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Material si Metoda: Am incercat sa realizam un review al literaturii
de specialitate referitor la articolele publicate despre metastazele
sternale de carcinom seros ovarian pe o perioada de aproximativ 30
de ani, intre 1.01.1994 - 31.12.2023. In acest sens am folosit urma-
toarele baze de date : Pubmed s1 Web of Science Clarivate, folosind ca
si cuvinte cheie’ metastaze sternale, cancer ovarian.
Rezultate: In urma studiului literaturii de specialitate am
identificat doar 10 articole care sa prezinte cazuri clinic aparute
dupa cancer ovarian operat, chimiotratat. Am prezentat de
asemenea cazul unei paciente in varstd de 70 de ani care a fost
diagnosticata cu o metastaza sternala de carcinoma seros ovarian,
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afectiunmi extrem de rare. In aceste cazuri, daci metastazele sternale sunt unice, iar pacienta nu
prezinta metastaze la alte niveluri si nici semne de recidiva locala, rezectia sternului poate contitui
o optiune terapeutica viabila in tratamentul acestor paciente.

Cuvinte cheie: metastaza sternala, carcinom seros ovarian, rezectie perete toracic

Abstract

Introduction- Sternal metastases of serous ovarian carcinoma are extremely rare conditions, with
less than 10 articles published in the medical literature on this subject. The aim of this article
1s to present a case of late-onset sternal metastasis of serous ovarian carcinoma in a patient who
underwent surgery for serous ovarian carcinoma approximately 6 years before and to provide a
review of the literature regarding the importance of multidisciplinary management in such cases.
Material and Method: We aimed to conduct a review of the specialized literature concerning
published articles on sternal metastases from ovarian serous carcinoma over a period of
approximately 30 years, from January 1, 1994, to December 31, 2023. For this purpose, we utilized
the following databases: PubMed and Web of Science (Clarivate Analytics), using the keywords:
sternal metastases, ovarian cancer.

Results: Following our review of the specialized literature, we identified only 10 articles that
reported clinical cases of sternal metastases occurring after ovarian cancer surgery and chemo-
therapy. Additionally, we present the case of a 70-year-old female patient diagnosed with sternal
metastasis from ovarian serous carcinoma, with an emphasis on the therapeutic management of the
case.

Conclusions: Sternal metastases of serous ovarian carcinoma represent extremely rare conditions.
In such cases, if sternal metastases are solitary, and the patient does not present metastases at
other sites nor signs of local recurrence, sternum resection may constitute a viable therapeutic
option in the treatment of these patients.

Key words: sternal metastasis, serous ovarian carcinoma, thoracic wall resection

The most common sources of sternal metas-
tases are breast cancer, malignant melanoma,
and thyroid cancer (3). Ovarian cancer is one of

Introduction

Bone metastases are commonly encountered

in clinical practice among neoplastic patients.
Most frequently, bone metastases occur in
patients with lung, breast, renal, or prostate
cancers (1). Sternal metastases represent
approximately 40% of all metastatic tumors
located in the thoracic wall. There are very few
clinical studies in the literature regarding
sternal metastases, with the majority of
published clinical studies being case reports.
Sternal metastases are most commonly
located in the sternal body, with rarer occur-
rences at the level of the manubrium and
xiphoid process (2).

the most prevalent types of cancer in women.
Although patients with ovarian cancer
frequently present with distant metastases,
bone metastases are extremely rare in clinical
practice (4,5). Sternal metastases can be
solitary or multiple and may also represent the
sole metastatic site of the primary disease (6,7).
Most commonly, sternal metastases are found
In patients with multiple bone metastases. Due
to the disseminated stage of neoplastic disease,
these tumors are often deemed inoperable, with
very few cases of successful resection of these
metastases reported in the literature (8,9).
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Material and Method

For this review, we used PubMed and Web of
Science (Clarivate Analytics) as our primary
databases. In these databases, we searched for
all articles published over a 30-year period
concerning sternal metastases from ovarian
serous carcinoma, using the following key
words: sternal metastases, ovarian cancer.
The inclusion criteria for this study comprised
only full-text articles that reported cases of
patients with a confirmed histological diagnosis
of ovarian cancer and presenting sternal metas-
tases. We excluded studies published as
abstracts, as well as those published in
languages other than English. Based on these
criteria, the authors examined the two data-
bases and reviewed all articles that met the
inclusion criteria, while those that did not meet
these criteria were excluded from the study.

Also, in our manuscript, we wanted to
present a clinical case of a late-onset solitary
sternal metastasis of serous ovarian cancer in
a patient who underwent surgery for serous
ovarian carcinoma and subsequently received
long-term platinum-based chemotherapy.
Additionally, we aim to conduct a review of the
specialized literature regarding the occurrence
of this condition and the importance of a multi-
disciplinary therapeutic approach in such
cases.

