the
presence of pre-existing benign plexiform neurofibro-
mas, prior radiotherapy, inherited genetic alterations
(splicing mutations, point mutations, deletions, du-
plications, or insertions), and large deletions and mi-
crodeletions (< 1.5 Mb) encompassing a whole NF/
alongside neighboring genes (escalating the risk up to
25%) [2, 51.

Generally, MPNST patients face a poor progno-
sis with surgical excision as the only highly effective
clinical option. During treatment, metastatic disease
is identified in 40 to 68% of patients, while local re-
currence occurs in 40 to 65% of patients [3, 9, 10].
Furthermore, 5-year overall survival is approximately
52%, which demonstrates the aggressive course of the
disease [11]. Moreover, these patients showed an in-
creased risk of developing another cancer, including
a second MPNST but also lung or breast cancers.

MPNST biology and genetics

The genes most commonly subject to mutations in
MPNST include NFI, EED (Embryonic Ectoderm
Development), SUZI2 (Polycomb Repressive Com-
plex 2 Subunit), TP53, and CDKN2A (Cyclin De-
pendent Kinase Inhibitor 2A); their mutations are
present in 87.5%, 56.1%, 32.5%, 40.3%, and 75%
cases, respectively [12]. Somatic mutations in NF/,
CDKN2A/B, and PRC?2 can be found in the majority of

MPNST cases, irrespective of the origin. However, the
genetics of those neoplasms are complex and involve
not only mutations in single genes but also epigenetic
changes and disorders within the tumor microenviron-
ment contributing to malignant transformation [13].
The basis for the development of NF1 and the fac-
tor increasing the risk of MPNST are the germline
mutations in the tumor suppressor gene NF'/ (neurofi-
bromin 1) located on chromosome 17q11.2 [14]. The
types of mutations that cause the NF1 phenotype in-
clude complete gene deletions, insertions, stop, and
splicing mutations [15]. In about 50% of cases, the
disease is due to a novel mutation and is not famil-
ial, the risk increases with the age of the father as
these mutations are associated with replication errors
during the mitosis of spermatocyte stem cells I (sper-
matogonia) [16]. The NFI gene is large, over 350 kbp
long, and encompasses 60 exons that undergo alter-
native splicing, leading to a differentiated expression
of isoforms in various tissues. Reduced activity of the
gene’s encoded protein neurofibromin, a Rat sarcoma
(RAS) GTPase tumor suppressor, leads to the activa-
tion of the RAS kinase and subsequently of effector
pathways correlated, among others, with malignant
transformation. The level of neurofibromin expression
is inversely correlated with the extent of RAS activa-
tion and its related signaling pathways, as well as the
responsiveness of cells to their inhibitors [17]. Active
RAS kinase leads to activation of two main effector
pathways: the MAPK RAS/RAF/MEK/ERK pathway
and the Akt/mTOR pathway, which control cellular
functions, including responses to external stimuli like
growth factors or chemokines [18, 19]. Both these
pathways have been described as activated in many
types of sarcomas, including MPNST [20]. Further-
more, inhibition of RAS kinase was shown to suppress
MPNST cell growth both in vitro and in vivo [21].
Among others, it has been demonstrated that elevated
expression, indicated by positive IHC staining of the
Akt, mTOR, and pS6RP proteins is associated with
shorter overall survival (OS) in patients diagnosed
with MPNST [22].

Understanding genetic data is crucial in consider-
ing the use of the inhibitors of the previously men-
tioned pathways, e.g. mTOR inhibitors, in MPNST
therapy. In cell-line-based in vitro experiments, these
drugs markedly restrained the proliferation, inva-
siveness, and migration of MPNST cells [22, 23].
Nevertheless, it is essential to be aware that the
activation of the mentioned pathways is not exclu-
sively contingent on the absence of functional neu-
rofibromin. It can also be upregulated due to ac-
tivating somatic mutations in specific components
of the pathways or their regulators [12, 24]. Given
the heterogeneous nature of the interactions and the
potential for concurrent activating mutations in mul-
tiple genes, the application of selective inhibitors
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targeting RAS-dependent pathways might prove in-
effective in clinical practice. This is exemplified by
sorafenib, which functions as a RAS/Raf inhibitor.
[25]. Single cases of successful treatment with so-
rafenib have been published, in the case of metastatic
disease [26], a phase II trial of both sorafenib in
monotherapy, also in combination with dacarbazine
(S 400 mg BID and D 1000 mg/m? g3w), did not
show a high percentage of responses in MPNST pa-
tients (NCT00217620) [27]. Furthermore, the indi-
cator of the activation of the RAS/RAF/MEK/ERK
pathway is persistent phosphorylation of ERK (Extra-
cellular signal-regulated kinase) and MEK (Mitogen-
-activated protein kinase). The activation of MEK
enhances invasiveness, migration, and angiogenesis
while experimental deactivation of MEK inhibits the
development of MPNST in an in vitro model [24, 28].
Administering a MEK inhibitor (PD0325901) led to
the suppression of growth in both plexiform neurofi-
bromas and MPNST in mice [29], and the activity
of this inhibitor is increased by retinoids, including
ATRA (all-trans retinoic acid) [30]. The effective-
ness of the MEK inhibitor has been confirmed in in
vitro studies in combination with a double mTOR1/2
inhibitor INK128 [17]. Also, there are a few cases
of potential application of other inhibitors specific
to MEK, such as trametinib [31, 32]. This catego-
rizes MEK inhibitors among the potential medications
for advanced stages of MPNST that necessitate sys-
temic intervention. Presently, an ongoing phase II
trial, SARCO31 (NCT03433183), is assessing the ef-
ficacy of the MEK inhibitor selumetinib (AZD6244)
in combination with the mTOR inhibitor sirolimus
for patients with MPNST. It is noteworthy that even
with the dual targeting approach, no substantial clini-
cal outcomes were observed, suggesting the presence
of additional mutations crucial to the carcinogenesis
process. Results of the SARCO16 clinical trial of the
combination of bevacizumab and everolimus (mMTOR
inhibitor) showed a clinical benefit rate [(CBR); the
number of patients experiencing a complete response
(CR), a partial response (PR), or stable disease (SD)
for > 4 months] of 12%, which was evaluated as in-
effective [33]. The SARC023 (NCT02008877) trial
with the mTOR inhibitor everolimus and the Hsp90
inhibitor also showed no efficacy for this indication
[34]. Molecular analyses, including microarray stud-
ies, may prove beneficial in the future for assessing
resistance mechanisms and choosing the most effec-
tive therapy for MPNST patients [35]. Concerning
poor clinical outcomes of the above-mentioned tri-
als, initial data indicated that the combination of
inhibitors of various kinases — canertinib (inhibitor
of EGFR, Her2, and ErbB4) and sorafenib — in-
hibits the proliferation and decreases the viability of
MPNST cells, which is not true for monotherapy with

sunitinib, crizotinib, or sorafenib [36]. Though the
development of the canertinib molecule did not lead
to clinical success because of its toxicity, further at-
tempts at targeted therapy are ongoing because of
the changes in the expression of the genes charac-
teristic for MPNST. Although NFI gene inactivation
with loss of neurofibromin expression is a charac-
teristic mutation of MPNST, bi-allelic NFI loss is
insufficient for malignant transformation [37]. This
was confirmed in mouse models, in which NFI gene
inactivation in Schwann cell precursors resulted in
plexiform neurofibroma development. Malignant pe-
ripheral nerve sheath tumor development requires
additional genetic alterations [38]. As mentioned pre-
viously, mutations in such genes as TP53, CDKN2A,
EGFR, and SUZI2 have been reported as secondary
alterations supporting malignant progression [39—42].
Arranging the disorders into a progression model
based on current research, it seems most likely that
CDKN2A mutations have been found in almost all
cases of atypical plexiform neurofibromas, present-
ing the first step of progression [43]. Furthermore,
TP53, EGFR, and SUZI2 alterations are common in
MPNST. However, mutations in these genes do not
occur in benign lesions, suggesting that these alter-
ations represent later steps in progression. The SPP1
(osteopontin) gene was found to show significant dif-
ferences in expression between benign neurofibromas
and MPNST (85-fold higher in MPNST) and switch-
ing it off decreases the proliferation and migration
of MPNST cell lines. Furthermore, the expression of
SPP1 is controlled by the Wnt pathway, whose in-
volvement in the progression to MPNST has also been
demonstrated [44]. Additionally, numerous other ge-
netic perturbations have been described in MPNST
so far — on average 18 chromosome aberrations
were observed, among them 8q, 7p, and 17q dupli-
cations, and the loss of 9p, 11q, 13q, or 17p are
the most prevalent [45]. Moreover, numerous chro-
mosome aberrations have been identified in MPNST
resulting in the duplication of such genes as LOXL2,
MET, BIRCS, EGFR, DAB2, MSH2, CCNE2, DAB2,
DDX15, CDK6, HGF, ITGB4, KCNK12, LAMA3,
and PDGFRA; and the deletions of GLTSCR2,
CDHI, CTSB, GATA3, SULT2A1, EGRI, GLTSCR?2,
MMPI13, pl6/INK4a, RASSF2, HMMR/RHAMM, LI-
CAM?2, NM-23H]I and TP53 [46]. Among genes that
undergo amplification in MPNST, attention should be
also paid to topoisomerase 2a (TOP2A), which, as
a main target of doxorubicin, takes part in DNA repli-
cation, broadly implicated in STS treatment. TOP2A
amplification was confirmed in a large group of pa-
tients and correlates with shorter survival and metas-
tasis occurrence [47]. The level of TOP2A expres-
sion in MPNST can be even 24-fold higher than in
benign neurofibromas and correlates with sensitiv-
ity to doxorubicin [48]. Assaying TOP2A expression
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could potentially be useful to determine sensitivity to
chemotherapy and its choice.

In consequence, the activation of receptor tyro-
sine kinases can also lead to the activation of the
above-mentioned pathways [49]. Among regulatory
tyrosinase kinases, an important role is played by
the epidermal growth factor receptor (EGFR), whose
overexpression in an animal model was sufficient for
transformation of neurofibromas into MPNST [50].
The observations were not confirmed in clinical trials,
as EGFR inhibitors did not demonstrate effectiveness
in MPNST [51]. Interestingly, the sonic hedgehog
(SHH) and WNT/B-catenin/CCND1 pathways were
also found to be involved in MPNST pathogenesis, di-
viding these tumors into two potential groups suscep-
tible to different targeted treatments. SHH pathway
inhibition was shown to prevent growth and malig-
nant progression [52]. Surprisingly, in MPNST in
contrast to other STS types, a decrease in the expres-
sion of many genes encoding proteins (mMRNA) and
microRNA is observed. New research also confirmed
these observations, showing that the majority (82 out
of 90 evaluated) of miRNAs were found to be down-
regulated in the MPNST group in comparison to the
plexiform neurofibromas [53]. This deregulation ap-
pears to depend on the inactivation of the p53 protein
[54]. This is also most probably caused by the hy-
permethylation of gene promoters and the activation
of inhibiting microRNAs, such as among others miR-
-29c [55, 56]. The gene hypermethylation pattern has
also been proposed as a diagnostic MPNST marker,
and a specific methylation pattern (H3K27me3) dis-
tinguishes MPNST from tumors of the neurofibroma,
schwannoma, nerve sheath myxoma, or ganglioneu-
roma type. Moreover, sporadic MPNST cases without
epigenetic inactivation (hypermethylation) of NF/ af-
ter a repeat of the pathomorphological analysis turned
out to be another type of STS or cellular Schwan-
noma [57]. Taking into consideration the confirmed
role of the above-mentioned SUZI2 and EED in gene
silencing, there are promising investigations of drugs
targeting epigenetic regulators. The Histone Deacety-
lase 1 (HDAC) inhibitor I/Il romidepsin (trade name
Istodax) shows a strong synergism in combination
with the double mTORC1/2 inhibitor (INK128) on
MPNST cell lines [17]. Patients with MPNST were
included in a phase II trial with panobinostat (trade
name Farydak) — a non-selective HDAC inhibitor —
however, this drug did not show high activity in STS
patients, as only 12.5% were progression-free after six
months of treatment [58]. It was also indicated that
typical chemotherapy based on doxorubicin and ifos-
famide [regimen ifosfamide (AI) with a 5 g/m2 total
dose of ifosfamide and 60 mg/m? doxorubicin per cy-
cle] could be efficient in MPNST patients with the
aforementioned loss of H3K27me3 [59]. Contradic-
tory data stated that even in the absence of SUZ12, the

main catalytic subunits retain their epigenetic func-
tions. Genetic and pharmacological analyses estab-
lished that EZH2 (one of the main catalytic subunits)
is functionally stable, excluding a PRC2-independent
function. Moreover, in the absence of EZH2, EZH1
is overexpressed and functionally compensates for the
loss of function [60].

The tumor microenvironment, characterized by
NF1 heterozygosity, plays a role in the development
of both plexiform neurofibromas and their trans-
formation into malignancy through the secretion of
growth factors, chemokines, and proinflammatory
factors. This occurs via an intricate network of in-
teractions between the tumor and the surrounding
stromal cells. The tumor cells secrete c-KIT ligand
and transforming growth factor beta (TGF-B), which
draw in mast cells and fibroblasts, respectively. The
mast cells release the platelet-derived growth factor
(PDGF) and the vascular epidermal growth factor
(VEGF), which through fibroblast and epithelial cell
recruitment increase tumor growth and angiogenesis.
Studies showed that inhibition of VEGF can result
in a 50% reduction of xenograft tumor growth in
comparison to controls, mainly due to a decrease
in angiogenesis and an increase in apoptosis. How-
ever, these results were not confirmed in clinical trials
[61]. Moreover, autocrine secretion of chemokines
CXCR4 and CXCL12 enhances the progression of
these changes [2]. Hypoxia-inducible factor (HIF-1a)
expression is detected in around 75% of MPNST cases
and is linked to an adverse prognosis [62]. Moreover,
MPNSTs are characterized by scant PD-L1 expres-
sion, or lack of expression, and significant infiltration
by CD8+ lymphocytes, which limits the possibility of
using immunotherapy [63]. The activation of the tu-
mor microenvironment and genetic alterations happen
concurrently, and when these processes coincide, be-
nign tumors undergo transformation into MPNST.

Histopathology

Malignant peripheral nerve sheath tumors originate
from neuroectodermal cells, especially from nerve
roots, plexuses, and both cranial and peripheral
nerves. Intracranial MPNSTs develop from multi-
potential precursor cells located within the brain
parenchyma [3, 4]. The presence of nerve elements or
the occurrence of the tumor in individuals with NF1
mutations raises suspicion of MPNST. However, es-
tablishing a definitive diagnosis can often be challeng-
ing. The nerve sheath from which the tumor originated
can be found in at most 39%-56% of patients. No-
tably, MPNST exhibits the highest rate of incorrect
initial histological diagnoses among all STS, reach-
ing up to 78%, particularly when diagnosed outside
of reference centers for sarcoma treatment. To qualify
an STS as MPNST, the tumor must meet one of three
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specific criteria: 1) development in a peripheral nerve,
2) development from nerve sheaths of a prior benign
neoplasm (neurofibroma or others), or 3) histological
characteristics of differentiated Schwann cells can be
identified in the tumor [3, 64, 65].

Malignant peripheral nerve sheath tumors may oc-
cur in the classical form — spindle cell shaped, but
also in the pleomorphic and epithelioid (epithelial)
form [3]. Malignant peripheral nerve sheath tumors
are characterized by a diverse morphology. In histo-
logical sections, MPNSTs present as white to flesh-
-colored lesions. The classical form of MPNST is
similar to fibrosarcoma, as it is composed of bundles
of spindle-shaped cells. Prominent histological char-
acteristics of MPNST involve the existence of inter-
woven strands displaying varying cell counts, vascu-
lar patterns reminiscent of hemangiopericytoma, cell
arrangements forming palisades or rosettes, suben-
dothelial accumulation of neoplastic cells, regions
displaying geographic necrosis, and perineural or in-
traneural dissemination when linked with nerves. It is
crucial to emphasize that these characteristics are not
specific. Normal properties of Schwann cells (nerve
sheath) are also observed in preparations. Malignant
peripheral nerve sheath tumor cells typically exhibit
comma-shaped or wavy nuclei, nearly invisible cy-
toplasm, and often have a plexiform arrangement
in tumors. When conducting a differential diagno-
sis consideration should be given to other types of
sarcomas (such as sarcoma synoviale, leiomyosar-
coma, rhabdomyosarcoma, and dedifferentiated li-
posarcoma), mesenchymal benign tumors (neurofi-
broma), and nonmesenchymal tumors, particularly
melanoma [3, 66].

For MPNSTs arising from neurofibromas, it be-
comes crucial to differentiate typical and atypical
neurofibromas and MPNSTs, as well as low and high
grades of malignancy. The grading is based on the
Fédération Nationale des Centres de Lutte Contre le
Cancer (FNCLCC) system, considering the differen-
tiation and intensity, mitotic index degree, and inten-
sity of necrosis. Tumors identified as atypical neurofi-
broma or low-grade MPNSTs (FNCLCC 1, grade IT as
per WHO classification) are occasionally collectively
categorized as atypical neurofibromatous neoplasm of
uncertain biologic potential (ANNOUBP) and man-
aged as precursor alterations to MPNST. These tu-
mors exhibit cellular atypia, heightened cellularity
with low mitotic activity (fewer than 5 mitoses per
10 fields of view) [67]. On the contrary, MPNSTs
with a high malignancy grade (FNCLCC 2-3, III-IV
per WHO classification) exhibit cellular atypia, ele-
vated cellularity, the existence of necrotic foci, and
a high level of mitotic activity (exceeding 10 per 10
high-power fields). Tumors demonstrating mitotic ac-
tivity ranging from 5 to 10 per 10 high-power fields
may fall into an intermediate category [67].

