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ABSTRACT
Background: Parameningeal (PM) site is an unfavorable characteristic in rhabdomyosarcoma (RMS). We described the treat-
ment and outcome for patients with PM RMS and investigated the prognostic value of risk factors. We scored PM site by origi-
nating site and by highest risk extension.
Methods: Patients with PM RMS were treated within the European pediatric Soft tissue sarcoma Study Group (EpSSG) RMS 
2005 study with risk-adapted, multi-modal treatment.
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Results: Three-hundred-eighty-one patients with PM RMS were included. Radiotherapy was administered in 359 patients (77 
with surgery). After a median follow-up of 75 months, 5-year event-free survival was 60% (95% confidence interval (CI) 55%–
65%), 5-year overall survival was 65% (95% CI 60%–70%).
Conclusions: The outcome for patients with PM RMS has not improved in comparison to previous historical studies, despite 
the more rigorous application of radiotherapy (94% of patients). Signs of meningeal involvement, PM site, and age at diagnosis 
remained prognostic risk factors.
Trial Registration: EudraCT number 2005-000217-35

1   |   Introduction

The parameningeal (PM) localization is a known adverse prog-
nostic factor in rhabdomyosarcoma (RMS) management [1]. The 
PM sites are difficult to reach by surgery, and due to its prox-
imity to the meninges, tumor cells may more easily spread to 
the central nervous system (CNS). The PM localization consists 
of several sites, such as the pterygopalatine fossa and paranasal 
sinuses. This classification in PM sites has been used in the past 
decades by the larger collaborative groups, the North American 
Children's Oncology Group (COG), the European pediatric 
Soft tissue sarcoma Study Group (EpSSG), and the Cooperative 
Weichteilsarkom Study Group (CWS). In 2014, COG and EpSSG 
published a pooled analysis on PM RMS, described treatment 
and outcome [1], and defined several adverse prognostic risk 
factors, PM site being one of them. Their analysis revealed that 
within the PM category, patients with a primary tumor in the 
infratemporal/pterygopalatine fossa or the paranasal sinus had 
the poorest outcome (unfavorable sites). The other adverse prog-
nostic risk factors were age (< 3 or > 10 years), signs of meningeal 
involvement (MI), and tumor size. The 10-year overall survival 
(OS) for patients with a PM RMS was 66%, but patients with 
three to four adverse prognostic risk factors had a 10-year OS 
of 51% compared to 81% for patients with zero or one risk factor.

Thus far, PM site and the presence of MI have not been incor-
porated into treatment stratifications. Furthermore, the alloca-
tion of the PM sites is a highly academic endeavor; (1) it may be 
difficult to decide upon the originating primary site, especially 
when tumors extend into different anatomical localizations, and 
(2) in most centers, the PM site will be collected from radiology 
reports by data managers, who have had no specific training on 
the complicated anatomy of the head and neck area.

In this manuscript, we describe the treatment and outcome for 
patients with PM RMS, treated within the EpSSG RMS 2005 
study. Secondary aims of this study are to investigate the valid-
ity of the risk factors defined in the pooled analysis by Merks 
et al. with a specific focus on the prognostic value of PM sites, 
and to investigate whether PM tumor site should be defined by 
the originating site or the site with the highest risk in which the 
tumor is extending.

2   |   Materials and Methods

The EpSSG RMS 2005 study was a prospective clinical trial that 
was conducted in 108 hospitals in 14 countries. Ethical approval 
and signed informed consent from each patient/legal repre-
sentative were obtained prospectively. Patients with a newly 

