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Abstract
Background: The purposes of this study are to explore risk factors for disease progression during primary
treatment, and to analyze disease prognosis of different event groups in a historical cohort of 56
pediatric patients with head and neck rhabdomyosarcoma.

Methods: From June 1st, 2016 to June 30th, 2019, a historical cohort of 56 pediatric patients diagnosed
as head and neck rhabdomyosarcoma was chosen. Clinical data were collected including general
information about diagnosis, treatment, prognostic factors, and follow up results. Patients were divided
into non-event group, disease-progression group and disease-relapse group according different types of
events. Comparison among the three groups was made to reveal different clinical features and prognosis.
Patients were further divided into disease-progression group and non-progression group to explore risk
factors for disease progression, with univariate and multivariate analysis.

Results: The median follow-up time of all 56 patients was 31.8 months (range 3.5-74.6 months). There
were 30 non-event patients, 12 disease relapse patients, and 14 disease-progression patients. The
estimated 5-year overall survival rates were 100.0%, 82.5%, and 11.9% for non-event, disease-relapse and
disease-progression patients respectively (p<0.001). Compared with non-event patients, disease-
progression patients had higher rates of tumor size>5cm (p=0.008) and non-initial radiation therapy
(p=0.001). Compared with disease-relapse patients, disease-progression patients had a higher rate of
tumor size>5cm (p=0.002), and higher ranks of surgical-pathologic group (p=0.009) and risk group
(p<0.001). Compare with non-progression patients, univariate analysis demonstrated that tumor
size>5cm, alveolar histology, non-initial radiation therapy, and higher ranks of surgical-pathologic group
as well as risk group were statistically signi�cant risk factors for disease progression. The multivariate
analysis result showed tumor size>5cm (OR=6.75, 95%CIs 1.02-44.78), alveolar histology (OR=7.10,
95%CIs 1.08-46.57), and non-initial radiation therapy (OR=15.26, 95%CIs 2.38-97.70) to be independent
risk factors for disease progression.

Conclusions: Pediatric head and neck rhabdomyosarcoma patients with disease progression have
signi�cantly worse overall survival, and the prognosis is obviously different from patients with disease
relapse and patients without events. Tumor size>5cm, alveolar histology and non-initial radiation therapy
are independent risk factors for disease progression. Patients with disease progression tend to have
higher ranks of surgical-pathologic group and risk group.

Background
Rhabdomyosarcoma (RMS) is a malignant tumor that can develop in any part of the body, with a
primitive mesenchymal cell origin and a propensity for striated muscle differentiation [1-3]. It accounts for
over 50% of childhood soft tissue sarcoma [4, 5]. The estimated incidence is about 4.5 cases per 1 million
children and young adults aged under 20 years [2, 3]. Over the last 3 decades great survival improvement
has been achieved in RMS patients with 5-year overall survival (OS) exceeding 70% [2, 5]. And this is
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mainly attributed to risk strati�cation-based treatment plan and multimodal treatment strategy [5]. But the
survival of patients with relapsed and advanced disease remains poor with 5-year OS about 30% [2, 5, 6].

Head and neck rhabdomyosarcoma (HNRMS) comprises 40% of all RMS and is the most common region
of primary tumor sites [7, 8]. The primary sites of HNRMS include orbit, parameningeal and
nonparameningeal nonorbit head and neck. About 50% of HNRMS cases have unfavorable primary sites
(parameningeal region), arising in the middle ear/mastoid, nasopharynx/nasal cavity, paranasal sinus,
parapharyngeal region, or pterygopalatine/infratemporal fossa [7, 8]. Treatment for HNRMS can be a
signi�cant challenge due to the likelihood of infeasible radical surgery, considering the complicated
anatomy and functional/cosmetic sequelae [8].

Survival related events of RMS include disease progression, disease relapse, second tumor and death of
any cause [9-11]. In the vast majority of studies, the prognosis of patients with events is analyzed as a
single group and event free survival (EFS) is constantly used, which is actually a highly effective index for
prognosis [9-11]. However, we noticed the heterogeneity of these patients with events, that those with
disease progression had the most frustrating outcome compared with others. Yet patients with disease
progression have seldomly been analyzed as a separate group [12]. Base on the above we tried to explore
the risk factors for disease progression, and to compare the prognosis of patients with disease
progression with others in a historical cohort of pediatric HNRMS patients.

