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Abstract 

Background: Real-world evidence on multimodality treatment and chemotherapy dose 
delivery in nonmetastatic soft tissue sarcoma (STS) remains limited.

Objectives: To evaluate patterns of multimodality treatment and relative dose intensity (RDI) 
of chemotherapy in adult patients with nonmetastatic STS treated with curative intent.

Methods: This retrospective study included patients aged ≥18 years with histologically 
confirmed intermediate- or high-grade STS (World Health Organization 2020 classifica-
tion; Fédération Nationale des Centres de Lutte Contre le Cancer grade 2–3) in whom 
treatment was initiated with curative intent and who received at least one treatment 
modality (surgery ± chemotherapy ± radiotherapy) between January 2016 and Decem-
ber 2024. Data regarding treatment patterns and RDI and toxicity were extracted from 
hospital records. Survival outcomes were estimated using the Kaplan–Meier method and 
compared using the log-rank test.

Results: A total of 103 patients were included. The median age was 48 years (range, 
18–85). The majority of patients had extremity tumours (75%), and 89.3% had grade 3 
disease. Synovial sarcoma was the most common histology (28%). Surgery was performed 
in 98.1%, achieving clear margins in 84.5%. Radiotherapy was administered in 66% (94% 
postoperative). Chemotherapy was given to 57%, predominantly in the adjuvant setting 
(51.5%). Among 53 evaluable patients, RDI 100% for both ifosfamide and doxorubicin 
was achieved in 13% only, and RDI ≥ 85% in 70%. At a median follow-up of 59.4 months, 
median overall survival (OS) and disease-free survival (DFS) were not reached; 4 years OS 
and DFS were 74.6% and 58%, respectively. Trimodality treatment (surgery, radiotherapy 
and chemotherapy) was associated with the longest mean OS (98.7 months) compared 
with other treatment modalities (86.5, 79.9, 51.3 and 10.0 months for surgery + radio-
therapy, surgery + chemotherapy, surgery alone and chemotherapy alone, respectively). 
Mean OS differed significantly across treatment groups (p < 0.001). Adjuvant chemo-
therapy was associated with superior OS (95.1 versus 76.5 months; p = 0.009). Grade ≥3 
febrile neutropenia was seen in 18%. Mean OS was numerically longer among patients 
with an RDI ≥ 85% than among those with an RDI <85% (98.6 versus 76.4 months); how-
ever, this difference did not reach statistical significance (p = 0.313). 

Conclusion: Adjuvant chemotherapy was associated with improved survival in appropri-
ately selected patients with nonmetastatic STS. However, maintaining optimal RDI of 
chemotherapy in real-world practice is challenging and associated with higher observed 
toxicity rates than reported in clinical trials.
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Background

Soft tissue sarcomas (STS) account for less than 1%–2% of adult malignancies and encompass more than 50 histological subtypes of biologi-
cally diverse mesenchymal tumours [1,2]. The primary goal of management in localised, nonmetastatic extremity STS is to attain local disease 
control and prevent distant relapse while preserving limb function. The ideal sequencing of multimodality treatment to achieve these goals 
without compromising the patient quality of life is an area of ongoing debate. The rarity and histologic heterogeneity of sarcoma pose a major 
hurdle in conducting large prospectiv� e trials to address these questions and to formulate universally acceptable treatment guidelines. This 
leads to varied patterns in application of multimodality treatment options based on institutional preference [1–4]. 

Systemic failure in the form of lung metastasis is the most common cause of disease-specific mortality in extremity soft tissue sarcoma [1]. 
Adjuvant chemotherapy trials in STS have demonstrated modest and heterogeneous survival benefits. The Sarcoma Meta-analysis Collabo-
ration (SMAC) published in 1997, which primarily included trials using anthracyclines alone, demonstrated a clear biological effect, with an 
absolute 6%–10% improvement in recurrence-free survival and a trend towards improved overall survival (OS), although this did not reach 
statistical significance (HR for death 0.89, 95% CI: 0.76–1.03) [5,6]. Subsequent trials incorporating ifosfamide with doxorubicin, along with 
granulocyte colony-stimulating factor (G-CSF) support to maintain dose intensity, reported improved outcomes in selected high-risk patients. 
For example, Frustaci et al [7] reported 4-year OS of 69% versus 50% [7]. Similarly, studies by Brodowicz et al [8] and Petrioli et al [9] reported 
disease-free survival (DFS) and OS rates broadly in the range of 60%–70% [8,9]. In contrast, the European Organisation for Research and 
Treatment of Cancer study (EORTC 62931), the largest randomised controlled trial in this setting, demonstrated no significant survival ben-
efit, with 5-year OS of approximately 66% in both arms [10]. These conflicting findings – particularly between the updated SMAC analysis, 
which suggested an approximate 11% reduction in the risk of death and the negative results of pooled analyses of EORTC trials – have con-
tributed to the ongoing controversy regarding the role of adjuvant chemotherapy in STS [11–14].

