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Abstract: Soft tissue sarcomas (STS) invading the skull base are rare with little data to guide surgical
management. Here we aimed to determine the factors affecting tumor control rates and survival in
patients with T4 stage head and neck STS involving the skull base. A retrospective review of STS
patients, surgically treated at our institution between 1994 and 2017 was conducted. Variables were
collected and assessed against progression-free survival. Tumors were graded using the Fédération
Nationale des Centres de Lutte Contre le Cancer (FNCLCC) system. A total of 51 patients (mean
age of 35) were included, of whom 17 (33.3%) patients were FNCLCC grade 1, 8 (15. 7%) were
FNCLCC grade 2 and 26 (51%) were FNCLCC grade 3. The median PFS was 236.4 months while
the 5- and 10-year PFS rates were 44% and 17%, respectively. Recurrence occurred in 17 (33.3%)
patients. Local recurrence occurred in 10 (58.8%). Univariate analysis revealed RO resection had a
near-significant impact on tumor control in radiation-naive patients. Otherwise, prior radiation (HR
6.221, C11.236-31.314) and cavernous sinus involvement (HR 14.464, CI 3.326-62.901) were negative
predictors of PFS. The most common cause of treatment failure was local recurrence. In T4 stage head
and neck STS with skull-base involvement, FNCLCC grade, radiation status, and anatomic spread
should be considered in determining the overall treatment strategy.
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1. Introduction

Sarcomas are broadly categorized into bony and soft tissue origins. STS further
encompass a heterogeneous group of tumors of mesenchymal lineage classified based on
tissue of origin [1]. Given the numerous tumor subtypes and their relative rarity, they
have often been studied collectively under the STS umbrella in the largest clinical studies
published to date, irrespective of disease site.

Historically, head and neck STS were staged according to the AJCC Staging System
criteria developed for extremity and trunk sites where size > 5 cm was the primary anatomic
consideration in local staging and demonstrated to be predictive of outcomes in head and
neck sarcomas, specifically [2-4]. Recognizing considerations unique to the head and
neck, and the limitations of tumor size in T-staging, a site-specific staging system was
adopted by the AJCC in its eighth edition [5]. Notably, invasion into local structures (i.e.,
skull base) is the primary criteria for T4 staging and several studies have demonstrated
this to be significantly predictive of poor long-term outcomes for head and neck STS,
regardless of tissue of origin [6,7]. Advanced T-staging is considered a driving factor
in guidelines regarding resectability and determining (neo)adjuvant treatment strategies.
Beyond TNM staging, due to their histological spectrum, STS are also biologically graded
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using the Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grading
system [8] which considers three factors: tumor differentiation, mitotic activity, and extent
of necrosis. This grading system aids in classifying a spectrum of tumor subtypes based
on biological behavior in a means that correlates with tumor control rates and survival [1].
A combination of the TNM and grading information is then utilized to guide the overall
multimodal treatment strategy.

Several retrospective studies to date have demonstrated the role of surgery and the
impact of margin status in head and neck STS cohorts spanning different T-stages [2—4].
While there have been additional studies reviewing sarcoma outcomes in the skull base,
none to date have focused purely on STS [9,10]. Given the implications of T4 staging
and the challenges in their surgical management, along with the biological considerations
specific to STS, we analyzed our experience with STS with skull base invasion to better
understand the role of surgery in this high-risk subgroup in the context of multimodal
treatment strategies.

2. Materials and Methods

A retrospective review of the prospectively collected data in the Brain and Spine
institutional database was performed. This was done using a protocol not requiring pa-
tient consent. The Institutional Review Boards committee in our institution reviewed the
study and deemed it in compliance with institutional regulations regarding the study
of human subjects. The protocol was institutional review-board approved and met all
HIPPA standards. Inclusion criteria for selection were histopathologic confirmation of soft
tissue sarcoma, radiographic confirmation of skull base involvement, surgical management
between 1994 and 2017, as well as evidence of clinical and radiographic follow-up at our
institution. During this time period, 60 surgically treated patients were identified and of
these, those with local disease without systemic or nodal metastases were included in this
cohort study (51 patients). Tumor- and treatment-related factors were assessed. Anatomic
involvement was determined, based on preoperative MR imaging. The extent of resection
was based on a comparison of preoperative and postoperative imaging along with the final
histopathologic review of soft tissue margins taken during surgery. The extent of resection
was classified as follows: RO—gross total resection with negative microscopic margins,
R1—gross total resection with positive/unclear microscopic margins, and R2—subtotal
resection. All tissue samples were reviewed at the time of surgery by pathologists expe-
rienced in the evaluation of soft tissue sarcomas. All tissue samples underwent repeat
histologic review for this manuscript in order to confirm the FNCLCC grading. Given
the histologic heterogeneity in this disease type, and in line with large published series
reviewing STS outcomes at other disease sites, the cohort were categorized according to
FNCLCC grade. The primary outcome was progression-free survival. PFS was defined as
the time between surgical intervention and radiographic demonstration of either local or
distant disease progression.