Methods
Study design

This is a historical observational cohort study, including all HNRMS patients diagnosed and treated in our
pediatric department from June 1st, 2013 to June 30th, 2019.

Diagnostic procedure, risk strati�cation and treatment protocol

The uniform diagnostic procedure, risk strati�cation and treatment protocol for this cohort have been
described in details in our previously report [13]. Generally, site, size, primary tumor invasiveness, nodal
involvement and metastatic status were determined by pretreatment imaging and test, and patient’s stage
was assigned according to the pretreatment staging system of Soft Tissue Sarcoma Committee of
Children’s Oncology Group [14]. Primary surgical resection was attempted or only a biopsy was done in
case of infeasible complete resection, and group was assigned according to IRS surgical-pathologic
group system [14]. At last the risk group was assigned with comprehensive consideration of stage, group,
and pathologic subtype results, according to the risk group classi�cation of Soft Tissue Sarcoma
Committee of Children’s Oncology Group [14].

Chemotherapy was guided by risk group with reference to COG D9602 subgroup B VAC regimen
(vincristine, dactinomycin, cyclophosphamide) for low risk group [15], and COG D9803 standard VAC
regimen for intermediate risk group [16]. For high risk group the chemo plan was based on standard VAC



Page 4/18

regimen with an optional combination of anthracyclines, platinum drugs, etoposide or irinotecan.
Radiation therapy (RT) was recommended to all patients except for Group  embryonal patients, and RT
dose was determined according to the recommendation of Soft Tissue Sarcoma Committee of Children’s
Oncology Group. As previously stated [13], that in 40% (22/56) of our pediatric HNRMS patients RT was
not included as a component of the initial treatment plan, which was mainly attributed to parental refusal
due to concerns about long-term RT toxicity or blind con�dence in chemotherapy alone.

Follow up and data collection

All patients were closely followed up since diagnosis, and all the clinical data regarding diagnosis, risk
strati�cation, treatment and outcome were collected.

OS was de�ned as survival from diagnosis to death of any cause. Disease progression was de�ned as
primary tumor enlargement, and/or new lesions, and/or metastasis during primary treatment course.
Disease relapse was de�ned as recurrence of RMS in any form after last treatment during off therapy
surveillance. Survival related events including disease progression, disease relapse, second tumor and
death of any cause, and only the �rst progression and relapse were discussed and analyzed.

Grouping and statistical methods

According to survival related events and the occurrence of disease progression during primary treatment,
all patients were divided into Group PD (patients with disease progression) and Group NPD (patients
without disease progression). Group NPD was further divided into Group NE (patients with none event)
and Group RD (patients with disease relapse).

OS as time-to-event distribution was estimated with Kaplan-Meier method. Survival differences between
groups were compared with log rank tests. Clinical data of Group NE, Group RD and Group PD were
compared with each other to reveal differences. Dichotomous categorical variables were compared using
chi-squared test or Fisher’s exact test between groups, while ordinal categorical variables (stage, surgical-
pathologic group and risk group) were compared using Kruskal-Wallis H test. Univariate analysis between
Group NPD and Group PD was performed using chi-squared test/Fisher’s exact test (for dichotomous
categorical variables) and Cochran-Armitage trend test (for ordinal categorical variables). Multivariate
analysis was performed using binary logistic regression model to explore risk factors for disease
progression and adjust confounding factors. Odds ratios (OR) with 95% con�dence intervals (CIs) were
calculated. Bonferroni adjustment was used to control type I error if more than two groups were
compared. A p value <0.05 was considered statistically signi�cant. Data were analyzed with IBM SPSS
Statistics 26.0.

Results
General information
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The cohort consisted of 56 pediatric HNRMS patients, who were admitted into our pediatric department
from June 1st, 2013 to June 30th, 2019. The diagnoses were con�rmed by pathology results. Male to
female ratio was 31:25, and the follow up time of different groups was showed in Table1. One patient
was lost to follow up at 3.5 months after diagnosis due to moving abroad, who belongs Group
NPD/Group NE.