Results

Following the literature review, we identified
only 14 articles that matched the specified
keywords. Based on the inclusion and exclusion

14 articles
met the
search criteria

3 articles were excluded
because they did not
presented cases

of ovarian cancer
confirmed histologically

11 articles studied

Figure 1.  Flow chart for study selection

Case Report

A 64-year-old female patient was diagnosed
with a pelvic tumor. Initially, an exploratory
laparoscopy was performed, which revealed
the presence of an ovarian tumor mass, and a
biopsy was conducted. Histopathological
examination diagnosed a serous ovarian
carcinoma. Taking this into consideration,
neoadjuvant chemotherapy was initiated with
Paclitaxel and Carboplatin (Paclitaxel 175
mg/m?, Carboplatin AUC 5, every 21 days, for
3 cycles). Subsequently, curative surgical
intervention was performed, including total
hysterectomy with bilateral salpingo-
oophorectomy. Histopathological examination
of the resected specimen identified bilateral

criteria, we excluded three articles (Fig. ). Table 1. Manuscript published in databases
Of these,. ten were case reports, and the punor Journal Year
eleventh article presented two cases of sternal  Sonn etal. Nuclear medicine and molecular imaging 2010
metastases from ovarian serous carcinoma. Srinivasetal.  Indian Journal of Surgical Oncology 2017
Our primary focus was on the therapeutic Ho et al. Clinical Nuclear Medicine 2011
management used in these cases, with Noguchieta.  Gynecologic Oncology 1994
. . . Chiu et al. Journal of Reproductive Medicine 2008
particular emphasis on surgical treatment. ——
. . R Zhang et al. Saudi Medical Journal 2013
The al."tlcles that met the search criteria are gy International Journal of Gynecological Cancer 2021
listed in Table 1(2,6-15). Paviakis etal. International Journal of Gynecological Cancer 2006
McGrath et al. Pathology 2012
Siemon et al. Journal of Surgical Oncology 2019
Lahlou et al. Radiology Case Reports 2024
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seromucinous borderline ovarian tumors with
foci of microinvasion in the ovarian stroma
and uterine tube, along with invasive and non-
invasive omental implants and involvement of
an omental lymph node. The therapeutic
regimen was completed with 3 cycles of
adjuvant chemotherapy with Paclitaxel and
Carboplatin.

Following oncological therapy, the patient
underwent regular clinical and radiological
surveillance. The tumor marker CA-125
remained within normal limits, and imaging
investigations (thoraco-abdomino-pelvic CT,
abdomino-pelvic MRI) did not indicate the
presence of any tumor recurrence for 6 years.
After this period, during a routine follow-up
visit, the patient presented to the oncologist
reporting the presence of a tumor mass in the
mid-third of the sternum measuring approxi-
mately 8 cm in diameter, painful on palpation,
symptom not alleviated by usual analgesic
medication. The tumor marker CA-125 showed
elevated levels (49.98 U/ml). Thoraco-abdomino-
pelvic computed tomography revealed the
presence of a solid tumoral mass, with calcifica-
tions, measuring 89/62 mm, located in the
anterior left thoracic wall, beneath the
pectoralis major muscle, with invasion of the
sternum and anterior ends of the left ribs
III-IV, without pathological changes of the
abdominal and pelvic organs, as highlighted in
Fig. 2.

Initially, a biopsy was performed at the
site of the tumor formation, which revealed a
proliferation of tumoral cells with features of
low-grade serous carcinoma, relatively low
mitotic index, with a maximum of 10 mitoses
/10HPF, focal areas of hobnail cells, minimal
necrotic areas, as well as intratumoral hemo-
rrhage. Immunohistochemical examinations
for p53 wild type and WT1 were diffusely
positive.

Considering the histopathological result,
tumoral recurrence, and disease-free interval,
the oncologist recommended the administra-
tion of 6 cycles of Paclitaxel + Carboplatin +
Bevacizumab chemotherapy. Periodical clinical
and imaging evaluations were performed
according to up-to-date protocols. Throughout

Figure 2.

Axial CT of the chest which highlights the presence of the
sternal tumor.

the treatment, we noticed a decrease in the
tumoral marker CA-125, reaching normal
levels 6 months after the initiation of the
oncological treatment. A thoracic CT scan
performed at 6 months from the initiation of
chemotherapy revealed a space-occupying
process in the left anterior thoracic wall
within the sternum, which had significantly
decreased in size to 22/57/45 mm, with calcifi-
cations and irregular contour, posterior to the
pectoralis muscle, without clear demarcation
from it, with invasion of the left anterior ribs
IIT and 1V, as highlighted in Fig. 3.
Considering the excellent response to treat-
ment, confirmed by the CT scan, subsequent
maintenance therapy with Bevacizumab
15 mg/kg was administered for a total of
18 cycles. To evaluate the effectiveness of the
treatment, a PET-CT scan was recommended

Axial CT of the chest 6 months after the onset of chemo-
therapy that highlights the decreased of the tumoral size

Figure 3.
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to the patient; however, the patient declined to
undergo this imaging investigation. Upon
completion of Bevacizumab treatment, the
multidisciplinary team recommended surgical
treatment of the anterior thoracic wall lesion.
This decision was based on the reduction in
size of the tumor during therapy, the absence
of other metastases, and the solitary character
of the tumor.

