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Objective: Malignant chest wall tumors are rare neoplasms. Resection with wide-free margins
is an important prognostic factor, and massive chest wall resection and reconstruction are often
necessary. A recent case series of 20 consecutive patients is reported in order to find any possible
correlation between tumor histology, extent of resection, type of reconstruction, and adjuvant
treatment with short- and long-term outcomes.

Methods: Twenty patients were submitted to chest wall resection and reconstruction for malig-
nant chest wall neoplasms between 2006 and 2014. The mean age (ten males) was 59+4 years.
The size and histology of the tumor, the technique of reconstruction, and the short- and long-
term follow-up records were noted.

Results: The median maximum diameter of tumors was 10 cm (5.4-32 cm). Subtotal sternal
resection was performed in nine cases, and the resection of multiple ribs was performed in eleven
cases. The median area of chest wall defect was 108 cm? (60340 cm?). Histology revealed soft
tissue, bone, and cartilage sarcomas in 16 cases (80%), most of them chondrosarcomas. The rest
of the tumors was metastatic tumors in two cases and localized malignant pleural mesothelioma
and non-Hodgkin lymphoma in one case. The chest wall defect was reconstructed by using the
“sandwich technique” (propylene mesh/methyl methacrylate/propylene mesh) in nine cases of
large anterior defects or by using a 2 mm polytetrafluoroethylene (e-PTFE) mesh in nine cases
of lateral or posterior defects. Support from a plastic surgeon was necessary to cover the full-
thickness chest wall defects in seven cases. Adjuvant oncologic treatment was administered
in 13 patients. Local recurrences were observed in five cases where surgical reintervention
was finally necessary in two cases. Recurrences were associated with larger tumors, histology
of malignant fibrous histiocytoma, and initial incomplete resection or misdiagnosis made by
nonthoracic surgeons. Three patients died during the study period because of recurrent disease
or complications of treatment for recurrent disease.

Conclusion: Chest wall tumors are in their majority mesenchymal neoplasms, which often
require major chest wall resection for their eradication. Long-term survival is expected in low-
grade tumors where a radical resection is achieved, while big tumors and histology of malignant
fibrous histiocytoma are connected with the increase rate of recurrence.

Keywords: chest wall tumors, chest wall resection, chest wall reconstruction, soft tissue

sarcomas, sternal tumors, chondrosarcoma

Introduction

Chest wall tumors are defined as primary or metastatic to the chest wall tumors or tumors
of the neighboring organs invading the contiguity of the chest wall. Primary malignant
chest wall tumors are in their majority mesenchymal neoplasms and arise from the soft
tissues, bones, and cartilages of the chest wall.'¢ Chest wall tumors are rare neoplasms and
account for <5% of all thoracic malignancies.>¢ Radical resection with wide tumor-free
specimen margins is considered to be the most important prognostic factor for prolonged
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survival. Massive chest wall resection is often necessary to
achieve a tumor-free margin resection, while reconstruction
of both the skeletal and soft tissue defects is very important
for the overall outcome.'®

A recent case series of 20 consecutive patients who under-
went curative massive chest wall resection and reconstruction
for malignant chest wall tumors is reported in order to find
any possible correlation between tumor histology, extent of
resection, type of reconstruction, and adjuvant treatment with
outcomes and quality of life.

Patients and methods

Patients

The institutional review board of AHEPA University Hos-
pital approved this study. Written informed consent was
obtained from all patients. Twenty consecutive patients
who underwent massive chest wall resection and reconstruc-
tion for malignant chest wall tumors from January 2006 to
December 2014 (8 years) were included in the retrospective
analysis. Massive chest wall resection was defined as the
resection of >4 consecutive ribs or any subtotal/total sternal
resection requiring reconstruction to maintain the stability
of chest wall and to avoid paradoxical chest wall motion.
Patients with primary non-small-cell lung cancer invading
the chest wall were not included in the study. The mean age
of 20 patients included in the study patients was 59+4 years
(variance: 15-80 years) with equal distribution between the
two sexes (ten males and ten females).