All variables were assessed with frequency distributions and summary statistics.
Correlation between variables was assessed using the paired two-tailed t-test for continuous
variables and the chi-squared test for categorical variables. Kaplan-Meier estimates of PFS
were performed and the survival curves were compared using the log-rank test. Cox
proportional hazards model was used to identify predictors of PFS. A p-value < 0.05 was
considered significant. All analyses were performed using SPSS (IBM Inc., Armonk, NY,
USA, 2017). This case series has been reported in line with the PROCESS Guideline 11.

3. Results
3.1. Cohort Characteristics

Fifty-one patients were included in this study cohort with a mean age at the time of
treatment of 35.4 years. Regarding the status of disease at presentation to our institution,
25.5% were patients who were newly diagnosed, 27.5% had persistent disease after recent
treatment and 47.1% had recurrent disease (Table 1). A prior biopsy had been performed
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in 47.1% of patients, prior surgical resection had been performed in 62.7%, 33.3% had
received prior radiation treatment and 21.6% had received prior chemotherapy. The
median KPS at the index surgery was 90. The median overall survival for the whole
cohort was 94.53 months and was 170.7 months, 89.5 months and 73.3 months for FNCLCC
1-3, respectively (p = 0.005) (HR 2.047, CI: 1.27:3.29).

Table 1. Univariate Analysis for Factors Impacting Progression Free Survival in recurrent patients only.

Univariate PFS Analysis

Variable Kaplan Meier Cox Regression
Mean p-Value HR (95% CI) p-Value
Female 72.885 1.639
Gender Male 142,610 0.343 (0.585-4.596) 0.348
ENCLCC (1) 74911 1166
FNCLCC Grade ENCLCC (2) 42.066 0.741 0.6 64-2 04 6) 0.593
ENCLCC (3)  47.243 008
. No 43.958 0.729
Prior Surgery Yes 62.859 0.548 (0.259-2.050) 0.549
. STR 69.377
Qutcome Prior GTR 51.137 0.970 o 4&9_524176) 0912
sty Unknown 69.377 A
Prior Radiation No 76.770 6.359
Treatment Yes 24.084 0.002 (1.751-23.087) 0.005
. No 67.296 15.437
Prior Chemotherapy Yes 15.361 0.000 (2.694-88.454) 0.002
. No 63.233 1.360
Anterior Fossa Yes 43.424 0.545 (0.501-3.691) 0.547
. No 92.800 3.040
Middle Fossa Yes 39358 0.086 (0.812-11.374) 0.099
Posterior Fossa y o 55.076 - - -
es -
No 84.354 2.083
Dural Involvement Yes 40877 0.260 (0.567-7.643) 0.269
. . No 66.085 1.898
Brain Invasion Yes 39.349 0.249 (0.628-5.737) 0.256
Cavernous Sinus No 97.967 3.346
Involvement Yes 37.205 0.052 (0.924-12.120) 0.066
Cranial Nerve No 57.392 0.905
Involvement Yes 52.471 0.849 (0.322-2.543) 0.850
R2 42.066 0.663
Resection Status R1 31.361 0.610 © 271_1 622) 0.368
RO 59.393 ’ ’

3.2. Histological Breakdown and Multimodality Treatment Strategies

Histological breakdown of the cohort by tissue of origin is shown in Table 2. Cate-
gorized by FNCLCC histological grade, 26 patients (51%) were FNCLCC grade 3, while
8 patients (15.7%) were FNCLCC grade 2 and 17 patients (33.3%) were FNCLCC grade
1. While all patients in this cohort underwent surgical resection, the indications for, and
timing of, chemo and radiation therapy were tailored to the biologic grade of the tumor
and contemporary treatment strategies. The neoadjuvant and adjuvant therapies within
each FNCLCC cohort are shown in Figure 1. Amongst the entire cohort, previous radia-
tion therapy prior to presentation was the most common contra-indication to not offering
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radiation therapy as part of our treatment algorithm. Our current medical and surgical
management algorithm is shown in Figure 2.