A combination of ifosfamide and doxorubicin forms the backbone of systemic therapy in STS. But both doxorubicin and ifosfamide exhibit a 
steep dose–response relationship to the tune of 75–90 mg/m2 and 9–11 gm/m2 for doxorubicin and Ifosfamide, respectively to induce a 25% 
tumour size reduction [15,16]. Delivering these doses in a predefined time period without compromising patient quality of life remains chal-
lenging. In the context of uncertain survival benefit and potential toxicity risk associated with adjuvant chemotherapy, appropriate patient 
selection is critical. The present consensus on which patients should receive adjuvant chemotherapy is usually taken on a case-to-case basis 
after multidisciplinary tumour board discussion and shared decision-making. Consequently, considerable variability exists in contemporary 
practice patterns [15,16].

Relative dose intensity (RDI) is an established critical parameter that affects outcomes in early-stage breast, diffuse large B cell lymphoma 
and Ewing sarcoma [17–19]. However, evidence regarding RDI of chemotherapy in STS and its clinical impact is scarce. Across major STS tri-
als, chemotherapy delivery has frequently been limited by dose delays and reductions, although exact RDI values are inconsistently reported. 
Earlier studies, such as Frustaci et al [7], reported suboptimal chemotherapy delivery, with RDI in the range of approximately 70%–80%. 
In contrast, more contemporary studies, including Woll et al [10] and Gronchi et al [20], have demonstrated improved treatment delivery, 
with RDI approaching 85%–90% [10,20]. The use of G-CSF has likely contributed to this improvement by reducing chemotherapy-induced 
neutropenia, thereby minimising treatment delays and dose reductions and facilitating maintenance of planned dose intensity [11,14,21]. 

In view of the lack of well-established guidelines regarding the optimal sequence of multimodality options, ideal candidates for adjuvant che-
motherapy and underreporting of RDI, the real-world data may show wide variations based on institutional practice [3,22]. Moreover, actual 
delivery of multimodality therapy and the RDI of chemotherapy received in STS can vary considerably in routine clinical practice based on 
patient tolerance and toxicity profiles. Limited data are available regarding patterns of multimodality therapy and optimal RDI achievement 
in STS in nontrial settings. Therefore, an evaluation of current real-world practices across institutions may help to identify gaps in treatment 
delivery, dose intensity and to optimise future strategies.

Methods

This was a retrospective observational study conducted in the medical oncology division of a tertiary cancer centre in South India. We 
reviewed case records of patients diagnosed with malignant, nonmetastatic STS who were treated with curative intent between 1 Jan-
uary 2016 and 31 December 2024. The objectives of the study were to describe the patterns of multimodality treatment in malignant 
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nonmetastatic STS, assess the RDI of chemotherapy delivered, estimate DFS and OS and evaluate the association of treatment modalities 
and chemotherapy RDI with survival outcomes.

Study population

The inclusion criteria were patients of age ≥18 years, histologically confirmed nonmetastatic malignant STS, as per the WHO 2020 Classifi-
cation, Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) Intermediate (Grade 2) or high grade (Grade 3) and those who 
received treatment with curative intent with at least one modality (surgery ± chemotherapy ± radiotherapy).

WHO-classified intermediate or benign soft tissue tumours, nonmetastatic disease treated with palliative intent decided by the multispe-
cialty board, and subtypes, such as gastrointestinal stromal tumours, alveolar soft part sarcoma, extra skeletal Ewing’s, extra skeletal osteo-
sarcoma, metastatic disease at diagnosis and incomplete records on sequence of treatment modality or ifosfamide–doxorubicin chemother-
apy dosing details were excluded. 