diagnosed RMS, < 25 years old, without metastatic disease were 
eligible for this study. Details of the RMS 2005 study were de-
scribed previously [2–4]. The primary tumor and locoregional 
lymph nodes were assessed using magnetic resonance imag-
ing (MRI) or computed tomography (CT). In case of suspicious 
nodes, biopsy or another form of nodal sampling was recom-
mended. PM localization is considered an unfavorable site, and 
consequently, the majority of patients were allocated to sub-
group D (standard risk), E, F, G (high risk), or H (very high risk) 
(Data S1). Usually radical resection is not feasible upfront in PM 
RMS; but if IRS I, a patient could be allocated to subgroup A or 
B (Data S1). Patients with positive cerebrospinal fluid were con-
sidered metastatic and treated in the MTS 2008 study [5]. After 
three courses of chemotherapy, response was evaluated and cat-
egorized by volume reduction [6], and local treatment (radiother-
apy with/without surgery) was planned. Surgery was considered 
by multidisciplinary teams in patients with residual tumor and 
in whom a resection was considered feasible without causing 
mutilation. Debulking surgery was discouraged. Radiotherapy 
(with or without surgery) was recommended for all patients with 
a PM RMS, including those patients who achieved complete re-
mission and patients > 1 year and ≤ 3 years. For patients ≤ 1 year, 
individual decisions were made. Initiation of radiotherapy was 
recommended concomitant with the fifth chemotherapy course 
(week 13). For the purpose of this study, early radiotherapy was 
considered < week 10 and late > week 21. Radiotherapy dose 
was prescribed according to tumor histology, response to che-
motherapy, and IRS group and varied between 36 and 50.4 Gy 
(with a potential boost of 5.4 Gy). In patients with skull base ero-
sion, the radiation fields covered the initial skull base erosion. 
For patients with intracranial extension, the residual intracra-
nial component that was present at restaging, before the onset of 
radiation, was included in the radiation field with an additional 
safety margin of 2 cm.

2.1   |   PM Site Analysis

At the outset of the RMS 2005 study, PM sites were defined 
as follows: (i) middle ear, (ii) nasal cavity (NC) or paranasal 
sinuses, (iii) nasopharynx, (iv) infratemporal/pterygopalatine 
fossa or parapharyngeal area, (v) orbital tumors with PM ex-
tension [i.e., with bone erosion of the orbital roof, intracranial 
extension (ICE), cranial nerve palsy (CNP), or with extension 
to a PM space], and “other PM” (Data S1). In 2014, the results 
of the pooled analyses showed that patients with a PM pri-
mary in the infratemporal or pterygopalatine fossa or in the 
paranasal sinus had a poorer prognosis [1]. Within the RMS 
2005 study, however, these PM sites were not registered sep-
arately but still registered together with more favorable PM 
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sites (ii; including NC, iv; including parapharyngeal area). So 
for purpose of the current study, we re-evaluated the radiol-
ogy reports (obtained at diagnosis) of patients with a primary 
tumor located in (ii) the NC or paranasal sinuses and (iv) the 
infratemporal/pterygopalatine fossa or parapharyngeal area. 
The other risk factors described by Merks et al. [1] were un-
favorable age, MI (ICE, cranial base bony erosion (CBBE), 
CNP), and large tumor size (> 5 cm). First, we re-classified 
PM site based upon suspected originating site. In a second as-
sessment, all sites of extension were described and were then 
categorized by the site with the highest risk localization based 
on the pooled analysis results [1]. If it was not possible to dis-
entangle where the tumor originated from, or if sites had com-
parable risk, site was classified as “combined sites.” Radiology 
reports were obtained from the EpSSG database and scored 
independently by two investigators (PT, RS). Reports were 
translated in an online translation machine (deepl.​com). Any 
discordances and a selection of difficult cases were discussed 
in a larger multidisciplinary team consisting of a pediatric sar-
coma radiologist (StH) and two head and neck oncologists (LS, 
MH). Any sites that were incorrectly allocated in the original 
dataset were marked.

2.2   |   Statistical Analyses

Survival probabilities were estimated using the Kaplan–Meier 
method and the log-rank test. Event-free survival (EFS) was 
calculated as the time between diagnosis and disease progres-
sion, recurrence, or death due to any cause. OS was calculated 
as the time between diagnosis and death due to any cause. After 
reclassification, we investigated the effect of localization of the 
originating site and the highest risk localization on EFS and OS 
by performing univariable and multivariable analyses. The mul-
tivariable analysis was performed using Cox's proportional haz-
ards model, entering variables with p < 0.25 in the univariable 
analysis, such as patient age, MI, tumor size and invasiveness, 
and applying a stepwise selection. All statistical analyses were 
performed using the SAS statistical package.

