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1 | INTRODUCTION

| Yi-Zhuo Wang | Hui-Min Hu |

Abstract

Introduction: To identify possible prognostic factors in children with head and neck
rhabdomyosarcoma (RMS).

Methods: A total of 98 patients with head and neck RMS were enrolled in this ret-
rospective study from February 2005 to September 2017. Prognostic factors were
evaluated by univariate and multivariate analysis using Cox's proportional hazards
model. Survival curves were calculated by Kaplan-Meier method.

Results: At the study closing date, there were 60 patients alive, 37 patients died, one
patient was lost to follow-up, and 47 patients relapsed. The median disease-specific
survival was 60.00 + 25.36 months, and the overall survival (OS) rate was 61.9%.
Complete remission was associated with a longer disease-specific survival (86.6%)
compared with partial remission (6.7%). In addition, patients with age >3 years had
better OS rate (69.0%) compared with age <3 years (42.3%). Univariate and multivari-
ate analysis showed that chemotherapy efficacy and age were prognostic factors of
disease-specific survival.

Conclusions: Improvement in outcome was obtained with comprehensive treatment
for head and neck RMS. Both chemotherapy efficacy and age of patients were prog-
nostic factors for children with head and neck RMS, which provide some valuable

information for further treatment.
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mesenchyme that eventually gives rise to striated skeletal muscle,
which is further classified as embryonal, alveolar, spindle cell/scle-

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcomas of
childhood, accounting for approximately 3% of childhood malignancies
and with the overwhelming majority of patients presenting by 14 years
of age (Cordoba & Inarejos, 2016; Dasgupta, Fuchs, & Rodeberg, 2016;
Okcu, Hicks, & Horowitz, 2016). RMS originates from the embryonal

rosing, and pleomorphic histologic subtypes since 2013 (Christopher,
Fletcher, & Krishnan, 2013; Perez et al., 2011). Approximately 30% of
RMS occurred in head and neck region, commonly divided into pa-
ra-meningeal, nonorbital and nonmeningeal, and orbit subsites (Simon,
Paulino, Smith, & Buatti, 2002). Many patients cannot be discovered
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early, and the complete surgical resection is quite difficult, so the re-
currence and metastasis are commonly seen in patients and the mor-
tality rate is high (Zhang et al., 2013).

The cure rate of children with RMS has improved remarkably
from 25% in 1970 to over 70% with contemporary therapy, due to
systematic use of multimodal therapy (surgery, radiation therapy,
and chemotherapy) (Crist et al., 1990; Joshi et al., 2004). However,
the prognosis of advanced cases with head and neck RMS is poor,
the 5-year survival rate is only 30%-50% (Zhang et al., 2013). In
addition, due to the relative rarity of this tumor occurred in head
and neck region, institutional experience is usually limited, with
only a few literature reports (Simon et al., 2002). Besides, there is
a certain gap in the treatment effect between abroad and in China,
and the 5-year survival rate in China is only 14.7%-50% (Zhang
et al., 2013). Since 2005, our center has carried out comprehensive
treatment with head and neck RMS and it has rich experience in
biopsy, operation timing, and individualized treatment (Huang &
Zhang2012; Zhang et al., 2013). In this study, we aimed to identify
possible prognostic factors for children with head and neck RMS
treated in our hospital and provide some valuable information for
further treatment.

2 | MATERIALS AND METHODS
2.1 | Patients

We retrospectively reviewed 98 pathologically diagnosed RMS pa-
tients whose primary site was in the head and neck region in our
hospital from February 2005 to September 2017. The inclusion cri-
teria were as follows: (a) patients diagnosed with head and neck RMS
for the first time in our hospital; (b) patients with age <14 years; and
(c) patients undergoing surgery, chemotherapy, radiotherapy, and
follow-up according to comprehensive treatment of our hospital.
Patients who died within 3 months of diagnosis and did not undergo
surgical treatment were excluded from this study. This study was
approved by the ethics committee of Beijing Tong Ren Hospital.
Written informed consent was obtained from all participants and

their guardians.

2.2 | Diagnostic criteria

Pathological diagnosis was based on surgical resection or tumor
biopsy. Histology was mainly classified as embryonal (tumor cells
tend to be more elongated and less densely cellular) and alveolar
subtypes (tumor cells tend to be smaller and rounder, often with a
denser cellularity) (Wexler, Meyer, & Helman, 2011). Risk stratifica-
tion (Malempati & Hawkins, 2012) (low risk, intermediate risk, and
high risk) for RMS was based on both a pretreatment (TNM) staging
system (stage 1-4) and a surgical/pathologic clinical grouping system
(group I-1V) established by the IRSG (Lawrence, Anderson, Gehan, &
Maurer, 1997; Maurer et al., 1988).