Following appropriate preoperative
preparation, surgical intervention was
performed, consisting of en bloc resection of
the tumor formation from the sternum,
subtotal sternum resection, and resection of
the anterior ends of left ribs II-V. A 1 cm
stump remained at the superior portion of
the sternal manubrium. Thoracic wall recons-
truction was achieved using a Parietex™
Optimized Composite mesh and three metal
bars. The patient's postoperative course was
uneventful, being discharged 7 days after the
procedure (Fig. 4).

Examination of the resection specimen
revealed a tumor formation measuring
approximately 55 mm in diameter. Microscopic
examination exhibited tumor cells with
eosinophilic cytoplasm, vesicular nuclei,
nucleoli, marked pleomorphism, arranged in
areas with papillary, micropapillary, glandular,
and pseudoglandular features, as visible in
Fig. 6. The tumor cells were positive for CK7
and WT1 but negative for PR, ER, p53,
podoplanin, TTF1, and CTK20. The final
histological diagnosis confirmed a sternal
metastasis of serous carcinoma, with histologi-
cal and immunophenotypic features suggestive
of metastatic ovarian serous carcinoma. Histo-
logical examination of the resected borders did
not reveal the presence of tumor cells at this
level (Fig. 6).

After the surgical procedure, the patient
opted against any additional oncological treat-
ment and survived for one year post-surgery,
showing no evidence of tumor recurrence in
either the thoracic or abdomino-pelvic areas.

Discussion

Clinically diagnosing sternal metastases can

N e e
Intraoperative view (resection of the sternal tumor and the
thoracic wall)

Figure 4.

often be challenging, as clinical examination
alone may not provide definitive information
regarding the etiology of sternal lesions.
Therefore, histological diagnosis is mandatory
in such cases. Primary tumors of the thoracic
wall (e.g., chondrosarcomas, osteosarcomas,
chondromas) or metastatic lesions are most
commonly encountered in the sternum (16,17).
The most prevalent metastases to the thoracic
wall originate from breast cancer (18).

Figure 5.

Intraoperative view — reconstruction of the thoracic wall
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Figure 6.v Histologic examination of the resectioh épecimen,
Hematoxilin-Eosin, magnification 4x

However, literature reports have documented
sternal tumors where histological examina-
tion revealed lymphomas, melanomas, glio-
blastomas, hepatocarcinomas, cholangiocarci-
nomas, and thyroid carcinomas. (19-24)

Additionally, benign conditions such as
sternal abscesses or extrapulmonary tubercu-
losis should also be considered in the differen-
tial diagnosis (25,26).

Ovarian cancer commonly metastasizes
through peritoneal spread to abdominal
organs or via lymphatic dissemination to
paraaortic and pelvic lymph nodes. Extra-
abdominally, the most frequent sites of
ovarian cancer metastases include the lungs,
pleura, or central nervous system (27). Bone
metastases in ovarian cancer most frequently
occur in the vertebrae but can also manifest in
the femur, skull bones, or ribs (28). Few cases
of sternal metastases from ovarian cancer
have been reported in the literature. Unlike
cases reported in the literature, where sternal
metastases occurred concurrently with either
abdominal tumor recurrence or multiple metas-
tases, in our case, at the time of sternal metas-
tasis diagnosis, the patient showed no signs of
abdominal tumor recurrence (12,13,29).

Currently, radiological examinations play a
crucial role in diagnosing sternal tumors.
These investigations facilitate both the identi-
fication of sternal tumors and the assessment
of adjacent structure invasion. Standard
profile X-Ray examination may reveal
osteolytic areas, osteolysis, and periosteal

reaction in the sternum. However, standard
X-Ray has limited diagnostic use for small
sternal tumors and in evaluating invasion of
adjacent soft tissues or endothoracic struc-
tures (30).

CT thoracic examination remains the
imaging modality of choice for diagnosing
sternal tumors, allowing for accurate diagno-
sis of sternal tumor formation and the assess-
ment of surrounding structures invasion, both
endothoracic and soft tissues (31). MRI
examination of the sternum is rarely used in
diagnosing patients with sternal tumors.
However, cases have been cited in the litera-
ture where patients with breast tumors have
incidentally discovered sternal tumor forma-
tions following breast MRI examinations,
which were subsequently confirmed to be
sternal metastases (32). Nuclear medicine
plays a particularly important role in
diagnosing bone, including sternal, metas-
tases. For a long time, bone scintigraphy has
been the preferred diagnostic method for
diagnosing bone and sternal metastases.
However, in recent years, with the introduc-
tion of positron emission tomography-computed
tomography (PET-CT) into clinical practice,
studies have been published demonstrating
that PET-CT has better sensitivity in
diagnosing bone and sternal metastases
compared to bone scintigraphy (33,34).