Survival results

The estimated 5-year OS of all patients was 69.9%. The estimated 5-year OS of Group NE, Group RD, and
Group PD were 100.0%, 82.5%, and 11.9% respectively, and log rank test showed a statistically signi�cant
difference (p<0.001). (Fig 1A) Further pairwise comparisons between the three groups were done with
Bonferroni adjustment (p<0.0167 was considered statistically signi�cant). The results showed
statistically survival differences between Group NE and Group PD (p<0.001), as well as Group RD and
Group PD (p=0.001), but no difference between Group NE and Group RD (p=0.043). The estimated 5-year
OS of Group NPD and Group PD were 94.1% and 11.9%, with a statistically signi�cant difference tested
by log rank test (p<0.001). (Fig 1B)

Clinical characteristic comparisons between Group NE, Group RD, and Group PD

The detailed clinical characteristics of Group NE, Group PD and Group RD were showed in Table 2.
Comparisons were made between these groups, and when an overall comparison achieved statistical
signi�cance, pairwise comparisons were performed with Bonferroni adjustments.

According to the results, compared with Group NE, patients in Group PD had higher rates of tumor
size>5cm (p=0.008) and non-initial radiation therapy (p=0.001). Compared with Group RD, patients in
Group PD had a higher rate of tumor size>5cm (p=0.002), and higher ranks of surgical-pathologic group
(p=0.009) and risk group (p<0.001).

Univariate analysis of risk factors for disease progression

Considering the signi�cantly lower OS of Group PD and referring to previously reported risk factors for
survival, we performed univariate comparison of risk factors between Group NPD and Group PD. The
results are showed in Table 3.

The univariate analysis results showed that tumor size>5cm, alveolar histology, non-initial RT, and higher
ranks of surgical-pathologic group and risk group were statistically signi�cant risk factors for disease
progression.

Multivariate analysis of risk factors for disease progression

Binary logistic regression model was used for multivariate analysis, and all statistically signi�cant
variables in univariate analysis were included in the model in order to adjust confounding factors,
including tumor size, histologic subtype, surgical-pathologic group, risk group and initial RT. Before using
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binary logistic regression model, a collinearity diagnostic test was performed, which revealed the
collinearity of variable surgical-pathologic group and variable risk group (condition index 20.6, variance
proportion of surgical-pathologic group 0.78 and risk group 0.63). Since risk group is a comprehensive
variable containing information that overlaps with the rest variables, it was excluded from the logistic
model. Variable surgical-pathologic group contained unique information about surgical results, and a
repeated collinearity diagnostic test showed satisfactory results after excluding variable risk group
(condition index 15.6 with no variance proportion exceeding 0.5), so it was included in the �nal logistic
model. The multivariate analysis results are showed in Table 4, and the �nal logistic model was
statistically signi�cant (Chi-square value 27.1, p<0.001). According to the results, tumor size>5cm
(OR=6.75, 95%CIs 1.02-44.78), alveolar histology (OR=7.10, 95%CIs 1.08-46.57), and non-initial RT
(OR=15.26, 95%CIs 2.38-97.70) were con�rmed as independent risk factors for disease progression. While
higher ranks of surgical-pathologic group was not an independent risk factor.

Discussion
The prognosis of RMS has been greatly improved over the last 3 decades, thanks to the series of clinical
trials carried out by the COG Soft Tissue Sarcoma Committee in North America, the European pediatrics
Soft Tissue Sarcoma Study Group (EpSSG), etc. [2, 5]. Although 5-year OS now exceeds 70%, survival of
patients with recurrent and advanced disease is still poor, with 5-year OS about 30% [2, 5, 6]. Survival
related events include disease progression, disease relapse, second tumor and death of any cause [9-11].
Treatment related second tumor and death of other cause (tumor progression or relapse unrelated cause)
are rare, while disease progression and relapse comprise almost all events [9, 17, 18]. In most studies
patients with disease progression and relapse were analyzed as a combined single group, using EFS rate
to evaluate prognosis. The estimated EFS rate should be lower than OS rate, which is due to the fact that
some patients with disease progression or relapse could still be salvaged with intensive/second-line
treatment. Compared with OS, EFS is a more conservative estimation yet actually effective.

