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Abstract

Ablative surgery with complete tumour resection continues to be the primary approach for
the management of soft tissue sarcoma. Within this particular context, the practise of
reconstructive plastic surgery has emerged as a significant component of a multidisciplinary
approach to sarcoma therapy. The primary objective of this therapeutic approach is to
preserve the affected limb as a viable alternative to amputation. In this scholarly
investigation, a comprehensive examination was conducted over a span of two years at a
solitary medical facility. The analysis involved 290 patients diagnosed with soft tissue
sarcoma (SST). The findings of this study demonstrated a correlation between surgical
procedures resulting in clear margins (RO resections) and the presence of higher-grade
sarcoma in patients who underwent free flap reconstructive surgeries. Notably, the study did
not identify any statistically significant variances in complication rates when comparing
different methods of reconstruction. The risk of local recurrence was found to be more than
two-fold higher in cases where primary wound closure was performed compared to cases
where flaps were utilised. Defect reconstructions in soft tissue sarcomas (STS) have been
demonstrated to exhibit a high degree of reliability and safety. Consequently, it is imperative
to recognise the indispensable role of plastic and reconstructive surgeons within the realm of

interdisciplinary surgical STS treatment.
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Introduction

Surgical resection serves as the primary therapeutic modality and fundamental pillar for
managing extremity soft tissue sarcomas [1]. While radiation therapy and/or chemotherapy
frequently contribute to the multimodal management of these malignancies, they are typically
employed in conjunction with surgical excision of the neoplasm. Soft tissue sarcomas (STSs)
are a type of neoplasm that exhibits low incidence rates, primarily manifesting in the
extremities [2, 3]. The most commonly observed subtypes of soft tissue sarcomas (STS)
encompass liposarcomas (LPSs), leiomyosarcomas (LMSs), and sarcoma not otherwise
specified (NOS). The lower extremity, specifically the thigh, is the predominant anatomical
region of initiation, with the upper extremity and trunk following suit [4]. In the annals of
medical history, amputation has long been considered the preferred surgical intervention for
addressing conditions affecting the extremities [5, 6]. However, a plethora of clinical studies
have presented ample evidence indicating that limb-sparing resections with wide surgical
margins, in conjunction with perioperative irradiation in cases of more aggressive tumours,

result in comparable survival rates [7].

Given the infrequency of these malignant neoplasms, there exists limited knowledge
regarding the implications of reconstructive surgical interventions within the context of the
multidisciplinary management of soft tissue sarcomas (STS). The majority of research
endeavours have been directed towards investigating neoadjuvant and adjuvant
radio(chemo)therapy as well as chemotherapy in the context of soft tissue sarcomas (STS).
However, there has been a growing interest in the field of reconstructive surgery for STS, as

evidenced by the increasing attention it has received [8].

Reconstructive surgery may potentially facilitate the administration of higher radiation

dosages in cases of recurrent tumours, provided that nonirradiated tissue is transplanted.
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Additionally, transplantation procedures have the potential to mitigate common radiation-
related complications, such as fibrosis and radiation ulcers [9]. However, the rates of
complications associated with reconstructive surgery in soft tissue sarcoma (STS) have not
been studied to date, in comparison to surgical treatment of STS without the use of
reconstructive surgery [10]. Moreover, there is a lack of clarity regarding the potential
correlation between the utilisation of flaps, specifically microvascular free flaps, by
reconstructive surgeons and the likelihood of achieving favourable outcomes in soft tissue
sarcoma (STS) resection, specifically in terms of increased numbers of free resection
margins. In this research endeavour, a comprehensive retrospective analysis was conducted
on the medical records of 290 patients. The primary focus of this analysis was to evaluate the
demographic and tumour characteristics of these patients, as well as their survival rates.
Additionally, the study aimed to investigate the influence of various reconstruction methods

on patient outcomes, including the occurrence of complications and rates of recurrence.
Materials and Methods

A retrospective analysis was conducted on all individuals who underwent surgical
intervention for soft tissue sarcoma (STS) within the time frame of September 2020 to August
2022. This study was carried out at the Department of Plastic Surgery, Patna Medical College

Hospital, located in Patna, India.

Inclusion criteria: The study included individuals who had received a histologically
confirmed diagnosis of soft tissue sarcoma (STS) and had undergone treatment at the
Department of Plastic Surgery, Patna Medical College Hospital, Patna. The individuals who
provided their informed consent for participation in the research study were subsequently

included in the sample.
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Exclusion criteria: Patients with gastrointestinal stromal tumors (GISTs), without a diagnosis
of STS per the final tumor pathology report and who did not give consent for the study were

excluded.