Histological examination remains crucial
in the clinical evaluation of patients with
sternal metastases. Tissue sampling for histo-
pathological examination can be achieved
through incisional or excisional biopsy or
percutaneous biopsy guided by imaging (ultra-
sound or CT). While incisional or excisional
biopsies pose a risk of postoperative complica-
tions, CT-guided percutaneous biopsy is
associated with minimal morbidity (35).

The quality of life of patients with sternal
metastases is affected both by the pain they
experience and by the risk of pathological bone
fractures (36). Therapeutic options for patients
with sternal metastases are quite limited,
partly due to the reduced life expectancy of
these patients and partly due to the dissemi-
nated nature of their condition (37). Few
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patients are candidates for surgical treatment,
considering the extent of the disease.
However, in patients with solitary sternal
metastases, without other distant metastases
and without signs of local recurrence, partial
or total sternectomy represents a surgical
intervention with acceptable morbidity and
mortality rates and fairly good long-term post-
operative survival (33). Additionally, it is
known that the sternum has a relatively poor
vascularization, which is why most sternal
tumors do not exhibit aggressive growth
and rarely invade surrounding anatomical
structures (38,39).

The aim of surgical treatment is represented
by the en bloc resection of the tumor mass
together with the sternum, performed in such a
way that the margins of the resection specimen
are not invaded by the tumor. In cases of total
or partial sternectomy, it is also necessary to
perform a reconstruction of the thoracic wall to
prevent potential cardiovascular and respiratory
complications. In this regard, preventing the
occurrence of cardiac herniation and para-
doxical movements of the thoracic wall are
particularly important (40,41). If feasible, it is
preferred for a portion of the sternum to remain
in place after sternal resection. The persistence
of a portion of the sternum allows for better
anchoring of prosthetic materials used in
thoracic wall reconstruction, resulting in
improved postoperative cosmetic outcomes in
selected cases (42-44). In the case presented
herein, at the level of the sternal manubrium
in its upper portion, a stump measuring
approximately 1 cm in length remained.

The reconstruction of the parietal defect in
the anterior thoracic wall can be achieved
either with prosthetic materials or muscle
flaps. Titanium bars are commonly used to
prevent paradoxical movements of the
thoracic wall, as conventional prosthetic
materials do not provide adequate rigidity.
Typically, the parietal defect is covered with
polypropylene meshes, Gore-Tex meshes, or
methylmethacrylate introduced between two
polypropylene meshes (Marlex sandwich
technique) (45-48).

Prosthetic materials used in the reconstruc-

tion of the thoracic wall after thoracic parietal
resections must fulfill certain criteria. The
main characteristics include rigidity to prevent
paradoxical movements of the thoracic
wall, malleability, easy tissue integration,
radiolucency, and resistance to infections
(49,50). Polypropylene mesh has the advantage
of excellent tissue tolerance, good tissue
integration, and cost-effectiveness; however, it
is usually not efficient when used alone in the
reconstruction of large parietal defects (51). The
utility of polypropylene mesh in thoracic
surgery, besides reconstructing thoracic
parietal defects, has been demonstrated in
closing bronchial stumps after lung resections,
both in clinical and experimental studies (52-
54). In our case, we used a ParietexTM
Composite mesh for thoracic wall reconstruc-
tion. This type of mesh features a resorbable
collagen layer on one side, significantly
reducing adhesions with the viscera with which
it comes into contact. Additionally, the polyester
structure of this mesh allows for excellent
tissue integration (55).

Recent advancements in medical engi-
neering and 3D printing have enabled the
development of custom-made titanium or
carbon prostheses for thoracic wall recon-
struction following chest wall resections. While
titanium implants may affect postoperative
radiotherapy efficacy and lack optimal tissue
integration, carbon prostheses offer reduced
disadvantages (50,56,57).

Musculocutaneous flaps have the advan-
tage of allowing the reconstruction of large
parietal defects, whilst also providing excel-
lent long-term tolerance and stability. The
most commonly used musculocutaneous flap
1s the latissimus dorsi flap. However, there are
cases reported in the literature where anterior
thoracic wall reconstruction was performed
using the pectoralis major muscle flap, rectus
abdominis muscle flap, or greater omentum
(58,59). Another technical variant that has
been used in clinical practice involves covering
the anterior thoracic wall defect using the
mammary gland after its mobilization (60).