2.3 | Therapy

Patients received comprehensive treatment. For patients whose
tumor could be removed completely, one-stage surgery was per-
formed firstly, and then, 8-cycle chemotherapy was carried out
after the complete surgical resection. For patients whose tumor
invaded more sites and could not be removed completely, tumor
biopsy was performed, and then, 2- to 4-cycle chemotherapy was
carried out after obtaining pathological diagnosis. In the case of
tumor reduction, the second surgery was performed to remove
tumor to the maximum extent, and then, 6-cycle chemotherapy
was carried out. Radiotherapy was performed for children over
3 years old (including 3 years old) with group IlI-1V, and the dose
of radiotherapy was 36-45 Gy. Patients with recurrence and
metastasis were treated with individualized therapy (CEM [cy-
clophosphamide/etoposide/melphalan]  conditioning regimen
combined with autologous peripheral blood stem cell transplanta-
tion [APBSCT]) (Huang et al., 2004; Tang et al., 2001) for 2-year
total cycles. The successful hematopoietic reconstitution criteria
were as follows: nucleated cells 20.5 x 10%/L, platelet 220 x 10%/L,
and hemoglobin 280 g/L.

Patients were treated with the following four chemotherapy reg-
imens alternately: vincristine, actinomycin, and cyclophosphamide
(VAC); vincristine, doxorubicin, and cyclophosphamide (VDC); isocy-
clophosphamide and etoposide (IE); and vincristine, topotecan, and
cyclophosphamide (VTC).

2.4 | Analysis of therapeutic effect and follow-up

The prognosis of patients was indicated by the overall survival (OS).
OS was calculated from the day of first admission to hospital to the
time of the last follow-up or death. The evaluation criteria of chem-
otherapy efficacy were complete remission (CR), partial remission
(PR), and progressive disease (PD). CR was defined as disappear-
ance of all known tumor lesions. PR was defined as a reduction of
the product of the largest perpendicular diameters of all measur-
able lesions by more than 50%. PD was defined as the appearance
of any new lesion not previously identified or an estimated increase
of 25% or more in existing lesions. The patients were followed up to
July 2018, with a median follow-up of 41.5 months (range from 2 to
149 months).

2.5 | Statistical analysis

All statistical analyses were performed by using SPSS version 20.0
(SPSS Institute). Quantitative data were expressed as means * stand-
ard deviations (SD). Qualitative data were expressed as number and
percentage. Prognostic factor was evaluated by univariate and mul-
tivariate analysis using Cox's proportional hazards model. Survival
curves were calculated by Kaplan-Meier method. Statistical signifi-

cance was set at p < .05.
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3 | RESULTS
3.1 | Baseline characteristics

A total of 98 patients (53 males, 45 females; median age: 5.8 years;
range from 2 months to 13.4 years) with head and neck RMS were en-
rolled in this retrospective study from February 2005 to September
2017. The baseline characteristics of included patients were showed
in Table 1. Among the 98 patients, 26 (26.5%) were diagnosed within
3 years old (12 patients were diagnosed within 1 years old), 72
(73.5%) were diagnosed after 3 years old (14 patients were diagnosed
after 10 years old), 62 (62.3%) patients were embryonal subtype, and
36 (36.7%) patients were alveolar subtype. Among the 36 patients
with alveolar subtype RMS, 12 were diagnosed within 3 years old, 23
were diagnosed after 3 years old, and one was diagnosed with posi-
tive for fusion of PAX-FOXO1 genes (age: 10 years old). Otherwise,
tumor sites of 43 (43.9%) patients were in the orbit region, 46 (46.9%)
patients in the para-meningeal region, and 9 (9.2%) patients in nonor-
bital and nonmeningeal region. In addition, 71 (72.5%) patients were
in the clinical group Il and 27 (27.5%) patients in group IV. Among the
27 patients with clinical group 1V, one was diagnosed within 1 year
old, four were diagnosed at 1-3 years old, 21 were diagnosed at
4-9 years old, and 1 was diagnosed after 10 years old. The majority
of cases were in intermediate risk (42.9%) and high risk (29.6%).

Among the 98 patients, 83 (84.7%) were administered with
radical surgery, 15 (15.3%) with only biopsy, 57 (58.2%) with radio-
therapy, and 97 (99.0%) with chemotherapy, 3 (3.1%) with CEM con-
ditioning regimen combined with APBSCT.