Preoperative workup

Core needle biopsy was the only approach to obtain a tissue
biopsy before curative surgery of a chest wall tumor if the
radiographic diagnosis was evident. The results of core needle
biopsy were inconclusive in one patient with non-Hodgkin
lymphoma of the chest wall who underwent curative resec-
tion of the mass. By principle, incisional biopsies were not
performed to avoid the spilling of soft tissues by neoplastic
cells. Two patients had a preoperative diagnosis coming
from incomplete tumor resections performed by nonthoracic
surgeons. In another case, misdiagnosis as chest wall abscess
was made by a nonthoracic surgeon, where the establishment
of the final diagnosis of malignant fibrous histiocytoma
(MFH) was made with considerable delay.

Magnetic resonance imaging of the chest was applied
in selected patients to delineate possible invasion of adja-
cent structures, such as the thoracic outlet, the spine, and
the mediastinal vessels. One patient with sternal chon-
drosarcoma underwent preoperative positron emission
tomography/computed tomography (PET/CT) scan where

Figure | Sandwiched methyl methacrylate prosthesis for sternal reconstruction
after the resection of sternal chondrosarcoma.

Notes: Four stainless steel wires fix the prosthesis to the remnants of the sternum
to avoid dislocation. Inset: PET/CT scan showing the sternal tumor: low FDG uptake
by the tumor (SUV__ =1.7).

Abbreviations: PET/CT, positron emission tomography/computed tomography;
FDG, Fluorodeoxyglucose (18F); SUV, standardized uptake value.

the Fluorodeoxyglucose (18F) (FDG) uptake by the tumor
was considerably low as it was detected by the low SUV-
e OF 1.7 (Figure 1, inset). All patients had preoperative
pulmonary function tests, while thorough preoperative
assessment of the cardiac function was individually made.
The decision to proceed with surgery was always made
within a multidisciplinary oncology team. Plastic surgeons
were involved in the preoperative planning when a full-
thickness chest wall resection had to be made for radical

tumor resection.

Histology of the included patients in the

study tumors

The majority of the patients included in this study had
primary chest wall sarcomas (16/20 cases — 80%), most of
them are chondrosarcomas. Two patients had metastatic chest
wall tumors where the preoperative workup did not reveal
any other metastasis elsewhere in the body, while the primary
site was well controlled. More details on tumor histologies
are presented in Table 1.

Chest wall reconstruction

Reconstruction of the bony chest wall defect was made
either by using the sandwich technique or by applying a
dual-sided 2 mm e-PTFE mesh. The sandwich technique
consisted of a layer of 1 cm of synthetic bony cement (methyl
methacrylate), which was encountered within two layers of
polypropylene mesh to form a rigid construction. The whole
construction could be easily tailored to the size and convex
of the bony defect during hardening of the synthetic cement.
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Table | Histology of the resected tumors

Number
of patients

Histologic type

Chondrosarcoma
Malignant fibrous histiocytoma

Malignant peripheral nerve sheath tumor

Rhabdomyosarcoma

PNET

Fibrosarcoma

Metastatic oral squamous cell carcinoma to the sternum
Metastatic to the sternum thyroid carcinoma

Localized malignant mesothelioma

Primary chest wall non-Hodgkin lymphoma (DLBCL)

Total 20

7
3
Malignant solitary fibrous tumor 2
|
|
|
|
|
|
|
|

Abbreviations: DLBCL, diffuse large B-cell lymphoma; PNET, primary chest wall
Ewing’s sarcoma.

The prosthesis was then fixed by propylene sutures to the
surrounding soft tissues. Four stainless steel sutures passing
through each corner of the prosthesis through the cement
were applied to fix firmly the prosthesis to the surrounding
bony skeleton, ie, to the ribs or to the remnant of sternum
or clavicles, in order to avoid dislocation of the prosthesis
(Figure 1). Regarding the dual-sided 2 mm e-PTFE mesh, it
is a strong mesh that can be tailored to the size of any bony
defect. The mesh was fixed to the edges of the chest wall
defect with polypropylene sutures (Figures 2 and 3), trying
always to tighten as much as possible the mesh, so as to
resemble like a drum membrane.

The choice of the material used to cover the chest wall
defect was mainly based on the location of the defect. Lat-
erally or posteriorly located defects were reconstructed by
the e-PTFE mesh (eleven cases), while anterior defects,
especially those including part of or the whole sternum, were
reconstructed by the sandwich technique (nine cases).

Figure 2 surgery specimens.