3   |   Results

3.1   |   Patient and Treatment Characteristics

Among a total of 1733 patients with localized RMS prospec-
tively enrolled in the EpSSG RMS 2005 study, 410 patients had 
a PM primary or an orbital/HNnPM primary with PM exten-
sion. We excluded 25 patients for whom no radiology reports 
were available. Four others were wrongly classified as PM and 
had a HNnPM primary instead, without any PM extension, 
and were excluded from further analysis. Patient and treat-
ment characteristics of 381 patients included in this study 
are shown in Table 1. Forty-five patients with an HNnPM or 
orbital primary were considered PM based on the extension 
of their tumor. Median age was 5.9 years (interquartile range 
(IQR) 3.5–9.4 years), the majority of patients had favorable 
histology (n = 290, 76%, including 9 patients with spindle cell 
histology), and fusion status was negative in 65% of patients 
(unknown in 23%). Radiological evidence of MI was present 

TABLE 1    |    Patient and treatment characteristics.

N = 381 %

Age at diagnosis

< 3 years 70 18

3–10 years 229 60

> 10 years 82 22

Gender

Female 166 44

Male 215 56

Definitive histology

Alveolar RMS 86 24

Embryonal RMS 281 73

RMS NOS 5 1

Spindle cells/leiomyomatous RMS 9 2

Fusion status

Negative 248 65

Positive 45 12

Missing 88 23

Originating primary site

ITF/PPF 64 17

Middle ear 48 12

NC 17 5

NC + PNS 12 3

Nasopharynx 68 18

HN/orbit with PM extension 45 12

PNS 42 11

PPS 19 5

Combined sites 15 4

Other PM 51 13

Evidence of meningeal involvement

Cranial base bony erosion

Yes 227 60

No 146 38

Not evaluable 8 2

Cranial nerve palsy

Yes 130 34

No 243 64

Not evaluable 8 2

Intracranial tumor

Yes 122 32

(Continues)

http://deepl.com
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in 257 patients (67%). Several patients had multiple signs of 
MI; being CBBE (N = 227, 60%), CNP (N = 130, 34%), or ICE 
(N = 122, 32%). Cerebrospinal fluid was negative in 308 pa-
tients (81%) and not performed in the remaining 73 patients 
(19%). About 60% (n = 224) of patients had a primary tumor 
> 5 cm, and nodal disease was present in 23% (n = 87) of pa-
tients. Most patients were treated in the HR group (N = 257, 
67%). In addition to the IVA backbone, 133 patients (35%) re-
ceived doxorubicin. Response assessment after 3–4 cycles of 
chemotherapy was available in 322 out of 368 patients with 
IRS III disease: 22 patients (7%) had a complete remission, 198 

(61%) a partial response, 69 (21%) a minor partial response, 
28 (9%) stable disease, and 5 (2%) progressive disease. After 
completion of (neo)adjuvant chemotherapy, 118 patients (31%) 
received maintenance treatment; 23/118 patients of them were 
in the very high-risk group. Local treatment involved radio-
therapy in the majority of patients (n = 359, 94%); details of 
radiotherapy were missing in two patients. A majority of pa-
tients received photon radiotherapy (n = 229, 64%), one-third 
was treated with proton radiotherapy (n = 103, 29%), and 11 
patients (3%) received electrons, nine Cobalt 60 (3%), three 
brachytherapy (0.8%), and two (0.6%) mixed electrons with 
photons. Radiotherapy was administered early (before week 
10) in 12 patients, as scheduled per protocol in 296 patients 
(between week 10 and week 21), and late (after week 21) in 
49 patients. Median radiotherapy dose to the primary tumor 
was 50.4 Gy (range 50.4–54.0). In 73/357 patients (20%), ra-
diotherapy was administered to both the primary tumor and 
the lymph nodes. Median dose to lymph nodes was 41.5 Gy 
(range 14.4–59.4). Among IRS III patients, local treatment 
details were available in 366/368. Local treatment consisted 
of radiotherapy only in 267 patients (73%), a combination of 
surgery and radiotherapy in 77 patients (21%), only surgery in 
three patients (0.8%), or no local treatment in 19 patients (5%). 
At the end of treatment, 182 patients (59%) achieved complete 
remission, and 125 (41%) had (microscopic or macroscopic) 
residuals.