The prognosis of patients undergoing
sternal resection for metastases in the
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sternum is quite favorable, especially when
the sternum is the sole site of secondary
tumors and surgical resection achieves RO
margins. A study published in 2015 by Ahmad
et al. demonstrated that the 5-year survival
rate of patients who underwent sternal resec-
tion was 73% if the primary tumor was not
breast cancer and 58% if the primary tumor
was breast cancer (61).

In cases where sternal resection cannot be
performed as a palliative method, cryoablation
of the tumor can be practiced for palliative
purposes, aiming to control pain syndrome
and prevent local tumor complications (62).
The advantage of the method lies in its mini-
mally invasive nature and its feasibility for
percutaneous implementation under CT
guidance (63). There is limited literature on
this method, with only a few case reports
published regarding sternal metastases.

There are also studies in which patients
with sternal metastases underwent chemoem-
bolization (64,65). Through the embolization of
arteries supplying the tumor, ischemia/necro-
sis of the tumor mass occurs, resulting in
tumor size reduction and alleviation of pain
syndrome. Typically, in these cases, the
internal mammary arteries are embolized
unilaterally or bilaterally, depending on the
localization of the tumor. The advantage of
chemoembolization compared to radiotherapy
In patients with sternal metastases lies in the
significantly reduced local complications
associated with this procedure (66,67).

Currently, radiotherapy represents the
most commonly used palliative treatment
modality for patients with sternal metastases.
The goal of radiotherapy in these cases is to
achieve local tumor control and alleviate pain
syndrome. However, the drawback of radio-
therapy lies in its non-repetitive nature, and
the potential significant adverse effects of
radiation on the pulmonary parenchyma,
heart, and major vessels in the mediastinum
(68,69). To mitigate these effects, an increasing
number of medical centers prefer the imple-
mentation of stereotactic radiotherapy in such
cases (70).

Conclusions

Sternal metastases from serous ovarian
carcinoma are exceedingly rare conditions. In
these cases, if the sternal metastases are
solitary, and the patient does not present with
metastases at other sites or signs of local
recurrence, sternectomy and further recon-
struction of the thoracic wall may constitute a
viable therapeutic option in the treatment of
these patients.

Conflict of Interest: None.
Funding: None.
Ethical Statement

The case received approval from the Ethical
Committee of the George Emil Palade
University of Medicine, Pharmacy, Science, and
Technology, Targu Mures, under reference no.
2851/ 23.02.2024.

References

1. Coleman RE, Croucher PI, Padhani AR, Clezardin P, Chow E, Fallon M, et al.
Bone metastases. Nat Rev Dis Primers. 2020;6(1):83.

2. Sohn MH, Lim ST, Jeong YJ, Kim DW, Jeomg HJ, Yim CY. Absent sternum
as the first manifestation of bone metastasis on bone scintigraphy, Nucl Med
Mol Imaging 2010;44(1):90-3.

3. Carsote M, Terzea D, Vasilescu F, Cucu AP, Ciuche A, Nistor C. Sternum
metastases: from case-identifying strategy to multidisciplinary manage-
ment. Diagnostics (Basel). 2023;13(16):2698.

4. Zhang G, Guo X, Peltzer K, Ma W, Qi L, Zhang Y, et al. The prevalence,
associated factors for bone metastases development and prognosis in newly
diagnosed ovarian cancer: a large population based real-world study. J
Cancer. 2019;10(14):3133-3139.

5. DengK, Yang C, Tan Q, Song W, Lu M, Zhao W, et al. Sites of distant metas-
tases and overall survival in ovarian cancer: A study of 1481 patients.
Gynecol Oncol. 2018;150(3):460-65.

6.  Srinivas KG, Mirza AA, Swamy S, Amarendra S, Gopinath KS.
Metachronous Synchronous Sternal and Colonic Metastasis with
Asymptomatic Colo-colic Fistula from Carcinoma Ovary Rare Presentation
of Ovarian Cancer, Indian J Surg Oncol 2017;8(4):615-618.

7. Ho L, Kaushik A, Zhang WF, Wassef H. Recurrent Ovarian Carcinoma
Presenting as a Solitary Sternal Metastasis on FDG PET/CT, Clin Nucl Med
2011;36(8):733-4.

8. Noguchi H, Mori A. A case of ovarian cancer with metastasis to the sternum
and costae. Gynecol Oncol 1994;52(3):416-9.

9. Chiu TJ, Chen YJ, Huang CH. Massive anterior chest wall metastasis of
ovarian cancer and prolonged survival after treatment - A case report, J
Reprod Med 2008;53(5):373-7.

10.  Zhang M, Sun J., Bone metastasis from ovarian cancer Clinical analysis of
26 cases, Saudi Med J. 2013;34(12):1270-3.

11, Naziye Ak, Yagmur M, Pinar S. Skeletal system as a rare metastatic site

540

www.revistachirurgia.ro

Chirurgia, 119 (5), 2024



Sternal Metastasis from Serous Ovarian Garcinoma

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

21.