Short- and long-term outcomes

Short-term outcomes were defined as the mortality and
morbidity of the procedures and any incomplete resection
requiring redo surgery to achieve a final RO oncologic result.
Long-term outcomes were defined as any tumor recurrence,
local or distant, and the long-term survival. Local recurrence
was defined as the development of tumor within or adjacent
to the chest wall resection/reconstruction area.

Statistical analysis

Due to the small number of cases as well as the heterogeneity
of the tumors included in the study, the results are presented
with a descriptive manner, since the data are not suitable for
statistical analysis, with the exception of some descriptive
statistics.

Results

The maximal diameter of chest wall masses varied between
5.4 cm and 32 cm (median: 10 cm). The area of the bony
chest wall defect resulting after tumor resection varied from
60 cm? to 340 cm? (median: 108 cm?). The area of the chest
wall defect was measured to be <100 cm? in eight patients,
100-200 cm? in seven patients, 200—-300 cm? in four patients,
and >300 cm? in one patient. The maximum size of tumor
and the area of chest wall defect were obtained from the final
pathology reports.

Tumor resection and reconstruction

techniques
The type and extent of resection and the applied chest wall

reconstruction technique for particular cases are shown in
Table 2.

Notes: (A) Large malignant SFT of the posterior chest wall. (B) Reconstruction of the chest wall defect with 2 mm e-PTFE mesh after resection of the SFT.

Abbreviations: SFT, solitary fibrous tumor; e-PTFE, polytetrafluoroethylene.
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Table 2 Reconstruction techniques according to the type and extent of chest wall tumor resection

Cases

Reconstruction with the sandwich technique
Subtotal sternal resection including the attached costal cartilages

Subtotal sternal resection en bloc with the proximal segments of both clavicles, the thymus and part of anterior pericardium |

Subtotal sternal resection en bloc with the thymus gland, anterior pericardium, adventitia of the ascending aorta, wedge resection of |

the attached left upper lobe, and wedge resection from the lingula to resect a solitary, possibly metastatic, coin lesion
Resection of the lower part of the sternum, the xiphoid process, and the left costal arch en bloc with a lung parenchyma wedge |
Resection of costal cartilages and anterolateral parts of the second to sixth ribs on the left en bloc with part of the sternum, the left |

pectoralis major and underlying skin, wedge resection of the left upper lobe and parietal pleurectomy from the apex to the fifth rib

Mesh reconstruction with dual-sided 2 mm e-PTFE mesh
Resection of lateral or posterior segments of >4 ribs

Resection of lateral or posterior segments of >4 ribs and lung wedge resections to remove the attached to the tumor lung parenchyma 2
Resection of the posterolateral parts of the fifth to eleventh ribs en bloc with the adjacent muscles, part of the left hemidiaphragm |

and spleen

En bloc resection of the lower sternum, xiphoid process, right costal arch, and the upper part of the rectus abdominis musles |

Abbreviation: e-PTFE, polytetrafluoroethylene.

Full-thickness chest wall resection was necessary in seven
cases. Plastic surgeons were involved to cover the skeletal
prosthetic reconstruction material in these seven cases. Latis-
simus dorsi musculocutaneous flaps were used in four cases,
the combination of latissimus dorsi and pectoralis major
muscular flaps was used in one case, and pectoralis major
muscular flaps were used in two cases.

Short-term outcomes

Mortality of the procedures was nil. All patients were
extubated within the first 24 hours in the intensive care unit
(ICU). Postoperative ICU stay was <48 hours in all patients.
Major morbidity occurred in four out of the 20 patients
(20%), comprising atelectasis requiring bronchoscopy and

nes
aroe
SISO pt 4
W4 A0

Figure 3 CT scans of the patient.

noninvasive ventilation for resolution in two patients, skin
necrosis requiring initial vacuum-assisted closure application
and an additional procedure from the plastic surgeons, and
ischemia due to venous congestion of a musculocutaneous
flap in one case requiring an additional procedure from the
plastic surgeons in a second time.

Minimal microscopic invasion in the margin of the
specimen was found at histologic examination in one patient
(microscopic residual disease/R1 procedure). The patient
underwent further completion of the chest wall resection
and revision of the chest wall reconstruction, 3 weeks after
the initial procedure, in order to achieve a final RO oncologic
result. The patient is free of any recurrence at 5 years of
follow-up.

