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Esophageal carcinosarcoma is a rare tumor composed of neoplastic squamous epithelium and
sarcomatous spindle cells. The origin of spindle cells remains unknown; however, the majority of
sarcomatous components are currently considered to be derived from existing carcinomatous cells via
epithelial-mesenchymal transition (EMT). We report a case of esophageal carcinosarcoma harboring
basaloid squamous cell carcinoma successfully treated with preoperative chemotherapy. A 78-year-old
man complaining dysphagia was diagnosed as esophageal carcinosarcoma. After two courses of
preoperative chemotherapy with cisplatin and 5-fluorouracil, curative esophagectomy with lymph node
dissection was performed thoracoscopically. Histopathological findings of the resected specimen revealed
the mixture of basaloid squamous cell carcinoma and sarcomatous spindle cells. A transitional zone
between both components was also detected. As fibrosis was identified around both two components, the
findings indicated that both carcinomatous and sarcomatous neoplasms disappeared by preoperative
chemotherapy. Final pathological diagnosis was esophageal carcinosarcoma with basaloid squamous cell
carcinoma. No recurrent lesions have been detected for 25 months after the surgery. Sarcomatous spindle
cells could be derived from the components of basaloid squamous cell carcinoma in our present case due
to the presence of histological transition between two components. In addition, the marked
immunoreactivity of vimentin (an EMT marker) detected in the tumor cells of basaloid squamous cell
carcinoma could be consistent with the concept of monoclonal origin via EMT. The regimen targeting
squamous cell carcinoma could also be effective in the treatment of sarcomatous components.
Preoperative therapy might achieve the improvement of clinical outcome of patients with esophageal
carcinosarcoma.
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Introduction

Esophageal carcinosarcoma is a rare tumor composed
of neoplastic squamous epithelium and sarcomatous spindle
cells. Multiple diagnostic nomenclatures have been
assigned to this particular neoplasm in terms of its histo-
genesis and biology, such as spindle cell squamous cell car-
cinoma, sarcomatoid carcinoma or pseudosarcomatous
squamous cell carcinoma (Odze et al. 2019). The origin of
sarcomatous components has remained unknown but sarco-
matous components are considered to be derived from pre-
existing squamous cell carcinoma via epithelial-mesenchy-
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mal transition (EMT) or sarcomatous metaplasia (Sung et
al. 2011, 2013). Basaloid squamous cell carcinoma is also
a rare histological subtype of squamous cell carcinoma
(Odze et al. 2019). Basaloid squamous cell carcinoma has
various histological morphologies and multidirectional dif-
ferentiations including basaloid cells, duct-like arrange-
ment, amorphous hyaline substance in a tumor nest or coex-
isting conventional squamous cell carcinoma (Imamhasan
et al. 2012; Odze et al. 2019).

Due to the low incidence of the neoplasm, it is difficult
to establish the standard treatment strategies for esophageal
carcinosarcoma. The surgical resection is considered one
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of the most effective treatment options. However, preoper-
ative/postoperative therapy could also improve patients’
prognosis in a variety of cancer area. In fact, preoperative
chemotherapy followed by radical surgery has demon-
strated a favorable clinical outcome of patients with esoph-
ageal squamous cell carcinoma (Ando et al. 2012).
Considering the low feasibility of a randomized prospective
trial, it is pivotal to review previously published case
reports or small case series in order to perform more accu-
rate therapy for patients with the rare neoplasm.

Here, we present a rare case of esophageal carcinosar-
coma harboring basaloid squamous cell carcinoma compo-
nents to give some information about the mechanism of
development in carcinosarcoma of the esophagus. In addi-
tion, we conducted a literature review that is relevant to the
treatment strategies for esophageal carcinosarcoma.