28.

29.

30.

31

32.

33.

34,

in patients with ovarian carcinoma, Int J Gynecol Cancer 2021;31(8):1125-
1131

Pavlakis G, Mountzios G, Terpos E, Leivaditou A, Papadopoulos G,
Papasavas R. Recurrent ovarian cancer metastatic to the sternum, costae,
and thoracic wall after prolonged treatment with platinum-based chemo-
therapy: a case report and review of the literature, Int J Gynecol Cancer
2006:16 Suppl 1:299-303.

McGrath S, Thumuluru KM, Sree S, Ben H, Farid S, Agnieszka M. Low grade
Serous ovarian carcinoma with metastases to the sternum and ribs,
Pathology 2012;44(5):481-2.

Siemon J, Nguyen DM, Pinto A, Schlumbrecht M. Rare metastatic patterns
after malignant transformation of serous borderling tumor of the ovary. J
Surg Oncol 2019;119(6):814-816.

Lahlou C, Kabila B, Hssain IH, Khmou M, Omor Y, Latib R, et al. A rare case
of anterior sternal metastasis in ovarian cancer: A case report. Radiol Case
Rep 2024;19(10):4341-4345. doi: 10.1016/j.radcr.2024.06.097.

Laitinen MK, Kask G, Laurila K, Tukiainen EJ, Rénty M, Haapaméki V, et al.
Chondrosarcoma of the Chest Wall: A Single Institution Review of 50 Cases.
Ann Plast Surg. 2023;90(2):151-5.

Lo EYW, Lo C, Hing A, Langbart M, French B. Case report: Management of
infiltrative basosquamous carcinoma of the sternum. Int J Surg Case Rep.
2023;106:108107.

Sponholz S, Baldes N, Schirren M, Oguzhan S, Menke H, Schirren J. Sternal
Resection for Breast Cancer Metastases. Thorac Cardiovasc Surg 2018;
66(2):164-169.

Sahin A, Meteroglu F, Eren S, Keles AN. A case of lymphoma simulating pri-
mary sternal tumour. APSP J Case Rep. 2014;5(1):2.

Strong MJ, Koduri S, Allison JA, Pesavento CM, Ogunsola S, Ogunsola O,
et al. Bone metastasis from glioblastoma: A systematic review. J Neurooncol
2022;158(3):379-92.

Ensle F, Schaab JA, Dimitriou F, Huellner MW, Maurer A. Internal Thoracic
Vein Tumor Thrombus From Sternal Melanoma Metastasis on 18F-FDG
PET/CT. Clin Nucl Med 2023;48(6):540-541.

Ramahi A, Singh B, Chan KH, Kaur P, Guron G, Shaaban H. Diffuse bone
metastasis from cholangiocarcinoma involving the sternum: A case report
and review of literature. Int J Crit Ilin Inj Sci 2021;11(1):43-6.

Yoon YC, Lee J, Jeong JY. Radical resection and reconstruction of the
sternum for metastasis of hepatocellular carcinoma. J Cardiothorac Surg
2020;15(1):202.

Lan HJ, Wu ZQ, Gong DG, Zheng W.Y, Jin Y. Partial resection and recon-
struction of the sternum for treatment of metachronous sternal metastasis of
thyroid carcinoma: A case report. Medicine (Baltimore). 2017;96(46):e8786.
Jauhary T, Hayati F. Unusual sites of tuberculosis mimicking skeletal metas-
tases: A case report. Radiol Case Rep. 2022;17(6):2898.

Engi G, Yirgin K, Kandemir H. Extrapulmonary Tuberculosis Mimics Diffuse
Metastatic Disease: A Case Report. Indian J Radiol Imaging. 2021;31(4):
1039-42.

Cheng B, Lu W, Xiaoyun W, YaXia C, Xie X. Extra-abdominal metastases
from epithelial ovarian carcinoma. Int J Gynecol Cancer. 2009;19(4):611-4.
Abdul-Karim FW, Kida M, Wentz WB, Carter JR, Sorensen K, Macfee M, et
al. Bone metastasis from gynaecologic carcinomas: a clinicopathologic
study. Gynecol Oncol. 1990;39(2):108-14.

Noguchi H, Mori A. A case of ovarian cancer with metastasis to the sternum
and costae. Gynecol Oncol. 1994;52(3):416-9.

Singh A, Chandrashekhara SH, Triveni GS, Kumar P. Imaging in Sternal
Tumours: A Pictorial Review. Pol J Radiol . 2017;23:82:448-56.

Mandava A, Kandem S, Juluri R, Reddy AK, Koppula V. Primary
Osteosarcoma of the Sternum with Lung Metastases. Radiol Imaging
Cancer. 2024;6(2):¢230199.