In contrast to other types of sarcomas, MPNSTs
lack pathognomic mutations or molecular mark-
ers (rearrangements, mutations) allowing a definitive
histopathological diagnosis, as in the Ewing sarcoma
or malignant synovial tumor. A comprehensive panel
of analyses and staining is required to differentiate
MPNST from other STS. It includes IHC for S-100,
Leu-7, EMA, vimentin, HMB-45, cytokeratins. Addi-
tionally, assessing the presence of the NF1 mutation
in tumor material may be helpful. In patients with
a confirmed NF1 mutation, any spindle cell sarcoma
should be treated as potential MPNST, and additional
staining is used for an eventual confirmation of this
diagnosis [66].

A typical panel of staining for differential diagno-
sis for MPNST encompasses immunohistochemical
(IHC) evaluation of the expression of endothelial cell
marker (CD34), Schwann cell marker (S100), tumor
suppressor (TP53), a protein inhibiting the cell cy-
cle that is inactive in MPNST (p14INK4a), and cell
proliferation marker (Ki-67) proteins [68]. Proper val-
idation of marker expression can establish a diagnosis,
but the staining pattern does not allow for patient
stratification in selection of an appropriate treatment
regimen. However, some of the IHC markers can be
correlated with MPNST pathogenesis. For instance,
cyclin D1 and osteopontin were associated with a pos-
itive NF1 status [69]. In some cases, an analysis of
tumor ultrastructure may be necessary to establish the
nerve sheath origin of the tumor [2]. Notably, the ex-
pression of the typical markers varies depending on
the differentiation degree. For instance, S100 is a char-
acteristic marker for Schwann cells; expression can
be present or absent in undifferentiated MPNSTSs [2].
Some MPNSTs, especially high-grade ones, can be
positive for p53 protein staining; this is more com-
monly positive in tumors associated with NF1 than
in sporadic MPNSTs [2, 70]. Employing additional
staining with muscle markers to confirm or exclude
the rhabdomyoblastic component [malignant triton tu-
mors (MTT)], which serves as a negative prognostic
factor (linked with shorter time to metastasis and
shorter overall survival), is also beneficial for a dif-
ferential diagnosis [71] (Fig. 1).

Novel markers that could help in better identifi-
cation and stratification of patients with an MPNST
diagnosis are still being sought. Though numerous
potential markers occurring in most MNPST cases
have been described, their implementation in rou-
tine histopathological diagnosis requires prior verifi-
cation on larger patient cohorts in multicenter stud-
ies. Promising results concern markers associated
with perturbations in the pathway linked to remod-
eling the spatial structure of chromatin of the Poly-
comb (PcG) type, i.e. the polycomb repressive com-
plex 2 (PRC2)/polycomb repressive complex 2 sub-
unit (SUZ12); their mutations have been found in 70%
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Figure 1. Malignant peripheral nerve sheath tumor (MPNST). The high-grade MPNST is composed mainly of spindle cells, with a mixture of
hypo- and hypercellular areas and pleomorphism. Mitotic activity is focally seen, and the immunohistochemical methylation of lysine 27 of
histone H3 (H3K27me3) loss is characteristic (see internal positive control in vessels and lymphocytes); epithelioid MPNST is a huge diagnostic
challenge since it highly expresses Schwann cell marker (5100) and SOX10 and melanoma must be excluded; loss of INIT expression supports

the epithelioid MPNST diagnosis

of MPNSTs, but not in benign plexiform and atypi-
cal neurofibromas. The loss of methylation of lysine
27 of histone H3 (H3K27me3) can be a histological
surrogate for PRC2. Complete loss of H3K27me3 is
observed in about 50% of MPNSTs and seldom oc-
curs in other tumors with similar morphology, which
allows for confirmation of MPNST diagnosis with
high sensitivity (98.7%) [72]. Furthermore, loss of
H3Kme3 was found to be correlated with immunopos-
itivity of myogenic immunohistochemical markers,
such as desmin, while in cases with preserved expres-
sion, the staging revealed a correlation to neurogenic
markers. After adjusting these findings to patients’
outcomes, there has been a strong trend indicating
involvement of H3Kme3 loss in aggressive skeletal
muscle differentiation of MPNST [73] However, the
specificity of this method is low (54.2%) which does

not allow exclusion of MPNST when loss or partial
loss of H3K27me3 is observed; also this marker can
help define the histological subtype of MPNST [72].

In conclusion, the heterogeneous histopathological
characteristics of MPNST demand a comprehensive
approach, considering factors such as atypical neu-
rofibromas, varying grades of malignancy, and the ab-
sence of pathognomonic molecular markers. Accurate
diagnosis necessitates a thorough panel of analyses,
including IHC for specific markers, and in some cases,
ultrastructure analysis. The expression of markers and
potential variations in staining patterns underscore the
complexity of MPNST diagnosis, reinforcing the need
for a multidisciplinary diagnostic strategy in clinical
practice.

While certain histopathological markers can assist
in predicting the response to specific treatments, they
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are not employed in the diagnosis of MPNST due
to their occurrence in various tumor types. Conse-
quently, these markers are discussed in the section
about specific types of treatment.

Diagnosis

The clinical manifestation of MPNST is character-
ized mostly by the tumor’s domination. The ailments
experienced by patients depend on tumor localiza-
tion. Given its development in strict association with
nerve trunks, it frequently compresses them, which
results in neurological symptoms and pain periph-
eral to the tumor. Significantly, sensory disturbances,
weakness, and pain symptoms may manifest several
months before the tumor becomes palpable, particu-
larly in locations that are challenging to assess clin-
ically, such as the retroperitoneal space. Individuals
with MPNST commonly exhibit a swiftly enlarging,
detectable mass, often associated with pain or neu-
rological symptoms like paresthesia or muscle weak-
ness. However, when the lesions are situated in the
retroperitoneal or chest areas, diagnosis is frequently
delayed due to nonspecific symptoms or the difficulty
of detecting the tumor through physical examination.

Magnetic resonance imaging (MRI) is a widely
employed imaging modality for STS, with the ongoing
refinement of MRI technology contributing to en-
hancements in its sensitivity and specificity for tumor
diagnosis. Magnetic resonance imaging is the best
imaging method, allowing evaluation of the size and
infiltration by the lesion and planning an appropriate
surgical intervention, regardless of the localization of
the tumor. In a recent meta-analysis incorporating fif-
teen studies involving 798 lesions, MRI demonstrated
pooled sensitivity of 68%, and specificity of 93%,
with various feature combinations. Notably, incor-
porating diffusion restriction significantly improved
these metrics to 88% and 94%, respectively [74]. Fur-
thermore, some studies showed a beneficial role of
MRI in differentiating between benign and malignant
peripheral nerve sheath tumors (PNSTs), facilitating
appropriate treatment planning. The study evaluated
differential diagnosis of malignant or benign PN-
STs in the trunk or extremities, utilizing conventional
contrast-enhanced MRI and diffusion-weighted imag-
ing (DWI). The investigation showed significant dis-
tinctions in tumor size, margin, perilesional edema,
and specific differences between benign and malig-
nant PNSTs on both MRI and DWI. Notably, the
absence of a split fat sign and mean apparent diffusion
coefficient (ADC) values emerged as robust imag-
ing indicators associated with MPNSTSs [75]. Positron
emission tomography (PET) also seems beneficial
in diagnostics. Differentiating benign lesions from
MPNSTs is possible using fludeoxyglucose (FDG)

uptake — in most of the studies, benign lesions de-
pict no or low FDG uptake, whereas malignant PNTs
demonstrate moderate to high FDG accumulation. In
general, standard uptake values (SUV) characteristic
for MPNSTs oscillate around 4.1-10.4, with a cut-off
value of 6.1 separating benign from malignant tu-
mors with sensitivity of 94% and specificity of 91%
[76, 77]. Furthermore, PET/CT can also be used for
grading, biopsy guidance, and prognostic purposes in
MPNST [78].

Conducting a biopsy for diagnostic purposes is
a customary oncological procedure. Nevertheless, in
instances of MPNST suspicion, its validity remains
a subject of debate. Several studies highlight poten-
tial risks associated with nerve damage and endur-
ing complications, with reports of persistent pain in
approximately 30% of patients after biopsy [79]. De-
spite these concerns, biopsy has demonstrated notable
efficacy in diagnosis, exhibiting almost 100% corre-
lation with histological images of samples following
surgical resection [80]. Furthermore, it has shown
commendable 94% effectiveness in distinguishing be-
tween benign and malignant lesions [81]. There is no
evidence supporting the superiority of an open biopsy
over a core needle biopsy. The selection of the method
primarily relies on the tumor’s location and the prefer-
ences of the surgeon and patient. While a fine needle
aspiration biopsy has limited utility in diagnosing the
primary lesion, it proves valuable in identifying lo-
cal recurrence or metastases [82]. In most cases, at
the moment of MPNST diagnosis, the tumors are
> 5 cm in size, and up to half of the patients expe-
rience metastasis, either to lymph nodes or distant
sites, most frequently to the lungs or liver [9]. For
this reason, in addition to visualizing the primary le-
sion, the presence of metastases should be excluded by
conventional imaging techniques such as ultrasonog-
raphy (USG), X-rays, computed tomography (CT), or
positron emission tomography-computed tomography
(PET-CT).

Most of the challenges in diagnosis involve pa-
tients with NF1 disease, in whom it is fundamental
to evaluate the localization of neurofibromas, espe-
cially those that are inaccessible to physical examina-
tion, and to monitor their potential transformation to
MPNST. Type I neurofibromatosis disease symptoms
include numerous neurofibromas skin discoloration
with a milk coffee color (café au lait spots), bone
dysplasia, and Lisch nodules on the iris [83, 84]. Tu-
mors situated in more central regions (the torso and
proximal parts of the limbs) and those linked with
large nerve trunks pose an increased risk of malig-
nant transformation. It is crucial to initially assess the
location and size of all benign lesions due to a sub-
stantial correlation between their quantity, the total
volume of neurofibromas, and the likelihood of trans-
formation into MPNST [85]. The optimal approach
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involves whole-body magnetic resonance imaging,
though it may not provide a definitive differentiation
between MPNST and benign lesions [86], thus it is
not an effective method for monitoring changes. How-
ever, recently an addition of DWI in diagnosis showed
promising results, MPNST demonstrated significantly
lower diffusivity (p < 0.0001) compared with benign
lesions, and evaluation of this functional parameter
resulted in 92% sensitivity and 98% specificity in
characterizing NF1 patients’ lesions [87]. Currently,
there is an ongoing clinical trial aiming to characterize
pre-malignant lesions in pediatric patients with NF1
syndrome (NCT04763109) [88]. Notably, Ferner et al.
have shown that PET with FDG has good effectiveness
in distinguishing benign neurofibromas and MPNST
in NF1 patients. The sensitivity and specificity of
PET-CT with FDG were 89% and 95%, respectively
[89]. However, SUV,,x does not correlate with the
grade of the neoplasm. These authors recommend the
removal of tumors with SUV .« > 3.5, and in the case
of an SUVmax between 2.5 and 3.5, treatment deci-
sions should be taken after critical analysis including
clinical data [89]. A meta-analysis involving 13 trials
of PET-CT indicated that sensitivity ranges from 91%
to 100%, while specificity between 72% and 95%. The
optimal cut-off point for SUV ., ensuring the high-
est sensitivity and specificity, varies from 3.1 to 6.1.
However, existing data do not provide an unequivocal
cut-off point for distinguishing between benign and
malignant lesions. Some analyses suggest the poten-
tial to reduce false-positive results by incorporating
delayed imaging (after 4 hours) [89, 90] or normal-
ization of the SUVy,x coefficient to glucose capture
by the liver or the body’s dry weight [90, 91]. Also,
monitoring of plexiform neurofibromas (PN) in NF1
patients showed efficacy, even in the case of asymp-
tomatic patients, malignant lesions were detected with
100% sensitivity [92]. Polish guidelines on oncologi-
cal diagnosis also recommend using PET tomography
for this objective [93]. Nevertheless, there is still a de-
bate regarding the superiority of these two imaging
methods, as in some studies DWI performed better
and yielded a specificity of 94% while FDG-PET/CT
offered a specificity of 83% [94]. Ongoing research is
exploring additional parameters that can be assessed
in PET, such as metabolic tumor volume (MTV) and
total lesion glycolysis (TLG), both of which demon-
strate promising results. However, at the moment,
there is no evidence justifying their routine use in
practice [95]. Recently, a new non-invasive method
to distinguish benign lesions from MPNST was pro-
posed. Analysis of plasma cell-free DNA (cfDNA)
originating from tumors showed that this fraction is
lower in healthy patients and patients with benign
lesions compared to patients with MPNST. Further-
more, these groups also differed in the length of

cfDNA in the tumor fraction in plasma. This method
showed 86% pretreatment accuracy (91% specificity,
75% sensitivity) [96].

Among symptoms that should lead to more in-
-depth identification of individuals with NF1 condi-
tion are new neurological disturbances, problems with
sphincter control, a change in the neurofibroma’s tex-
ture from ‘soft’ to ‘hard,” rapid growth, or persistent
pain lasting for more than one month and affecting
sleep [97]. Patients with radiotherapy in their medi-
cal history, prior diagnosis of MPNST, and plexiform
neurofibromas localized within the brachial plexus,
lumbosacral plexus, sacral nerve roots, and the ab-
domen, and the lesser pelvis should undergo more
careful surveillance, as these factors are associated
with a more frequent transformation [89, 97].

Treatment of localized disease

Neoadjuvant treatment
Malignant peripheral nerve sheath tumors pose a ther-
apeutic challenge due to limited options. The pri-
mary approach involves radical surgical excision with
clear margins, i.e. RO resection. Survival can be ob-
tained solely following surgical excision with nega-
tive margins of the primary tumor, and if metastases
are present also surgical removal of metastatic foci
[4]. However, the propensity for local recurrence and
metastasis post-surgery requires additional interven-
tions. In this context, both radio- and chemotherapy
have become integral components of therapy for risk
reduction. [98]. If there is a risk of the tumor be-
ing non-resectable based on medical information and
diagnostic imaging, neoadjuvant treatment should be
considered. For this reason, presurgical treatment with
neoadjuvant chemo- or radiotherapy may be a justified
procedure in patients with tumors > 5 cm. Neoadju-
vant treatment is also recommended for patients in
whom rapidly decreasing the tumor mass is important,
e.g. with tumors compressing surrounding nerves and
causing considerable pain. Information about neoad-
juvant chemotherapy in MPNST is constrained to ret-
rospective examinations of individual cases and case
series. Certain analyses indicate that RO resections can
be achieved after chemotherapy in patients with ini-
tially nonresectable tumors. A similar outcome was
observed in the analysis of pediatric patients from cen-
ters in Germany and Italy, where complete resection
was possible in 11 of 20 MPNST patients after neoad-
juvant chemotherapy [99]. At present, there are no
randomized trial data specifically assessing neoadju-
vant chemotherapy for MPNST. However, in mixed
populations of STS patients, meta-analyses indicate
slight improvements in overall survival (OS) follow-
ing neoadjuvant chemotherapy [9].

The multicenter phase II clinical trial SARC006
(NCT00304083) compared the effectiveness of neo-
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adjuvant chemotherapy with etoposide, doxorubicin,
and ifosfamide in individuals with nonresectable
MPNSTs (grade III-1V), in which patients received
2 cycles of chemotherapy according to the Al regi-
men (ifosfamide and doxorubicin) and then 2 cycles
of etoposide and ifosfamide (EI). After completing
four cycles, eligible patients could proceed to re-
ceive definitive treatment, such as radiotherapy or
surgery, and then they received 2 cycles of Al and
2 cycles of EI. After 4 cycles of treatment, objective
responses (ORR) were obtained in 9 of 37 patients.
However, this percentage was markedly reduced in pa-
tients carrying the NF1 mutation compared to those
with sporadic MPNSTs (17.9% vs. 44.4%). Twenty-
-four patients achieved stable disease (SD); 22 pa-
tients underwent resection, radiotherapy, or a com-
bination of both treatment methods, with a radical
intent after 4 cycles of chemotherapy. Although the
trial lacked adequate statistical power to demonstrate
differences in responses between sporadic MPNST
and NFl-associated MPNST due to the small pa-
tient cohort, a trend towards a diminished response to
chemotherapy was observed in individuals with NF1.
Furthermore, this study confirmed the significance of
neoadjuvant chemotherapy for patients with initially
non-resectable MPNSTs [100].