Data collection

Unique Health Identifier numbers of nonmetastatic STS patients were collected from the hospital cancer registry, and individual patient 
hospital records were screened to identify patients fitting the study criteria. Demographic details, tumour characteristics and details of treat-
ment modalities were extracted from and keyed into IBM SPSS Statistics version 29 software.

Institutional approach to adjuvant chemotherapy selection

Our institution’s protocol on deciding on eligibility for adjuvant chemotherapy was a process-driven approach rather than solely depending 
on parameters, such as size more than 5 cm, deep tumour, margin positive, high grade and extremity site. In a process-driven approach, in 
addition to the above parameters, patient factors, such as age, performance status, previous tolerance to other modalities, patient prefer-
ence, including willingness to accept chemotherapy-related toxicities for marginal benefit, were also considered. Shared decision-making 
was undertaken and documented in the case file prior to initiation of chemotherapy. RDI is the ratio of chemotherapy dose delivered to the 
standard planned dose per unit time. For patients receiving chemotherapy, RDI was calculated as:

RDI = delivered dose intensity/planned dose intensity × 100

Planned dose intensity was calculated based on the anticipated dose (%) and anticipated duration in days in the standard regimen schedule 
followed, while delivered dose intensity reflected the actual doses (%) and actual duration of chemotherapy administered. At our institution, 
the standard chemotherapy protocol consisted of doxorubicin 60 mg/m² on day 1 and ifosfamide 1,800 mg/m² on days 1–3 administered 
at 21-day intervals for a planned total of six cycles. Therefore, a patient who completed the full planned dose without any interruption will 
have RDI = 100% 

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version 29. Categorical variables were expressed as frequencies and percent-
ages. Overall survival was defined as the time from the date of diagnosis to death from any cause or last follow-up. Disease-free survival 
was defined as the time from definitive surgery to the first documented recurrence. Survival curves were estimated using the Kaplan–Meier 
method, and comparisons between groups were performed using the log-rank test.

This study commenced after approval from the institutional review board (IRB). Vide no: 1616/IRB-SRC/13/MCC/27-09-2025/2.Waiver of 
consent was obtained from the IRB.

Operational definitions

Cycle omission: Omission of at least one planned chemotherapy cycle.
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Cycle delay (>7 days): An inter-cycle interval exceeding 7 days beyond the planned schedule (i.e. chemotherapy administered on or after day 
28 when the intended cycle interval is 21 days).

Completed chemotherapy with RDI >85%: Patients achieving a RDI >85% for both doxorubicin and ifosfamide.

Completed chemotherapy at RDI 100%: Patients achieving 100% RDI for both agents (doxorubicin or ifosfamide).

Results

After screening the records of 382 patients who were documented as nonmetastatic STS during the study period, 103 patients met the 
inclusion criteria of the study.

Clinical and pathologic profiles

The median age of the study population was 48 years (range: 18–85 years). The majority of patients were aged between 40 and 59 years 
(51%). Regarding gender distribution, 59 patients (57.3%) were male and 44 patients (42.7%) were female. Most patients had Eastern Coop-
erative Oncology Group (ECOG) 1 (71.8%) performance status at the time of first presentation in hospital. Among histological subtypes, 
synovial sarcoma was the most common (28.2%), followed by undifferentiated pleomorphic sarcoma (UPS) (21.4%). Based on FNCLCC 
grading, the majority of tumours were grade 3 (92, 89.3%), while grade 2 tumours accounted for 11 cases (10.7%). Confirmation of histo-
logic diagnosis by an in-house pathologist was mandatory before initiating treatment. Rebiopsy was done if the initial biopsy was deemed 
inconclusive by the in-house pathologist after reviewing the slide and block, or if the slide and block were not available for review. Among 
the patients who underwent rebiopsy (n = 74) due to an inconclusive diagnosis, the diagnosis remained unchanged in 59 cases (79.72%). Six 
patient underwent testing for the t(X;18)(p11;q11) translocation (Table 1).