Lee AY, Navarro R, Busby LP, Greenwood HI, Bucknor MD, Ray KM, et al.
Characterization of Metastatic Sternal Lesions on Dynamic Contrast-
Enhanced Breast MRI in Women with Invasive Breast Cancer. Acad Radiol.
2019;26(10):1358-62.

Santos JC, Abreu MH, Santos MS, Duarte H, Alpoim T, Préspero |, et al.
Bone Metastases Detection in Patients with Breast Cancer: Does Bone
Scintigraphy Add Information to PET/CT? Oncologist 2023;28(8):6600-5.
Zhao BM, Dong A, ZuoC. Prostate-Specific Membrane Antigen—Avid Bone

35.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

49.

50.

51.

52.

53.

54,

55.

56.

Metastases From Urothelial Carcinoma of the Bladder. Clin Nucl Med 2022;
47(10):892-4.

Hong S, Youk T, Lee SJ, Kim KM, Vajdic CM. Bone metastasis and skeletal-
related events in patients with solid cancer: A Korean nationwide health
insurance database study. PLoS ONE. 2020;15(7): e0234927.

Papalexis N, Peta G, Vara G, Spinnato P, Errani C, Martella C, et al. Palliative
Arterial Embolization for Metastases of the Sternum. Cardiovasc Intervent
Radiol. 2023;46(6):794-98.

Bongiolatti S, Voltolini L, Borgianni S, Borrelli R, Innocenti M, Menichini G,
et al. Short and long-term results of sternectomy for sternal tumours. J
Thorac Dis 2017;9:4336—46.

Nakamura H, Kawasaki N, Taguchi M, Tomoki K. Reconstruction of the ante-
rior chest wall after subtotal sternectomy for metastatic breast cancer: report
of a case. Surg Today. 2007;37(12):1083-6.

Noguchi S, Miyauchi K, Nishizawa Y, Imaoka S, Koyama H, Iwanaga T.
Results of surgical treatment for sternal metastasis of breast cancer. Cancer.
1988;62(7):1397-401.

Young JS, McAllister M, Marshall MB. Three-dimensional technologies in
chest wall resection and reconstruction. J Surg Oncol. 2023;127(2):
336-42.

Fernandez RAS, Lau RWH, Yu PSY, Siu ICH, Chan JWY, Ng CSH. Use of
custom made 3-dimensional printed surgical guide for manubrio-sternal
resection of solitary breast cancer metastasis: Case report. AME Case Rep.
2020;(4):12.

McCormack PM, Used of prosthetic materials in chest wall reconstruction.
Surg Clin North Am. 1989;69(5):965-76.

Pairolero PC, Arnold PG. Thoracic wall defects: surgical management of 205
consecutive patients. Mayo Clin Proc. 1986;61(7):557-63.

Galbis Caravajal JM, Sales JG, Fuster CA, Mallent Anon J, Calatayud YP,
Paniagua JMR.. Cirugia oncoplastica en tumores de pared tordcica. Clin
Transl Oncol 2005;7(8):351-5.

Noble J, Sirohi B, Ashley S, Ladas G, Smith |. Sternal/parasternal resection
for parasternal local recurrence in breast cancer. Breast. 2010;19(5):350-4.
Koppert LB, van Geel AN, Lans TE, van der Pol C, van Coevorden F, Wouters
MWJM. Sternal resection for sarcoma, recurrent breast cancer, and
radiation-induced necrosis. Ann Thorac Surg. 2010;90(4):1102-08.
Motono N, Shimada K, Kamata T, Uramoto H. Sternal resection and recon-
struction for metastasis due to breast cancer: the Marlex sandwich technique
and implantation of a pedicled latissimus dorsi musculocutaneous flap. J
Cardiothorac Surg. 2019;14(1):79.

Turna A, Kavakli K, Sapmaz E, Arslan H, Caylak H, Gokce HS, et al.
Reconstruction with a patient-specific titanium implant after a wide anterior
chest wall resection. Interact Cardiovasc Thorac Surg. 2014;18(2):234—6.
Khullar OV, Fernandez FG. Prosthetic reconstruction of the chest wall.
Thorac Surg Clin. 2017;27(2):201-8. doi: 10.1016/.thorsurg.2017.01.014.
Wang B, Guo Y, Tang J, Yu F. Three-dimensional custom-made carbon-fiber
prosthesis for sternal reconstruction after sarcoma resection, Thorac Cancer.
2019;10(6):1500-2.

Martini N, Huvos AG, Burt ME, Heelan RT, Bains MS, McCormack PM, et al.
Predictors of survival in malignant tumors of sternum. J Thorac Cardiovasc
Surg. 1996;111:96—106.

Bud V, Suciu BA, Butiurca V, Brinzaniuc K, Copotoiu R, Copotoiu C, et al.
New ways of bronchial stump closure after lung resection: experimental
study. Rom J Morphol Embryol. 2013;54(1):115-9.

