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Sarcomas are a group of heterogeneous and rarely ob-
served malignancies with mesenchymal origin. Sarco-

mas constitute less than one percent of all adult cancers.
[1-3] It is accepted that approximately eighty percent of all 
sarcoma patients have soft tissue sarcomas.[3] Bone sarco-
mas (BSs) are bone tumors of malignant mesenchymal ori-
gin with many different subtypes. Ewing sarcoma (ES) and 
osteosarcoma are the most common primary bone tumors 

in young adults. Soft tissue sarcomas (STSs) are a heteroge-
neous group of tumors that can arise from mesenchymal 
cells in any area of the body. These tumors most commonly 
originate from the extremities.[4,5]

There is a poor prognosis for relapsed/refractory BSs and 
STSs. The desired survival advantage could not be achieved 
with the second and subsequent chemotherapy lines. Suc-
cessful treatment regimens in this regard are very limited.

Objectives: To aim to show the survival outcomes of ifosfamide, carboplatin and etoposide (ICE) therapy and the char-
acteristics of treatment-related hematological side effects in patients with relapsed/refractory bone sarcomas (BSs) and 
soft tissue sarcomas (STSs).
Methods: Patients who were treated at the Department of Medical Oncology, Gulhane School of Medicine between 
January 2017 and June 2021 were included. Post-ICE progression-free survival (PFS), overall survival (OS) rates and 
treatment-related hematological side effects were determined.
Results: Fifty-six adult patients were included (thirty-four of them BSs). PFS was determined as 6.7 ± 4.4 months and 
7.1±3.6 months for STSs and BSs, respectively. OS was 11.4±5.6 monhts and 12.6±7.1 for STSs and BSs, respectively. 
PFS and OS were not found to be better between groups (p=0.84 and p=0.517, respectively). The median OS and PFS 
after ICE protocol in patients with two or less systemic chemotherapy lines were significantly higher than those who 
received three or more lines (7.85±1.66 vs 3.74 ±2.89, p=0.001 and 13.80±8.45 vs 6.73, p=0.001).
Conclusion: In addition to its contribution for all patients, ICE may contribute to longer survival, especially in patients 
receiving ≤2 lines of systemic chemotherapy.
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The ifosfamide, carboplatin and etoposide (ICE) protocol is 
a systemic conventional chemotherapy protocol that has 
been shown to provide significant survival and disease 
control in many relapsed/refractory malignancies.[6,7] But 
prospective studies showing the efficacy of the ICE proto-
col in relapsed/refractory BSs and STSs are lacking. There 
are reports on this subject with a small number of patients. 

We aimed to show the effectiveness of the ICE protocol on 
survival and disease control endpoints in relapsed/refrac-
tory BSs and STSs.

Methods
This retrospective, single center study was performed us-
ing the medical records of outpatients and inpatients with 
relapsed/refractory BSs and STSs at Department of Medical 
Oncology, Gulhane School of Medicine from January 2017 
through June 2021. The inclusion criteria were age ≥18 
years, those with histologically confirmed advanced stage 
BSs and STSs, imaging-proven metastases at diagnosis or 
at recurrence. The exclusion criteria were age <18 years 
and insufficient clinical data. The local ethics committee 
approved the study protocol (ethics committee approval 
number 2021/60).

Gender, age, localization, histology of the primary malig-
nancy and stage at the time of diagnosis were recorded. 
Lung, liver, bone, soft tissue, lymph node and brain metas-
tasis status before the ICE protocol were evaluated within 
the scope of the study. Number of previous treatment lines, 
number of ICE protocol implementation, response to treat-
ment and observed side effects were recorded after the ICE 
protocol. Survival after the ICE protocol and survival status 
(alive/exitus status) were evaluated.