Data Collection: Demographic data, such as age and sex, along with information on sarcoma
diagnosis, including the date of first diagnosis, tumour classification using the TNM system,
tumour grade, and recurrence status, were collected. The location of the tumour was
categorised as upper extremity, lower extremity, trunk, or head/neck. The patient's treatment
history, including any previous interventions at other medical institutions, as well as any
complications experienced postoperatively, were documented. The use of neoadjuvant or
adjuvant therapy, as well as the specific details of the surgical reconstruction, were recorded.
The resection margins were classified according to the residual tumour classification system,
with RO indicating complete resection, R1 indicating microscopic residual tumour, and R2
indicating macroscopic residual tumour. Follow-up and any postoperative complications were

also documented.
Statistical Analysis

The statistical analyses were conducted utilising the Statistical Package for the Social
Sciences (version 19.0, SPSS Inc., Chicago, IL, USA). The evaluation of survival was
conducted by employing the Kaplan-Meier method along with log-rank tests (Mantel-Cox) to
examine potential factors that may have an impact. The assessment of survival was conducted
using Cox regression, which is a statistical method for analysing multiple variables
simultaneously. Patient characteristics between the groups were analysed using cross-
tabulation and the chi-square test for categorical variables, the Mann—-Whitney U test and

Fisher’s exact test for ordinal variables, and Student’s t-test for continuous variables.

Results

536



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 07, 2023

A comprehensive cohort of 290 individuals undergoing medical intervention was identified
during the period spanning from 2020 to 2022. A total of 280 patients underwent sarcoma
resection procedures at either the Department of Plastic and Hand Surgery or the Department
of Surgery. A total of eighty-one patients underwent primary sarcoma resection at various
hospitals lacking specialised oncologist expertise in the field of soft tissue sarcomas (STS).
Only seven patients had a RO status and had undergone reconstructive surgical intervention

solely at our academic medical centre.

The demographic and tumour characteristics of the patients are presented in Table 1. The
predominant anatomical distribution of the soft tissue sarcoma (STS) in our study population
was observed in the lower extremity (46.6%), followed by the trunk (19%). Additionally, the
STS was found to be localised within the abdomen or thorax in 18.6% of cases, with four of
these cases demonstrating involvement of the thoracic/abdominal wall. The upper extremity
accounted for 12.1% of cases, while the head/neck region accounted for 3.8% of cases.
Among the various tumour entities, liposarcoma was found to be the most prevalent,
followed by fibroblastic/myofibroblastic sarcoma. The distribution and localization of

sarcomas treated at our institution are depicted in Table 1, highlighting the various subtypes.

Table 1. Baseline characteristics

Characteristics Frequency | Percentage
Male 167 57.6%
Sex
Female 123 42.4%
Yes 44 15.2%
Adjuvant CT No 243 83.8%
Adjuvant, before reconstruction 3 1%
Neoadjuvant CT Yes 141 48.6%
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No 149 53.1%
Yes 31 10.7%
Adjuvant RT
No 259 89.3%
Yes 136 46.9%
Neoadjuvant RT
No 154 53.1%

A cohort of 168 individuals underwent primary wound closure, whereas a smaller subset of
22 patients received treatment through the application of split skin grafts. Local/regional flaps
were employed in a cohort of 54 individuals, while free flaps were administered to a group of
40 patients. A total of six patients were excluded from the reconstruction analysis due to
premature discontinuation of operative treatment while hospitalised, owing to the presence of
advanced tumour disease. A total of 81 patients, accounting for 28% of the study population,
underwent initial soft tissue sarcoma (STS) resection at an external institution. Among these
patients, 58% underwent R1 resection at various hospitals that lacked the presence of an
oncologist specialised in STS. Moreover, a total of 20% of the subjects exhibited a
macroscopic residual tumour (R2), while 13% presented with indeterminate resection
margins. In instances where positive (R1 and R2) or indeterminate (RX) margins or limited
free margins were observed (total n = 71), a subsequent surgical procedure was conducted at

our medical facility.
Discussion

Surgical intervention assumes a pivotal role in the therapeutic management of patients
diagnosed with soft tissue sarcomas (STS). Radiotherapy and chemotherapy are commonly
utilised as (neo)adjuvant therapeutic modalities and have demonstrated efficacy in the

management of soft tissue sarcomas (STS) and hard tissue sarcomas [11, 12]. Numerous
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studies documented in the medical literature have identified positive margins as the primary
prognostic factor for local recurrence [13]. In instances involving substantial, profound, and
high-grade sarcomas with invasive proliferation into vital anatomical components, such as
prominent nerves, vessels, and osseous structures, a greater incidence of metastasis is

commonly observed [14].