Case Report

A 78-year-old man who manifested dysphagia was
diagnosed as esophageal cancer by esophagogastroduode-
noscopy (EGD) and presented to our hospital for the treat-
ment. The patient had a history of relatively marked smok-
ing (40 cigarettes per day for 15 years) and alcohol
consumption (approximately 1,000 mL beer per day for 60
years). Esophagography revealed stenosis and wall irregu-
larity in the esophageal cavity (Fig. 1a). An ulcerative- and
infiltrative-type tumor was detected in the middle third of
the thoracic esophagus (Fig. 1b). Computed tomography
(CT) demonstrated the thickened esophageal wall and
swelling of an anterior thoracic paraaortic lymph node
without radiological evidence of invasion into adjacent
structures or distant metastases. Positron emission tomog-
raphy-CT (PET-CT) revealed an uptake of '*F-2-fluoro-2-
deoxy-D-glucose in the middle third of the thoracic esopha-
gus [a maximum standardized uptake value (SUVmax) of
11.0] (Fig. 2a) and a thoracic paraaortic lymph node
(SUVmax of 2.3). Pathological examination of biopsy
specimens revealed components of both squamous cell car-
cinoma with immunoreactivity of AEI/AE3 (an epithelial
marker for detection of carcinomatous cells) and p40 (a
squamous-basal marker for detection of squamous cell car-
cinoma cells), and sarcomatous spindle cells with immuno-
histochemically positive for vimentin (a mesenchymal/
EMT marker for detection of sarcomatous cells). Based on
these findings, a clinical diagnosis before treatment was
esophageal carcinosarcoma [cT3NIMO, cStage I1IIB]
according to the eighth edition of the Union for
International Cancer Control tumor, node, and metastasis
classification system (TNM classification 8th) (Brierley et
al. 2017). As disease specific treatment strategies for
patients with esophageal carcinosarcoma had not been
established, therapeutic strategies of preoperative chemo-
therapy composed of cisplatin (CDDP) and S5-fluorouracil
(5-FU) targeting squamous cell carcinoma components and
subsequent radical surgery were planned. Preoperative che-
motherapy with intravenous CDDP (80 mg/m*/day on days

Fig. 1. Radiographic and endoscopic findings of the neo-
plasm.
a) Esophagography revealed stenosis and wall irregulari-
ty in the esophageal cavity. b) An ulcerative- and infil-
trative-type tumor was detected in the middle third of the
thoracic esophagus. c¢) The neoplasm was reduced after
preoperative therapy.

1 and 22) and continuously intravenous 5-FU (800 mg/m?/
day from days 1-5 and 22-26) were performed without any
side effects. The evaluation via EGD, CT and PET-CT after
the chemotherapy did reveal that the neoplasm was reduced
(Figs. 1c and 2b). The clinical response of the preoperative
therapy was partial response according to the Response
Evaluation Criteria in Solid Tumours guideline (Eisenhauer
et al. 2009). Curative esophagectomy with three-field
lymph node dissection was performed thoracoscopically.
The patient had favorable clinical courses following surgery
and was discharged on postoperative day 17. Postoperative
therapy was not performed, and no recurrent lesions have
been detected for 25 months after the surgery.

Pathological Findings

Macroscopic analysis of the resected specimen
revealed a 32 X 25 mm tumor in the middle third of the tho-
racic esophagus (Fig. 3a, b). Histopathological examina-
tion of the esophagus revealed both components of basaloid
squamous cell carcinoma displaying basal cell morphology
and sarcomatous spindle cells with high-grade of nuclear
atypia (Figs. 3c and 4a, c, d). The detailed histological
mappings in the resected specimens were illustrated in Fig.
3c. A transitional zone between both components was also
detected (Fig. 4b). The component of basaloid squamous
cell carcinoma invaded the muscularis propria. No lymph
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Fig. 2. Computed tomography (CT) and positron emission tomography-CT (PET-CT) findings.
a) CT scans demonstrated the thickness of esophageal wall (orange arrow) without evidence of invasion into adjacent
structures or distant metastases. PET-CT showed an uptake of '*F-2-fluoro-2-deoxy-D-glucose (FDG) in the middle
third of the thoracic esophagus [a maximum standardized uptake value (SUVmax) of 11.0]. b) After preoperative che-
motherapy, the tumor (orange arrow) was reduced and PET-CT showed less FDG uptake in the tumor [SUVmax of 5.0].