Generally, disease progression represents early treatment failure [12], which includes primary tumor
enlargement, and/or new lesions, and/or metastasis during primary treatment course. Patients with
disease progression respond poorly to the initial treatment, and primary tumor enlargement, local
invasion, regional nodal involvement, and even metastasis can be anticipated. Disease relapse represents
late treatment failure [19, 20], which means recurrence of RMS in any form after last treatment during off
therapy surveillance. Patients with disease relapse usually respond well to the initial treatment and end
with complete remission. Later the tumor recurs from incompletely eradicated micro residual of primary
site, regional nodes, or metastatic foci.

The biological processes of disease progression and relapse are distinct, leading to distinct prognosis.
Our survival results con�rmed the heterogeneity of this group of patients with events, that Group PD had
signi�cantly worse survival expectation compared with Group RD. Clinical features of Group PD were not
only different from Group NE, but also Group RD. Interestingly clinical features of Group NE and Group RD
were more alike. Pairwise comparisons revealed that Group PD tended to have larger tumor size, higher
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ranks of surgical pathologic group (unresectability) and risk group (advanced disease status), which may
indicate a more malignant biological behavior.

Clinically disease progression indicates resistance to current treatment, and once progression con�rmed
the treatment is usually enhanced or switched to second-line regimen. But disease relapse is more likely
attributed to insu�cient treatment to a responsive tumor, which could be inadequate local control
(surgery and/or RT), and/or inadequate systemic control (intensity and/or duration of chemotherapy). A
multicenter open-label randomized phase 3 trial �nished by EpssG recently showed that maintenance
treatment with vinorelbine and low-dose oral cyclophosphamide for patients with high-risk
rhabdomyosarcoma in complete remission after standard treatment improves OS [3]. This survival
improvement was the result of the lower recurrence rate. The authors explained that the improvement of
OS might be attributed to prolonged chemotherapy or the combination of vinorelbine and
cyclophosphamide might have killed the small amount of residual disease remaining at the end of
standard treatment.

A lot of prognostic factors for survival have been reported. Considering the poor survival of Group PD, we
explored these factors for disease progression. The univariate and multivariate analysis results con�rmed
tumor size, histology subtype and initial RT as independent prognostic factors for disease progression.
Although surgical-pathologic group showed statistical signi�cance on univariate analysis, it was not an
independent prognostic factor for disease progression on multivariate analysis. This is not di�cult to
understand that the resectability of the primary tumor is affected by many factors, such as anatomy
(site/tumor size), invasiveness (regional or distal involvement/histology subtype), etc., which makes
surgical pathologic group unlikely an independent prognostic factor. Our results of the Cochran-Armitage
test for trend indicated that the possibility of disease progression increased with the ranks of surgical
pathologic group and risk group, which meant patients with unresectable tumor and advanced disease
were more likely to develop disease progression.

We previously reported that the patterns of disease progression and relapse of this cohort were mainly
local, which was consistent with other published reports [9, 21]. A cure for RMS depends �rstly on local
control (eradication of the primary tumor by surgery and/or RT), then on systemic control (eradication of
the micro and metastatic residual) [5]. Local tumor is the main burden of the whole disease, including the
primary site and regional nodes. Local eradication is more responsible for complete remission/cure of the
disease, and failed local control is also more responsible for disease progression and relapse. This
explains why the main pattern is local.

The importance of local control by surgery and/or RT has widely been reported and con�rmed in this
cohort [8, 13, 22]. We reported that non-initial RT impairs OS and EFS by causing local failure in this
cohort. And it has been reported that delayed RT may cause treatment failure in parameningeal RMS
patients [23, 24], also delayed RT may cause early treatment failure (mainly disease progression) in
intermediate risk RMS patients [9]. This explains why initial RT was an independent prognostic factor for
disease progression.
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Tumor size >5cm has been widely reported as a risk factor for survival especially in refractory patients
(patients with disease progression) and recurrent patients (patients with disease relapse) [25-28], and is
the strongest predictor of local failure [29]. It is widely reported RMS patients with alveolar histology have
worse survival than embryonal type, especially those alveolar patients with PAX-FOXO1 fusion gene [5,
10, 11]. The biological behavior is very different between the alveolar and embryonal histologic subtypes,
with alveolar (especially PAX-FOXO1 positive) subtype more aggressive and easier to in�ltrate and
metastasize [5, 30].