In the EUDRACT 2010 — 023484 — 17
(NCTO01710176) trial, 3 courses of chemotherapy
based on anthracycline and a full dose of ifosfamide
(epirubicin 120 mg/m? + ifosfamide 9 g/m?), given
in neoadjuvant treatment were found to bring a 20%
benefit for relapse-free survival (RFS) and OS [101].
Implementing this treatment approach enables the at-
tainment of both radiological [response evaluation cri-
teria in solid tumors (RECIST)] and metabolic (PET)
responses. The substitution of doxorubicin with epiru-
bicin may be linked to a reduced risk of cardiotoxicity
[102]. In the recently published SG-STS 1001 trial,
the regimen incorporating anthracycline (epirubicin
60 mg/m? on day 1 and 2 plus ifosfamide 3 g/m? on
day 1, 2, 3; every 3 weeks) demonstrated greater effi-
cacy when compared to EI chemotherapy (etoposide
150 mg/m? on day 1, 2, 3 plus ifosfamide 3 g/m? on
day 1, 2, 3; every 3 weeks) [103]. Furthermore, a ran-
domized, phase III trial evaluated the superiority of
histology-specific neoadjuvant chemotherapy in com-
parison to standard AI neoadjuvant chemotherapy;
the obtained results were not satisfactory. Estimated
disease-free survival (DFS) and OS did not differ be-
tween those two groups, and a standard Al scheme
was suggested as the primary choice in the neoadju-
vant setting in MPNST [104].

Among the pediatric population with nonre-
sectable MPNSTs undergoing treatment in Polish on-
cological centers, a favorable response (defined as
a reduction in tumor size by more than 33%) to

neoadjuvant chemotherapy (consisting of vincristine,
ifosfamide, dactinomycin, doxorubicin or epirubicin,
etoposide, and carboplatin) was observed in 47.6%.
Negative predictive factors for chemotherapy re-
sponse included the presence of NF1, along with
high expressions of osteopontin, survivin, p53, and
cyclin D. The response of patients with 3 or more
negative predictive factors to therapy was significantly
poorer. Differences in chemotherapy regimens used
in children and adults and also the slightly different
MPNST biology in these age groups should be taken
into consideration. For this reason, data concerning
treatment effectiveness in the pediatric population
cannot be directly transferred to the adult population
[105]. A prospective trial (NCT02180867) combining
pazopanib with AI chemotherapy and radiotherapy
in neoadjuvant treatment evaluated pathological re-
sponse in MPNST (defined as response higher than
90%). The findings suggested that the addition of pa-
zopanib improved pathological responses in the study
group. Of the 37 patients (23 in the pazopanib group
and 14 in the control group), the median pathological
response was 95% in the pazopanib group and 50%
in the control group [106]. Notably, a pathological re-
sponse > 90% was associated with prolonged disease-
-specific survival in patients with MPNST [107].

Surgery

As mentioned before, comprehensive treatment of
MPNST involves radical surgery, precisely tumor ex-
cision within healthy tissue boundaries (RO resection)
through broad local excision, complemented by adju-
vant radiotherapy. A tumor’s resectability depends on
its location. In the case of localization in the limbs,
resection is possible in the majority of the patients. At
times, it may be necessary to excise the primary nerve
trunk, such as the sciatic nerve. Neoplasms localized
centrally (often near the spine, with progression along
nerve roots in the direction of the dural sac) are re-
sectable in about 20% of cases [63]. Ensuring negative
surgical margins (RO) is crucial in the treatment of
MPNST patients, as numerous studies have indicated
a significantly shorter survival time in individuals
with positive surgical margins (R1/2) [66, 108-110].
In a French trial, patients who underwent RO re-
section exhibited median disease-free survival nearly
twice as long as those with R1 or R2 resections (47.8
vs. 24.4 vs. 24.4 months, respectively). Additionally,
they demonstrated a significantly higher percentage
of overall survival after 8 years (5.1% vs. 48.4% vs.
25.5%) [108]. Furthermore, resection with positive
margins is also associated with almost 6-fold higher
risk of local recurrence [111] and distant metastases
[112]. In the case of R1 and R2 resections, a re-
peat of the surgery and/or post-surgical radio- and/or
chemotherapy should be considered.
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Figure 2. Malignant peripheral nerve sheath tumor — radiotherapy. The figure shows the planning of preoperative 5 x 5 Gy intensity-
-modulated radiotherapy in a patient with a locally advanced malignant peripheral nerve sheath tumor of the left groin (A) administered
between the first and second doxorubicin-ifosfamide chemotherapy. However, due to disease progression (bone and lung oligometas-
tases), he did not undergo surgery. He received stereotactic body radiotherapy for presacral (B) and spinal metastases (C) and palliative

gemcitabine-docetaxel chemotherapy

Adjuvant treatment — chemotherapy

The use of adjuvant chemotherapy in STS patients has
been a subject of debate for numerous years. A meta-
-analysis comprising 18 randomized clinical trials in-
volving individuals with locally advanced STS, with-
out histopathological differentiation, revealed a posi-
tive impact of adjuvant chemotherapy on the control
of local recurrence [odds ratio (OR) = 0.73; 95%
confidence interval (CI) 0.56-0.94; p = 0.02) and dis-
tant metastases [hazard ratio (HR) = 0.67; 95% CI
0.56-0.82; p = 0.0001]. While adjuvant chemother-
apy with doxorubicin alone showed no effect on OS
(OR = 0.84; 95% CI 0.68-1.03; p = 0.009), its com-
bination with ifosfamide exhibited a statistically sig-
nificant improvement in OS (OR = 0.56; 95% CI
0.36-0.85; p = 0.01). Higher toxicity associated with
the combination of doxorubicin and ifosfamide should
be considered. Additionally, the meta-analysis encom-
passed various histological types of STS, and data
specific to MPNST were not presented [113].

For completely excised tumors (RO) with a wide
margin, post-operative treatment is generally believed
to be unnecessary. Nevertheless, certain authors ar-
gue for the consideration of adjuvant chemotherapy
in all cases of MPNSTs with a diameter exceeding
5 cm [99].

Radical radiotherapy

It is important to emphasize that in this patient group,
radiotherapy does not improve OS but decreases the
risk of local recurrence [114]. In the case of no ad-
juvant radiotherapy, there is almost a 5-fold increased

risk of local recurrence (HR =4.51) [66]. An analysis
conducted retrospectively at a single center, involving
134 patients treated for MPNST, highlighted the sig-
nificant impact of factors related to radiotherapy on
the local efficacy of combined treatment. Favorable
outcomes were observed in patients receiving a dose
exceeding 60 Gy, especially within the subgroup of in-
dividuals undergoing brachytherapy or intraoperative
radiotherapy as part of perioperative treatment [115].
In MPNST localized in the paraspinal area or at the
base of the skull after non-radical resection or without
the possibility of performing surgery, an increasing
role is played by radiotherapy using protons or heavy
ions. This allows for obtaining high local efficacy with
relatively small side effects [116, 117]. Available data
from the literature are too sparse to draw unequiv-
ocal conclusions. The planning of treatment, which
encompasses defining the clinical target volume and
determining fractionation, aligns with recommenda-
tions for the perioperative treatment of STSs (Fig. 2).

Treatment of recurrent or metastatic
disease

Malignant peripheral nerve sheath tumors, character-
ized by a high degree of malignancy, present a signif-
icant risk of metastasis. Palliative chemotherapy, em-
ploying doxorubicin or doxorubicin with ifosfamide
is administered in cases of widespread disease, with
clinical improvement observed in about 25-30% of
patients. However, recent study showed that 94.4%
of MPNST patients do not receive palliative treat-
ment in the course of the disease, indicating a gap
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in palliative management [118]. Taking into con-
sideration the effectiveness of molecularly targeted
treatment for patients with gastrointestinal stromal
tumors (GIST) and the relatively well-known molec-
ular biology of MPNST, especially in patients with
neurofibromatosis, there is hope that soon inhibitors
will show higher effectiveness in these patients than
typical chemotherapy. The overall 5-year survival
rate for MPNST patients is 50-55%, with a poorer
prognosis for patients in whom sarcoma developed
in the course of neurofibromatosis. In this group,
5-year survival is approximately 20-30%. The time
of DFS is also shorter for MPNST formed on the
basis of NF1. These patients are also characterized
by a higher risk of formation of new foci of unre-
sectable neoplasms. [119] Despite these challenges,
ongoing developments suggest an improving progno-
sis for NF1-related MPNST, approaching outcomes
seen in sporadic sarcoma forms [120].

Surgery

Surgical intervention is pivotal in managing both re-
current disease and isolated distant metastases. The
resectability of recurrent tumors is typically lower
compared to primary tumors. In some cases, achiev-
ing radical resection of the tumor may necessitate limb
amputation. Given that MPNST often originates in
connection with large nerve trunks, even limb-sparing
surgery can result in substantial functional losses.
While this approach is largely supported by individual
case reports and retrospective studies from sarcoma
treatment centers, guidelines provide less clarity on
the matter [121-123]. Surgical decisions in such sce-
narios should be tailored to each patient, considering
their prognosis. This individualized approach appears
particularly advantageous for patients with favorable
long-term DFS [124].

Palliative radiotherapy

In the context of disease dissemination, palliative
radiotherapy may be considered, similar to other
STS. Guidelines acknowledge the potential use of
radiotherapy for metastases, depending on individ-
ual patient indications and treatment center protocols
[124]. However, the efficacy of such interventions re-
mains inconclusive, with limited studies specifically
addressing MPNST. Retrospective trials suggest the
feasibility of using a mean dose of 40.8 Gy in 2.6 Gy
fractions for palliative radiotherapy in this context
[125]. Nevertheless, there was no observed impact on
patients’ OS (p = 0.53). An evaluation of the utility
of radiotherapy in palliative treatment demonstrated
satisfactory 73% 1-year local control (LC) of targeted
lesions and 95% effectiveness in symptom control. It
is important to note, however, that this study included
only 2 MPNST patients, and results based on the his-
tological type of sarcoma were not disclosed [126].

Table 1. Ifosfamide (Al) chemo regimen used for malignant pe-
ripheral nerve sheath tumor (MPNST) treatment — repeat every
21 days

Drug Dose Administration Comments
Dexamethasone 8 mg iv.
Ondansetron 16 mg iv.
Doxorubicin  25mg/m? In 250 mL 0,9% NaCl Days 1-3
iv. 1 hinfusion
0.9% NaCl 500 mL iv.
Mannitol 250 mL iv.
Mesna 800 mg In 20 mL 5% glucose
Lv.
Ifosfamide 2.5g/m?2  In 500 mL 5% Days 1-4
Mesna 2.5g/m? glucose iv.
3 hinfusion
Mesna 800 mg In 500 mL 5% After 3 hours
glucose i.v.
1 hinfusion
Dexamethasone 4 mg iv.

iv. — intravenous; NaCl — sodium chloride

Palliative chemotherapy

Like in other soft tissue sarcomas, anthracycline-
-based therapy continues to be the primary choice
for initial treatment in patients with unresectable, lo-
cally advanced, or metastatic MPNSTs. Most current
studies focus on the evaluation of anthracyclines in
combination with other drugs in this indication. In
NIO-PIB doxorubicin — ifosfamide regimen is used
as described below (Tab. 1).

Required premedications:

e ondansetron 8—16 mg per os (p.o.)/intravenous
(i.v.) 30 to 60 minutes pre-chemotherapy, then
8 mg p.o./i.v. every 8 hours in two doses post-
-chemotherapy;

e dexamethasone 8 mg p.o./i.v. 30 to 60 min-
utes pre-chemotherapy, then 4 mg p.o./i.v. every
12 hours in two doses post-chemotherapy;

e aprepitant 125 mg p.o./i.v. 30 to 60 minutes pre-
-chemotherapy on day 1, then 80 mg p.o. daily on
days 2 and 3.

Additionally may be used:

e lorazepam 1 mg sublingually (SL) every
4-6 hours for nausea, sleep, or restlessness;

e prochlorperazine 10 mg p.o. every 4-6 hours for
nausea or vomiting.

Due to potential drug toxicity, dose adjustments
may be necessary. If the absolute neutrophil count
(ANC) or platelet count decrease to 1.5-1 and
< 10070 x 109/L, respectively, dose modifications
should be implemented, reducing each drug’s dosage
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to 80% of the initial dose. If these counts further de-
cline below the indicated values, it is necessary to
postpone the cycle by one week. For ifosfamide, the
creatinine clearance (CrCl) should be estimated ac-
cording to protocol guidelines. If CrCl falls below 50,
ifosfamide administration should be discontinued. If
renal function does not improve, monotherapy with
doxorubicin is recommended. Adjustments are also
warranted for adverse events graded as 3/4 accord-
ing to the Common Terminology Criteria for Adverse
Events (CTCAE), such as mucositis and nausea/vom-
iting. In such cases, the dose should be reduced to 80%
of the initial dose. In instances of hepatic dysfunc-
tion, indicated by a 1.5-2 x upper limit normal (ULN)
increase in bilirubin, doxorubicin should be adminis-
tered at a reduced dose of 50%. If febrile neutropenia
occurs, after recovery, all drugs in the cycles should
be administered at a reduced dose of 80%. In the case
of a CTCAE grade 1 neurological toxicity to ifos-
famide, ifosfamide must be reduced in the next cycle.
If a CTCAE grade 2 neurological toxicity appears or
neurological toxicity worsens despite dose reduction
ifosfamide must be stopped. Risk factors for CNS tox-
icity are a low serum albumin level, renal impairment,
prior administration of cisplatin, poor performance
status, CNS tumor, bulky pelvic disease, concomitant
psychotropic drug use, and younger age. Methylene
blue 50 mg four times a day intravenous infusion
in 100 mL sodium chloride 0.9% over 30 minutes
should be used to treat ifosfamide-induced encepha-
lopathy.

Analysis of 12 clinical trials conducted by Eu-
ropean Organisation for Research and Treatment of
Cancer (EORTC) involving patients with advanced
STS showed no disparities in the response rate (RR)
(21% vs. 22%, p = 0.84), median of progression-free
survival (PFS) (17 months vs. 16.1 months, p = 0.83),
and OS (48 months vs. 51 months, p = 0.483)
between the cohort with nonresectable or metasta-
sized MPNST (n = 175) and other sarcoma subtypes
(n = 2500) undergoing chemotherapy. The used regi-
men emerged as an independent factor for prognosing
response to therapy and PFS but had no impact on OS,
which was predominantly influenced by overall phys-
ical well-being [127]. Chemotherapy regimens were
grouped into 4 categories: anthracycline in monother-
apy (doxorubicin 75 mg/m?, pegylated liposomal dox-
orubicin, epirubicin 75 mg/m?, 3 x 50 mg/m?, or
150 mg/m?), ifosfamide in monotherapy (5 mg/m?,
3 x 3 mg/m?, 9 mg/m?, 12 mg/m?), doxorubicin
with ifosfamide (50 mg/m? + 5 mg/m?; 75 mg/m? +
+ 5 mg/m?) and cyclofosfamide, vincristine, adri-
amycin and dacarbazine (CY VADIC). The results of
this trial are presented in Table 2.

Table 2. Analysis of 12 EORTC clinical trials focusing on me-
dian progression-free survival (PFS) and one-year overall survival
(O9S) in patients with advanced MPNST, contingent on the initial
chemotherapy regimen employed [127]

Chemotherapy scheme mPFS
17 (13.7-2043) 14.8%

1-year OS

Anthracycline monotherapy
75 mg/m? q3w*

Ifosfamide monotherapy g3w** 94 (7.1-17.0) 3.85%
269 (22.4-35.1) 252%

104 (84-419) 233%

Doxorubicin + ifosfamide (Al) g3w
CYVADIC g4w***

*For patients older than 65 years old reduce the dose to 60 mg/m?Z; **Ifosfamide
3000 mg/m? + mesna 3000 mg/m? over 4 hours with 0.9% NaCl hydration be-
fore and after ifosfamide, days 1-3; ***The CYVADIC regimen administered to
each patient consisted of cyclophosphamide [day (d) 2, 500 mg/m?), vincristine
(d1,1.5 mg/mZ, max 2.0 mg/body), doxorubicin (d1, 50 mg/m?), and dacarbazine
(d1-5, 250 mg/m?). One cycle lasted 28 days

Patients administered the doxorubicin and ifos-
famide regimen experienced prolonged PFS com-
pared to those treated with anthracycline monother-
apy (HR = 0.807; 95% CI 0.48-1.358), while in-
dividuals receiving ifosfamide monotherapy exhib-
ited the shortest PFS time (HR = 2.018; 95% CI
1.155-3.327). Additionally, the Al regimen was cor-
related with the highest percentage of objective
responses (HR = 6.283; 95% CI 2.342-16.852),
whereas ifosfamide was linked to the lowest ORR
(HR = 0.333; 95% CI 0.038-2.912) [127]. More-
over, based on a retrospective analysis, regimens
combining doxorubicin and ifosfamide are associ-
ated with the lowest recurrence risk and the best
percentage of responses in MPNST patients, even
though in the EORTC62851 trials, no differences
were observed in RR, OS, or PFS between treatments
with doxorubicin at a dose of 75 mg/m? and the Al
combination at doses of 50 mg/m> + 5 mg/m? in
STS patients [128]. Furthermore, in the randomized
phase III trial (EORT62012) that compared doxoru-
bicin 75 mg/m? as a single-agent therapy to the com-
bination of doxorubicin with a heightened dose of
ifosfamide (10 mg/mz), there was no observed im-
pact on OS (12.8 vs. 14.3 months; HR = 0.83; 95%
CI 0.67-1.03; p = 0.076). Nevertheless, individuals
treated with the addition of ifosfamide demonstrated
a notably extended PFS rate (7.4 vs. 4.7 months;
HR = 0.74; 95% CI 0.6-0.9; p = 0.003) and a raised
percentage of CR (26% vs. 14%; p = 0.0006). This
trial involved 455 STS patients, but subgroup analyses
for various sarcoma types, including MPNST, remain
undisclosed [129].