Patterns of multimodality treatment

Overall, surgery was performed in the vast majority of patients, with 101 patients (98.1%) undergoing surgical management, while only 2 
patients (1.9%) did not undergo surgery as they progressed post-neoadjuvant chemotherapy. A total of 54 patients (52.4%) had their initial 
surgery performed at a different hospital, and among them, 36 (67%) subsequently required resurgery in our tertiary cancer centre. R1 resec-
tion and unknown margin status following the initial surgery were the most common indications for resurgery.

Multidisciplinary tumour board discussions were done in 101 patients (98%) before initiation of treatment to formulate optimal sequencing 
of treatment modalities. Among patients who received chemotherapy, documentation of factors influencing patient selection and shared 
decision-making discussing the pros and cons of chemotherapy was available in 96% of case records.

Chemotherapy was administered to 59 patients (57.3%); adjuvant chemotherapy was the most common approach, given to 53 patients 
(51.5%). Ifosfamide with doxorubicin combination regimen was used. Neoadjuvant chemotherapy (NACT) was used in three patients (2.9%); 
two progressed during  NACT and one systemic progression was detected post-surgery before starting adjuvant. Three patients (2.9%) 
received both neoadjuvant and adjuvant chemotherapy. All patients received growth factor support post-chemotherapy (Tables 2 and 3).

Relative dose intensity was calculated for 53 patients who received adjuvant chemotherapy. RDI ≥90% for ifosfamide and doxorubicin was 
achieved in 34 patients (64%), and RDI ≥85% in 70%. The most common reasons for dose delay and dose reductions in maintaining dose 
were hematologic toxicity (Grade ≥ 3 febrile neutropenia, 18%) and disease progression was the most common cause of treatment cessation 
before completion of six cycles. One patient developed cardiac toxicity (left ventricular hypokinesia, ejection fraction dropped from 64% to 
35%) post four cycles of chemotherapy and further chemotherapy was deferred.
Age forms an important decisive factor in maintaining optimal chemotherapy delivery (Table 4). Out of 53 patients who received adjuvant 
chemotherapy, 11 did not receive radiotherapy, while the majority (n = 41) received chemotherapy following radiotherapy. Mean time taken 
to initiate adjuvant chemotherapy post-radiation therapy was 23 days (range, 13–141 days).
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Table 1. Clinical and pathologic profile (n = 103). 
Characteristics Patient no. (%)

Age
 < 40 years 29 (28.16)
 40–59 years 53 (51.46)
 60–79 years 20 (19.42)
 ≥ 80 years 1 (0.97)
 Median age 48 yrs (18–85 yrs)
Gender
 Male 59 (57.3)
 Female 44 (42.7)
ECOG status
 0 18 (17.5)
 1 74 (71.8)
 2 10 (9.7)
 3 1 (1)
Tumour size
 < 5 cm 27 (26.2)
 5–9 cm 39 (37.9)
 ≥ 10 cm 37 (35.9)
Tumour site
 Extremity 78 (75.7)
 Superficial trunk 12 (11.7)
 Head and neck 5 (4.9)
 Retroperitoneal 8 (7.8)
Histological subtype
 Fibrosarcoma 5 (4.9)
 Myxofibrosarcoma 3 (2.9)
 Synovial 29 (28.2)
 UPS 22 (21.35)
 Leiomyosarcoma 11 (10.7)
 Liposarcoma 13 (12.6)
 MPNST 11 (10.7)
 Rhabdomyosarcoma 1 (1)
 Unclassified sarcoma 4 (3.9)
 Others 4 (3.9)
FNCLCC grade
 Grade 2 11 (10.7)
 Grade 3 92 (89.3)
Resection status post-surgery
 R0 87 (84.5)
 R1 & R2 16 (15.5)

ECOG: Eastern Cooperative Oncology Group performance status; FNCLCC: Fédération Nationale 
des Centres de Lutte Contre le Cancer grading system; MPNST: Malignant Peripheral Nerve Sheath 
Tumour; UPS: Undifferentiated Pleomorphic Sarcoma; R0: Microscopically margin-negative resection; 
R1: Microscopically margin-positive resection; R2: Macroscopically margin-positive resection

https://doi.org/10.3332/ecancer.2026.2219
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Table 2. Treatment patterns and modalities (n = 103). 