node involvement was detected and there was no evidence
that cancer cells had existed in the lymph nodes before pre-
operative chemotherapy. Lymphvascular invasions were
absent. Infiltration of lymphocytes/histiocytes/multinucle-
ated giant cells and fibrosis/necrosis/granulomatous changes
around both components of the neoplasm were identified.
These findings indicated that both carcinomatous and sarco-
matous components disappeared by preoperative chemo-
therapy, and the response to treatment was Grade 1b
(approximately one-third to two-thirds of the neoplasm dis-
appeared) according to the 11th Japanese Classification of
Esophageal Cancer (The Japan Esophageal Society 2015).
The osteogenic, myogenic and neurogenic differentiation
were not detected. A small lesion of squamous cell carci-
noma was detected in esophageal mucosa (carcinoma in
situ, Fig. 3¢). The subsequent immunohistochemical exam-
ination revealed that the tumor cells of basaloid squamous
cell carcinoma were immunohistochemically positive for
AE1/AE3, CAMS.2 (epithelial markers), p40 (a squamous-
basal marker) and vimentin (a mesenchymal/EMT marker).
In contrast, sarcomatous spindle cells demonstrated marked
immunoreactivity of vimentin, whereas very weak immu-
noreactivity of AE1/AE3 and CAM 5.2 (Fig. 5). Final
pathological diagnosis was esophageal carcinosarcoma with
basaloid squamous cell carcinoma, ypT2N0cMO, fStage I1A
(TNM classification 8th).

Discussion

Basaloid squamous cell carcinoma is a rare histologi-

cal subtype of squamous cell carcinoma accounting for
0.07%-11.8% of all esophageal carcinomas (Bellizzi et al.
2009; Tachimori et al. 2017). Basaloid squamous cell car-
cinoma consists of basaloid-shaped cells harboring round-
to-oval-shaped nuclei, dense hyperchromatic nuclei and
basophilic scant cytoplasm presenting a high nucleus-cyto-
plasm ratio (Odze et al. 2019). The clinical outcome of
patients with basaloid squamous cell carcinoma is well
known to be significantly much worse than that of patients
with conventional squamous cell carcinoma (Chen et al.
2012; Imamhasan et al. 2012; Ishida et al. 2019).
Esophageal carcinosarcoma, known as spindle cell squa-
mous cell carcinoma, is also a rare neoplasm that accounts
for 0.1%-2.8% of all esophageal malignancies (Wang et al.
2013; Tachimori et al. 2017; Odze et al. 2019).
Carcinosarcoma is composed of neoplastic squamous epi-
thelium and sarcomatous spindle cells. Typical esophageal
carcinosarcoma demonstrates a polypoid growth pattern
and the neoplasm usually does not infiltrate deeply into the
esophageal wall. Patients therefore have a symptom of dys-
phagia at the earlier stage and the survival outcome of
patients with esophageal carcinosarcoma is generally better
than that of patients with typical squamous cell carcinoma
of the same size (Wang et al. 2013; Yoshimoto et al. 2018;
Hashimoto et al. 2019). Although the etiology of sarcoma-
tous spindle cells remains unclear, a concept of monoclonal
origin from a single ancestor cell was proposed, in which
sarcomatous components could be derived from carcinoma-
tous components via EMT or sarcomatous metaplasia (Sung
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Fig. 3 Macroscopic findings of the resected specimen.
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a) 32 x 25 mm of ulcerative- and localized-type tumor was observed in the middle third of the thoracic esophagus. b)
The unstained area of iodine staining was not identified around the neoplasms. c¢) The histological mapping on the yel-
low lines in Figure 3b was illustrated. The area surrounded by red, blue and green lines included the components of
basaloid squamous cell carcinoma, sarcomatous spindle cells and fibrosis/necrosis/granulomas changes, respectively.
The potential locations of initial biopsy were demonstrated as asterisks. A relatively small lesion of squamous cell car-

cinoma was detected in esophageal mucosa (orange box).

etal. 2011, 2013). This hypothesis is based on the facts that
the great majority of cases with carcinosarcoma contained a
transitional zone between carcinomatous and sarcomatous
components, and both elements shared the same genetic
alterations (Kashiwabara et al. 2001; Amatya et al. 2004;
Matsumoto et al. 2004).