Anthracycline monotherapy is characterized by
worse PFS compared to regimens in combination
with Al although in some cases, especially in pa-
tients in whom the main aim of treatment is control
of metastatic disease, there is an option for monother-
apy with anthracycline. If the aim of the treatment is
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alleviation of pronounced symptoms associated, for
instance, with invasion or pressure on nerves or ob-
taining a potential resectability of the tumor and/or
metastases, adding ifosfamide to doxorubicin seems
justified. In clinical practice, there is a need to choose
a chemotherapy regimen based on the toxicity profile.
The AI combination is more myelotoxic in compar-
ison with doxorubicin in monotherapy [128, 129].
Leukopenia, neutropenia, neutropenic fever, anemia,
or thrombocytopenia at grades 3 and 4 according
to CTCAE occurred significantly more frequently in
patients treated with the doxorubicin and ifosfamide
regimen in the populations of STS patients [129].
In a pediatric population treated in Italian and Ger-
man centers, the percentage of responses in patients
treated with regimens containing ifosfamide was 65%,
cyclofosfamide 17%, and other drugs (among them
etoposide or cisplatin) 20%. The regimens either did
or did not contain a minimal dose of anthracyclines,
and analysis of the subgroups treated with this drug
was not performed [99].

In the majority of retrospective analyses, doxoru-
bicin was the most frequently utilized medication,
either as single-agent therapy or in conjunction with
ifosfamide. In a trial conducted by a French sar-
coma group, 102 patients with metastatic or nonre-
sectable disease (72%, 102/142) were administered
a regimen incorporating doxorubicin. Among them,
38 (37%) received doxorubicin as a single-agent ther-
apy, while 64 (63%) received it in combination with
isoniazid [108]. In another single-center French trial
(retrospective), 6 cycles of doxorubicin at 60 mg/m?>
were given, and, in patients with fitness levels 0-1,
ifosfamide 2500 mg/m? was added on days 1-3 of
the cycle. Because of the small group of patients
(n = 21) with different degrees of disease progres-
sion and different statuses of surgery (and resectability
degree), the chemotherapy effectiveness was not com-
pared between regimens [130]. Anthracycline-based
first-line chemotherapy remains the baseline treat-
ment for advanced MPNST. Current studies assess
anthracyclines in combination with other drugs. Anal-
ysis indicates comparable outcomes between MPNST
and other STS. Regimens combining doxorubicin and
ifosfamide show longer PFS and higher response
rates. While anthracycline monotherapy is an op-
tion, adding ifosfamide is justified for symptom relief
or potential resectability, considering regimen toxic-
ity. Second-line chemotherapy may be contemplated
following established STS treatment protocols; nev-
ertheless, there are scarce data on its effectiveness
in MPNST. Among the options is the combination
of gemcitabine with docetaxel. Anthracycline-based
therapy remains essential, emphasizing the need for
ongoing research to refine MPNST treatment strate-
gies.

Targeted treatment and clinical trials

As mentioned above, standard chemotherapy showed
limited effectiveness in MPNST. Thus searching for
targeted therapies seems justified, as preclinical tri-
als showed the expression of proteins such as MET,
IGFR, PDGFRA, PDGFRB, and AXL that are the
targets of known drugs [131]. Currently, no stan-
dard targeted therapy for patients with MPNST is
recommended, and clinical data showed limited treat-
ment responses in MPNST patients. Preclinical tri-
als also indicated an important role for EGFR in
MPNST development, but further investigations have
shown that only in 3.1% of MPNSTs is EGFR
phosphorylated and activated [132]. Molecular find-
ings are further corroborated by the outcomes of
a phase II trial, indicating the inefficacy of the EGFR
inhibitor erlotinib in individuals with nonresectable
or metastatic MPNSTSs (18 of 20 cases demonstrated
disease progression) [133]. The ineffectiveness in
MPNST treatment was also observed in phase II
trials with sorafenib (PFS = 1.7 m), imatinib (with-
out PR or SD), dasatinib (SRC kinase inhibitor —
Sprycel; without PR or SD after 4 cycles), and alis-
ertib (Aurora A kinase inhibitor — MLN8237; 60%
PSF after 12 weeks), a combination of bevacizumab
with everolimus (without PR, SD in 3 patients —
SARCO016 trial), or a combination of ganetespib with
sirolimus (HSP 90 and mTOR inhibitor; without PR,
1 SD after 4 cycles — SARC023 trial) [68, 134—137].
Also, a retrospective analysis of the above-mentioned
phase II clinical trials, in terms of PFS achieved
poor results with mean PFS of 1.77 months (95% CI
1.61-3.45). Progression-free survival at 4 months was
16%, which was significantly influenced by the in-
creasing number of previous lines of treatment [138].
In contrast, a phase I/II study evaluating pexidartinib
(KIT, CSFIR, and FLT3 inhibitor) combined with
sirolimus (NCT02584647) showed promising results
with all the enrolled patients achieving clinical ben-
efit [139]. In all, 12 of 18 patients who could be
evaluated (66.7%; 95% CI 41.15-85.64) experienced
clinical benefit [3 PR and 9 SD, also median PFS and
median OS in the MPNST group were 18.6 weeks
(95% CI, noncalculable) and 145.1 weeks (95% CI,
noncalculable), respectively] [140]. Trials combining
standard cytotoxic therapy with targeted therapy have
also been performed. Rriociclib, sorafenib, and olara-
tumab in combination with chemotherapy drugs did
not show the expected improvement in treatment re-
sults [27, 141-143]. However, targeting neurotrophic
tyrosine receptor kinases (NTRK) seems to be ben-
eficial in patients with TRK-mutated solid tumors
with an ORR of 34%; yet no specific results for
MPNST have been posted [144]. Pazopanib (800 mg
per day) — a multikinase tyrosine kinase inhibitor
— based on the results of the clinical PALETTE
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trial has been recommended as the standard treatment
for patients with metastatic, non-adipocytic STS af-
ter failure of standard chemotherapy. In a small series
of patients treated in one of the Korean centers, in
5 patients with MPNST, a partial response was ob-
served in 1 and in 4 disease stabilization. mPFS was
6.5 months (0.7-12.3) and OS 8.9 months (3.5-14.3).
PFS was significantly longer in patients with a diag-
nosis of liposarcoma or rhabdomyosarcoma, and com-
parable with PFS for patients with leiomyosarcoma,
malignant fibrous histiocytoma/undifferentiated pleo-
morphic sarcoma, and sarcoma synoviale [145]. In
a retrospective analysis of 156 STS patients treated in
Japan, in 7 patients with MPNST none attained a PR,
3 had SD, 0 SD > 6 months. The MPNSTs exhibited
significantly poorer response rates and PFS percent-
ages compared to the general population and other
histological types (PFS MPNST vs. non-MPNST:
HR =2.24; 95% CI 1.035-4.849; p =0.03) [146]. Me-
dian PFS was 7.4 weeks and median OS 2.5 months
[146]. A phase II trial with pazopanib found a 50%
clinical benefit rate defined by RECIST in MPNST
patients; mOS and mPFS were 5.4 and 10.6 months,
respectively [147]. Also, the addition of pazopanib
to standard chemotherapy with gemcitabine showed
prolonged PFS in STS patients. A phase II study
evaluated this combination with PFS of 4.4 months
for combined therapy compared to 2.2 months for
gemcitabine alone [148]. Pazopanib also showed ther-
apeutic superiority over a selective mTOR inhibitor
in MPNST, demonstrating greater clinical benefit and
longer PFS. However, evaluating activity in this clini-
cal trial, pazopanib demonstrated shorter PFS as com-
pared to earlier randomized studies [149]. In a trial
with Sapanisertib (TORC1/2 INK128 inhibitor), com-
pared with pazopanib (NCT02601209), there was no
superiority of any agent observed in patients with
mPFES 2 and 2.1 months, respectively [150].

Due to the profile of the tumor microenviron-
ment, MPNST is also a candidate for immunotherapy
treatment. A study is currently being conducted on
the use of dual anti-PD-1 and anti-CTLA4 block-
ade in patients with rare cancers, including MPNSTs
(NCTO02834013), [151]. Unfortunately, a previously
conducted study of pembrolizumab as monotherapy
was closed due to low recruitment (NCT02691026).
Also, the use of immunotherapy in combination
with targeted therapy showed a clinical effect in
MPNST patients. The multi-tyrosine kinase inhibitor
lenvatinib in combination with pembrolizumab al-
lowed for achieving a partial response (PR) in
the cohort of patients with MPNST and mPFS of
32 months (4.3-51.1) [152]. Also, the addition of the
immunomodulator — alrizomadlin (which restores
TP53 function, activating pS3-mediated apoptosis in
tumor cells) to pembrolizumab showed clinical

benefit in MPNST with an overall response rate and
stable disease in 53% of patients according to the
RECIST criteria [153]. Currently, a phase I trial of
vaccine therapy for patients with unresectable or re-
current MPNST is ongoing. Vaccines utilizing a ge-
netically modified virus may target and eliminate tu-
mor cells expressing the neurofibromin 1 (NF) gene
while sparing surrounding normal cells. Additionally,
they have the potential to stimulate the body’s immune
response, contributing to eradication of tumor cells.

Survival and prognostic factors

In general, MPNST patients face poor prognosis.
Data concerning prognostic and predictive factors in
MPNST differs depending on the authors’ experience,
mainly due to the relatively rare occurrence of this
type of tumor, and the heterogenous course of the dis-
ease. Lately, nomograms that have been created to
predict OS for MPNST patients indicate the prognos-
tic value of histological type, disease advancement,
and systemic treatment [154]. Patients who under-
went complete lesion removal and had tumors under
5 cm when diagnosed, who exhibited low-grade pro-
gression, were more likely to survive 5 years. Clas-
sical clinical and pathological prognostic factors for
MPNST now include:

e localization (better prognosis if localized in the
limbs);

tumor size (< 5 cm);

NF1 (worsens the prognosis);

mitotic index;

grading;

degree of necrosis;

previous exposure to radiation during the course
of another disease (possibility of MPNST induc-
tion).

The size of the tumor is one of the most commonly
correlated factors associated with a poor prognosis
[112, 120, 155, 156]. Discrepancies concern the cut-
-off point, but in general, it is assumed that tumors
with a diameter over 5 cm are associated with shorter
survival, but in some analyses, an even poorer prog-
nosis is observed for tumors > 15 cm [110]. The large
tumor size is also associated with a shorter time to
chemotherapy failure [130]. The next significant fac-
tor is the tumor histological malignancy grade (G).
Malignant peripheral nerve sheath tumor with a high
malignancy grade are characterized by significantly
shorter progression-free survival and overall survival
[66, 108, 109, 120], which is related to, among oth-
ers, a significantly higher risk of distant metastasis
development [66, 112]. Grade III malignant tumors
are associated with a 1.5 shorter progression-free sur-
vival and even 3.5-fold worse overall survival than
grade I and II tumors [108]. Furthermore, based on
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histologic grading using the FNCLCC system, an un-
favorable outcome was associated with a higher grade,
thus no deaths were observed in patients with grade 1
MPNST [157].

Besides size, a significant factor is tumor local-
ization. A deep localization of the tumor e.g. in the
retroperitoneal space is a negative prognostic factor
for DFS and OS [108]. Patients with axial tumor lo-
calization have shorter DFS and OS than patients with
tumors located on the limbs [110]. Intracranial tu-
mors can be associated with better outcomes, while
core localization has the worst prognosis both for
OS and disease-specific survival [158]. However, no
significant difference was observed in OS between
cutaneous or subcutaneous MPNSTs, regardless of lo-
cation [159]. The presence of distant metastases is
a negative prognostic factor [120]. Factors influenc-
ing the development of distant metastases in MPNST
are both the size of the tumor and the involvement of
local lymph nodes. Patients with distant metastases,
especially metastases in multiple locations, have the
worst mOS prognosis [160]. Local progression of the
disease (e.g. infiltration of adjoining structures) is also
associated with poorer DFS and OS [108]. Our own
experience confirmed that the main factors influenc-
ing patient prognosis are tumor size at diagnosis, high
grade, and RO resection, which confirms the outcomes
of previous research [161].

Considerable debates revolve around the impact of
the NFI mutation on survival outcomes for MPNST
patients. Some studies indicate markedly inferior
treatment responses and reduced survival duration in
individuals with NF1-associated MPNST, as opposed
to sporadic MPNST, with a 5-year overall survival rate
that is shortened by up to 50% [66, 99, 162]. Taking
into consideration only analyses published after 2000,
Kolberg et al. [120] have demonstrated that the NF1
mutation does not significantly affect differences in
survival. These variations could stem from advance-
ments in monitoring strategies for patients with NF1
mutations, and the prompt initiation of treatment upon
detection of alarming symptoms or irregularities in
imaging studies. Additionally, it is noteworthy that
the familial presence of MPNST is a risk factor for
early disease onset in individuals with NF ] mutations
[163]. Notably, a meta-analysis on prognostic factors
for MPNST involving 28 studies, showed that, in ad-
dition to classical factors, NFI status remains one
of the most important factors influencing prognosis
[164]. Also, when it comes to the pediatric popu-
lation, the main factor influencing prognosis seems
to be the NF1 status, with MPNST patients associ-
ated with the NF1 syndrome facing poorer prognosis;
also, no treatment modalities were shown to influence
prognosis in this group [165, 166]. A less frequently
observed negative prognostic factor is female sex [66].

As mentioned before, prior radiation is a risk fac-
tor for developing MPNST, it is one of the cancers
most frequently correlated with radiotherapy, and its
development on this basis is associated with an ag-
gressive course of the disease and higher risk of
disease-specific death [8, 167].

Summing up and conclusions

Malignant peripheral nerve sheath tumor is a highly
aggressive tumor that develops from peripheral
nerves, often linked to nerve trunks in the limbs and
torso. It can arise either de novo or from pre-existing
neurofibromas, displaying a notable association with
type 1 neurofibromatosis (von Recklinghausen dis-
ease). Diagnosis is confirmed through histopatholog-
ical examination, usually obtained through an open
biopsy. Standard excision for tumors under 5 cm in
diameter is a common practice, with similar princi-
ples applied to patients with type 1 neurofibromatosis,
which necessitates vigilant monitoring and potential
excision or biopsy in suspicious cases. Distinguishing
between benign neurofibromas and potential sarcoma-
tous foci remains a clinical challenge, where PET-CT
is useful. Radical surgery, involving broad local exci-
sion, is a cornerstone in neurosarcoma management,
often complemented by adjuvant radiotherapy for
R1/2 resections. Neoadjuvant chemotherapy precedes
surgery in selected cases. For locally advanced or gen-
eralized cases, palliative chemotherapy — typically
doxorubicin or doxorubicin with ifosfamide — gives
a clinical improvement in 25-30% of patients [9, 98,
168]. Future endeavors should focus on elucidating
genetic changes driving MPNST transformation, pro-
gression, and metastasis, which necessitates longitu-
dinal studies with comprehensive patient observation,
biobanking, and analysis of clinical and radiological
data [68]. Although treatment outcomes for MPNST
have seen few changes, recent progress in understand-
ing its biology and pathogenesis has paved the way
for promising preclinical and clinical trials, offering
hope for identifying active therapies and biomarkers.
Ongoing research evaluating novel treatments, includ-
ing immunotherapy and combination chemotherapy
or targeted approaches is well-justified [169].
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Abstract

Epithelioid sarcoma (ES) comprises two subtypes, distal and proximal. Initially, the distinction between
these variants was based on tumor location, but subsequent research highlighted numerous functional
differences between them. Proximal ES is distinguished by the molecular deletion of INI1, while classic
ES is characterized by retained dysfunctional INIT expression. Classic ES features elevated expression of
GLI3, FYN, and CXCL12, along with overactive Notch/Hedgehog pathways and class 1T human leukocyte
antigens (HLA). In contrast, proximal ES demonstrates MYC overexpression and upregulation of genes
associated with the cell cycle, chromatin metabolism, and protein synthesis. The differences in clinical
presentation underscore the necessity for tailored treatment approaches for each ES subtype. New
therapeutic strategies are crucial, especially for the aggressive proximal variant. Tazemetostat, an oral
selective inhibitor of the histone methyltransferase enhancer of zeste homolog 2 (EZH2), has recently

gained FDA approval as a first-line treatment for ES patients.

Keywords: sarcoma, epithelioid, INI, surgery, chemotherapy, tazemetostat

Introduction

Epithelioid sarcoma (ES) is a malignant epithelioid
soft tissue tumor of yet undefined etiology. It was first
reported by Laskowski in 1961 [1] and then described
and named by Enzinger in 1970 [2]. Epithelioid sar-
coma is rare with 0.02-0.05 cases per 100 000 people.
The reported incidences of epithelioid sarcoma are
collected, among others, in the Surveillance, Epidemi-
ology, and End Results (SEER) database supported
by the National Cancer Institute of the United States
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and in the RARECARERet database in Europe. The
RARECARERet collection gathers data on cancer di-
agnosed in patients in 27 countries of the European
Union. Collected data on ES age-adjusted incidence
rates differ in the United States (0.05/100 000) and in
the European Union (0.03/100 000) [3].