Characteristics Patient no. (%)

Surgery

 Yes 101 (98.05)

 No 2 (1.94)

Radiation

 Yes 68 (66)

 No 35 (34)

Timing of radiation

 Preoperative 4 (3.9)

 Postoperative 64 (62.1)

 No radiation 35 (34)

Chemotherapy

 Yes 59 (57.3)

 No 44 (42.7)

Timing of chemotherapy

 Neoadjuvant 3 (2.91)

 Adjuvant 53 (51.45)

 Both 3 (2.91)

 No chemo 44 (42.71)

Table 3. Sequencing of treatment modalities (n = 103). 

Category Treatment sequence n (%)

Single modality (n = 21)

Surgery alone 19 (18.4%)

Neoadjuvant chemotherapy alone 2 (1.9%)

Bimodality (n = 39)

Surgery → Radiotherapy 24 (23.3%)

Radiotherapy → Surgery 1 (1.0%)

Surgery → Chemotherapy 11 (10.7%)

Chemotherapy → Surgery 1 (1.0%)

Chemotherapy → Surgery → Chemotherapy 2 (1.9%)

Trimodality (n = 43)

Surgery → Radiotherapy → Chemotherapy 38 (36.9%)

Surgery → Chemotherapy → Radiotherapy 1 (1.0%)

Radiotherapy → Surgery → Chemotherapy 3 (2.9%)

Chemotherapy → Surgery → Radiotherapy → Chemotherapy 1 (1.0%)

Chemotherapy → Surgery → Chemotherapy → Radiotherapy 0

https://doi.org/10.3332/ecancer.2026.2219


Re
se

ar
ch

ecancer 2026, 20:2219; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2219� 7

Survival analysis

At a median follow-up of 59.4 months, the median OS and DFS were not reached. The estimated 4-year OS and DFS rates were 74.6% and 
58%, respectively. The mean OS was 87.6 months (95% CI: 78.4–96.8), and the mean DFS was 72.2 months (95% CI: 61.5–82.9) (Figures 1 
and 2). 

Regarding failure patterns, systemic relapse was the most frequently encountered, in 29 patients (28.2%), followed by local recurrence in 14 
patients (13.6%).

Table 4. Age-wise distribution of adjuvant chemotherapy delivery (n = 53). 

Characteristic 18–39 years (N = 22) 
n (%)

40–64 years (N = 29) 
n (%)

>65 years (N = 2) 
n (%) Total (N = 53) n (%)

Completed chemotherapy with RDI 
>85%

16 (72.7%) 20 (69.0%) 1 (50.0%) 37 (69.8%)

Completed chemotherapy with RDI 
100%

4 (18.2%) 3 (10.3%) 0 (0%) 7 (13.2%)

Cycle delay (>7 days) 6 (27.3%) 6 (20.7%) 0 (0%) 12 (22.6%)

Cycle omission (≥1 cycle omitted) 3 (13.6%) 4 (13.8%) 2 (100%) 9 (17.0%)

Treatment cessation due to toxicity 0 (0%) 2 (6.9%) 0 (0%) 2 (3.8%)

Treatment cessation due to disease 
progression

2 (9.1%) 2 (6.9%) 2 (100%) 6 (11.3%)

Figure 1. Overall survival (OS) by Kaplan–Meier method (time in months). 

https://doi.org/10.3332/ecancer.2026.2219
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Figure 2. Disease-free survival (DFS) by Kaplan–Meier method (time in months).

Adjuvant chemotherapy was associated with superior OS (95.1 versus 76.5 months; p = 0.009). RDI (≥85%) was not associated with a statis-
tically significant improvement in survival (p = 0.313) (Figure 3).

Patients receiving trimodality treatment (surgery, radiotherapy and chemotherapy) (n = 43, 41.7%) demonstrated the longest mean OS of 
98.65 months (95% CI: 89.56–107.74). This was followed by patients treated with surgery and radiotherapy (n = 25, 24.3%), with a mean 
OS of 86.45 months (95% CI: 68.34–104.56). Patients treated with surgery alone (n = 19, 18.4%) had a mean OS of 51.26 months (95% CI: 
35.39–67.13), whereas those receiving chemotherapy alone (n = 2, 2%) had the poorest outcomes, with a mean OS of 10.03 months (95% 
CI: 2.91–17.15). The differences in mean OS across treatment modalities were statistically significant (log-rank test, p < 0.001). However, 
NACT alone subgroup comprised only two patients, and therefore the survival estimate should be interpreted with extreme caution due to 
the very small sample size (Figure 4).