Table 2. Tumor histology by histologic subtype and FNCLCC tumor grade.

FNCLCC Tumor Grade
Tumor Histology by Differentiation = FNCLCC (1) FNCLCC(2) FNCLCC((3) Total

Skeletal muscle tumors

Rhabdomyosarcoma 0 0 10 10
Fibroblastic or myofibroblastic tumors

Fibrosarcoma 3 1 0 4
Hemangiopericytoma 8 5 3 13
Dermatofibrosarcoma Protuberans 0 1 0 1
Malignant Fibrous Histiocytoma 0 1 4 5
Vascular tumors

Angiosarcoma 0 0 1 1
Adipocytic tumors

Liposarcoma 1 0 5 6
Pleomorphic Liposarcoma 0 0 0 0
Synovial tissue tumors

Synovial Sarcoma 1 0 2 3
Nerve sheath tumors

Neurofibrosarcoma 2 0 3 5
Smooth muscle tumors

Leiomyosarcoma 1 0 0 1
Tumors of Uncertain Differentiation

Sarcoma [NOS] 1 0 0 1
Alveolar Soft Part Sarcoma 0 0 1 1
Total 17 8 26 51

Neoadjuvant and Adjuvant Therapies Administered According to FNCLCC Grade
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Figure 1. Neoadjuvant and Adjuvant Therapies Administered According to FNCLCC Grade. Y-Axis
refers to percentage of patients in each FNCLCC cohort receiving treatment. Of the 17 FNCLCC
grade 1 tumors, 2 patients (11.8%) underwent neoadjuvant chemotherapy. One patient (5.9%) re-
ceived adjuvant chemotherapy and 9 (53%) received adjuvant radiotherapy. In the FNCLCC Grade
2 group, neoadjuvant radiotherapy was administered to one of 8 patients (12.5%) while 1 patient
(12.5%) underwent neoadjuvant chemotherapy. In the adjuvant setting, 3 patients (37.5%) under-
went chemotherapy, and 5 (62.5%) underwent radiotherapy. Seven of the 26 patients (26.9%) with
FNCLCC grade 3 tumors received neoadjuvant radiotherapy and 17 (65.4%) received neoadjuvant
chemotherapy. Twelve patients (46.2%) underwent adjuvant chemotherapy and 17 (65.4%) underwent
adjuvant radiotherapy.
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Grade ] —— Surgery

Borderline Resectable —— Neoadjuvant Therapy —— Surgery

Treatment Strategy for Skull Base Soft Tissue Sarcomas

/ Negative Margins Observation
\ Positive Margins Radiation

Adjuvant Radiation Boost to Positive
Margins** +/- Adjuvant Systemic Therapy

Grade 2/3 /
\ Resectable with ___, *-Neoadjuvant T 197 PR Adjuvant Radiation +/- Adjuvant
Wide Margins Therapy Systemic Therapy
Figure 2. Current Multimodal Management Approach to Soft Tissue Sarcomas with Skull Base
Involvement based on Histological Grade.
3.3. Tumor Extent and Surgical Strategies
The anatomic extent of the cohort is shown in Table 3. Extensive invasion into nu-
merous anatomic compartments was noted with a higher predilection for disease in the
middle fossa (68.6%). Reflective of the higher proportion of middle fossa involvement,
the infratemporal fossa was involved in 47.1% of the cohort. While the origin of these
tumors was primarily extradural, dural involvement was noted in 64.7% and cavernous
sinus involvement in 37.3% of the cohort. The surgical strategies employed are also shown
in Table 3. RO resection was achieved in 80.4%, while R1 resection was achieved in 6.3%
of the cohort. Statistical analysis demonstrated no difference between the negative and
positive margin cohorts with regards to the anatomic extent of disease. Brain invasion was
the only factor predictive of positive margin status (p = 0.03). The duration between the
first resection and the second typically ranged between 2-6 weeks.
Table 3. Summary of Tumor and Surgical Treatments.
Characteristic Subcategory Total, n = 51 (% of Cohort)
Skull base involvement Anterior fossa 16 (30.8)
Middle fossa 35 (67.3)
Posterior fossa 5(9.8)
Subcranial involvement Nasal cavity 6 (11.5)
Frontal sinus 3(5.8)
Ethmoid sinus 9 (17.3)
Maxillary sinus 14 (26.9)
Orbit 13 (25)
Sphenoid sinus 9 (17.3)
Infratemporal fossa 24 (46.2)
Pterygopalatine fossa 23 (44.2)
Temporal bone 25 (48.1)
Clivus 6 (11.5)