In our study population, a notable increase in the incidence of cases exhibiting unencumbered
margins was observed within the cohort undergoing free-flap reconstructions. Furthermore,
the statistical analysis revealed a significant increase of local control by more than two-fold
in the cohort receiving local/regional flaps or free flaps compared to the cohort undergoing
primary wound closure. Nevertheless, within our cohort, there was a notable prevalence of
local recurrence in cases involving split skin grafts, despite the fact that the RO rate surpassed
that of primary closure. The incidence of local recurrence in cases where primary closure and

split skin grafts were employed did not exhibit a statistically significant disparity.

The results of our multivariate analysis indicate that none of the following factors: grading,
amputation, resection margins, or size of excision, were found to be independent risk factors
for recurrence in our cohort. Remarkably, a heightened incidence of local recurrence was
observed within the split skin graft cohort, which appears incongruous with the assertion that
positive margins serve as the primary prognostic indicator for local recurrence. However,
extensive studies in the medical literature examining the prognostic importance of surgical
margins in soft tissue sarcomas (STS) have also yielded inconclusive findings [15-20]. The
aetiology underlying the elevated rate of recurrence in instances involving split-thickness
skin grafts remains elusive and requires further investigation. Nevertheless, a plausible
explanation could be attributed to the dimensions of the margins, particularly in terms of
depth. It is possible that the margins were adequately wide to facilitate the creation of a split

skin graft, thereby ensuring a wound that is suitable for healing without compromising any
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vital anatomical structures. However, it has been observed in the existing medical literature
that both narrow and wide negative margins do not appear to have a significant impact on
local recurrence rates [21]. Therefore, it is possible that the retrospective design of our study

may have introduced a bias, which could explain our findings.

In this research investigation, the assessment of outcomes revealed a statistically significant
elevation in grading within the cohort of patients who underwent free flap procedures as
opposed to those who underwent primary wound closure. In a study conducted by Dadras et
al., similar findings regarding the correlation between grading and primary wound closure
were observed when comparing a cohort undergoing flap transplantation [5]. Nevertheless,
despite the presence of a greater number of high-grade sarcomas within our cohort, we
observed a statistically significant increase in the incidence of cases with uninvolved surgical
margins among the group of patients who underwent free flap procedures. This observation
suggests that the surgical removal of sarcoma may achieve a higher success rate in achieving
clear margins, meaning a sufficiently thorough removal, when the option for reconstruction is
made available through the involvement of a separate team, specifically plastic surgeons.
This approach allows the oncological surgeon to focus solely on the tumour removal without
being hindered by the complications associated with the resulting defect and the subsequent

need for reconstruction.

In our research, individuals who underwent split skin grafts exhibited a statistically
significant association with advanced age (median age being higher), which may potentially
influence the process of wound healing. Moreover, the incidences of split-thickness skin
grafts exhibited variations based on the anatomical site. The potential correlation between the
specific anatomical site and the susceptibility to cutaneous breakdown is worth considering as
a potential risk factor. In contrast, within our cohort, only eleven cases of soft tissue sarcomas

(STS) located at the head and neck region were included, rendering statistical analysis of this
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specific subgroup unfeasible. Autologous split-thickness skin grafts were exclusively
conducted on anatomical regions with abundant vascularity by proficient surgeons affiliated
with the Department of Surgery and the Department of Plastic and Hand Surgery, adhering to
established medical protocols. Based on our collective expertise, it is imperative to
thoroughly evaluate the utilisation of split skin grafts as a viable option for sarcoma
reconstruction, as opposed to local/regional or free flaps. Split-thickness skin grafts are often
considered as the primary therapeutic approach for superficial skin defects. Nevertheless, the
treatment of sarcoma typically encompasses neoadjuvant or adjuvant radiotherapy or
chemotherapy. In addition to other potential aetiologies elucidated earlier, the utilisation of
split skin grafts for reconstruction purposes can give rise to an unstable cicatrix, while the
adjunctive application of radiotherapy may induce subsequent dehiscence within the grafted
cutaneous region. It would have been intriguing to assess the utilisation of split skin grafts
exclusively in cases devoid of premeditated radiotherapy. However, the feasibility of
conducting such an evaluation was hindered by the lack of consistent data pertaining to this
inquiry across the majority of medical records. Moreover, in the event of a localised
recurrence, there was a notable increase in wound complications compared to the initial