Discussion

Clinical and pathological characteristics

The clinicodemographic profile of our cohort was broadly comparable with previously published Indian and international STS datasets, with 
age of presentation in the fifth decade of life and extremity being the common site [1]. Synovial sarcoma and UPS were the most frequently 
encountered histologies, consistent with prior institutional experiences reported from tertiary sarcoma centres in India [23]. 

https://doi.org/10.3332/ecancer.2026.2219
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Figure 3. Overall survival (OS) by adjuvant chemotherapy status (time in months).

Figure 4. Overall survival (OS) by treatment modality (time in months).
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In our study among patients who underwent rebiopsy or in-house slide/block review, the histological diagnosis changed in nearly one-fifth 
of cases. Similar observations have been reported by Rastogi et al [24] from the All India Institute of Medical Sciences, where nearly 37% dis-
cordance between outside and expert sarcoma pathology review was documented. This important observation regarding discordance seen 
in histologic diagnosis highlights the need for upskilling the pathologic expertise in low- and middle-income countries (LMIC), as it impacts 
treatment decisions and patient outcomes [24].

More than half of the patients underwent their initial surgery at peripheral centres, and a substantial proportion (67%) subsequently required 
re-resection at our tertiary cancer centre, primarily due to inadequate or unknown margin status. Previous studies, including that by Guti-
errez et al [25] have demonstrated that optimal oncological outcomes are achieved when sarcomas are managed at high-volume centres 
with dedicated multidisciplinary expertise. These findings underscore the importance of early referral to specialised centres in order to avoid 
suboptimal initial management and unnecessary interventions [25–27]. 

Although sarcoma management is increasingly transitioning from a histology-driven approach to a molecular signature-based approach, in 
our cohort, only six patients underwent studies for translocation. The reasons documented for this low testing rate are limited accessibility 
due to unavailability of in-house testing during the study period, lack of reimbursement, delayed turnaround times and uncertain therapeutic 
implications post-testing. Similar barriers to practicing precision medicine based on genomic testing in LMIC have been highlighted by Girisha 
and Moosa [28,29]. 

Patterns of multimodality treatment

A major strength of our cohort was the systematic utilisation of multidisciplinary decision-making and finalising the treatment sequence 
before treatment initiation. Nearly all patients (98%) adhered to the good clinical practice of multidisciplinary tumour board discussion before 
treatment initiation. Siegel et al [26] have demonstrated that this organisational framework of multispeciality board evaluation improves 
treatment planning and optimises sequencing of treatment modalities.

Surgery remained the cornerstone of treatment in our cohort. Radiotherapy and chemotherapy were selectively incorporated, taking into 
consideration tumour- and patient-related factors. Importantly, in our study, among the patients who received adjuvant chemotherapy fol-
lowing a pragmatic process-driven approach, 96% had documentation of the pros and cons of chemotherapy. This meticulous approach is 
very important as adjuvant chemotherapy is still an area of controversy [14,26]. 

The use of ifosfamide–doxorubicin regimen in all chemotherapy-eligible patients provided treatment homogeneity and made RDI calcula-
tion feasible. Moreover, Gronchi et al’s [20] study evaluating histology-tailored NACT did not demonstrate a survival advantage for histolo-
gy-driven chemotherapy over standard chemotherapy approaches. 

Chemotherapy delivery and relative dose intensity

One of the major objectives of this study was to evaluate real-world chemotherapy delivery and maintenance of its dose intensity. 

Although 91% of patients in our cohort completed all planned six cycles of chemotherapy, only 13.2% were able to complete treatment 
without dose delays or dose reductions (RDI 100%). In comparison, the landmark EORTC 62931 trial reported that approximately 80% of 
patients completed all five planned cycles, while 68% received the full planned chemotherapy without significant delays or omissions [10]. 

Despite prophylactic growth factor support, febrile neutropenia was the most common reason for dose delay and dose reduction in our 
study. Grade ≥3 febrile neutropenia occurred in 18% of patients, which was far higher than the 10% reported in the EORTC 62931 and 13% 
reported by an Italian cooperative group trial [7,10]. 