Epithelioid sarcoma often resembles benign enti-
ties in histopathology and therefore initial misdiag-
nosis is common. Epithelioid sarcoma has high re-
currence and metastasis rates (around 70% and 50%,
respectively), and poor prognosis [4]. The average
survival rate in the absence of distant metastases is es-
timated at 88 months and 8 months for patients with
distant metastases [5, 6]. Metastases are diagnosed in
40% to 50% of cases and mostly localized in regional
lymph nodes, lungs, bone, brain, and liver [7], and
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early diagnosis may improve survival for ES patients.
Epithelioid sarcoma affects mainly adolescents al-
though it may also be diagnosed in adults (18—79 years
old) [4, 8]. Several studies revealed male predom-
inance in ES diagnoses [3, 5]. The most common
localization of ES is the upper or lower limb [4, 5].
Typically, ES is diagnosed as a nodule within the sub-
cutis or in deep soft tissues. The nodules grow slowly
over the years particularly in the hand and forearm
area [9, 10]. Tumors localized in distal extremities are
defined as the distal type of ES. The proximal type of
ES, less frequent but with a more aggressive clinical
course, was described within the perineum and genital
region first time in 1997 [11]. The proximal type of ep-
ithelioid sarcoma usually accounts for one-third of all
ES cases [12]. These two variants of ES differ from
each other in localization, epidemiology, and patho-
logical features.

Macro- and microscopic characteristics
of distal and proximal types of epithelioid
sarcoma

Distal epithelioid sarcoma, also called conventional or
classic, most often occurs in the extremities. It affects
different distally located anatomic sites of fingers,
hands, and arms in particular in association with ten-
dons or aponeuroses, rarely with bones [2, 9, 13]. Dis-
tal ES less often affects the lower leg [14]. The second
variant of ES, i.e. the proximal type, also described as
the axial or large-cell type, tends to affect soft tissues
of the perineum, pelvis, genital tract, head, neck, prox-
imal extremities, and other sites [11, 15-17].

Distal epithelioid sarcoma commonly occurs as
a small, solid, superficial, and slowly growing poten-
tially ulcerated nodule or a cluster of nodules. The
nodules may be well-circumscribed as well as fused
into lobulated masses [3]. Generally, it often grows
slowly and is asymptomatic. Histological examination
revealed that distal ES is composed of spindle, polyg-
onal, and polyhedral (as in the epithelium) epithelioid
cells, containing deeply eosinophilic cytoplasm and
often with loss of cellular connections [7, 9]. Polynu-
clear giant cells occasionally are found in histolog-
ical preparations [18]. Central palisaded hyalinizing
necrosis of the nodule with possible calcification is
frequently observed [2, 3]. Tumor tissue of the dis-
tal ES contains large numbers of inflammatory cells,
hyalinized collagen, vascular invasion, and the de-
position of hemosiderin, fibrin, or mucin [2, 3, 7].
Binucleated cells are observed in the smears obtained
from lymph node metastases [19].

Proximal ES has a different clinical picture. It
forms nonspecific soft tissue masses deep in trunk
organs or the proximal part of a limb, commonly
with hemorrhage and necrosis [11]. Epithelioid sar-
coma presents in histopathology as disintegrated large
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and round epithelioid cells containing eccentrically
located vesicular pleomorphic nuclei, prominent nu-
cleoli, and abundant eosinophilic cytoplasm, with
or without paranuclear globules of intermediate fila-
ments characteristic of the rhabdoid phenotype [7, 11,
19, 20]. In the microscopic image, binucleated and
multinucleated cells are observed [20]. Mixed mult-
inucleated osteoclast-like cells and signet cells are in
aggregations next to the epithelioid cells [20]. The ag-
gregations are separated by fibrous septa [20]. Images
of cells in the tumor tissue in proximal ES show
greater atypia compared to the distal type [18, 20].
Mitoses are more frequent in proximal ES [20].

Epidemiology and prognosis of distal and
proximal types of epithelioid sarcoma

Distal ES is rare in children and older people but
commonly occurs in adolescents and young adults
(2040 years of age, median age 26 years) with a pre-
dominance in men [10, 21]. The proximal subtype
affects older adults more often than the distal subtype;
they are between 20 and 65 years of age, with a median
age of 40 years, at diagnosis and a slight predomi-
nance of men [7, 9, 19, 21]. Proximal ES comprises
fewer than one-third of ES cases [22]. Trauma is cited
in 20-25% of ES cases as the cause of tumor appear-
ance [23].

The type of ES is one of the prognostic factors
in a clinical rating [8, 24]. The proximal variant of
ES is considered more aggressive, and it metasta-
sizes earlier than the distal type [9, 19, 25]. The
poorer prognosis in proximal ES may be caused by
inadequate surgical resectability associated with the
tumor’s deeper and more proximal location [7].

Other prognostic factors concerning both ES vari-
ants include age, tumor size, vascular invasion, deep
location, higher mitotic rate and lack of lymphocyte
infiltrate in the primary tumor [5, 9, 25, 26]. A bet-
ter prognosis is associated with a diagnosis age be-
low 55 years and adequate surgery [4], tumor size
below 2 cm (in tumors greater than 2 cm necrosis
and vascular invasion are observed) [27], absence
of metastasis and low grade (I and II) [4]. Positive
prognostic factors are a single localized disease stage
and no regional spread [28]. The presence of dis-
tant metastases is a poorer prognostic factor compared
to the finding of metastasis in regional lymph nodes
[29]. Conflicting evidence was reported in terms of
an association between sex and prognosis [29, 30];
however, a large study of the SEER database showed
no differences in survival between male and female
ES patients [31]. Pediatric patients have a better prog-
nosis due to more frequent diagnoses of distal ES
and low metastasis rate [21]. Patients who underwent
any surgery had a better prognosis, confirming that

https://journals.viamedica.pl/oncology_in_clinical_practice 61


https://journals.viamedica.pl/oncology_in_clinical_practice

Oncology in Clinical Practice 2025, Vol. 21, No. 1

surgery is a positive prognostic factor [14, 25, 31]. The
postoperative prognosis depends on radicality of lo-
cal resection [29]. The median local recurrence rate,
measured as time from the date of diagnosis to the
occurrence of relapse in the primary tumor after surgi-
cal treatment, was 13 months (range 6—82 months) in
35% of cases [5]. In patients diagnosed with ES, lym-
phatic spread is also observed (20—45% of ES cases)
[10, 32, 33].

Immunohistochemical profile of distal
and proximal types of epithelioid
sarcoma

Analysis of immunoreactivity weakly confirms the
difference between distal and proximal variants of ep-
ithelioid sarcoma (Tab. 1 [2, 3, 12, 15, 17, 18, 20,
25, 34-41]). Both proximal and distal variants of
ES show great immunophenotypic similarity. Conse-
quently, the distinction between the two variants of
epithelioid sarcoma is unclear. Therefore, proximal
and distal types of epithelioid sarcoma are also con-
sidered a continuum of the same disease [21].

Tumor tissue of ES possesses a unique im-
munophenotype, expressing epithelial and mesenchy-
mal markers [3, 18]. The most common epithelial

Table 1. Biomarkers used in the diagnosis of distal and proximal
epithelioid sarcoma (ES) types

Distal Proximal References
type  type

Epithelial markers
Cytokeratin 5 -

Cytokeratin 6 - -
Cytokeratin 8 +
Cytokeratin 18 +
EMA +
E-cadherin -
CA125 + +
Mesenchymal markers

Vimentin + + [15,18, 20,
35-37]

3,12,18,38]
2]

+ o+ o+

CD34 +
VEGF-A +
VEGF-C +
Smooth muscle actin -

+ + +

]

[
0
L
[
(3,18]

2]
3,18
Desmin - - 3,18
Endothelial markers
ERG + +
CD31 - -
Claudin 5 - -
Gene expression markers
SMARCB1 - - [12,17,20,
25,40]
EZH2 + + [41]

EMA — epithelial membrane antigen

W
i)

W
pe)

W
p=)

antigens expressed in epithelioid sarcoma are cytok-
eratins (Fig. 1), i.e. proteins building the intermediate
filament cytoskeleton in epithelial cells. Cytokeratins
are expressed in both the distal and proximal variants
of epithelioid sarcoma (88.2%), especially cytoker-
atin 8 and 18 [3, 7, 12]. These keratins typically
are co-expressed in normal epithelial cells. More-
over, cytokeratin K8 and K18 are the first to be ex-
pressed during embryogenesis [42]. Cytokeratins K8
and K18 are also expressed in most carcinomas and
therefore are useful markers in immunohistochemi-
cal analysis of tumors. Cytokeratins of high molecular
weight, K5 and K6, are usually not detected in ES tu-
mor tissue [17].

Epithelioid sarcoma tumor tissue also shows strong
expression of the epithelial membrane antigen (EMA)
[12, 18, 20], a member of a family of transmembrane
mucin glycoproteins, which is localized on the apical
cellular surface of normal epithelial cells. Expression
of E-cadherin, a protein that creates epithelial cellu-
lar connections was not observed in tumor tissue of
distal and proximal ES [12]. Samples of both types
of ES tissue overexpress CA125 [12, 34]. Moreover,
the serum glycoprotein CA125 level depends on the
progression of both tumor variants, tumor growth,
and clinical treatment [34, 43]. Epithelial tissue has
been reported as one of the main sources of CA125
[44]. Expression of serum antigen CA125 and lack
of E-cadherin expression may be useful ES diagnos-
tic epithelial markers. Serum and tissue CA125 level
analysis is recommended for monitoring the course of
the proximal ES variant [43].

Mesenchymal antigens detected in ES tumors in-
clude, among others, vimentin and CD34. Vimentin
is a building protein of intermediate filaments in cells
of mesenchymal origin and is used to confirm the mes-
enchymal origin of these tumors. It is expressed in
both variants of ES [15, 18, 20, 35-37]. Transmem-
brane phosphoglycoprotein CD34 is expressed in ES
[3, 12, 18, 38]. High expression of angiogenesis fac-
tors VEGF-A and VEGF-C has been detected in both
ES variants, while proximal ES often shows overex-
pression of MYC, a proto-oncogene involved in cell
cycle regulation. Immunohistochemistry for MYC can
be positive in proximal ES [12]. Smooth muscle actin
and desmin were usually negative in ES tissue, as was
expression of the S-100 protein [3, 18, 20].

In distal and proximal variants of epithelioid sar-
coma nuclear positivity for ERG, an ETS-family tran-
scription factor, was detected [39]. ERG represents
endothelial markers. It controls endothelial cell dif-
ferentiation and is used as a marker of endothelial
cell neoplasms [39]. The role and origin of ERG in
epithelioid sarcoma is unknown. Expression of other
endothelial markers such as adhesion molecule CD31,
claudin 5, or another transcription factor Prox1 was
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Figure 1. Histopathological images of epithelioid sarcoma (ES); tumor composed of malignant epithelioid cells, with geographical necrosis
(*) and infiltration by inflammatory cells, mainly lymphocytes; cytokeratins [CKAET/AE3, CK8/18 and epithelial membrane antigen (EMA)]

and vascular markers (CD34 and ERG) are usually positive

not detected in either variant of endothelial sarcoma
[39]. Melanosomal glycoprotein HMB45 was not de-
tected in ES [18, 37]; this is useful in its distinction
from malignant melanoma [18].

The most diagnostically useful finding is the lack
of SMARCBI (known as integrase interactor INI-1,
hSNF5, or BAF 47) protein expression in ES tumor
cells [12, 17,20, 25, 40]. The INI1 protein is a subunit
of the Switch/Sucrose Non-Fermentable (SWI/SNF)
complex, which plays a crucial role in regulating
gene expression by altering the structure of chromatin.
SMARCBI/INI1 expression loss is commonly used as

a marker of ES [45]. SMARCB1/INII1 is a protein of
the BRG1/BRM-associated factor (BAF) complex en-
gaged in remodeling chromatin by nucleosome repo-
sitioning, and it suppresses tumor development [46].
SMARCBI loss has been identified as the sole mu-
tation leading to the initiation of tumor development
[46]. The loss of expression of INI1 is characteristic
both of classic and proximal ES. In particular, dele-
tion of INI1 is found in proximal ES, while classic
ES is characterized by retained dysfunctional INI1 ex-
pression. Moreover, classic ES is also characterized
by high expression of glioma-associated oncogene
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family zinc finger 3 (GLI3), tyrosine-protein kinase
fyn (FYN), as well as stromal cell-derived factor 1,
also known as C-X-C motif chemokine 12 (CXCL12)
[40]. Moreover, proximal ES exhibits MYC overex-
pression and genomic patterns influencing cell cycle,
chromatin metabolism, and protein synthesis. Con-
versely, classic ES displays heightened activation of
Notch/Hedgehog pathways and immune regulation,
associated with elevated expression of class 1 human
leukocyte antigens (HLA) and enhanced immune in-
filtration [47].

Genetic characteristics of distal and
proximal types of epithelioid sarcoma

The loss of SMARCBI (abbreviation of the full gene
name SWI/SNF Related, Matrix Associated, Actin
Dependent Regulator of Chromatin, Subfamily B,
Member 1) expression in ES tumors presented above
has a genetic cause. SMARTCBI is ubiquitously ex-
pressed in the nuclei of all normal cells. Moreover,
SMARCBI is a tumor suppressor gene located on
chromosome 22 at band 22ql1. It encodes BAF47,
a subunit of the SWI/SNF (Sucrose Non-Fermentable,
SNF) complex which regulates genes, the cell cycle,
and signaling pathways [3, 17, 21, 48]. Therefore,
inactivation of SMARCBI1 leads to genomic insta-
bility, cell cycle progression, and abnormal signaling
pathway activation [17]. The loss of SMARCBI has
been associated with induction of metaplasia [46].
Both variants of epithelioid sarcoma are character-
ized by peculiar chromosomal translocations caused
by new gene fusions, and numerous rearrangements
and deletions. Deletion of SMARCBI has been re-
ported in classical and proximal types of ES [26, 49].
Both homozygous and heterozygous deletions of at
least two exons in the SMARCBI gene were ob-
served in proximal and distal ES variants [26, 49, 50].
The loss of SMARCB1 may also be due to silenc-
ing of SMARCBI gene expression caused by point
mutations, interaction with microRNA, or epigenetic
mechanisms [3, 51, 52]. Moreover, it was reported
that the loss of SMARCB 1/INI1 expression in the tu-
mor cells is related to persistent activation of various
pathways engaged in tumor progression, such as phos-
phatidylinositol 3-kinase (PI3K)/AKT/mTOR signal-
ing pathway, the sonic hedgehog signaling pathway,
or the Polycomb pathway [51, 53, 54]. Activation of
these pathways leads to induction of cellular prolifera-
tion, motility, and survival [51, 53]. Within the tumor
tissue, there is a subpopulation of cells exhibiting
pluripotent embryonic stem cell characteristics, called
cancer stem cells (CSCs), that are not involved in tu-
mor initiation, proliferation, recurrence, metastasis,
or drug resistance [55]. Successful tumor initiation
and proliferation is based on transformation of nor-
mal progenitor cells into cancer stem cells. Analyses

of sensitive CSC biomarkers are currently being con-
ducted for use in personalized treatment [55]. The in-
teraction between inactivation of SMARCBI/INII and
upregulation of enhancer of zeste homolog 2 (EZH?2),
a member of the polycomb group genes, which are
epigenetic regulators of transcription in ES tumorige-
nesis, has been demonstrated [56]. The role of EZH2
in cancer initiation, progression, and metastasis has
been described [56]. Therefore, EZH2 is an impor-
tant therapeutic target for treating epithelioid sarcoma
[17].

The BAF complex mutation has been found in
25% of cancers. BAP1 (BRCA1-associated protein 1)
mutations gene have been reported in some cases
of epithelioid sarcoma. Moreover, alterations in the
cyclin-dependent kinase inhibitor 2a (CDKN2A), and
neurofibromin 2 (NF2) genes, encoding for tumor sup-
pressor proteins, have been identified in epithelioid
sarcoma cases [46, 57].

Epithelioid sarcoma biomarker gene expression
analysis identified slight differences between distal
and proximal ES samples [40] (Tab. 2 [2—4, 7-9, 11,
12, 15, 16, 18-21, 24-26, 40, 45, 49, 58, 59]). The
source of distal and proximal ES dissimilarity may
be differences in translocations: t(8;22)(q22;q11) in
the distal ES variant and t(10;22) in the proximal
ES variant [21]. The genetic differences are associ-
ated with expression patterns of certain genes related
to SMARCBI1/INI1 [40]. RNA sequencing profiling
conducted on proximal and distal ES samples identi-
fied MYC pathway overexpression in the proximal ES
variant and Sonic Hedgehog and Notch pathway over-
expression in the distal ES variant [3].