3.2   |   Reclassification

Imaging reports were reviewed for 191 patients with a primary 
tumor located in the (ii) the NC or paranasal sinuses (PNSs) 
(n = 85), and (iv) the infratemporal (ITF)/pterygopalatine fossa 
(PPF) or parapharyngeal area (n = 106). After a review of the 
imaging reports, the originating tumor site was considered dif-
ferent from the site reported in the database in 42/191 (22%) pa-
tients (Table 2a). This means that the originating site, originally 
grouped as “ITF/PPF or PPS” was reclassified as another PM 
site, not being ITF/PPF or PPS, and similar for “NC or PNS.” In 
the next step, if all sites of extension were considered and sites 
were reclassified according to the highest risk site, 11/191 (6%) 
patients were classified to another site (Table 2b). As these are 
all PM sites, there were no consequences for the allocated risk 
groups and consequent treatment in RMS 2005.

3.3   |   Outcomes

Median follow-up for live patients (n = 243) was 75 months 
(range 8.2–162.1). Out of 381 patients, 153 (40%) developed 
an event, and 140 (37%) died: 39 out of 153 patients developed 
progressive disease at the primary site (25%) (median time 
from diagnosis 7.9 months, range 1.8–21.8, including six pa-
tients with both progression at primary site and metastatic 
relapse), 69 (45%) had a loco-regional relapse, 32 (21%) had a 
metastatic relapse, 7 (5%) a combined loco-regional and met-
astatic relapse, 4 (3%) developed a second tumor, and 2 (1%) 
patients died due to nondisease related causes. From the 39 
patients who developed progressive disease, 13 tumors pro-
gressed during (neo)adjuvant chemotherapy, 19 progressed 
within 5 months after completion of adjuvant chemotherapy, 

N = 381 %

No 250 66

Not evaluable 9 2

Meningeal involvement

Yes 257 68

No 115 30

Not evaluable 9 2

Cerebrospinal Fluid

Negative 308 81

Not done 73 19

T-invasiveness

T1 65 17

T2 315 83

Tx 1 0

Tumor size

≤ 5 cm 152 40

> 5 cm 224 59

Size not available 5 1

Loco-reg N

N0 291 76

N1 87 23

Nx 3 1

IRS Group

IRS I 1 0

IRS II 12 3

IRS III 368 97

Treatment group

Standard risk 91 24

High risk 257 67

Very high risk 33 9

Abbreviations: HN, head and neck; IRS, intergroup rhabdomyosarcoma studies; 
ITF, infratemporal fossa; N, lymph node; N, number; NC, nasal cavity; NOS, 
not otherwise specified; PM, parameningeal; PNS, paranasal sinus; PPF, 
pterygopalatine fossa; PPS, parapharyngeal space; RMS, rhabdomyosarcoma.

TABLE 1    |    (Continued)
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2 progressed during maintenance treatment, and 5 within 
5 months after completion of maintenance treatment. From 
the 13 patients with tumor progression during (neo)adjuvant 
chemotherapy, four did not respond at all and had PD at first 
evaluation, four had initial SD, and five tumors initially re-
sponded before progressing. The events occurred within the 
radiotherapy field (n = 68), in the radiotherapy field margin 
(n = 7), outside the radiotherapy field (n = 44), patients not 
receiving radiotherapy (n = 18), or in relation to radiotherapy 
fields was unknown (n = 16). In total, 45 patients developed 
at least one metastatic lesion. In 29 patients, metastases were 
located in the CNS (spinal cord, brain, cerebrum, cerebellum, 
meningeal dissemination), and two additional patients had 
positive cerebrospinal fluid at relapse.

For the complete cohort of 381 patients with PM RMS, the 5-year 
EFS was 60% (95% confidence interval (CI) 55%–65%), and the 
5-year OS was 65% (95% CI 60%–70%) (Figure 1). Outcomes by 
originating PM site and by highest risk site are shown in Table 3. 
There was no significant difference in OS, where there was a sig-
nificant difference in EFS when categorizing PM site by highest 
risk extension in this univariable analysis (p = 0.0176). The 5-
year EFS (also univariable analysis) was better for patients with-
out evidence of MI (72%, 95% CI 62%–79%) compared to patients 
with CNP and/or CBBE (60%, 95% CI 51%–67%), or patients with 
ICE and/or CNP and/or CBBE (51%, 95% CI 41–59; p = 0.0007). 
Similarly, the 5-year OS was 80% (95% CI 71%–87%) for patients 
without signs of MI, 62% (95% CI 53%–70%) for patients with 
CNP and/or CBBE, and 55% (95% CI 46%–63%) for patients with 
ICE and/or CNP and/or CBBE, respectively (p = 0.0002). In 
multivariable analyses, PM site by highest risk extension, age 
at diagnosis, signs of MI, and tumor invasiveness (T stage) were 
significantly associated with EFS (Table  S1). Age at diagnosis 
and signs of MI were significantly associated with OS in multi-
variable analysis, while histology, PM site by highest risk exten-
sion, T stage, tumor size were not (Table S2).