Before the ICE protocol, the patients were divided into two 
groups as BSs and STSs. Progression-free survival (PFS) de-
fined as the time from ICE onset to the first documented 
disease progression or death due to any cause. Overall 
survival (OS) after ICE protocol was calculated as the time 
from the start of the ICE protocol to the last seen date or 
the patient's exitus date. Objective response rate (ORR), 
defined as the proportion of participants with a complete 
response or partial response. The ICE protocol was as fol-
lows: Ifosfamide 1667 mg/m2/day for 3 days, mesna 1667 
mg/m2/day for 3 days, carboplatin AUC 5 for a single day, 
etoposide 100 mg/m2/day for 3 days. G-CSF administration 
is recommended routinely after the ICE protocol.

Statistical analyzes were performed using SPSS 22.0 soft-
ware (SPSS Inc., Chicago, Illinois). Descriptive data are 
presented as a percentage of the total. Normality of con-
tinuous variables was examined using the Kolmogorov-
Smirnov test. Normally distributed continuous data were 

expressed as mean ± standard deviation (SD) and non-nor-
mally distributed were expressed as median [interquartile 
range (IQR)]. Between-group differences were tested using 
the Chi-Square test, Student's t-test or Mann-Whitney U 
test, as appropriate. A p-value less than 0.05 was consid-
ered statistically significant. 

Results
The final sample included 56 patients (males: 64.3%). The 
median age was 25 (IQR:16). In fifty percent of the sample, 
the primary tumor site was the extremities. Fifty-nine per-
cent of the sample had Stage III or IV disease at the time of 
initial diagnosis. In the BSs sample, ES was seen as sixty-two 
percent. The malignant mesenchymal tumor was found to 
be thirty-five percent, constituting the largest proportion 
in the STSs sample. Adjuvant chemotherapy history is pres-
ent in fourty-one percent of patients. Ninety-one percent 
of patients have lung metastases. The characteristics of the 
patients are presented in Table 1.

The ORR to the ICE was 48.2% for whole patients. There 
was no significant difference in PFS between BSs and STSs 
groups [median months (IQR) 6.7 (4.4) vs 7.1 (3.6), p=0.840]. 
Likewise, there was no significant difference in OS between 
the BSs and STSs groups [mean months (SD), 11.4 (5.6) vs 
12.6 (7.1), p=0.517]. The patients were divided into two 
groups according to the order in which they received the 
ICE protocol (two or less lines vs. three or more lines). The 
median PFS (IQR) after the ICE protocol in patients with 
two or less lines was significantly higher than those who 
received three or more lines [7.85 (1.66) vs 3.74 (2.89)), 
p=0.001]. Similarly, the median OS (IQR) after the ICE proto-
col in patients with two or less lines was significantly higher 
than those who received three or more lines [13.80 (8.45) 
vs 6.73 (6.31), p=0.001]. Forty-one percent of patients had 
a history of more than two systemic chemotherapy prior 
to the ICE protocol. The frequency of febrile neutropenia 
during ICE was found to be twenty-five percent. Treatment 
side effects and responses to treatment are presented in 
Table 2, Table 3 and Figure 1.

Discussion
Treatment of relapsed/refractory sarcoma, whether BSs or 
STSs, is a challenging process for both patients and medi-
cal oncologists. There are currently no satisfactory survival-
prolonging treatments available. We evaluated the use of 
the ICE in patients with relapsed/refractory BSs and STSs, 
and determined that it contributed significantly to sur-
vival and disease control. In addition, significant PFS and 
OS contribution was achieved after ICE, especially in those 
receiving <2 lines of systemic therapy.
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Fiegl and colleagues evaluated the efficacy of the com-
bined regional hyperthermia approach with the ICE in ad-
vanced STSs. They found an ORR of 20% and median OS 
of 14.6 months for all patients.[8] Aydin et al. conducted 
a study to evaluate the demographic characteristics, re-
sponse to treatment, and outcomes of children with re-
lapsing/resistant BSs and STSs treated with the ICE. OS 

rates were determined as 83% and 62% at 1 and 2 years. 
The ORR for ICE has been reported as 43%.[9] In these stud-
ies, it was reported that the combination of ICE improves 
the outcome of relapsed or refractory sarcomas and can be 
used as second-line therapy. Both Fiegl and colleagues and 
Aydin colleagues used the ICE protocol as second-line sys-
temic therapy.[8,9] More than forty percent of our patients 