Notes: (A) CT scan reconstruction showing a chondrosarcoma of the right costal arch. (B) Reconstruction of the chest wall defect with e-PTFE mesh.

Abbreviations: CT, computed tomography; e-PTFE, polytetrafluoroethylene.
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Adjuvant treatment

Adjuvant oncologic treatment was offered in 13 patients. The
patients with primary chest wall lymphoma underwent eight
cycles of chemotherapy with the combination of doxorubicin,
cyclophosphamide, vincristine, prednizolone, and rifuximab.
Adjuvant treatment was not offered 1) in two elderly patients
with associated cardiac problems, local recurrence occurred
in one of them and 2) in five patients with low-grade chondro-
sarcomas and radical (R0) resection with wide-free margins.
All the latter patients did not develop tumor recurrence.

Recurrences and long-term outcomes
Tumor recurrences were observed in five patients (25%).
All recurrences were local, while one patient developed
beyond local recurrence and a solitary lung metastasis later
on the course.

Recurrent tumor #I

In this patient, local recurrence of a giant (33x26 cm) MFH,
6 months after initial resection and chest wall replacement
with e-PTFE mesh followed by radiotherapy, was observed
(Figure 4A). The patient underwent resection of his large
recurrent tumor (15x13 cm). The patient died 6 months after
resection of the recurrence by developing one or more recur-
rence in the chest wall, close to the spine. The overall survival
reached 12 months. Adjuvant radiotherapy did not prevent
tumor recurrence, while chemotherapy was not offered due
to the existing low left ventricle ejection fraction.

Recurrent tumor #2
Here, an initial incomplete resection of the tumor in patient
with MFH was done by nonthoracic surgeons. Massive

chest wall resection and reconstruction were followed by
local recurrence of the tumor just behind the methyl meth-
acrylate prosthesis 8 months after the chest wall resection.
The patient died 3 months later from the progressive disease
not responding to the oncologic treatment, thus eliminating
overall survival to 11 months. Adjuvant oncologic treatment
did not prevent tumor recurrence.

Recurrent tumor #3

In this patient, local recurrence of a large (15x12 cm) MFH
just above the mesh, 12 months after the resection of multiple
ribs and e-PTFE mesh reconstruction, was observed. Local
recurrence became evident as recurrent fluid collection with
positive cytology above the mesh, without mass formation.
The patient underwent resection of the soft tissues underly-
ing the mesh, cover of the prosthesis with local flaps and
radiotherapy. The patient is free of macroscopic disease and
symptoms for 14 months after the completion of radiotherapy
(overall survival until now of 26 months). The tumor was
initially misdiagnosed and treated as subcutaneous abscess
by a primary care nonthoracic surgeon.

Recurrent tumor #4

In this patient, local recurrence of chondrosarcoma within the
soft tissue in front of the prosthesis, 1.5 years after subtotal ster-
nal resection and reconstruction with the sandwich technique
and adjuvant chemoradiotherapy, was observed. Resection of
the recurrence was made without the revision of prosthesis.
The patient developed 2.5 years later a solitary metastasis in
the superior segment of the left lower lobe that was treated
with typical segmentectomy of the superior segment of the
left lower lobe. He is now free of disease for 5 years since the

Figure 4 CT scan slices showing two large chest wall tumors where a local recurrence was observed after resection with tumor-free margins.
Notes: (A) Giant malignant fibrous histiocytoma of the chest wall measuring 32 c¢m in its maximal diameter. (B) Large chondrosarcoma measuring 20 cm in its maximal

diameter.
Abbreviation: CT, computed tomography.
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resection of lung metastasis (overall survival of 9 years). The
patient underwent an initial incomplete resection of the tumor
by a nonthoracic surgeon. Adjuvant chemoradiotherapy did
not prevent the development of local recurrence.

Recurrent tumor #5

In this patient, recurrence of chondrosarcoma within the
pleural cavity at 7 months since the initial chest wall resec-
tion and reconstruction was observed. The patient underwent
initially the resection of a giant chondrosarcoma (20x17 cm)
and parietal pleurectomy for pleural deposits in the apex of the
hemithorax (R1 resection). The patient died 5 months later due
to the cardiac complications of chemotherapy with pazopanid.
The overall survival was 12 months (Figure 4B).