3.2 | Treatment outcome

In our analysis of 98 patients with head and neck RMS, the median fol-
low-up for survivors was 41.5 months (range, 2-149 months). At the
study closing date, there were 60 patients alive, 37 patients had died
due to intracranial metastases and tumor progression, one patient
was lost to follow-up, and 47 patients relapsed. In addition, 56 (57.1%)
cases obtained the CR, 25 (25.5%) cases obtained the PR, and 17
(17.3%) cases obtained the PD. The median disease-specific survival
was 60.00 £ 25.36 months, and the overall survival rate was 61.9%
(Figure 1). In three cases with APBSCT, two cases obtained the CR,
one case recurred 6 months after the operation and died 8 months
after the recurrence, and the total survival time was 29 months.

3.3 | Analysis of prognostic factors for disease-
specific survival

The distribution of clinical and pathologic factors that were predic-
tive for disease-specific survival by both univariate and multivari-
ate analyses was described in Table 2. Univariate analysis revealed
that age, pathology type, chemotherapy efficacy, and diagnosis

time were significantly associated with survival. The OS rate for

Open Access,

TABLE 1 Baseline characteristics of included patients

Number

Characteristic (n, %)
Age (years)

<3 26(26.5)

<1 12 (12.2)

1-3 14 (14.3)

>3 72(73.5)

3-10 58 (59.2)

210 14 (14.3)
Gender

Male 53(54.1)

Female 45 (45.9)
Tumor site

Orbit 43(43.9)

Para-meningeal 46(46.9)

Nonorbital and nonmeningeal 9(9.2)
Pathology type

Embryonal 62 (62.27)

Alveolar 36 (36.73)
Clinical group

Group llI 71(72.5)

Group IV 27 (27.5)
Risk stratification

Low risk 27 (27.6)

Intermediate risk 42 (42.9)

High risk 29 (29.6)
Treatment

Radical surgery 83(84.7)

Only biopsy 15 (15.3)

Radiotherapy 57 (58.2)

Chemotherapy 97 (99.0)

CEM conditioning regimen combined with APBSCT 3(3.1)
Diagnosis time (year)

<2010 37(37.8)

>2010 61 (62.2)

Abbreviations: APBSCT, autologous peripheral blood stem cell
transplantation; CEM, cyclophosphamide/etoposide/melphalan.

patients with age <3 and >3 years was 42.3% and 69.0%, respec-
tively (HR = 2.33, p < .05) (Figure 2a). CR was associated with a
longer disease-specific survival (OS rate, 86.6%) compared with PR
(OS rate, 6.7%) (HR = 16.494, p < .05) (Figure 2b). No statistically
significant differences in disease-specific survival were identified
when the study group was divided by pathology type (embryonal
and alveolar, 61.3% vs. 61.1%) or by diagnosis time (<2010 year and
>2010 year, 62.2% vs. 50.0%). Multivariate analysis showed that age
(HR = 0.075; 95% Cl: 0.167-4.196; p < .05) and chemotherapy ef-
ficacy (HR = 0.004; 95% CI: 0.00-0.030; p < .05) were predictors of

improved disease-specific survival.
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TABLE 2 Univariate and multivariate analysis using Cox's proportional hazards model

Independent factors
Age (<3/>3 years)
Chemotherapy efficacy (PR/CR)

Diagnosis time
(<2010/>2010 year)

Pathology type (embryonal/
alveolar)

Relapse (no/yes)
Radiotherapy (yes/no)
Clinical group (ll1/ 1V)
Tumor site
Nonorbital and nonmeningeal
Orbit
Para-meningeal
Risk stratification
High risk
Intermediate risk

Low risk

OS (n, %)

11 (42.3)/49 (69.0)
2(6.7)/58 (86.6)
23(62.2)/37 (50.0)

38(61.3)/22 (61.1)

18 (38.3)/42 (84.0)
35(62.5)/25 (60.9)
46 (65.7)/14 (51.9)

6(75.0)
32(74.4)
22 (47.1)

21(77.8)
24 (58.5)
15(51.7)

Univariate analysis

FIGURE 1 Overallsurvival of all 98

patients

Multivariate analysis

p
HR (95% Cl) pvalue  HR(95% Cl) value
2.33(1.145-4.754) 020 0.075 (0.167-4.196) 003
16.494 (6.362-42.764) 001 0.004 (0.00-0.030) .001
3.366 (1.312-8.634) 012 0.922(0.374-2.275) 861
0.441 (0.203-0.959) 039 1.002 (0.414-2.425) 996
0.463 (0.254-1.865) 463

1.251 (0.572- 2.735) 575

0.239 (0.407-3.869) 239

- 065

1.275 (0.248-6.563)

0.373(0.155-0.897)

- 413

4.374 (0.440-43.528)
1.553(0.517-4.543)

Abbreviations: 95% Cl, 95% confidence interval; CR, complete remission; HR, hazard ratio; OS, overall survival; PR, partial remission.