From the above, we can explain these risk factors from two angles. Firstly, failed local control is prone to
disease progression. If the tumor has one or more of the following features, which include large (tumor
size>5cm), aggressive (alveolar type), unresectable (high surgical pathologic rank) and not receiving RT
initially (non-initial RT), the local control is impossible by chemotherapy alone, which would cause
disease progression. Secondly, advanced disease is prone to disease progression. If the tumor has
progressed into an advance status, especially with metastasis (high rank of risk group), with infeasible
surgery (high rank of surgical-pathologic group), chemotherapy would appear feeble and futile in front of
such large tumor burden.

Limitations
Unfortunately, we could not acquire nearly half of the PAX-FOXO1 gene test results of our alveolar patient
in this cohort, and we didn’t make any statistical analysis about it. Positive fusion gene status is certainly
a very important risk factor for survival and predicts more malignant tumor biological behavior [5, 10, 11,
30], which is assumed to be a risk factor for disease progression. The reported positive rate of PAX-
FOXO1 fusion gene is about 80% in alveolar RMS [5, 10], making our result of alveolar histologic subtype
being a risk factor for disease progression a more conservative one. The fact that we did not identify
surgical-pathologic Group  patients implied a selection bias, and this is probably because we are a tertial
center with domestically high-ranking ophthalmology and otorhinolaryngology head & neck surgery
department. All these could limit the generalizability of this study.

Conclusions
In conclusion, pediatric head and neck rhabdomyosarcoma patients with disease progression have
signi�cantly worse overall survival, and the prognosis is obviously different from patients with disease
relapse and patients without events. Tumor size>5cm, alveolar histology and non-initial RT are
independent risk factors for disease progression. Patients with disease progression tend to have higher
ranks of surgical-pathologic group and risk group.

List Of Abbreviations
RMS: Rhabdomyosarcoma



Page 9/18

OS: Overall Survival

HNRMS: Head and Neck Rhabdomyosarcoma
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Tables
Table 1 Follow up time of different groups.

  No. of cases Follow up time (Months)

Median Range (min-max)

All patients 56 31.8 3.5-74.6

Group NPD 42 36.5 3.5-74.6

Group NE 30 35.6 3.5-73.5

Group RD 12 36.8 22.2-74.6

Group PD 14 17.3 4.8-66.0

Table 2. Clinical characteristic comparisons between Group NE, Group RD, and Group PD
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  Total

n (%)