4   |   Discussion

Despite the application of radiotherapy in a higher percentage 
of patients, the outcome for the 381 patients in this cohort is 
similar to previous historical studies [1]. Risk factors such as MI 
and age at diagnosis and PM site (by highest risk extension) re-
mained of prognostic value, and in addition, tumor invasiveness 
was associated with EFS. Classification of PM sites appeared 
to be an academic endeavor, with misclassifications in 22% of 

evaluated imaging reports. No sites could be identified as in-
dividual poor risk localization, potentially because of the large 
number of subgroups and inherent small numbers per subgroup 
that were identified.

No survival improvement was achieved in patients with PM 
RMS compared to the historical pooled analyses conducted by 
Merks et  al. [1] (5-year OS 65% (95% CI 60%–70%) compared 
to 69.5% (95% CI 66.7%–72.2%) for the pooled analysis). Merks 
et al. showed, similar to the pooled analyses published in 1996 
by Benk et al. that a more rigorous application of radiotherapy 
resulted in better outcome [1, 7]. The percentage of patients 
(94%) that received radiotherapy in the current study was sim-
ilar to the percentage in the pooled cohort (92%) described by 
Merks et al. [1] In comparison to the European SIOP MMT co-
hort (SIOP-MMT89 and SIOP-MMT95) from this same pooled 
analyses, the percentage of patients receiving RT in the cur-
rently reported RMS 2005 study was slightly higher (94%), com-
pared to 85% of patients from the SIOP MMT cohort. Despite 
this difference of 11% in radiotherapy administration, the 5-
year OS rate in the historical SIOP-MMT cohort (63.3% (95% CI 
58.3%–67.8%)) [1] was not much different from the more recently 
treated European series reported in this manuscript. There were 
no large differences in risk factors between the historical pooled 
cohort and the current manuscript with regard to tumor size/
stage, age, or signs of MI, although comparisons between co-
horts should be made cautiously because of methodological rea-
sons. Moreover, one would expect that developments in imaging 
techniques, surgery and radiotherapy techniques, and improve-
ment in supportive care measures might have translated into 
improved outcomes.

Several adjustments have been made to the treatment approach 
of PM RMS in the past decades. Firstly, as mentioned above, 
in Europe, radiotherapy is applied more rigorously in current 
practice. There has been much debate on the timing of radio-
therapy in PM RMS. Where the North American protocols his-
torically prescribed radiotherapy at the beginning of treatment, 
in the first 9 weeks (depending on protocol and risk group), 
the European groups prescribed radiotherapy in week 9 or 
later (RMS 2005 study, week 12). In 2007, Douglas, Arndt, and 
Hawkins [8] described a single center cohort of 26 patients with 
PM RMS that received delayed radiotherapy (week 12) and con-
cluded that treatment with neo-adjuvant, intensive chemother-
apy with delayed radiotherapy facilitated good local control and 
survival for patients with PM RMS. This finding was confirmed 
in 2013 by Spalding et al. [9], who compared patients with PM 

TABLE 2A    |    Reclassification of primary tumor sites by originating site.

Reclassified originating site

Initial 
allocated site ITF/PPF Middle ear NC NC + PNS Nasopharynx

HN/
orbit + PM PNS PPS

Combined 
sites

ITF/PPF + PPS 
(n = 106)

61 4 1 — 2 8 — 19 11

NC + PNS 
(n = 85)

3 — 16 12 5 4 41 — 4

Abbreviations: HN, head and neck; ITF, infratemporal fossa; NC, nasal cavity; PM, parameningeal; PNS, paranasal sinus; PPF, pterygopalatine fossa; PPS, 
parapharyngeal space.
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RMS treated within two different COG protocols: IRS-IV (ra-
diotherapy at week 0) and D9803 (radiotherapy at week 12 for 
patients without ICE). Therefore, no impact is expected from the 
timing of radiotherapy in patients with PM RMS, and current 
studies across the Atlantic suggest to apply RT around weeks 
12–13 (ARST1431- and FaR-RMS study).