All the five local recurrences occurred within a short
period of time (6—18 months) after resection of the tumor.
Recurrences were observed in two cases of giant tumors with
maximum tumor diameters of 32 cm and 20 cm, respectively
(Figure 4A and B) and in three additional cases of initial
incomplete resections or misdiagnosis as chest wall abscess
that were performed by nonthoracic surgeons. The median
survival of patients with recurrent tumors was 18 months;
however, median survival was influenced by the prolonged
survival of 9 years in the first of the recurrent tumors men-
tioned earlier. Survival was limited to 1 year in three out of the
five patients with recurrent chest wall tumors. The three cases
of MFH recurred locally within a short time period after resec-
tion (6 months, 8 months, and 12 months, respectively).

The rest 15 patients still remain alive without local recur-
rence or metastases during the whole follow-up period, and
the median survival was 62.5 months. All the five patients
with radically resected grades I and 11 chondrosarcomas still
remain alive after follow-up of 20—108 months with a median
survival of 62 months. The patients with primary chest wall
lymphoma and with localized malignant mesothelioma are
free of local or any other recurrence 4 years and 6 years,
respectively, after the chest wall resection.

Long-term consequences of massive

chest wall resection and reconstruction
Fracture of the sandwiched methyl methacrylate occurred
once in 1.5 years after the resection of sternal chondrosarcoma
(Figure 5). Fracture of the methyl methacrylate was
incidentally discovered during the follow-up in chest CT
scan. Fracture did not affect the stability of the prosthesis
and chest wall, and the prosthesis was left in place.

Severe limitations of daily activities were observed in
only one patient. The observed malfunction comprised the

13:43:31.91
™ -163.0
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Figure 5 Asymptomatic fracture of the sandwiched methyl methacrylate prosthesis;
incidental finding during routine follow-up CT scan performed at |.5 years after
resection of sternal chondrosarcoma.

Abbreviation: CT, computed tomography.

restriction in adduction and internal rotation of both upper
arms, and it was the consequence of the resection of the upper
part of the sternum en bloc with the attached head and anterior
part of the clavicles for chondrosarcoma (Figure 6). Initial
management by nonthoracic surgeons was observed in three
out of the five recurred cases in the current series (recurrent
tumor #2, recurrent tumor #3, and recurrent tumor #4).

Discussion
Chest wall resection for tumor is well known since the late 19th
century, as Holden was the first to describe partial sternectomy
for a primary sarcoma in 1878, followed by the report of chest
wall resection for tumor by Parham in 1898.” Moreover, highly
successful chest wall resection and reconstruction with syn-
thetic materials were applied since the early 1960s in Memorial
Sloan-Kettering Cancer Center in New-York, and a case series
of 155 patients was published in 1980.°

Massive chest wall resection is currently performed
for primary chest wall soft tissue, bony and cartilaginous
primary chest wall tumors, and non-small-cell lung cancer
invading the chest wall. Breast cancer infiltrating the chest
wall (seen for the first time or locally recurrent) is no longer
the case requiring chest wall resection. Surgery for lung
cancer invading the chest wall involves additional major lung
parenchyma resection en bloc with the involved part of chest
wall, a situation that is quite different from primary or even
metastatic chest wall tumors requiring chest wall resection.
For the reason mentioned earlier, patients who underwent
massive chest wall resection for lung cancer with chest wall
invasion were not included in the study.
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Figure 6 3D reconstruction of the sandwiched methyl methacrylate prosthesis in the patient experiencing restriction in adduction and internal rotation of both upper arms

after resection of the upper half of the sternum.

Note: 3D reconstruction (A) and; Chest x-ray (B). Fixation of the clavicles to the large sandwiched methyl methacrylate prosthesis with stainless steel sutures could be one

of the responsible factors for patient’s malfunction.
Abbreviation: 3D, three dimensional.