Diagnosis of distal and proximal types
of epithelioid sarcoma

Diagnosis of epithelioid sarcoma is often incorrect
and delayed due to its rarity, slow growth, and un-
alarming benign signs. Epithelioid sarcoma, espe-
cially the distal variant, mimics numerous diagnoses
such as fibrosarcoma, synovial sarcoma, fibrous his-
tiocytic sarcoma, malignant rhabdoid tumor, epithe-
lioid hemangioendothelioma, anaplastic carcinoma,
melanoma, or rheumatoid nodules [3, 7, 60, 61]. Nod-
ules of ES slowly extend into deeper tissues reaching
sometimes a size greater than 20 cm, causing pain,
muscle weakness, movement restriction, paresthesia,
and fever of unknown origin [20, 37, 61, 62]. Initial
misdiagnoses of ES also relate to its proximal variant.
Worse diagnosis of proximal ES may be caused by its
rarity and deeper and more proximal location of the
tumor. This often leads to a subsequent increase in ES
size and risk of metastases. Appropriate and timely
diagnosis management is crucial to restrict ES recur-
rence, metastasis, and mortality. Metastases to lymph
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Table 2. Comparison of distal and proximal types of epithelioid sarcoma (ES)

Distal epithelioid sarcoma Proximal epithelioid sarcoma Reference
Place of Extremities; distal sites of hands and feet, Soft tissue of perineum, pelvis, genital tract, [11,15,16,
occurrence particularly associated with tendons or head, neck, proximal parts of extremities 18]
aponeuroses
Incidence More frequent Less frequent (approximately one-third of all ES [11,12]
cases)
Demography Predominantly affects male adolescents and Tends to affect older individuals [8]
young adults
Macroscopic Superficial, slowly growing, solid nodule or Nonspecific tissue masses deep in healthy [3,11]
image cluster of nodules. Potentially ulcerated tissues. Hemorrhage and necrosis are common
Histological Pseudogranulomatous appearance. Spindle, Disintegrated large and round epithelioid cells [2,3,7,9,11,
features polygonal, polyhedral epithelioid cells with with abundant eosinophilic cytoplasm, 18-20]
deeply eosinophilic cytoplasm. Often the loss eccentrical vesicular pleomorphic nuclei, and
of cellular connections. Occasionally prominent nucleoli. Possible paranuclear
polynuclear giant cells. Often central palisaded globules of intermediate filaments and
hyalinizing necrosis with possible calcification. rhabdoid phenotype. Multinucleated
Numerous inflammatory cells. Hyalinized osteoclast-like and signet cells are aggregated
collagen, vascular invasion, deposits of adjacent to the epithelioid cells and separated
hemosiderin, fibrin, or mucin. Binucleated cells from each other with fibrous septa. Absence of
in the smear of nodal metastasis granulomatous appearance. Atypia and mitotic
rates are greater compared to the distal type
Molecular Common: Loss of SMARCB1/INI-1 expression [26, 45, 49]
characteristics 1(8,22)(q22,911), 1(10;22), (3,4, 21]
Enrichment in Sonic Hedgehog and Notch Overexpression of MYC pathway activity
pathways signature
Trend toward lower dysadherin expression Trend toward higher dysadherin expression [58]
Higher expression of FYN, CXCL12, NID2, KRT7, Higher expression of SHC1, C190rf33, RIPK4, [40]
SMARCBT, MMP2, BASP1, VASN, ACTA2, THBST, EPHA2, SLCO4AT, THBS3, AC091180.3, RRAS,
ICAM2, ABCA8, TGFBR2, PDE2A, EPHA4, CD44 and ITGA2B, APLP1, KRTS8, FBXL6, FIX1, CACNG6, KRT18,
CDH5 genes than in proximal ES CENPV, MUCT and MAP2K2 genes than in distal
ES
Course of the Poor prognosis, 10-year OS for patients with Increased risk of developing distant metastases [8,9,19,24,
disease localized disease is approximately 50%, and and worse overall survival, compared to the 25]
10% for patients who developed distant distal type
metastases
Response to Moderate activity of anthracycline — and Trend toward a higher response rate to [59]

the treatment gemcitabine-based regimens

anthracycline-based regimens, with a lower
response rate to gemcitabine-based regimens,
compared to the distal type

OS — overall survival

nodes, lungs, pleura, and skin have been documented
in patients with epithelioid sarcoma [9, 38].

Correct diagnosis requires the use of many diag-
nostic tools including computed tomography scan,
magnetic resonance imaging, X-ray, ultrasound-
-guided biopsy, and histological and immunohisto-
chemical analysis [20, 37, 63, 64]. However, it should
be noted that immunohistochemistry is not a substi-
tute for microscopic histological images and should be
analyzed in parallel with them [65]. The use of molec-
ular genetics methods for diagnostic ES detection is
increasingly indicated. A methodological approach
following the World Health Organization (WHO) in-
structions should form the basis for further therapeutic
management [66]. This approach requires changes in

diagnostic management such as integration of mor-
phology with immunochemistry and molecular genet-
ics and involvement of sarcoma expert pathologists
and clinicians [66]. Tumor appearance and location
on preoperative imaging using computed tomography
scans and magnetic resonance imaging allow deter-
mining the anatomical site of the tumor, its volume,
percentage of tumor necrosis, areas of hemorrhage,
bone and neurovascular bundle involvement [6, 67].
Collection of tumor tissue material by biopsy allows
analysis of microscopic images of cells, immuno-
histochemical evaluation, and DNA sequencing [19].
Using these methods allows the identification of ep-
ithelioid sarcoma and the determination of its vari-
ants, proximal and distant.
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Therapy of distal and proximal types
of epithelioid sarcoma

The therapy for both variants of epithelioid sar-
coma is still controversial. Surgical management with
or without adjuvant/neoadjuvant radiotherapy and
chemotherapy is still the most acceptable and ef-
fective method [63, 68]. The location and size of
the ES tumor, presence of metastases, and the pa-
tient’s age determine further treatment management.
When the mass is localized, complete surgical resec-
tion (amputation or resection with wide margins —
RO) with high-dose radiotherapy and chemotherapy
is usually recommended, aiming at low local recur-
rence rates [7]. Some clinicians suggest ultrasound
examination and sentinel node biopsy to check for
undiscovered lymph node metastasis [24, 67]. Flap
reconstruction and isolated limb perfusion are some-
times used [3, 24].

Presurgical embolization can help reduce tumor
vascularity, and neo-adjuvant or adjuvant radiother-
apy is useful in reducing the local recurrence rate
[69]. To obtain cytoreduction allowing the decrease
of tumor size and immediate treatment of metas-
tases, neoadjuvant chemotherapy may be applied [67].
In addition to primary tumor resection, lymph node
surgery may be required, and an appropriate lymph
node basin should always be evaluated with imag-
ing before surgery [67]. R1 and R2 resections are
associated with high risk of recurrence and shorter
overall survival (OS) [3]. Radiation therapy aims to
prevent recurrence, especially after microscopically
and macroscopically incomplete surgical ES resection

[24]. Conventional fractionation, as well as hypofrac-
tionated radiotherapy, may be used [24, 70]. However,
even complete surgical excision with clear margins
does not prevent tumor recurrence, as even the first
report by Enzinger indicated a local recurrence rate
of 85% [7, 71].

Surgical management in the treatment
of distal and proximal types of ES

Surgery is a potentially curative treatment for lo-
calized ES, in case of both primary and recurrent
tumors [14]. Misdiagnosis of ES delays the treatment
process and can lead to significant proliferation of tu-
mor tissue and metastases. Therefore, patients should
be referred to specialized sarcoma centers that are
equipped with NGS and may provide gene fusion
analysis. Figure 2 shows photographs of the foot of
a misdiagnosed patient unsuccessfully treated for two
years for ulceration of the toe at a chronic wound clinic
and a local orthopedic clinic where a full-thickness
skin graft was used. The graft was rejected due to pro-
liferation of tumor tissue. Subsequently, resection of
the distal phalanx and amputation of the first phalanx
were performed, after which the pathological tissue
was excised. Due to the rapid recurrence of the tumor
and the diagnosis of distal ES, the patient underwent
amputation of the lower limb in our Institute (Fig. 2).

RO surgical resection with a wide tumor-free mar-
gin is crucial for the treatment of both proximal and
distal ES types [29]. Surgery of the distal sarcoma
type depends on the size and localization of the tu-
mor and most often amputation of the finger or limb

Figure 2. Patient with acral epithelioid sarcoma misdiagnosed as a toe ulcer and treated for two years with a full-thickness skin graft, which
failed, in a chronic wound clinic and at the local orthopedic service. This was followed by resection of the distal phalange and first-ray
amputation, after which the resected pathology specimen was diagnosed as non-radical resection of the epithelioid sarcoma. Due to fast
relapse, the patient underwent lower leg amputation; A. Failed skin graft after resection of the distal phalange; B. Intraoperative image of
the first ray amputation; C. Preamputation image of the foot with recurrence in the postoperative wound
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in which the tumor is located is performed, although
a neoadjuvant multidisciplinary treatment approach
may enable limb sparing surgery [10, 61]. Achiev-
ing RO margins (i.e. margins free of tumor cells on
microscopic evaluation), when removing a tumor, is
often difficult due to its spread via the synovial space
routes, especially in the distal type of ES [29, 61].
The presence of tumor tissue in surgical margins on
macroscopic or microscopic pathological evaluation
(R2 or R1 margins) has been associated with high risk
of recurrence and reduces the survival rate of ES pa-
tients. In several studies, researchers have observed
that amputation of lesioned limbs does not increase
the survival rates of ES patients compared to spar-
ring surgery with RO resection [29]. However, when
multiple local recurrences of tumor occur, removal of
the affected limb becomes a necessity [29]. It is worth
adding that even complete surgical excision with clear
margins does not always prevent ES recurrence; the
course of both ES types is unpredictable, and late re-
currences were also reported [7]. Epithelioid sarcoma
staging may often be supported by sentinel lymph
node biopsy (SLNB), as SLNB is indicated in patients
suffering from sarcomas with high risk of regional
lymphatic spread such as ES [72]. However, retro-
spective analysis including 217 patients undergoing
ES therapy showed that prophylactic removal of most
or all of the lymph nodes draining the area around the
primary ES tumor significantly increased overall sur-
vival rates and tumor-specific survival rates [73].

The role of systemic treatment
in es management

Chemotherapy for ES uses a broad spectrum of cy-
tostatics, such as doxorubicin, ifosfamide, vincristine,
cyclophosphamide, actinomycin D, and gemcitabine
[3, 24, 67]. However, cytostatics are not highly ef-
fective in reducing ES growth. Increasing knowledge
about the role of lack of SMARCBI in developing
epithelioid sarcoma makes it possible to design new,
more effective personalized ES therapy [46]. Lack of
SMARCBI is associated with the BAF complex loss
and upregulation of EZH2, which is a catalytic sub-
unit of PRC2 (Polycomb repressive complex 2) [46].
Inhibition of EZH?2 leads to regaining control of gene
expression regulation [74]. Tazemetostat is an oral se-
lective inhibitor of the histone methyltransferase —
enhancer of zeste homolog 2 (EZH2) approved as the
first-line treatment for ES. EZH?2 is a histone methyl-
transferase that catalyzes the trimethylation of histone
H3 at lysine 27 (H3K27me3) and plays a role in
the regulation of gene expression by modifying chro-
matin structure. Tazemetostat specifically targets and
inhibits the activity of EZH2. By doing so, it interferes
with the addition of methyl groups to histones, and
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this inhibition leads to changes in the expression of
genes involved in cell growth and survival and enables
inhibition of the growth of ES cells. For example, re-
pression of the INK4A-ARF locus, which encodes the
pl16INK4a and p14ARF tumor suppressors, is a well-
-documented effect of EZH2, so inhibition of EZH
upregulates these tumor suppressors. EZH2 has also
been implicated in promoting epithelial-mesenchymal
transition (EMT) — a process associated with in-
creased cell motility and invasiveness, which is again
stopped by EZH inhibition [25, 74].

New chemical compounds targeting mTOR and
c-MET signaling pathways are also studied [67].
Novel therapeutic strategies are needed to treat
highly aggressive epithelioid sarcoma, especially
for the proximal ES variant [64, 75]. Differences in
the clinical presentation of patients with different
ES types indicate the need for different treatment
procedures. Analyses of sensitive CSC biomarkers
are currently being conducted for use in personalized
treatment [55]. Use of pazopanib, a tyrosine kinase
inhibitor, was also reported in ES tumor cases, but
the results were also not satisfactory [3]. Dasatinib
(multi-kinase inhibitor) efficacy in ES was investi-
gated in the SARCO0009 single-arm trial and multiple
immunotherapy trials are ongoing including studies
with immune checkpoint inhibitors targeting the
PD-1/PD-L1 pathway as well as CTLA-4/CD80/86
signaling. Pembrolizumab, as well as a combination
of nivolumab with ipilimumab, were investigated in
ES [76].

Conclusions

There are two subtypes of ES — distal and proximal
[23, 66]. The differences in the functional structure of
these two variants described in the scientific literature
have resulted in an update of the WHO classification
of soft tissue tumors [23]. Initially, distal and proxi-
mal terms were related to the location of the tumor. It
is now known that there are many more differences be-
tween the two types of ES (Tab. 2). However, it should
be noted that both proximal and distal ES variants also
show great similarity, mainly in the immunopheno-
type and genotype, therefore, both ES types are also
considered a disease continuum [21]. At the molec-
ular level, deletion of INI1 is found in proximal ES,
while in classic ES is characterized by retained dys-
functional INI1 expression. While classic ES has high
expression of GLI3, FYN, and CXCL12, along with
overexpression of the Notch/Hedgehog pathways and
class 1 human leukocyte antigens (HLA), proximal ES
exhibits overexpression of MYC and genes involved in
the cell cycle, chromatin metabolism, and protein syn-
thesis [40, 47]. Differences in the clinical presentation
of patients with different ES types indicate the need
for different treatment approaches. New therapeutic
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strategies are needed to treat highly aggressive ES, es-
pecially for the proximal variant of ES. Tazemetostat
is an oral selective inhibitor of the histone methyl-
transferase EZH?2 recently approved by the FDA as the
first-line treatment for ES patients.
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Abstract

osteosarcoma of sternum

Osteosarcoma (0S) is the most common nonhematopoietic bone malignancy. Chondroblastoma-like
osteosarcoma is an extremely uncommon variant with only 26 cases reported in medical literature in
English. Given its rarity, diagnosis and management can be challenging. Osteosarcoma patients fre-
quently receive inadequate care and incorrect diagnoses, which can lead to recurrences. Hereby, we
report a rare case of osteosarcoma in an untypical location with a review of the literature. The case of
an 18-year-old male with chondroblastoma-like osteosarcoma in the body of the sternum highlights
diagnostic pitfalls and emphasizes the importance of morphology.

Keywords: chondroblastoma-like osteosarcoma, aggressive chondroblastoma,

Introduction

Osteosarcoma (OS) is the most common primary non-
hematopoietic malignant bone tumor [1-3]. The term
osteosarcoma has been defined as a high-grade bone
tumor in which tumor cells produce osteoid or woven
bone. Osteosarcomas have multiple described, his-
tological and anatomical variants, including conven-
tional OS (osteoblastic, chondroblastic, and fibrob-
lastic OS), small cell, telangiectatic, giant cell-rich
variants, and others [1-3]. However, this rare en-
tity identified as chondroblastoma-like osteosarcoma
(CBLOS), which accounts for fewer than 1% of all
osteosarcomas, has unique histological and clinical
characteristics. This disparate entity needs to be dis-
tinguished from chondroblastic OS and chondrob-
lastoma, which are two closely related yet distinct
entities. In the English medical literature, there are
not many case reports or brief case series. Usually
affecting bones of the foot, osteosarcomas seem to af-
fect predominantly young individuals. As far as we
understand, there are no case reports of these tumors
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emerging from flat bones. We have reviewed the liter-
ature, and hereby report a case of an 18-year-old male,
with this exceptionally rare malignancy of bone in an
uncommon site. The significance of using relevant di-
agnostic imaging and identifying histological features
in establishing the diagnosis of CBLOS is highlighted
based on our experience.

Case report

An 18-year-old male patient presented with swelling
and pain in the anterior part of the chest which in-
creased during coughing or heavy breathing. He had
no history of chronic disease. Physical examination
revealed a bulge over the sternum measuring 5 x 3 cm,
which was fixed, nontender, and hard in consistency.

The findings from the computed tomography (CT)
scan of the chest and abdomen showed an expansile
lesion involving the body of the sternum measuring
4.3 x 4.6 x 7.1 cm, with an enhancing soft tissue
component within the lesion showing significant rings
and arc type of calcification and multiple areas of the
cortical breach, with an extension of soft tissue into
subcutaneous and muscular planes. Posteriorly, the le-
sion was abutting the pericardium with no obvious
invasion. No intrathoracic extension was identified
(Fig. 1). With these findings, a radiological suspicion
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Figure 1. Computed tomography chest — expansile lesion involving the body of sternum (marked by red arrow) with an enhancing soft
tissue component within the lesion showing significant rings and arc type of calcification and extension into adjacent soft tissue; A. Coronal;

B. Sagittal

Figure 2. Fine needle aspiration smears of sternal lesion — shows clusters as well as dispersed tumor cells exhibiting grooving with inter-
spersed osteoclast-type giant cells embedded in chondroid matrix like background material

of expansile bone neoplasm with chondroid matrix
arose. However, a conclusive opinion could not be
provided.

Fine needle aspiration was performed from the
lesion, which showed a giant cell-rich cartilaginous
neoplasm with tumor cells in clusters, exhibiting
ovoid and polygonal cells with fine chromatin and
occasional grooves. Many osteoclast-type giant cells
were observed. A focally chondroid-like matrix was
noted (Fig. 2). A needle core biopsy (Jamshidi nee-
dle) was performed. Histologically, the tumor tissue
displayed a cellular neoplasm composed of round-to-
-polygonal cells exhibiting nuclear grooves with mod-
erate cytologic atypia, arranged in lobules and sheets
intervened by scattered osteoclastic type of giant cells.
Chicken wire-like calcification was noted with carti-
laginous areas. No malignant osteoid was identified.
The lesion was suggestive of a chondroblastoma. Fur-
ther, we performed Immunohistochemistry for confir-
mation, which showed positivity for DOG1 and a low
KI67 proliferation index (7%). Though this needle
core biopsy was not representative of the lesion, the

possibility of aggressive chondroblastoma was con-
sidered, keeping in mind the location and radiological
findings.