4 | DISCUSSION

treatment for RMS, the 5-year survival rate has been improved to

Rhabdomyosarcoma is a soft tissue sarcoma in pediatric patients,
about 30% of which occurs in the head and neck (Chen, Ricciotti,

Futran, & Oda, 2017). With the development of comprehensive

over 70% (Rodeberg & Paidas, 2006). However, there is a certain
gap in the treatment effect between abroad and in China, and the
5-year survival rate in China is only 14.7%-50% (Zhang et al., 2013).

In addition, due to the rarity of head and neck RMS, information
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FIGURE 2 Overall survival according to different categories. (a) Kaplan-Meier survival curves according to age group (age <3 and
>3 years); (b) Kaplan-Meier survival curves according to chemotherapy efficacy (CR and PR). CR, complete remission; PR, partial remission

regarding prognostic factors is limited, with only a few literature re-
ports (Simon et al., 2002). In this study, we aimed to identify possible
prognostic factors for patients with head and neck RMS treated in
our hospital.

Some researchers had demonstrated that the primary site in
the orbit accounts for 25%-35% of patients with RMS in the head
and neck region (Badr et al.,, 2012; Salman et al., 2012; Turner &
Richmon, 2011). In this study, the most frequent positions in patients
with head and neck RMS were in the orbit and para-meningeal,
which accounted for 43.9% and 46.9%, respectively. It was much
higher than that of reported in literature. Some other researchers re-
ported that the peak age incidence of RMS was 7-8 years (Kamimura
et al., 2011). In this study, we reported that the median age of inci-
dence was 5.8 years, which consistent with previous reports.

Previous studies had demonstrated that age was an independent
prognostic factor in RMS (Joshi et al., 2004; Stiller, Stevens, Magnani,
Corazziari, & EUROCARE Working Group, 2001). Joshi et al. (2004)
reported that infants less than age 1 and adolescents 210 years di-
agnosed with RMS had poorer survival than did children aged 1-9.
Punyko et al. (2005) reported that the 5-year survival probabilities
were found to be highest for younger age children (ages 1-4 years:
77%). In this study, we found that patients with age >3 years had
better OS rate (69.0%) compared with age <3 years (42.3%). Among
the 26 patients with age <3 years, 12 were diagnosed <1 year old.
Three children <1 year old were delayed in treatment due to misdiag-
nosis, which led to the invasion of the lesions to the para-meningeal.
In addition, all of the three patients had residual margin in the first
operation and did not receive radiotherapy. Among the 72 patients
with age >3 years, 14 were diagnosed after 10 years old (13 cases
were in the clinical group Ill). Combining these factors, children over
3 years old had better prognosis than children under 3 years old.
Prognostic factors previously reported also include primary tumor
site, tumor size, stage of disease, and histologic tumor subtype (Perez
et al., 2011; Simon et al., 2002). In this study, we found that tumor

site and pathology type did not predict survival in patients with head
and neck RMS. In addition, we found that there were no statistically
significant differences in disease-specific survival were identified
when the study group was divided by diagnosis time (<2010 and
>2010 year). However, we found that chemotherapy efficacy was
significant predictors of disease-specific survival. CR was associated
with a longer disease-specific survival (OS rate, 86.6%) compared
with PR (OS rate, 6.7%).

Recently, the APBSCT had been widely used in tumor therapy. It
was safer and more effective than allograft because of less rejection,
easy material collection, and faster recovery of bone marrow hema-
topoiesis (Kamimura et al., 2011; Niwa et al., 2009; Uehara, Yokota,
Onoda, Yamamoto, & Terano, 2008). The key point of high-dose
chemotherapy combined with APBSCT was to kill tumor cells and
improve the complete remission rate to achieve long-term survival
(Raney et al., 2002). In this study, three patients received APBSCT
treatment and two achieved CR. More importantly, these two pa-
tients had a long disease-free survival even after transplantation.
Although one case died after recurrence, the total survival time
reached 29 months. Therefore, high-dose chemotherapy combined
with APBSCT for RMS without CR has positive significance. In the
future, we should continue to collect cases and clarify their clinical
application value.

Although our results suggested that comprehensive treatment
could highly increase the clinical remission rate for head and neck
RMS patients, the high recurrence rate could not be neglected.
Therefore, early diagnosis, comprehensive treatment, and close fol-
low-up were strongly recommended to improve the clinical remis-
sion rate and reduce the recurrence rate and mortality.

In conclusion, improvement in outcome was obtained with com-
prehensive treatment for head and neck RMS. Both chemotherapy
efficacy and age of patients were prognostic factors for children
with head and neck RMS, which provide some valuable information

for further treatment.
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