Treatment discontinuation before completion of the planned six cycles of chemotherapy occurred in 15% of our patients, with disease pro-
gression being the most frequent cause. In comparison, the Italian trial reported that approximately 9% of patients failed to complete all six 
planned cycles, most commonly because of toxicity [7]. This discontinuation and toxicity data show the challenges in reproducing clinical 
trial outcomes in real-world practice [3,4]. An age-related decline in chemotherapy delivery was observed, with younger patients achieving 
higher RDI, whereas older patients had increased dose reductions, omissions and treatment discontinuation due to toxicity, consistent with 
patterns reported in other sarcoma cohorts [10]. More recently, Klingberg et al [19] reported that dose intensity and age have a significant 
impact in Ewing sarcoma patients. 
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Studies by Chirivella et al [17] demonstrated that maintaining anthracycline dose intensity improves survival and impacts prognosis in breast 
cancer and diffuse large B-cell lymphoma, respectively [17,18]. However, evidence regarding RDI in adult STS remains sparse. A retrospec-
tive multicentric study reported by Poitureau et al [30] failed to demonstrate an association between trabectedin RDI and progression-free 
survival or OS in advanced liposarcoma and leiomyosarcoma. To the best of our knowledge, this is the first study to explore the impact of 
RDI of ifosfamide and adriamycin in soft tissue. Our study also failed to demonstrate a statistically significant survival advantage with main-
tenance of RDI ≥85% for ifosfamide and doxorubicin (p = 0.313). However, given the relatively small sample size and retrospective design of 
our study, these findings require validation in larger prospective cohorts.

Survival outcomes

In our cohort of 103 patients with a median follow-up of 59.4 months, the estimated 3-year OS was 76%. These findings are comparable 
to those reported in an Indian study by Garg et al [23] which included 79 patients and demonstrated a 3-year OS of 77.6% with a median 
follow-up of 55 months. Systemic relapse was the predominant pattern of failure (28%) in our study, consistent with data from prior sarcoma 
series and similar to the Garg et al [23] study (20%) [1,23].

Adjuvant chemotherapy was associated with improved OS in our cohort (95.1 versus 76.5 months; p = 0.009), which is in concordance with 
SMAC data [5–6,11]. A study of an Italian group by Frustaci et al [7] reports a positive OS impact by adjuvant chemotherapy (75 months 
versus 46 months) [7]. The most likely contributing factors for this benefit can be the pragmatic process-driven approach followed in patient 
selection.

Limitations

The major limitation of the study is a retrospective single-centre design. The pragmatic process-driven approach in patient selection for adju-
vant chemotherapy introduces the possibility of selection bias due to clinician judgement and patient preferences. Underreporting of low-
grade toxicities due to suboptimal documentation is another limitation. Though a rare disease, the relatively small sample size in subgroups of 
chemotherapy limits the statistical power to conclusively determine the impact of RDI on survival outcomes. Hence, observations regarding 
the impact of RDI on survival should be considered hypothesis generating and require further validation in larger prospective multicentric 
trials.

However, conducting large randomised trials addressing every clinically relevant question is not feasible due to rarity and heterogeneity of 
the disease. In this context, high-quality real-world studies will help in refining future treatment strategies. In view of the same, despite the 
above-mentioned limitations, this real-world data from a tertiary cancer centre in an LMIC setting helps to identify gaps in planned care 
delivery [3,4].

The study tries to address the controversial yet underrepresented aspects of adjuvant chemotherapy, including the survival impact of a prag-
matic process-driven approach in patient selection for adjuvant chemotherapy, challenges in maintaining chemotherapy dose intensity and 
treatment sequencing in clinics. The findings also highlight the disparity in toxicity incidence and treatment delivery challenges encountered 
in routine clinics versus those reported in a clinical trial setting. Importantly, this study is among the few to explore the association of RDI of 
ifosfamide–doxorubicin regimen chemotherapy and survival in localised STS.

Conclusion

Adjuvant chemotherapy was associated with improved survival in appropriately selected patients with nonmetastatic STS. However, main-
taining optimal RDI of chemotherapy in real-world practice is challenging and associated with higher observed toxicity rates than reported 
in clinical trials.
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