Previously, three cases with esophageal carcinosar-
coma having basaloid squamous cell carcinoma compo-
nents were reported and are summarized in Table 1 (Ohtaka
et al. 2002; Amatya et al. 2004; Hung et al. 2008). Ohtaka
et al. (2002) reported a case with squamous cell carcinoma
and basaloid squamous cell carcinoma having spindle cell
components. Basaloid cell carcinoma demonstrated a grad-
ual transition to chondrosarcomatous cells producing the
matrix; thus, the authors concluded that carcinogenesis of
the neoplasm might be associated with an undifferentiated

stem cell of esophageal mucosa. Esophageal carcinosar-
coma with basaloid squamous cell carcinoma sharing the
similar point mutation of 7P53 was reported by Amatya et
al. (2004). The similar mutation between carcinomatous
and sarcomatous components indicated a high probability
of a monoclonal origin for these components. Hung et al.
(2008) reported a case of carcinosarcoma having basaloid
squamous cell carcinoma and osteosarcoma components
without a transitional zone. Each component might origi-
nate from two individual stem cells separately because no
transitional zone was detected in the neoplasm. In addition,
Schaefer et al. (2011) investigated the chromosomal aberra-
tions in each basaloid squamous cell carcinoma and carci-
nosarcoma of the esophagus by using comparative genomic
hybridization. As both basaloid squamous cell carcinoma
and sarcomatous components displayed common copy



Carcinosarcoma with Basaloid Squamous Cell Carcinoma 259

Fig. 4. Representative hematoxylin and eosin-stained histopathological illustrations of the neoplasm.
a) Low-pawer field of the tumor. Regenerative epithelium covered the lesion. b) A transitional zone (T) between carci-
nomatous (C) and sarcomatous (S) components. c¢) Basaloid squamous cell carcinoma displaying basaloid-shaped cells
with dense hyperchromatic nuclei, a high nucleus-cytoplasm ratio, basophilic scant cytoplasm and basement membrane-
like material. d) Sarcomatous spindle cells with high-grade of nuclear atypia.

Basaloid squamous cell carcinoma A Transitional Zone Sarcomatous spindle cells

CAMS5.2 (an epithelial marker)

Fig. 5. Immunohistochemical features of esophageal carcinosarcoma with basaloid squamous cell carcinoma in our present
case.
Marked CAMS.2 (an epithelial marker) immunoreactivity in a) basaloid squamous cell carcinoma, whereas very weak
positive immunoreactivity of CAMS5.2 detected in b) a transitional zone (yellow arrow) and c) sarcomatous spindle
cells. Marked vimentin (a mesenchymal/epithelial-mesenchymal transition marker) immunoreactivity in d) basaloid
squamous cell carcinoma, ) a transitional zone and f) sarcomatous spindle cells.
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Table 1. Esophageal carcinosarcoma with basaloid squamous cell carcinoma.

Basaloid squamous
Endoscopic q

Sarcomatous

Transitional Origin of

Author Year Age Sex o pT pN cell carcinoma Genetic Alterations K Survival Outcome
Finding Component Zone Carcinosarcoma
Component
. . Present . .
Cytokeratin ++ Cytokeratin — X Undifferentiated
Ohtaka 2002 61 M 1 T2 NX (c+s) ) ) i . Cytokeratin + NA NA
Vimentin — Vimentin ++ ) X stem cell
Vimentin —
i X Similar 7P53
Cytokeratin ++ Cytokeratin — . . L .
Amatya 2004 64 M 1 Tib NO ) i § . NA point mutation Monoclonal origin 12 months alive
Vimentin + Vimentin +++ X X
(missense mutation)
X Two individual .
Hung 2008 57 M 1 T2 NO Cytokeratin ++ NA Absent NA 30 months alive
stem cells
) . Present =
Cytokeratin +++ Cytokeratin . Monoclonal origin .
Present case 2019 78 M 3 T2 NO Cytokeratin + NP 25 months alive

Vimentin +++

Vimentin +++

X . (via EMT)
Vimentin +++

Endoscopic finding: 1, protruding type; 3, ulcerative and infiltrative type; c, carcinomatous lesion; s, sarcomatous lesion; Cytoker-
atin, an epithelial marker; Vimentin, an epithelial-mesenchymal transition marker; —, Negative; +, less than 10% positive cells; +,
10-25% positive cells; ++, 25-50% positive cells; +++, more than 50% positive cells; NA, not available; NP, not performed; EMT,

epithelial-mesenchymal transition.