Table 1. The demographic and disease and treatment related characteristics of the patients

Features	 Soft Tissue Sarcomas (n=22)	 Bone Sarcomas (n=34)	 Whole Group (n=56)

Gender, male,n(%)	 17 (77.3)	 19 (55.9)	 36 (64.3)
Age at diagnosis, median (IQR), years	 32.5 (32.75)	 22.5 (6.25)	 25 (16)
Age at diagnosis,n(%)			 
	 ≥30	 12 (54)	 7 (20)	 19 (34)
	 <30	 10 (46)	 27 (80)	 37 (66)
Primary location,n(%)			 
	 Head and neck	 2 (9)	 3 (9)	 5 (9)
	 Extremities	 9 (41)	 19 (56)	 28 (50)
	 Body	 1 (4)	 3 (9)	 4 (7)
	 Intrabdominal	 4 (18)	 1 (3)	 5 (9)
	 Pelvis	 6 (27)	 8 (23)	 14 (25)
Stage,n(%)			 
	 1 or 2	 5 (23)	 18 (53)	 23 (41)
	 3 or 4	 17 (77)	 16 (47)	 33 (59)
Pathological Subtype,n(%)			 
	 Ewing Sarcoma	 - (0)	 21 (62)	 21 (38)
	 Osteosarcoma	 - (0)	 12 (35)	 12 (21)
	 Condrosarcoma	 - (0)	 1 (3)	 1 (2)
	 Malign Mesenchymal Tumor	 8 (35)	 - (0)	 8 (14)
	 Rhabdomyosarcoma	 6 (27)	 - (0)	 6 (10)
	 Leiomyosarcoma	 3 (14)	 - (0)	 3 (5)
	 Synovial Sarcoma	 3 (14)	 - (0)	 3 (5)
	 Liposarcoma	 1 (5)	 - (0)	 1 (2)
	 Angiosarcoma	 1 (5)	 - (0)	 1 (2)
Adjuvant Chemotherapy,n(%)	 5 (23)	 18 (53)	 23 (41)
Adjuvant Radiotherapy,n(%)	 - (0)	 18 (53)	 18 (53)
Visceral Metastases,n(%)			 
	 Lung	 21 (95)	 30 (88)	 51 (91)
	 Liver	 6 (27)	 6 (18)	 12 (21)
	 Bone	 7 (32)	 24 (71)	 31 (55)
	 Soft Tissue	 10 (45)	 4 (12)	 14 (25)
	 Brain	 1 (5)	 4 (12)	 5 (9)
Lines of Systemic Treatments Before ICE,n(%)			 
	 ≤ 2 lines	 14 (64)	 19 (56)	 33 (59)
	 > 2 lines	 8 (36)	 15 (44)	 23 (41)
Hematological Adverse Events after ICE,n(%)			 
	 Febrile Neutropenia	 5 (23)	 9 (26)	 14 (25)
	 Grade 3 Neutropenia	 5 (23)	 9 (26)	 14 (25)
	 Grade 3 Anemia	 5 (23)	 0 (-)	 5 (9)
	 Grade 3 Thrombocytopenia	 4 (18)	 4 (12)	 8 (14)

IQR: Interquartile range; ICE: Ifosfamide,carboplatin and etoposide.
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received more than two systemic treatments before the ICE 
protocol. In our study sample, OS and ORR are shown simi-
lar to the studies mentioned. This can be considered as a 
sign that the ICE protocol is making a significant contribu-
tion to OS and disease control at the second line and be-
yond. When we evaluated both our BSs and STSs patients 
according to the order of their systemic treatment regimen, 
we found a longer PFS and OS contribution especially in 
patients who received two or less systemic treatments 
compared to those who received more than two systemic 
treatments. On explanation of such a difference may be 

that patients receiving more chemotherapy are generally 
more fragile and have lower performance.