Chest wall reconstruction in this study has been made by
using a certain strategy, the classic sandwich technique for
anterior chest wall defects including the sternum or the dual-
sided e-PTFE mesh reconstruction for chest wall resections
involving multiple ribs or the costal arch. The sandwich tech-
nique is well known from the early 1960s, and this method
of reconstruction is associated with very good functional
results concerning chest wall stability and upper arm and
chest mobility.® This technique was considered to be the best
choice for reconstruction in case of total sternectomy in the
near past.2*>° Encapsulation of the sandwiched methyl meth-
acrylate prosthesis within a short period of time makes the
construction permanently stable and resistant to the externally
applied forces during daily life. Because of the encapsulation
process, the methyl methacrylate prosthesis remains stable
even in case of fracture of the sandwiched bony cement, as
it was observed once in the current case series. “Loosening”
and dislocation of the prosthesis requiring reoperation “due
to ruptured sutures between the prosthesis and ribs” were
reported by Lardinois et al.'’ Fixation of the prosthesis with
four stainless-steel sutures (one in each corner) to the sur-
rounding bones according to the proposed herein technique
ameliorates this possibility. Mesh reconstruction of the
lateral chest wall has the disadvantage of flattening of the
reconstructed area by the under tension mesh, which theoreti-
cally could alter the mechanics of ventilation by producing
a restrictive pattern. Indeed, neither reconstruction of chest

wall with sandwiched methyl methacrylate nor mesh was
found to be associated with an important impairment of the
pulmonary function.!®!! Fracture of the prosthesis is reported
for the first time in our case series. Stability of the prosthesis/
chest wall due to the encapsulation process is an important
finding of our work.

Other techniques and materials in use to cover the chest
wall defects are the polypropylene mesh, the sandwich
between two layers of polypropylene mesh stainless steel
mesh or titanium plate or the titanium mesh itself.'*'
Recently, the titanium rib bridge system that bridges the
ribs in combination with the dual-sided e-PTFE mesh, which
forms the underlay to separate the thoracic cavity from
the soft tissues of chest wall, has been used for chest wall
reconstruction following oncologic chest wall resections by
some institutions in Europe.'*!'¢ Titanium bars in combina-
tion with sternal allograft are also used for chest wall defect
reconstruction.'” The “rib-like” technique proposed by Girotti
et al,'® which combines a polyester-knitted mesh as underlay,
and the combination of a radiopaque acrylic resin and methyl
methacrylate resin to form the sternal substitute is another
proposed technique for sternal reconstruction. No consen-
sus, however, exists on which is the preferable material and
the optimal technique to cover the large chest wall defects
after chest wall resection, and the decision still remains the
surgeon’s choice.*!” The e-PTFE mesh and the titanium-
made prostheses/systems are quite expensive. In contrary,
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the classic and well-tested sandwich technique throughout
the years still remains a valuable technique of minimal cost.
The cost of a surgical technique is a very important parameter
during the period of global financial crisis, which led the
governments to make cuts in the available budgets for public
health in most of the European countries.?

Size of tumor, tumor histology (worse prognosis for
MFHs and favorable for chondrosarcomas), and initial
incomplete resection of tumor made by nonthoracic sur-
geons were identified in the current case series as the main
predisposing factors to recurrence. Adjuvant oncologic
therapy was not able to prevent early recurrences in these
five cases, while all the five recurrences were observed dur-
ing the first 18 months after surgery. Recurrence rate of soft
tissue tumors of the chest wall is higher during the first year
after surgery, and thereafter, it declines each year according
to McMillan et al.?! Tumor size at presentation was found to
be an important predisposing factor in the series published
by Walsh et al.® Larger tumors cannot usually be resected
with wide-free margins, and in addition, there is high pos-
sibility of spilling the operative field with neoplastic cells
during the maneuvers made during resection. Concerning
initial incomplete resections, the available data are not in
agreement;? Girotti et al'® support that initial incomplete
resection is associated with worse prognosis, while Walsh
et al® did not find tumor recurrences after previous surgical
curative attempts to affect prognosis if a complete resection
can be achieved during the second procedure.

Recurrence rate and survival of chest wall tumors are
strongly related to the histology of the tumor.!* Undifferenti-
ated pleomorphic sarcoma (the alternate name advocated by
World Health Organization to replace the term MFH in 2002)
was in the series published by Chapelier et al and McMillan
et al the commonest soft tissue sarcoma located in the chest
wall, finding that is in agreement with the findings of the
current series.>?> MFHs of the chest wall tend to reach large
dimensions and to recur after resection, even if macroscopic
tumor-free margins can be achieved. Histologic grade of
chest wall sarcomas was another predictor of survival in the
series published by Incarbone et al> and by Chapelier et al.’