resection.
Conclusion

The current state of interdisciplinary surgical soft tissue sarcoma (STS) treatment poses a
complex challenge. Surgical resection frequently leads to the formation of defects that
necessitate reconstruction. Consequently, successful STS reconstruction demands the
expertise of a reconstructive plastic surgeon who possesses comprehensive knowledge and
proficiency in various reconstructive techniques. Utilising STS (Soft Tissue Sarcoma)
reconstruction techniques, which are established in the medical field for their reliability and

safety, the implementation of microvascular free flaps has shown potential in enhancing
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recurrence-free survival rates following extensive sarcoma resections. This positive outcome
can be attributed to the higher incidence of achieving negative resection margins, a crucial
factor in preventing the recurrence of sarcomas. Therefore, it is imperative that reconstructive
surgery, encompassing a comprehensive range of reconstruction techniques, be firmly
integrated into the interdisciplinary surgical approach to soft tissue sarcoma (STS). This is
due to the indispensable role of anatomical and functional reconstruction in the treatment of

STS.
References

1. Rosenberg, S.A.; Tepper, J.; Glatstein, E.; Costa, J.; Baker, A.; Brennan, M.; DeMoss,
E.V.; Seipp, C.; Sindelar, W.F.; Sugarbaker, P.; et al. The treatment of soft-tissue
sarcomas of the extremities: Prospective randomized evaluations of (1) limb-sparing
surgery plus radiation therapy compared with amputation and (2) the role of adjuvant

chemotherapy. Ann. Surg. 1982, 196, 305-315.

2. Harati, K.; Goertz, O.; Pieper, A.; Daigeler, A.; Joneidi-Jafari, H.; Niggemann, H.;
Stricker, 1.; Lehnhardt, M. Soft Tissue Sarcomas of the Extremities: Surgical Margins
Can Be Close as Long as the Resected Tumor Has No Ink on It. Oncologist 2017, 22,

1400-1410.

3. Rath, B.; Hardes, J.; Tingart, M.; Braunschweig, T.; Eschweiler, J.; Migliorini, F.

[Resection margins in soft tissue sarcomas]. Orthopade 2019, 48, 768—775.

4. Suresh, V.; Gao, J.; Jung, S.H.; Brigman, B.; Eward, W.; Erdmann, D. The Role of
Reconstructive Surgery After Skeletal and Soft Tissue Sarcoma Resection. Ann. Plast.

Surg. 2018, 80, S372-S376.

5. Dadras, M.; Koepp, P.; Wallner, C.; Wagner, J.M.; Sogorski, A.; Lehnhardt, M.; Harati,

K.; Behr, B. Predictors of oncologic outcome in patients with and without flap

542



10.

11.

12.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 07, 2023

reconstruction after extremity and truncal soft tissue sarcomas. J. Plast. Reconstr.

Aesthet. Surg. 2020.

Zeller, J.; Kiefer, J.; Braig, D.; Winninger, O.; Dovi-Akue, D.; Herget, G.W.; Stark, G.B.;
Eisenhardt, S.U. Efficacy and Safety of Microsurgery in Interdisciplinary Treatment of
Sarcoma Affecting the Bone. Front. Oncol. 2019,9, 1300.

Saebye, C.; Amidi, A.; Keller, J.; Andersen, H.; Baad-Hansen, T. Changes in Functional
Outcome and Quality of Life in Soft Tissue Sarcoma Patients within the First Year after
Surgery: A Prospective Observational Study. Cancers 2020, 12, 463.

Elswick, S.M.; Wu, P.; Arkhavan, A.A.; Molinar, V.E.; Mohan, AT.; Sim, F.H.;
Martinez-Jorge, J.; Saint-Cyr, M. A reconstructive algorithm after thigh soft tissue
sarcoma resection including predictors of free flap reconstruction. J. Plast. Reconstr.
Aesthet. Surg. 2019, 72, 1304-1315.

Naghavi, A.O.; Gonzalez, R.J.; Scott, J.G.; Mullinax, J.E.; Abuodeh, Y.A.; Kim, Y.;
Binitie, O.; Ahmed, K.A.; Bui, M.M.; Saini, A.S.; et al. Implications of staged
reconstruction and adjuvant brachytherapy in the treatment of recurrent soft tissue
sarcoma. Brachytherapy 2016, 15, 495-503.