Van Winkle and colleagues reported that the ORR of the 
combination of ifosfamide, etoposide, and carbopla-
tin used in three phase I/II studies of the Pediatric Cancer 
Group was 36% in resistant osteosarcoma patients. They 
stated that stable disease was obtained in 38% of osteosar-
coma patients and the one-year survival rate reached 41%.
[10] Brunetto and colleagues, on the other hand, stated that 
the ICE protocol added to the VDC protocol contributed 
significantly to local disease control in ES patients.[11]

Our patients were mostly found under the age of thirty. It is 
known that sarcomas observed at young ages generally go 
with a relapsed/refractory clinic and have a poor prognosis.
[12] Approximately half of our cases have advanced disease 
at the time of initial diagnosis. Survival is short for meta-
static disease at initial diagnosis or at relapse.[13] The most 
common histopathological subtypes in BSs patients are ES 
and osteosarcoma.[14,15] Ninety-seven percent of our BSs pa-
tients had these two malignancies.

Lung metastases represent a poor prognostic feature for 
patients and cause interruptions in treatment and poor 
performance.[16] Most of our patients have lung metastases 
before the ICE protocol. However, a significant contribution 

Figure 1. Survival plot by treatment lines.

Table 2. Treatment-related characteristics of the BSs and STSs patients

Features	 Soft Tissue Sarcomas (n=22)	 Bone Sarcomas (n=34)	 p

Best Objective Response, n(%)
	 Complete Response	 - (0)	 - (0)	
	 Partial Response	 10 (46)	 17 (50)	
	 Stable Disease	 6 (27)	 9 (26)	
	 Progressive Disease	 6 (27)	 8 (25)	
PFS, median (IQR), months	 6.7 (4.4)	 7.1 (3.6)	 0.840
OS, mean (SD), months	 11.4 (5.6)	 12.6 (7.1)	 0.517

PFS: Progressin free survival; OS: Overall Survival; IQR: Interquartile range; SD: Standart deviation.

Table 3. Survival and response-related features by treatment lines

Features	 ≤2 lines systemic therapy	 >2 lines systemic therapy	 p
		  before ICE (n=33)	 before ICE (n=23)

Best Objective Response, n(%)
	 Complete Response	 - (0)	 - (0)	
	 Partial Response	 22 (66.7)	 5 (21.7)	
	 Stable Disease	 11 (33.3)	 4 (17.4)	
	 Progressive Disease	 -(0)	 14 (60.9)	
PFS, median (IQR), months	 7.85 (1.66)	 3.74 (2.89)	 0.001
OS, median (IQR), months	 13.80 (8.45)	 6.73 (6.31)	 0.001

PFS: Progressin free survival; OS: Overall Survival; IQR: Interquartile range; SD: Standart deviation.
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of PFS and OS may indicate the suitability of the ICE proto-
col for this patient population.

Bücklein and colleagues reported that Grade 3/4 hemato-
logical toxicity was observed in more than 60% of all their 
patients, despite dose reduction in more than 50% of sar-
coma patients who were treated with the ICE protocol and 
regional hypertemia.[17]

We observed grade 3 neutropenia and febrile neutropenia 
at a rate of twenty-five percent. But with close follow-up 
and appropriate G-CSF prophylaxis, the hematological side 
effects profile can be managed.

This paper has several limitations. First, the number of 
patients was low, limiting the generalizability of the find-
ings to different populations. Second, retrospective design 
of the study raises the possibility of errors in data quality. 
Third, since the analysis was cross-sectional, the results 
cannot be assumed to be causal. Finally, follow-up times 
and interval cannot be controlled in retrospective analyzes.

In conclusion, the ICE protocol can contribute to a suc-
cessful PFS and OS in patients with BSs and STSs who are 
resistant to chemotherapy and have a poor prognosis and 
survival in the advanced stage. The timing of the treatment 
is important for success. The ICE protocol implemented in 
the early period provides a longer OS contribution. The ICE 
protocol has a tolerable and manageable hematological 
side-effect profile.
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