Secondly, more conformal radiotherapy techniques have been 
introduced for irradiation of patients with PM RMS, aiming to 
reduce the radiation of surrounding healthy tissue. Historically, 
patients with PM RMS with signs of MI received whole brain 
irradiation in the early North American COG trials, but whole 
brain irradiation was removed from the COG protocols because 
it failed to improve outcome [10]. The current manuscript de-
scribes a cohort of patients treated over a time span of 10 years 
(2006–2016) and demonstrates the increasing application of 
proton therapy: one-third of patients received protons com-
pared to two-third of patients that received photons. In addi-
tion, the treatment with photons has become more conformal 
over the past decades, with the introduction of better imaging 
techniques and methods such as intensity-modulated radia-
tion therapy (IMRT). Several centers have described their ex-
perience with proton beam therapy in patients with PM RMS 
[11–13]. Although the local control rates were satisfactory in 
these reports, larger multicenter reports or randomized studies 
are lacking, investigating the effect of more precise radiother-
apy techniques and margin reduction. In this study, only 7/155 
(5%) of the events occurred in the radiotherapy field margin, 
but 68/155 (44%) within the radiotherapy field. The relatively 
high rate of in-field relapses raises the question of whether the 
administered dose was sufficient rather than a discussion with 
regard to the margins. Michalski et al. [14] analyzed the influ-
ence of radiation therapy parameters on outcome in children 
with localized PM RMS that received irradiation and concluded 
that doses of at least 47.5 Gy seemed to result in better local con-
trol. This seems in line with the median dose administered in 
the cohort described in this manuscript, with a median dose of 
50.4 Gy on the primary tumor. In the currently open Frontline 
and Relapsed RhabdoMyoSarcoma (FaR-RMS) study, there will 
be two randomized questions further investigating the role of 
dose escalation in RMS treatment.

After a review of the radiology reports, the subgroup assignment 
for the originating site of the PM RMS tumors was reclassified for 
almost a quarter of the patients. The percentage of misclassifica-
tions was much lower (6%) if the highest risk site of tumor exten-
sion was considered. This illustrates, first of all, that disentangling 
where a tumor originates from is a rather academic and hypothet-
ical exercise, if at all possible on imaging, where we have often 
delegated this classification to data managers. Secondly, the pur-
pose of site allocation should be kept in mind; site is used for risk 
stratification. Which aspect determines patients are at increased 
risk of (local) treatment failure? One could hypothesize that cer-
tain sites are difficult to reach for local treatment or have a close 
relation to the meninges and that the presence of the tumor in 
these sites determines the risk of failure rather than the fact of 
whether the tumor originates or extends into this specific area. In 
two large historical studies, PM site was an independent risk factor 
[1, 10], but these studies were based on CRF reports, most often 
completed by data managers without a background in head and 
neck anatomy. In this study, the imaging reports were evaluated T
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FIGURE 1    |    Outcome for patients with parameningeal rhabdomyosarcoma. [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 3    |    Overall survival by a. originating and b. highest risk (including extension) subsite.

N Deaths 5-years OS (95% CI) p Events 5-years EFS (95% CI) p

a. OS originating site c. EFS originating site

Nasopharynx 68 15 80.2 (68.3–88.0) 0.2665 15 79.4 (67.4–87.2) 0.1023

NC + PNS 12 3 73.3 (37.9–90.6) 5 65.6 (32.0–85.6)

Middle ear 48 17 63.6 (48.0–75.6) 19 62.1 (46.8–74.2)

NC 17 5 66.7 (37.5–84.6) 6 60.0 (31.8–79.7)

PNS 42 17 59.1 (42.7–72.3) 17 59.5 (43.2–72.6)

HN/orbit with PM ext 45 18 58.4 (42.2–71.5) 19 57.2 (41.4–70.2)

ITF/PPF 64 26 60.5 (47.4–71.4) 31 54.4 (41.4–65.7)

Combined sites 15 8 53.3 (26.3–74.4) 8 53.3 (26.3–74.4)