Given the aggressive radiological picture exhibit-
ing soft tissue and muscular plane involvement, ster-
nal resection with chest wall reconstruction using a ti-
tanium mesh was done. On gross examination, a grey-
-white tumor measuring 7.5 x4.5 x4 cm was identified
in the body of the sternum, which was gritty to cut
along, with areas of necrosis and hemorrhage.

Histopathological examination of the sternal resec-
tion showed similar features to the J-needle biopsy
performed earlier, with an infiltrative growth pattern
toward the soft tissues, moderate anaplasia of the tu-
moral cells, and lace-like malignant osteoid (Fig. 3).
A final diagnosis of chondroblastoma-like osteosar-
coma was confirmed. The histopathological report
confirmed soft tissue involvement; however, it had
tumor-free margins all over the specimen. The spec-
imen was assigned a TNM stage of pT1 [8™ edition
TNM staging system for bone tumors of the American
Joint Committee on Cancer (AJCC) and the Interna-
tional Union Against Cancer (UICC)].
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Figure 3. Chondroblastoma-like osteosarcomas, histology — infiltrative tumor involving soft tissue, muscular plane, and bone tissue (A, B),
composed of round to oval cells with a grooved nucleus. Numerous scattered multi-nucleated osteoclast-like giant cells are noted (C) with
a chicken-wire type of calcification (D). Tumor cells produce variable amounts of lace-like osteoid matrix (E) exhibiting moderate to severe

nuclear atypia (F)

The postoperative period was uneventful with no
complications or neurovascular deficits. At the end of
2 months, chest radiographs revealed an intact mesh
with good osteointegration. (Fig. 4). The patient was
started on adjuvant chemotherapy after 2 months of
surgery i.e., adriamycin and cisplatin. We followed up
with the patient for 16 months, and he was doing well
and was disease-free.

Discussion

In children and young adults, OS are the most preva-
lent primary non-hematopoietic bone cancer [1-3].
They could be osteogenic, chondrogenic, or fibrob-
lastic. In 1990, the term ‘chondroblastoma-like os-
teosarcoma’ was coined by Schajowicz et al. [4]. It is

an extremely rare and little-known histological sub-
type of osteosarcoma, with just a handful of cases
reported in English literature [4, 5]. The vast majority
of the reported cases present in the 3" decade of life.
The most frequent sites of involvement are metatarsal
bones (4 cases), femur (3), ribs (3), humerus (2),
tibia (2), and single cases at the fibula, ischium, pha-
lanx, talus, and ilium [4-6]. Unlike these previous
case reports and series, this is the first case reported in
the sternum. The majority of the reported CBLOS pa-
tients had a minor trauma after which they developed
painless mass or pain [1-7]. The pain in our case was
attributed to the site, as the sternum is the most sen-
sitive site. The locations and radiological patterns of
involvement by CBLOS are varied. The first case re-
ported in 1990 was a 12-year-old male child who was
diagnosed with CBLOS in the tibia [4].
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Chondroblastoma-like osteosarcoma has been ra-
diologically described predominantly in the diaph-

Figure 4. Chest X-ray (post sternal resection and reconstruction
with mesh)

Table 1. Literature review

ysis of long bones exhibiting a mixed pattern com-
posed of a lytic and sclerotic pattern, with ei-
ther thin or absent cortices, and expansile radiolu-
cent area, focal punctate calcifications leading to
a laminar periosteal reaction and endosteal scallop-
ing [4, 5]. Chondroblastoma-like osteosarcomas also
involve soft tissues and have a destructive penetra-
tion of the host bone, as demonstrated by radiology
[6-8]. Radiologically, chondroblastoma-like osteosar-
coma was previously described as an expansile lytic
lesion with endosteal erosions and focal punctate cal-
cifications. It was observed that the entire bone was
affected in those with metatarsal involvement. Dif-
ferential diagnosis with use of radiology includes
considering giant cell tumors [7-9], aneurysmal bone
cysts [7, 9, 10], chondromyxoid fibroma [11] and
chondroblastoma, Ewing sarcoma, fibrous dysplasia,
chondrosarcoma, Langerhans cell histiocytosis. We
had similar differentials in our case, but we did not
take into account the aggressive nature of the tumor
The cases that have been reported in the English liter-
ature are summarized in Table 1 [4, 6, 7, 9-12].

No. Source, year Age [years]/  Site Size Radiological features  Treatment Follow-up
/sex
1. Schajowiczetal.  12/M Tibia NA NA NA NA
[4], 1990
2. Bahramietal.[6], 13-72/M,8/F Metatarsus (3) NA 13/14 malignant or with ~ NA 7 ANED

2010 — 17 cases Femur (3) suspicion of malignancy 6 LR
Rib (3) 1/14 equivocal 2 Metastasis
Humerus (2) 2D0OD
Talus (1)
Phalanx (1)
Tibia (1)
Fibula (1)
Ischium (1)
llium (1)
3. Byatnaletal.[7], 17/M Jaw 6cm NA NA NA
2013
4. Martinetal. [9],  32/M Distal tibia NA GCT Curettage followed by 12 years,
2014 resection multiple LR
5. Aycanetal.[10], 10/M First metatarsal GCT versus ABC Resection ANED
2015 6 months
6. Ramos Pascua 30/M Tibia 6cm Benign versus Aggressive curettage ANED
etal.[11],2018 malignant 7 years
7. Gaetaetal [12], 20/M 15t metatarsal NA 2/6 malignant or with 4/6 Wide resection 4 ANED

2022 —6cases  I/M 15! metatarsal suspicion of malignancy ~ 1/6 Marginal Resection 1 LR
63/F Scaphoid 4/6 Equivocal 1/6 Curretage 1 DOD
54/M VIrib
14/M Vertebra
14/M 3 metacarpel
8. Current case 18/M 7.5cm  Equivocal Resection ANED
30 months

ABC — aneurysmal bone cyst; ANED — alive with no evidence of disease; DOD — died of disease; F — demale; GCT — giant cell tumor; LR — local recurrence; M — male;

NA — not available
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Chondroblastoma-like osteosarcoma has a presen-
tation similar to that of osteosarcoma, however, it
has a younger age of presentation than malignant
chondroblastoma [6]. Bahrami et al. [6] reviewed
17 CBLOS cases; two patients had recurrence, and
one of them developed recurrence over 14 years af-
ter initial resection. Two patients died of disease, one
due to local recurrence in the cervical C7 vertebra, and
one had widespread metastases over 26 years. This be-
havior of this type of osteosarcoma contrasts with that
of conventional osteosarcoma, which is known to have
a worse prognosis and faster disease progression when
associated with metastases. Our patient also under-
went morbid surgery amounting to complete resection
of sternum along with the tumor. However, the patient
responded well, with no recurrence or metastasis in
the sixteen-month follow-up period.

Although chondroblastoma-like osteosarcoma is
a completely distinct entity from chondroblastoma,
we shall discuss them together as chondroblastoma-
-like osteosarcoma has a significant historical and
morphologic relationship to chondroblastoma. It was
first described in 1990 by Schajowicz et al. [4] who
coined the term chondroblastoma-like osteosarcoma.
Despite being called chondroblastoma, it is a rare vari-
ant of osteosarcoma.

Clinically, the tumor presents mostly in males, of
a wide age range, and has an indolent course, with
only a minority of the reported cases developing pul-
monary metastases and local recurrences [9]. This
neoplasm has a predilection for the lower extremi-
ties, most commonly involving the metatarsus, tibia,
and femur. Our case, however, had sternal pain and
swelling on a flat bone — the sternum.

Radiologically, most of the cases reveal findings
that are suggestive of or consistent with malignant
tumors. This tumor is known to show lesions that
are ‘expansile and lytic, with an infiltrative growth
pattern; destroying cortical bone’. Aneurysmal bone
cysts, chondroblastomas, giant cell tumors, and chon-
drosarcoma are among the radiological differential di-
agnoses [4, 5, 7, 8]. Our case had an expansile sternal
tumor with the destruction of soft tissue and muscular
planes, implying an aggressive growth pattern. How-
ever, the findings did not classically correspond to an
osteosarcoma and were leaning more toward a chon-
droblastoma with aggressive growth.

Histologically, this distinct neoplasm is character-
ized by hypocellular and hypercellular areas. The cel-
lular areas resemble the features of chondroblastoma
with abnormal malignant osteoid deposition and de-
struction of the adjacent nonneoplastic bone [6]. The
tumor has an ‘infiltrative growth pattern composed of
small cells exhibiting ovoid, folded, or grooved nuclei
with eosinophilic pale cytoplasm, resembling the neo-
plastic cells enmeshed in chondroid matrix observed

in chondroblastoma along with varying amounts of
chicken wire calcification.” In addition, it also has ar-
eas with larger cells displaying more nuclear atypia,
with few atypical mitotic figures and evidence of
malignant osteoid deposition [4, 5, 7-9]. Our case
displayed the described features of chondroblastoma
with the unique features pertaining to CBLOS exhibit-
ing interspersed islands of plasmacytoid, polygonal
osteoblasts, and areas of malignant lace-like osteoid
deposition.

The largest reported study by Bahrami et al. and
a review of CBLOS by Hmada et al. [8] included, re-
spectively, 17 patients and 22 patients. In the study by
Bahrami et al. [6], 10 of the 17 patients had available
follow-up information: ‘2 had died from the disease,
2 had developed lung metastases, and 6 of them had
local recurrence’. In the study by Hmada et al. [8], the
authors reviewed 5 cases in addition to the 17 cases
reported by Bahrami et al. [6]. Three patients had
follow-up data, and only one of them developed local
recurrence.

The primary differential diagnosis for CBLOS is
chondroblastoma, which is a benign neoplasm with
cartilage production that is mostly seen in the second
decade of life. It is located in an epiphyseal region or
metaphyseal/epiphyseal region of the long bones. The
characteristics that point towards CBLOS are older
age and usually non-epiphyseal location (although it
can be epiphyseal) [4, 6, 7], with histopathological
characteristics in addition to the chondroblastoma.
These are malignant osteoid production/formation,
nuclear atypia, and increased and atypical mitoses,
with destructive permeation resulting in bone/soft tis-
sue infiltration and, tumor necrosis [4, 6, 7]. On the
other hand, conventional chondroblastic OS is less
likely to be misdiagnosed as CBLOS, as it presents
with deposition of high-grade hyaline cartilage that
exhibits severe atypia and lacunae [1]. Chondrosar-
coma, which again displays hyaline cartilage matrix
deposition with malignant chondrocytes exhibiting
significant nuclear atypia that reside in lacunae [1],
would not be considered a differential in histopatho-
logical diagnosis. As we know, the histological pic-
ture has to be correlated with radiological and clin-
ical findings to include or rule out the possibility of
CBLOS. The comparison of clinical, radiological, and
histopathologic characteristics of chondroblastoma,
malignant chondroblastoma [13, 14], and CBLOS is
presented in Table 2.

Gaeta et al. [12] studied clinicopathologic and
molecular data of 6 cases of CBLOS and compared
these with 6 cases of chondroblastoma with atypi-
cal features. Immunohistochemistry (IHC) for H3.3
K36M and H3.3 G34W can be used to differenti-
ate chondroblastoma and giant cell tumor respec-
tively. Molecular profiling by whole exome sequenc-
ing (WES) was performed on two of the CBLOS and
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Table 2. Comparison of chondroblastoma (CB), malignant chondroblastoma, and chondroblastoma-like osteosarcoma (CBLOS)

Characteristics Chondroblastoma Malignant chondroblastoma Chondroblastoma-like
osteosarcoma
Clinical Typically affects individuals in the Occurs in older age groups Occurs at the intermediate age
second decade of life compared to conventional CB range between CB and
) . ) ) malignant CB
Predominantly presents with Presents with persistent or
localized pain, often centered worsening pain and may exhibit Clinical presentation may
around the affected joint signs of local invasion resemble CB but with a higher
tendency for aggressive behavior.
Benign behavior with a low rate Characterized by a more 4 99
of metastasis aggressive clinical course, However, better prognosis
including a higher risk of compared to malignant CB and
recurrence and metastasis. conventional osteosarcoma
Radiological Well-defined, eccentrically Radiographic features include Radiologically heterogeneous,

located lytic lesions with sclerotic
margins on plain radiographs

May demonstrate lobulated or
soap-bubble appearances

permeative bone destruction,
cortical breach, and soft tissue
extension

Aggressive appearance with
a higher likelihood of associated
soft tissue masses

combining features of
chondroblastoma and
osteosarcoma

Presence of both lytic and
sclerotic components, as well as
areas of mineralization and
osteoid formation

Histopathological

Sheets of round to polygonal
cells with eosinophilic cytoplasm

Increased cellularity, nuclear
atypia, and mitotic figures

Combination of
chondroblastoma-like areas and

Central nuclei and characteristic
“chicken-wire” calcifications in
hyaline cartilage

Necrosis may be present,
indicating aggressive behavior

osteosarcomatous components

Presence of malignant osteoid
and cartilaginous matrices

H3.3 K36M point Present (~95%)

mutation

Absent

Absent

11 conventional high-grade osteosarcomas to com-
pare them. The authors found that H3.3 K36M was
positive in 2 of the 6 cases. In the limited two cases
of WES by next-generation sequencing, they identi-
fied that CBLOS share a similar appearance to con-
ventional high-grade osteosarcomas, with RTK-RAS,
NOTCH, and Hippo being the significant oncogenic
pathways involved. A point mutation in histone H3.3
K36M is identified in 95% of chondroblastomas
[15, 16]. As far as we are aware, no credible reports of
H3K36M have been found in tumors other than chon-
droblastoma, even though the Catalogue of Somatic
Mutations in Cancer (COSMIC) database contains
more than a million tumors [17]. Therefore, it seems
that a positive H3K36M IHC test will almost always
rule out a malignant chondroblastoma and CBLOS in
differential diagnosis.

Conclusions

Despite osteosarcomas being extremely unusual, one
should take into account chondroblastoma-like os-
teosarcoma when considering differentials for chon-
droblastoma and chondroblastic OS, especially when
radiological features are atypical and the lesion is ag-

gressive. Awareness of this entity can facilitate timely
and effective intervention that will improve patient
prognosis as CBLOS are known to have an indolent
course.
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Abstract

Introduction. Erythrodermic psoriasis is a relatively rare form of psoriasis. It has many etiologies includ-
ing infection, inflammatory skin diseases, malignancy, and systemic drug reactions. It may be seen more
frequently in hematological malignancies. To our knowledge, this is the first reported case of paraneo-
plastic erythrodermic psoriasis in gastric cancer.

Case report. A 59-year-old male patient, who was diagnosed with psoriasis 5 years earlier, presented
with severe erythroderma resistant to both local and immunosuppressive treatments. During treat-
ment, he was diagnosed with pathological and radiological metastatic occult gastric cancer and treated
with a modified FOLFOX-6 chemotherapy protocol that was planned every 14 days. After six cycles
of chemotherapy, a clinically significant benefit was observed in control examination. Extensive skin
lesions almost completely resolved after chemotherapy. Erythroderma and pruritus symptoms com-
pletely regressed. The patient continues his treatment.

Conclusions. Erythrodermic psoriasis may be considered a paraneoplastic syndrome associated with
malignant disorders, and therefore paraneoplastic syndrome should be considered in the treatment of
these patients.

Keywords: erythrodermic psoriasis, occult gastric cancer, paraneoplastic syndrome, chemotherapy

Introduction

Erythrodermic psoriasis (EP) is a clinical form that
patients with psoriasis may experience at any time in
their lives. It is characterized by diffuse erythema and
varying degrees of desquamation, which may be ac-
companied by general malaise, fever, lymphadenopa-
thy, and protein loss. It can be caused by various
factors including infection, inflammatory skin condi-
tions, malignancy, and systemic drug reactions [1].
Paraneoplastic syndromes are defined as signs and
symptoms that may appear when substances released
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by tumor cells alter normal functions of nearby cells
or tissues. Their incidence is not well defined although
they are more frequent in hematologic cancers. More-
over, they can appear either at the beginning or during
the course of the disease [2]. We present a case of
a 59-year-old man with a new onset of erythrodermic
psoriasis and concurrent metastatic occult gastric can-
cer (GC). To our knowledge, this is the first reported
case of paraneoplastic EP with metastatic occult GC.

Case

A 59-year-old male who had been followed up with
a diagnosis of psoriasis vulgaris for about five years
presented to the dermatology outpatient clinic with
signs of peeling skin, diffuse redness, chills, and

This article is available in open access under Creative Commons Attribution-Non-Commercial-No Derivatives CC BY-NC-ND 4.0 licence, allowing to download articles and
share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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Figure 1. Dermatological lesions at the time of diagnosis

shivering. The patient stated that the skin changes that
had started on his hands and feet spread rapidly all
over his body and were accompanied by joint pain.
Dermatological examination revealed diffuse ery-
thema and desquamation including the scalp (Fig. 1).
No significant dystrophy was found in the fingernails
of the hands and feet, but pitting was observed in the
fingernails of the hands.