number gains at the same chromosome, the result suggested
a common genetic origin. In our present case, a transitional
zone was detected between two components. Furthermore,
the marked immunoreactivity of vimentin (an EMT marker)
was detected in the tumor cells of basaloid squamous cell
carcinoma. These findings indicated that sarcomatous cells
might be derived from the components of basaloid squa-
mous cell carcinoma via EMT. It was reported that the
expression of vimentin was more frequently detected in
basaloid squamous cell carcinoma, compared with typical
squamous cell carcinoma (Zhang et al. 1998). Considering
high proliferative activity and high incidence of distant
metastases in patients with basaloid squamous cell carci-
noma, EMT might tend to occur more frequently; thus,
more cases with esophageal carcinosarcoma having basa-
loid squamous cell carcinoma components should have
been reported. However, as only four cases with esopha-
geal carcinosarcoma harboring basaloid squamous cell car-
cinoma have been reported so far including our present
case, some different mechanisms might exist in develop-
ment of the rare neoplasm. Further genomic sequencing
may be required for molecular clues for the histogenesis of
esophageal carcinosarcoma with basaloid squamous cell
carcinoma. Sarcomatous spindle cells demonstrated very
weak immunoreactivity of epithelial markers in our present
case. However, Li et al. (2018) reported that AE1/AE3
were positive in sarcomatous components in only 23% of
cases. Therefore, the absences of immunoreactivity of epi-
thelial markers in sarcomatous components could not
exclude the possibility of a concept of monoclonal origin.
In the present case, considering the diagnosis of squa-
mous cell carcinoma and sarcomatous spindle cells before
neo-adjuvant chemotherapy demonstrated in biopsy speci-
mens, we postulate that the tumor harbored squamous cell
carcinoma components in addition to those of basaloid
squamous cell carcinoma and sarcomatous spindle cells,
which might represent the dominant component before pre-
operative therapy. The endoscopic findings, an ulcerative/

infiltrative type, which were not necessarily characteristic
of those of carcinosarcoma, the efficacy of neo-adjuvant
chemotherapy and the pathological findings, the presence of
a relatively small component of squamous cell carcinoma
in esophageal mucosa in the surgically resected specimens
could support this possibility above. The potential location
of initial biopsy might be around the components of both
sarcomatous spindle cells and fibrosis/necrosis/granulomas
in which squamous cell carcinoma could be present before
neo-adjuvant treatment (asterisks in Fig. 3¢). Therefore, the
tumor might disappear as a result of preoperative chemo-
therapy and it was relatively difficult to conclude that this
particular neoplasm consisted mainly of basaloid squamous
cell carcinoma before the therapy.

There is no doubt that curative surgical resection is the
most effective method to cure esophageal carcinosarcoma
completely. However, the treatment strategies of esopha-
geal carcinosarcoma before/after surgery, known as neo-
adjuvant/adjuvant therapy, have not been established due to
the rather limited number of cases and the difficulty of
implementation of a prospective trial. The aim of neo-adju-
vant therapy is to reduce the tumor volume, make the cura-
tive resection possible and improve patients’ survival out-
come. Conventional squamous cell carcinoma could benefit
from preoperative therapy composed of 5-FU/CDDP (FP, 2
courses), especially in patients with localized advanced
tumor (Ando et al. 2012). In contrast, there are only a few
case reports or small case series regarding the neo-adjuvant/
adjuvant therapy for patients with esophageal carcinosar-
coma. We searched for English articles via PubMed pub-
lished since 2000 containing the key terms “esophagus”,
“carcinosarcoma” and/or “spindle cell carcinoma”.
Fourteen cases were identified in which preoperative ther-
apy were performed and are summarized in Table 2 (Zuiki
et al. 2009; Kobayashi et al. 2010, 2015; Kuo et al. 2010;
Katsuya et al. 2017; Yoshimoto et al. 2018). Five patients
underwent chemoradiotherapy in which the dose of radia-
tion ranged from 38 to 62Gy, and chemotherapy were per-
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Table 2. Esophageal carcinosarcoma treated with preoperative therapy.