Suciu BA, Halmaciu |, Bud V, Copotoiu C, Fodor D, Trambitas C, et al. The
Use of Polypropylene Mesh in the Reconstruction Techniques of the
Thoracic Wall After Resections of the Thoracic Wall. Mater Plast.
2017;54(4):626-29.

Suciu BA, Halmaciu I, Bud V, Copotoiu C, Fodor DRP, Trambitas C, et al.
Using Polypropylene for Bronchial Stump Closure After Pulmonary
Resections, Mater. Plast. 2017;54(3):520-22

Tandon A, Shahzad K, Pathak S, Oommen CM, Nunes QM, Smart N.
Parietex™ Composite mesh versus DynaMesh®-IPOM for laparoscopic
incisional and ventral hernia repair: a retrospective cohort study. Ann R Coll
Surg Engl 2016;98(8):568-73.

Aranda JL, Jiménez MF, Rodriguez M, Varela G. Tridimensional titanium-
printed custom-made prosthesis for sternocostal reconstruction. Eur J

Chirurgia, 119 (5), 2024

www.revistachirurgia.ro

541



C.F. lonitd et al

57.

58.

59.

60.

61.

62.

63.

Cardiothorac Surg. 2015;48(4):e92-4. doi: 10.1093/ejcts/ezv265.

Simal |, Garcia-Casillas M, Cerda J, Riguelme O, Lorca-Garcia C, Perez-
Egido L, et al. Three-dimensional custom-made titanium ribs for
reconstruction of a large chest wall defect. European J Pediatr Surg Rep.
2016;4(1):26-30.

Chapelier AR, Missana MC, Couturaud B, Fadel E, Fabre D, Mussot S, et al.
Sternal resection and reconstruction for primary malignant tumors, Ann
Thorac Surg 2004;77(3):1001-6.

Galbis Caravajal JM, Yeste Sanchez L, Fuster Diana CA, Guijarro Jorge R,
Ferndndez Ortiz P, Deaville PJ. Sternal resection and reconstruction after
malignant tumours, Clin Transl Oncol. 2009;11(2):91-5.

Incarbone M, Nave M, Lequaglie C, Ravasi G, Pastorino U. Sternal resection
for primary or secondary tumors. J Thorac Cardiovasc Surg. 1997;
114(1):93-9.

Ahmad U, Yang H, Sima C, Buitrago DH, Ripley RT, Suzuki K, et al.
Resection of Primary and Secondary Tumors of the Sternum: An Analysis of
Prognostic Variables. Ann Thorac Surg 2015;100(1):215-21.

Hegg RM, Kurup AN, Schmit GD, Weisbrod AJ, Atwell TD, Olivier KR, et al.
Cryoablation of sternal metastases for pain palliation and local tumor
control. J Vasc Interv Radiol 2014;25:1665-70.

Arrigoni F, Bianchi G, Formiconi F, Palumbo P, Zugaro L, Gravina GL, et al.
CT-guided cryoablation for management of bone metastases: a single
center experience and review of the literature, Radiol Med. 2022,

64.

65.

66.

67.

68.

69.

70.

127(2):199-205.

Papalexis N, Parmeggiani A, Peta G, Spinnato P, Miceli M, Facchini G.
Minimally invasive interventional procedures for metastatic bone disease: a
comprehensive review. Curr Oncol. 2022;29(6):4155—77.

Marciel AM, Van Zandt BL, Baxter AJ. Transcatheter arterial embolization for
the palliation of painful bone lesions. Tech Vasc Interv Radiol. 2011;
14(3):141-9.

Papalexis N, Peta G, Vara G, Spinnato P, Errani C, Martella C, et al. Palliative
Arterial Embolization for Metastases of the Sternum. Cardiovasc Intervent
Radiol. 2023;46(6):794-8.

Marciel AM, Van Zandt BL, Baxter AJ. Transcatheter arterial embolization for
the palliation of painful bone lesions. Tech Vasc Interv Radiol. 2011;
14(3):141-9.

Arroyo-Hernéndez M, Maldonado F, Lozano-Ruiz F, Mufioz-Montafio W,
Nufiez-Baez M, Arrieta O. Radiation-induced lung injury: current evidence.
BMC Pulm Med. 2021;21(1):9.

Dilalla V, Chaput G, Williams T, Sultanem K. Radiotherapy side effects:
integrating a survivorship clinical lens to better serve patients. Curr Oncol.
2020;27(2):107-12.

Nguyen TK, Sahgal A, Dagan R, Eppinga W, Guckenberger M, Kim JH, et al.
Stereotactic Body Radiation Therapy for Nonspine Bone Metastases:
International Practice Patterns to Guide Treatment Planning. Pract Radiat
Oncol 2020;10(6):e452-e460.

542

www.revistachirurgia.ro

Chirurgia, 119 (5), 2024