Group NE Group RD Group PD p value

Total cases 56 (100%) 30 12 14 -

Age at diagnosis          

  ≤1 y or ≥10 ys 17 (30.4%) 9 4 4  

   1-9 ys 39 (69.6%) 21 8 10 1.000*

Site of origin          

  Parameningeal 32 (57.1%) 18 4 10  

  Non-parameningeal 24 (42.9%) 12 8 4 0.132#

Tumor size          

  ≤5cm 37 (66.1%) 22 11 4  

   5cm 19 (33.9%) 8 1 10 0.002*▲

Histologic subtype          

  Embryonal 27 (48.2%) 16 8 3  

  Alveolar 29 (51.8%) 14 4 11 0.050#

Primary tumor invasiveness          

  T1 20 (35.7%) 11 7 2  

  T2 36 (64.3%) 19 5 12 0.073*

Regional nodal involvement          

  N0 30 (53.6%) 17 8 5  

  N1 26 (46.4%) 13 4 9 0.254#

Metastasis          

  M0 49 (87.5%) 27 12 10  

  M1 7 (12.5%) 3 0 4 0.086*

TNM pretreatment stage          

  Stage 1 24 (42.9%) 12 8 4  

  Stage 2 7 (12.5%) 5 0 2  

  Stage 3 18 (32.1%) 10 4 4  

  Stage 4 7 (12.5%) 3 0 4 0.119$



Page 15/18

Surgical-pathologic group          

  Group 0 (0.0%) 0 0 0  

  Group 8 (14.3%) 5 3 0  

  Group 41 (73.2%) 22 9 10  

  Group 7 (12.5%) 3 0 4 0.025$▲

Risk group          

  Low risk 11 (19.6%) 5 5 0  

  Intermediate risk 38 (67.9%) 22 6 10  

  High risk 7 (12.5%) 3 0 4 0.002$▲

Initial RT          

  Yes 34 (60.7%) 23 8 3  

  No 22 (39.3%) 7 4 11 0.001*▲

* Fisher’s exact test. # Chi-square test. $ Kruskal-Wallis H test.

▲ Pairwise comparisons (Bonferroni adjustment: p<0.0167 is considered statistically signi�cant):

Tumor size: statistical difference between NE and PD (p=0.008), RD and PD (p=0.002), no difference
between NE and RD (p=0.247).

Surgical-pathologic group: statistical difference between RD and PD (p=0.009), no difference between NE
and PD (p=0.037), NE and RD (p=0.304).

Risk Group: statistical difference between RD and PD (p<0.001), no difference between NE and PD
(p=0.057), NE and RD (p=0.023).

Initial RT: statistical difference between NE and PD (p=0.001), no difference between RD and PD
(p=0.045), NE and RD (p=0.699).

Table 3. Univariate comparison of risk factors between Group NPD and Group PD
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  Total

n (%)

Group NPD Group PD p value

Total cases 56 (100%) 42 14 -

Age at diagnosis        

  ≤1 y or ≥10 ys 39 (69.6%) 29 10  

   1-9 ys 17 (30.4%) 13 4 1.000*

Site of origin        

  Parameningeal 32 (57.1%) 22 10  

  Non-parameningeal 24 (42.9%) 20 4 0.212#

Tumor size        

  ≤5cm 37 (66.1%) 33 4  

   5cm 19 (33.9%) 9 10 0.001*

Histologic subtype        

  Embryonal 27 (48.2%) 24 3  

  Alveolar 29 (51.8%) 18 11 0.021#

Primary tumor invasiveness        

  T1 20 (35.1%) 18 2  

  T2 36 (64.3%) 24 12 0.053#

Regional nodal involvement        

  N0 30 (53.6%) 25 5  

  N1 26 (46.4%) 17 9 0.122#

Metastasis        

  M0 49 (87.5%) 39 10  

  M1 7 (12.5%) 3 4 0.058*

TNM pretreatment stage        

  Stage 1 24 (42.9%) 20 4  

  Stage 2 7 (12.5%) 5 2  

  Stage 3 18 (32.1%) 14 4  

  Stage 4 7 (12.5%) 3 4 0.095$
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Surgical-pathologic group        

  Group 0 (0.0%) 0 0  

  Group 8 (19.0%) 8 0  

  Group 31 (73.8%) 31 10  

  Group 3 (7.1%) 3 4 0.011$

Risk group        

  Low risk 11 (19.6%) 11 0  

  Intermediate risk 38 (67.9%) 28 10  

  High risk 7 (12.5%) 3 4 0.006$

Initial RT        

  Yes 34 (60.7%) 31 3  

  No 22 (39.3%) 11 11 0.001#

* Fisher’s exact test. # Chi-square test. $ Cochran-Armitage trend test.

Table 4. Multivariate analysis of results of binary logistic model.

Risk Factors Disease Progression

OR 95% CIs p

Tumor size>5cm 6.75 1.02-44.78 0.048

Alveolar histology 7.10 1.08-46.57 0.041

Non-initial RT 15.26 2.38-97.70 0.004

Higher ranks of surgical-pathologic group 1.54 0.24-9.77 0.646

Figures
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Figure 1

Kaplan-Meier survival curve. A. OS of Group NE, Group RD, and Group PD (p<0.001); pairwise
comparisons with Bonferroni adjustment showed statistical differences between Group NE and Group PD
(p<0.001), as well as Group PD and Group RD (p=0.001), but no difference between Group NE and Group
RD (p=0.043). B. OS of Group NPD and Group PD (p<0.001).