Firstly, topical treatment was initiated. The initial
Psoriasis Area Severity Index (PASI) score was 15.
The patient was evaluated for moderate-severe plaque
psoriasis. He was treated with betamethasone plus cal-
cipotriol, but there was no improvement in the PASI
score. The conventional treatment with acitretin was
started at 25 mg once daily before a biological agent.
Acitretin has been added as an emollient and topical
corticosteroid treatment as a topical treatment.

The patient was evaluated in terms of treatment
effectiveness in the 12" week of his conventional
treatment. The PASI score was calculated as 33. The
patient did not have a PASI50 response in the induc-
tion phase, and the dose of acitretin was changed to
35 mg once daily.

After further 12 weeks, the results of using ac-
itretin 35 mg once daily were evaluated. The PASI
score was calculated at 31.2. Systemic acitretin treat-
ment was considered unsuccessful due to failure to
obtain a PASI50 response after 24 weeks of acitretin
use.

Systemic treatment was started with acitretin and
adalimumab, and an anti-tumor necrosis factor-alpha
(anti-TNF) agent was initiated. The patient’s baseline
PASI score was calculated at 23.7. The patient re-
ceived 80 mg of what? at the first application and

40 mg after 1 week, and then the treatment was contin-
ued with 40 mg of adalimumab administered subcuta-
neously every 2 weeks at regular intervals. Although
we recommended the continuation of adalimumab, it
was discontinued due to the patient’s decision.

The patient presented at the dermatology clinic
4 months later, and diffuse psoriatic plaques and ery-
throderma were observed throughout the body. The
patient, whose general condition was moderate, was
hospitalized and followed up.

Additional systemic diseases, trauma, drugs, infec-
tions, or other similar trigger factors were questioned
in the patient’s history, but these were not ascertained.
With a history of psoriasis vulgaris, diffuse erythro-
derma, desquamation, arthritis and secondary malnu-
trition, fever, chills and shivering on dermatological
examination, the patient was diagnosed with severe
EP. A punch biopsy was taken from the lesion on the
right knee to support the current clinical diagnosis
with histopathological examination (Fig. 2 and 3). The
pathology result was reported as psoriasis form der-
matitis. The patient had a history of using acitretin,
a conventional systemic treatment, and adalimumab,
an anti-TNF antibody. For this reason, standard treat-
ment with secukinumab (300 mg loading dose), an
anti-interleukin-17 antibody was started. Following
induction treatment at 0, 1, 2, 3, and 4 weeks, monthly
maintenance treatment was planned. Although there
was some regression in diffuse skin erythema and
desquamation in the 4" week of secukinumab treat-
ment (Fig. 4), skin lesions continued to be prominent.
The patient received a total of five loadings and two
maintenance doses of secukinumab.
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Figure 2. Hyperkeratosis on the surface, parakeratosis (arrow), acanthosis, retinal elongation and some have confluence (stars) at the lower

ends, hypogranulosis (Hematoxylin/Eosin, 40x)

The patient was referred to the gastroenterology
department due to dyspepsia, loss of appetite, and
weight loss during treatment. An upper gastrointesti-
nal system endoscopy was performed, and a biopsy
was taken from a nodular edematous lesion in the cor-
pus mucosa extending to the cardia along the level of
the small curvature (Fig. 5). The pathology report in-
dicated chronic gastritis.

The patient underwent whole-body imaging, and
abdominal computer tomography (CT) revealed ma-
lignant wall thickening and minimal contrast enhance-
ment starting from the cardia of the stomach and
extending along the small curvature (Fig. 6). Lym-
phadenopathies were present in the root of the mesen-
tery, starting around the celiac trunk and extending to
the periportal, paraaortic and aortic bifurcations, with
the largest lymphadenopathy having a short diameter
of up to 2.5 cm, and there are also lymphadenopathies
with a short diameter of less than 1 cm in the peri-
pancreatic area. No malignant mass was detected in
the pancreas and the biliary tract. Hypodense nodu-
lar lesions suggestive of metastasis were found in both

adrenal glands, measuring 2.7 x 3.5 cm on the right
and 3 x 2.7 cm on the left, with a Hounsfield unit
of more than 20 HU. No evidence of metastasis was
found on the thorax CT. Liver dynamic magnetic res-
onance imaging revealed a 7.5 cm lesion in the poste-
rior superior part of the right lobe of the liver (Fig. 7),
which did not have a typical appearance in terms of
metastasis since no signal intensity loss was observed
in the arterial portal and late phase sections after in-
travenous contrasting. No malign cells or tissue were
observed in the rebiopsy taken from the stomach. It
was reported as benign. A liver wedge biopsy was per-
formed by an interventional radiologist for diagnostic
purposes. In the pathology report, it was interpreted
as carcinoma metastasis subtype unclassified, CDX-2,
TTF-1; and HEPAR were negative, while cytoker-
atin 7 and 20 were positive. No loss of expression
was observed for MLH1, MSH2, MSH6, and PMS2
proficient mismatch repair (pMMR). CERBB2 was
positive (score 3) and PDL-1 TPS negative (Dako
Clone 22C3). Due to these findings, we investigated
the stomach and the pancreatobiliary system as the
primary focus.
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Figure 3. Closer view of skin texture. Persistent parakeratosis (arrows), edema of the papillary dermis, dilated capillaries (stars), and few
perivasciluar lymphocytes are seen (Hematoxylin/Eosin, 100x)

Figure 4. After secukinumab 4™ week loading dose treatment
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Figure 5. Endoscopic Image at diagnosis

Figure 6. Thickness of the gastric wall

The clinical and radiological diagnosis was
metastatic occult GC, and the patient was treated
with a modified FOLFOX-6 chemotherapy proto-
col [oxaliplatin 85 mg/m?, folic acid 400 mg/m?,
5-fluorouracil 400 mg/m? intravenous (IV) injection
and 2400 mg/m? 46-hour infusion]. The protocol was
planned every 14 days. After 6 cycles of chemother-
apy, a clinically significant benefit was observed
in the control examination. Extensive skin lesions
almost completely resolved after chemotherapy.
Erythroderma and pruritus completely regressed
(Fig. 8). A CT scan of the thorax and abdomen,
which was performed to evaluate the response to
treatment, showed that the size and number of
hepatic lesions and paraaortic and mesenteric root

lymphadenopathies decreased, which we considered
a partial response to treatment. The patient continues
this treatment.

Discussion

Erythrodermic psoriasis is a relatively rare form of
psoriasis but represents a fairly common etiology for
erythrodermic phenotypes. Erythroderma is a diffuse
erythema involving more than 90% of the body sur-
face and may be exfoliative and exudative and involve
hair and nail changes. It has many etiologies including
infection, inflammatory skin diseases, malignancy,
and systemic drug reactions [3]. However, the rela-
tionship between malignancy and psoriatic disease
has not been clearly established. Studies in patients
with psoriasis have documented increased rates of
lymphoma and non-melanoma skin cancer, but results
for other solid malignancies have not been signif-
icant [4]. Less commonly, acute myeloid leukemia
and solid tumors (e.g., lung, prostate, thyroid, liver,
ovaries, rectum, or skin) are associated with parane-
oplastic erythroderma [5] A review of the literature
identified two cases associated with EP. Both were
hematological malignancies. Thus, the case of EP
published by Chen et al. in 2017 [6] was accompa-
nied by monoclonal B-cell lymphocytosis. In another
study published in 2021, Li et al. [7] mentioned that
B-cell chronic lymphocytic leukemia precipitated EP.

While rates of GC have been falling, over 100 000
new cases occur in Europe each year [8]. It remains
one of the leading causes of cancer-related death and
therefore a major health problem [9]. Patients are usu-
ally diagnosed at an advanced stage, which explains
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Figure 8. Post-chemotherapy dermatological lesions

the poor survival rate. Several dermatological parane-
oplastic syndromes precede the diagnosis of GC and
may therefore aid the clinician in the early detection
of malignancy. In a prospective study by Tatsuat et al.
[10], the frequency of false negative gastric wall biop-
sies in advanced gastric tumors was found to be 5.7%.
The obtained results were negative because this type
of tumor tissue is typically covered with gastric mu-
cosa, and there is no apparent ulcer tissue. As a result,
the biopsy is very small and superficial. Similarly, the
two gastric wall biopsies performed in our case were
not diagnosed as malignant as there was no obvious
ulcer tissue [10].

Secukinumab is a humanized anti-IL-17A mono-
clonal antibody indicated for psoriasis treatment. It is
indicated in moderate-to-severe psoriasis cases, pso-
riatic arthritis, and axial spondyloarthritis. It shows
rapid responses and a safe profile in all psoriatic man-
ifestations [11]. Although a recent case-control study
in psoriasis suggested a possible increased risk of
malignancy in patients using anti-TNF-alfa blockers
for more than 12 months [12], studies with secuk-
inumab failed to show an increased risk of malignancy
[13, 14]. In a multicenter study of secukinumab using
real-life data, 42 patients with psoriasis and a history
of malignant diagnosis did not develop recurrence
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or progression during a mean 56-week secukinumab
treatment period [15]. In our case, we did not con-
sider the malignancy risk due to secukinumab use
because the patient had taken secukinumab for only
five weeks and the treatment had been completed very
recently.

The patient reported that he had experienced
skin eruptions similar to psoriasis approximately
10 months before the diagnosis of GC. In fact, many
dermatological paraneoplastic syndromes tend to oc-
cur as a prodrome of the underlying malignancy [16].
The severity of psoriasis in our patient was graded as
a severe disease (PASI score 15) according to the clin-
ical picture. There was no significant change in skin
appearance after using topical glucocorticoids and ac-
itretin, which is the standard treatment of psoriasis
according to current guidelines in German-speaking
countries [17]. Adalimumab, an anti-TNF agent, was
used only for a short time. As a consequence of
that ineffective treatment, our patient discontinued the
therapy. After receiving 5 doses of secukinumab when
the disease started to flare up again during treatment
he was diagnosed with metastatic occult GC. Inter-
estingly, within 3 months of starting chemotherapy,
the lesions disappeared without any specific treatment
after induced remission of gastric cancer under cy-
totoxic therapy. Although not confirmed, the close
association between the development of lesions and
cancer tumor burden is highly suggestive of paraneo-
plastic EP in this case. It is expected that any form of
psoriasis, whether paraneoplastic or not, will improve
with cytotoxic chemotherapy.

In our case, improvement of the disease was ob-
served neither after glucocorticoid or after acitretin
treatment, nor after anti-tnf and biological agents.
Moreover, different temporal aspects of the disease
support the hypothesis of paraneoplastic genesis. The
first manifestations of EP were closely temporally re-
lated to the first diagnosis of GC. Moreover, during
the first GC remission, EP also remained in remission
without the need for any specific treatment.

Conclusions

Our patient’s diagnosis of metastatic occult GC oc-
curred concurrently with a severe, new, and atypi-
cal development of EP. Whether the two conditions
occurred independently as coincidental events or as
a paraneoplastic syndrome with related pathogenesis
remains to be established, and additional reports may
be helpful to elucidate if there is a connection be-
tween these conditions. We believe that EP may be
a paraneoplastic syndrome associated with malignant
disorders and therefore such a possibility should be
considered in the treatment of these patients.
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Abstract

A 70-year-old female with a history of subtotal surgical resection of malignant solitary fibrous tumor
(SFT) located in the lateral intraconal compartment of the right orbit was referred to the Oncology
Team. The patient underwent surgical treatment with adjuvant radiotherapy of the right orbit. No
major complications and no new neurological deficits related to radiotherapy were observed during
the 4.5 years of follow-up. The discussed case is an essential source of knowledge for the medical
community, demonstrating successful interdisciplinary collaboration involving surgery and high-dose
radiotherapy of intraorbital malignant solitary fibrous tumors, particularly for optic nerve protection.

Keywords: solitary fibrous tumour, interdisciplinary approach, case report

Case report

The aim of our report is to present the results of a mul-
tidisciplinary approach in the treatment of intraorbital
solitary fibrous tumor (SFT) after non-radical resec-
tion.

A 70-year-old female underwent surgery due to an
intraorbital, intraconal tumor of the right orbit. Dur-
ing the first surgical treatment in 1996, the tumor
was diagnosed as neurofibroma. In 2018, the patient
appeared with a large tumor (37 x 21 x 25 mm)
within the lateral intraconal compartment of the
right orbit (Fig. 1). Right-sided exophthalmos and
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visual field deficits were detected before the sec-
ond surgery. Using minimally invasive lateral or-
bitotomy, the tumor was subtotally resected. Only
a small capsule fragment attached to the optic nerve
was left. Immediately after surgery, no new visual
deficit was observed. Histopathological examination
did not confirm the initial diagnosis of neurofibroma,
and a malignant solitary fibrous tumor was diagnosed
[CD34(+), STAT6(+), CD(-), ERG(-)]. A few months
later, a significant vision improvement was observed
with normalization of the visual field.

Based on the result of histopathological examina-
tion, the patient was referred to the Oncology Team
and qualified for adjuvant radiotherapy (after surgery).
The plan of the treatment was based on preopera-
tive magnetic resonance imagining (MRI) (Fig. 1) and
postoperative computed tomography (CT) scan.
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Figure 1. Magnetic resonance imaging before surgery

Figure 2. Contouring of clinical target volume (CTV) 60 Gy

Information that it was possible that a small rem-
nant of the tumor was left attached to the optic
nerve sheath and contrast enhancement within the or-
bital cone on postoperative MR resulted in qualifying
the patient for adjuvant high-dose radiation therapy.
Intensity modulated radiation therapy (IMRT) (Var-
ian Medical Systems) was applied onto the tumor
bed (space after the surgical intervention), with the
treatment energy of 6 MeV photons. A total dose
of 60 Gy was delivered with 30 fractions within
6 weeks. The contoured area of the tumor bed, our
clinical target volume (CTV) for a 60 Gy dose, is
shown in Figure 2. The distribution of treatment plan
dose of 57 Gy (95% total dose) is shown in Fig-
ure 3. The maximum dose on the optic nerve was
59.4 Gy, and the mean dose was 56.99 Gy. The
maximum dose on the right eye was 59.37 Gy; the
mean was 38.28 Gy. The maximum dose on the right

lens was 17.9 Gy; the mean dose was 14.05 Gy. The
maximum dose on the left lens was 2.28 Gy;
the mean dose was 1.75 Gy. The patient accepted the
risk of vision deterioration after the high dose of
irradiation. Ophthalmological follow-up examination
revealed worse visual acuity due to a growing cataract,
but there was no regrowth of the tumor within the or-
bit.

Discussion

Solitary fibrous tumors are rare spindle-cell neo-
plasms initially documented in pleural locations by
Klemperer and Rabin [1]. Westra et al. [2] were the
first ones to describe STF in the orbit. The most
common symptoms related to SFT are arthralgia, hy-
poglycemia, effusion, and exophthalmos [3].

Contribution of radiotherapy within a multidisci-
plinary treatment context has not been directly in-
vestigated in the literature [4-9]. In a study con-
ducted by Krengli et al. [10], comparable overall
survival (OS) rates between patients who had under-
gone surgery (Sx) alone and those who had received
both surgery and radiotherapy (RT) were observed.
The actual 5-year local control (LC) rates were 50.4%
after Sx and 91.6% after Sx plus RT (p < 0.0001) for
LC, and 50.4% after Sx and 83.1% after Sx plus RT
(p < 0.008) for disease-free survival (DFS). However,
radiotherapy demonstrated enhancements in both LC
and DFS [10]. Importantly, late local recurrences were
identified, even beyond ten years [7].

Complete excision of the tumor remains the pre-
ferred treatment for SFT. In our case, it was not pos-
sible without damaging the optic nerve and impacting
on vision. Radical surgery may be a major prognos-
tic factor for LC and DFS [11, 12]. With RO and R1
resections, the status of the margin does not affect
the result, but in research conducted by Krengi et al.
[10], R2 operations without adjuvant treatment re-
sulted in very high baseline local recurrences reaching
up to 75%. The role of radiotherapy in SFT treat-
ment is still disputable. According to Salas et al. [7],
adjuvant radiotherapy improves LC without affect-
ing OS. Nevertheless, factors such as tumor location,
size, adhesion, potential for bleeding, and postoper-
ative complications might occasionally preclude this
approach or can be indicators for adjuvant radiother-
apy [10, 13].

Different doses of adjuvant radiotherapy ranging
from 45 to 68.4 Gy (mean 60 Gy) using different ra-
diotherapy techniques are encountered in the literature
[10]. The radiotherapy dose level can be conditioned
by the tumor location and the margin status of the
postoperative histopathological examination. Based
on our review of the literature, we decided to apply
the mean irradiation dose. In our case, it was diffi-
cult to assess the margin status. Information gathered
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Figure 3. Distribution of a dose of 57 Gy

from the operative theatre and the postoperative MRI
findings may have suggested residual remnants of the
tumor. Therefore, the patient was qualified for ad-
juvant high-dose radiotherapy. This appeared to be
successful and for 4.5 years of follow-up, no recur-
rence was diagnosed. Certainly, one can expect late
radiation side effects with the risk, according to the
literature, at a level above grade 2.

Conclusions

An interdisciplinary approach with minimally inva-
sive surgery of intraorbital malignant SFT preserving
eye function combined with high-dose radiotherapy
could be effective and safe for patients with nonrad-
ical surgical treatment.
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