Clavien, P.A.; Barkun, J.; de Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.;
de Santibafies, E.; Pekolj, J.; Slankamenac, K.; Bassi, C.; et al. The Clavien-Dindo
classification of surgical complications: Five-year experience. Ann. Surg. 2009, 250,
187-196.

Restrepo, D.J.; Huayllani, M.T.; Boczar, D.; Sisti, A.; Spaulding, A.C.; Moran, S.L.;
Aung, T.; Bagaria, S.; Manrique, O.J.; Forte, AJ. Factors that Influence Chemotherapy
Treatment Rate in Patients With Upper Limb Osteosarcoma. Anticancer Res. 2019, 39,
5611-5615.

Huayllani, M.T.; Restrepo, D.J.; Boczar, D.; Sisti, A.; Spaulding, A.C.; Parker, A.S.;

543



13.

14.

15.

16.

17.

18.

19.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 07, 2023

Sarabia-Estrada, R.; Guerrero-Cazares, H.; Moran, S.L.; Forte, A.J. Osteosarcoma of
the Upper Extremities: A National Analysis of the US Population. Anticancer Res.
2019, 39, 5663-5668.

Goertz, O.; Pieper, A.; Lohe, L.V.; Stricker, I.; Dadras, M.; Behr, B.; Lehnhardt, M.;
Harati, K. The Impact of Surgical Margins and Adjuvant Radiotherapy in Patients with
Undifferentiated Pleomorphic Sarcomas of the Extremities: A Single-Institutional
Analysis of 192 Patients. Cancers 2020, 12, 362.

O’Donnell, P.W.; Griffin, A.M.; Eward, W.C.; Sternheim, A.; Catton, C.N.; Chung,
P.W.; O’Sullivan, B.; Ferguson, P.C.; Wunder, J.S. The effect of the setting of a
positive surgical margin in soft tissue sarcoma. Cancer 2014, 120, 2866-2875.

Gundle, K.R.; Gupta, S.; Kafchinski, L.; Griffin, A.M.; Kandel, R.A.; Dickson, B.C;
Chung, P.W.; Catton, C.N.; O’Sullivan, B.; Ferguson, P.C.; et al. An Analysis of
Tumor- and Surgery-Related Factors that Contribute to Inadvertent Positive Margins
Following Soft Tissue Sarcoma Resection. Ann. Surg. Oncol. 2017, 24, 2137-2144.
Stojadinovic, A.; Leung, D.H.; Hoos, A.; Jaques, D.P.; Lewis, J.J.; Brennan, M.F.
Analysis of the prognostic significance of microscopic margins in 2,084 localized
primary adult soft tissue sarcomas. Ann. Surg. 2002,235, 424-434.

Novais, E.N.; Demiralp, B.; Alderete, J.; Larson, M.C.; Rose, P.S.; Sim, F.H. Do
surgical margin and local recurrence influence survival in soft tissue sarcomas? Clin.
Orthop. Relat. Res. 2010, 468, 3003-3011.

Trovik, C.S.; Bauer, H.C.; Alvegard, T.A.; Anderson, H.; Blomgvist, C.; Berlin, O.;
Gustafson, P.; Saeter, G.;Walloe, A. Surgical margins, local recurrence and metastasis
in soft tissue sarcomas: 559 surgically-treated patients from the Scandinavian Sarcoma
Group Register. Eur. J. Cancer 2000, 36, 710-716.

Potter, B.K.; Hwang, P.F.; Forsberg, J.A.; Hampton, C.B.; Graybill, J.C.; Peoples,

544



20.

21.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 07, 2023

G.E.; Stojadinovic, A. Impact of margin status and local recurrence on soft-tissue
sarcoma outcomes. J. Bone Joint Surg. Am. 2013,95, e151.

Zagars, G.K.; Ballo, M.T.; Pisters, P.W.; Pollock, R.E.; Patel, S.R.; Benjamin, R.S.; Evans,
H.L. Prognostic factors for patients with localized soft-tissue sarcoma treated with
conservation surgery and radiation therapy: An analysis of 1225 patients. Cancer

2003, 97, 2530-2543.

Ahmad, R.; Jacobson, A.; Hornicek, F.; Haynes, A.B.; Choy, E.; Cote, G.; Nielsen, G.P,;
Chen, Y.L.; DeLaney, T.F.; Mullen, J.T. The Width of the Surgical Margin Does Not
Influence Outcomes in Extremity and Truncal Soft Tissue Sarcoma Treated With

Radiotherapy. Oncologist 2016, 21, 1269-1276.

545