Author Vear Age  Sex Endoscopic Preoperative oT oN Pathological Residual Sunvival Outcome
Finding Treatment Response Tumor

Zuiki 2009 50 M 1 FP+62Gy Tlb N1 (c) NA c 36 months alive
Zuiki 2009 66 M 1 FP+40.8Gy Tlb NO NA s 19 months alive
Kobayashi 2010 68 M 2 S-1/cisplatin Tis NO 2 c 60 months alive
Kobayashi 2010 64 M 0-1p FP+38Gy Tla N1 2 c+s 11 months dead
Kuo 2010 68 M 1 NA T3 N1 NA NA 27 months alive
Kuo 2010 45 M 3 NA T4 N1 NA NA 6 months alive

Kobayashi 2015 69 M 0-1p FP Tla NO 1 c+s 60 months alive
Katsuya 2017 60 M 0-1 FP Tlb N3 (c) 0 c+s 4.5 months dead
Katsuya 2017 57 M 1 FP Tlb N1 (c+s) 0 c+s 6.8 months dead
Katsuya 2017 64 M 1 FP Tlb NO 1 c+s 28 months dead
Katsuya 2017 65 M 5 FP Tlb NO 1 S 40.9 months alive
Katsuya 2017 67 F 1 FP+50.4Gy Tlb NO 1 s 10.9 months dead
Katsuya 2017 73 F 1 FP+41.4Gy Tlb NO 2 s 47 months alive
Yoshimoto 2018 73 M 1+3 DCF Tis NO 2 c 12 months alive
Present case 2019 78 M 3 FP T2 NO 1 c+s 25 months alive

Endoscopic finding: 0-1, superficial and protruding type; 0-1p, pedunculated type; 1, protruding type; 2, ulcerative and localized
type; 3, ulcerative and infiltrative type; 5, unclassified type; FP, cisplatin+5-fluorouracil; S-1, oral tegafur/gimeracil/oteracil; DCF,
docetaxel + cisplatin + 5-fluorouracil; c, carcinomatous lesion; s, sarcomatous lesion.

Pathological response: 0, No evidence of effect; 1, Viable tumor cells occupy more than 1/3 of the tumorous area; 2, Viable tumor

cells remain in less than 1/3 of the tumorous area; NA, not available.

formed in the other cases. The major regimens of chemo-
therapy were FP, oral tegafur/gimeracil/oteracil (S-1)/
CDDP or docetaxel/FP (DCF), and these regimens targeted
carcinomatous components. More than two-thirds of the
neoplasm disappeared in four cases by preoperative therapy.
Of particular interest, the sarcomatous components were
not detected in the resected specimen in three cases. The
findings indicated that the regimens targeting squamous cell
carcinoma components could also be effective in the treat-
ment of sarcomatous components. This fact would be ratio-
nal because the chemotherapy could be effective if the two
components share the same origin or the same genetic
abnormalities each other (a concept of monoclonal origin).
In the fifteen cases, the origin of sarcomatous spindle cells
was considered in only three cases including our present
case (the same origin in all the three cases). Molecular
genetic analyses for detection of genetic alterations were
not performed in any cases. Further investigations are
therefore required for clarification. Docetaxel is a semisyn-
thetic member of the taxoid class of antineoplastic agents.
Docetaxel-based chemotherapy targeting sarcomatous com-
ponents is currently used in several areas, such as bone, soft
tissue or gynecological sarcomas, and showed favorable
response rates (Hensley et al. 2008; Takahashi et al. 2017;
Choi et al. 2018). Thus, DCF that could be effective for
both carcinomatous and sarcomatous components may be a
rational option of preoperative chemotherapy for patients
with esophageal carcinosarcoma. 21%-42% of patients
with esophageal carcinosarcoma underwent adjuvant ther-
apy after surgery (Zhang et al. 2016; Schizas et al. 2018;
Hashimoto et al. 2019). However, no survival improve-

ments have been reported so far because patients in more
advanced stage received postoperative therapy. Considering
low feasibility of a randomized prospective trial because of
the limited number of cases of esophageal carcinosarcoma,
it is needed to assess experts experience and evidence from
case reports or small case series in order to find out the
appropriate candidates who could benefit from neo-adju-
vant/adjuvant therapy.

In summary, we present a rare case of esophageal car-
cinosarcoma harboring basaloid squamous cell carcinoma
components, in which sarcomatous cells might be derived
from the components of basaloid squamous cell carcinoma
via EMT. In addition, preoperative therapy targeting squa-
mous cell carcinoma components could also be effective in
the treatment of sarcomatous components; thus, treatment
before surgery might be considered for improvement of
patients’ clinical outcome. As the obvious criteria of neo-
adjuvant/adjuvant therapy for patients with esophageal car-
cinosarcoma have not been established, the potential factors
need to be clarified in patients who could benefit from pre-/
post-operative therapy.
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