Other PM 51 21 63.0 (47.8–74.9) 24 51.9 (37.2–64.7)

PPS 19 8 73.7 (47.9–88.1) 11 38.8 (16.9–60.3)

N Deaths 5-years OS (95% CI) p Events 5-years EFS (95% CI) p

b. OS highest risk, including extension d. EFS highest risk, including extension

PNS 32 7 78.1 (59.5–88.9) 0.1015 8 78.1 (59.5–88.9) 0.0176

Nasopharynx 63 15 78.5 (65.8–87.0) 15 77.8 (65.3–86.1)

Middle ear 45 16 63.5 (47.4–75.9) 18 61.9 (46.0–74.3)

HN/orbit with PM ext 33 13 59.3 (40.4–74.1) 13 60.0 (41.2–74.5)

PPS 10 4 70.0 (32.9–89.2) 4 58.3 (23.0–82.1)

Combined sites 63 28 59.4 (46.0–70.5) 31 53.8 (40.8–65.2)

ITF/PPF 73 28 62.5 (50.2–72.6) 35 52.7 (40.4–63.5)

Other PM 51 21 63.0 (47.8–74.9) 24 51.9 (37.2–64.7)

NC 11 6 — 7 —

Abbreviations: HN, head and neck; ITF, infratemporal fossa; NC, nasal cavity; PM, parameningeal; PNS, paranasal sinus; PPF, pterygopalatine fossa; PPS, 
parapharyngeal space.

https://onlinelibrary.wiley.com/
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in detail by trained medical doctors. Originating PM site did not 
appear to be of prognostic value, but the results are very likely 
affected by the relatively small number of patients and the large 
number of subgroups. The detailed evaluation did however reveal 
that it is often impossible to disentangle the originating site of the 
primary tumor, and when taking into account the highest risk ex-
tension, there was an association with EFS both in univariable and 
multivariable analysis. Signs of MI, specially ICE, have shown to 
be associated with poorer EFS and OS, in line with previous re-
ports [1, 10]. Concerns have been raised with regard to the number 
of CNS relapses in patients with ICE [11, 13], especially because 
very few patients with a CNS relapse can be salvaged [15]. In this 
study, 20% of all events were in the CNS, but signs of MI were 
highly prevalent and present in 67% of all patients with PM RMS 
and therefore may not help to discriminate patients at increased 
risk for CNS relapse. Interestingly, this percentage of MI was sim-
ilar to the study by Raney et al. [10], who reported MI in 73% of 
patients treated between 1978 and 1997, despite the introduction 
and development of new imaging techniques in the past decades. 
The PM sites were defined decades ago and have been used in both 
European and North American RMS protocols. We advocate for a 
critical reconsideration of these PM sites: the allocation is prone to 
misclassification and the sites are not used for risk group stratifica-
tion refinement in the currently used treatment protocols.

An important limitation of this study is the lack of central ra-
diology review of the imaging. We evaluated imaging reports 
provided by different radiologists with different levels of exper-
tise in head and neck RMS imaging, only for a selection of PM 
sites. A second limitation is the lack of prospective radiotherapy 
quality assurance and the evaluation of the site of relapse in re-
lation to the administered radiotherapy fields. Lastly, the size of 
the cohort was not powered to analyze the prognostic relevance 
of PM sites. Nevertheless, the systematic assessment of imaging 
reports provides a valuable assessment of the challenges in-
volved with the allocation of PM sites.

The PM location remains unfavorable for risk of local failure, 
and no improvement in outcome has been achieved in the past 
decade. This group of patients is therefore eligible for the ran-
domized question investigating the value of radiotherapy dose es-
calation in the currently running FaR-RMS study. Additionally, 
real-time radiotherapy quality assurance has been implemented 
in the FaR-RMS study, aiming to improve radiotherapy planning 
and subsequent reduction of local failure [16]. Lastly, all patients 
with PM RMS will receive at least six months of maintenance 
chemotherapy, with a substantial number of high-risk patients 
that will be eligible for the randomization comparing standard 
(six months) versus prolonged (one year) maintenance therapy. 
Further studies are needed to understand which patients are 
more prone to local treatment failure, and CNS relapses to allow 
for better outcomes for this group of high-risk patients.
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