Chondrosarcomas are the more common primary
malignant chest wall tumors, accounting also for the 43.7%
of primary chest wall sarcomas in our case series.'>!42324
Recurrence rate of chondrosarcomas is very low if radical
resection with wide tumor-free margins can be achieved.>*®
The recurrence rate of chest wall chondrosarcoma was found
to be high (33%) in a series of 96 chondrosarcomas published
in 2009 by the Scandinavian sarcoma group. Interestingly,

the mean time to recurrence was 3.5 years after resection in
this series.”* However, the large proportion of the included
in the study patients had marginal (45%) or incomplete
(27%) resections, the fact that is responsible for the high
recurrence rate of chondrosarcoma in this series. In the
study mentioned earlier, incomplete R1 and R2 resections
and grade of tumor and treatment offered in a specialized
sarcoma center seriously affected the survival. On the other
hand, the authors did not find any correlation between the
size of tumor and recurrence. In contrary to the Scandinavian
sarcoma group, Burt did not find any difference in survival
between the three grades of chondosarcoma in their series
of 25 chondrosarcoma cases. Surprisingly, the Scandinavian
sarcoma group point out that centralization of treatment
of chest wall chondrosarcoma in sarcoma centers is more
important for a better outcome than performance of surgery
by thoracic surgeons or orthopedic oncologists.? The pattern
or first recurrence (local or distant) was found to be another
factor affecting the survival in chondrosarcomas in the series
published by Burt et al' and Burt.?

Concerning the other tumor histologies, resection is
the best way to achieve the local control in primary chest
wall Ewing’s sarcoma according to the results of the
EURO-EWING 99 trial, making radiotherapy unneces-
sary if complete resection can be achieved.”® Moreover,
primary chest wall non-Hodgkin lymphomas presenting as
solitary chest wall masses are quite uncommon, and they
represent <2% of all chest wall tumors. Radical surgery
followed by adjuvant chemotherapy was reported in small
series and case reports to provide satisfactory local control
and survival in patients in whom the chest wall was the only
site of disease.?*?’ In the details reported here, case complete
resection of the mass together with the deposit in the spleen
is associated with recurrence-free 4-year survival.

Respiratory or any other functional compromise was not
observed in the patients of the study, with the exception of
one patient who experienced restriction in adduction and
internal rotation of both upper arms. Fixation of the remnants
of both clavicles to the large methyl methacrylate prosthesis
could be a possible explanation. Overall, the functional result
of the reconstruction of large skeletal chest wall defects
was very good in our case series of 20 patients, finding that
is in total agreement with the excellent physiologic results
reported in the series published by Lardinois et al,'® by
Mansour et al,* and recently by Leuzzi et al.?®

The relatively small number of patients, the heterogene-
ity of the included chest wall tumors, and the variance in
adjuvant treatment are the most important limitations of this
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study, which is a single-institution case series. On the other
hand, chest wall reconstruction was made with the same
strategy, and the applied techniques — mesh or sandwiched
methyl methacrylate reconstructions — are well established
and reproduced with the same way. The lack of variation
in the surgical technique renders the results valuable. The
major remarks that can be drawn from the study are as fol-
lows: 1) Stabilization of the sandwiched methyl methacrylate
by some stainless steel sutures to the surrounding bones ame-
liorates the complication of prosthesis dislocation. 2) Fracture
of a chest wall sandwiched methyl methacrylate prosthesis
do not require revision of the reconstruction because it is
very stable due to the encapsulation process. 3) Reoperation
in case of R1 resection to obtain a final RO resection should
be made because it gives the patient the best chance for
prolonged survival.

Conclusion

In conclusion, extensive chest wall resection and reconstruc-
tion for chest wall malignancies are technically demanding
surgery. Primary chest wall tumors are rare mesenchymal
neoplasms, which require major chest wall resection for their
eradication. Favorable prognosis for most of the chest wall
tumors is expected if complete resection with wide tumor-
free margins can be achieved, because massive chest wall
resection followed by reconstruction is feasible with low
complication rate. Plastic surgeons should be involved in the
surgical team to cover the prosthetic materials with viable
tissues in cases where full-thickness chest wall resection is
expected. Poor survival after massive chest wall resection
for chest wall tumors is related to the large size of tumor,
tumor’s histology, as MFHs tend to recur, and inappropri-
ate initial management by nonthoracic surgeons, especially
macroscopic incomplete resections.
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