Craniocervical junction 3(5.8)
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Table 3. Cont.

Characteristic Subcategory Total, n = 51 (% of Cohort)

Extent of intracranial invasion Bone 47 (92.2)
Dura 33 (63.5)
Brain 16 (30.8)
Cavernous sinus 19 (36.5)

Cranial nerves 27 (53)

Arterial 8 (15.4)

Venous 23 (45)

Surgical Strategies

Subtotal resection (STR) 7 (13.5)

Gross total resection (GTR) with positive margins 3 (5.8)
Gross total resection (GTR) with negative margins 41 (80.3)

Surgical Reconstruction

Primary closure 37 (71.2)

Rotational Flap 1(1.9)
Free Flap Reconstruction 13 (25.5)

Surgery Complications
Airway compromise, epidural hematoma, post-op

Short Term pneumocephalus with CSF leak 38
Long Term Ethmoid defect causing enophthalmos 2(3.8)
3.4. Recurrence Patterns and Predictors of Long-Term Outcomes
With a median follow up of 65.6 months (range: 5-250 months) for the cohort, the
median PFS was 263.4 months, while the 5- and 10-year PFS rates were 44% and 17%,
respectively. The patterns of recurrence for the entire cohort, and then by FNCLCC grade,
are shown in Table 4. It was evident that increasing FNCLCC grade was associated with an
increasing risk of local and distant disease spread.
Table 4. Recurrence and disease status.
Overall Cohort FNCLCC Grade 1 FNCLCC Grade 2 FNCLCC Grade 3
N =51 Patients
Mean PFS (months) 153.788 181.320 117.895 91.885
Recurrence 17 5 1 11
Local 10 5 1 4
Distant 4 0 0 4
Local and distant 3 0 0 3
Median disease specific survival
(DSS) (months) 94.5 170.7 89.2 73.2
Status at Last Follow-Up
Alive 22 13 3 6
Dead 29 5 20

The results of the univariate and multivariate analysis are shown in Tables 5 and 6.
In the overall cohort, the ability to achieve an RO resection was associated with a trend
toward improved PFS and a reduced risk of recurrence over the study time period (HR
1.050, CI 0.483-2.283, p = 0.902). When assessing only radiation naive patients, an RO
resection yielded a near significant improvement in mean PFS (174 months vs. 87 months,
p =0.06) (Figure 3). Otherwise, with regards to PFS analysis, prior radiation therapy
(HR 3.6, CI 1.21-10.9, p = 0.021) and cavernous sinus involvement (HR 11.39, CI 3.16-41.09,
p = 0.00) negatively impacted tumor control outcomes.
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Table 5. Univariate Analysis for Factors Impacting Progression Free Survival.

Univariate PFS Analysis

Variable Kaplan Meier Cox Regression
Mean p-Value HR (95% CI) p-Value
Female 162.406 1.201
Gender Male 112584 072 (0.434-3.32) 0.724
ENCLCC (1) 181.320 1516
FNCLCC Grade ENCLCC (2) 117.895 0.258 © 8302 760) 0.174
FNCLCC (3)  91.885 : :
. No 108.337 0.730
Prior Surgery Yes 161.593 0.532 (0.271-1.967) 0.533
. STR 181.861
Qutcome Prior GTR 85.798 0.704 o oot - 0.836
ety Unknown 121.491 U
Prior Radiation No 172.890 3.645
Treatment Yes 49.991 0.014 (1.213-10.953) 0.021
. No 159.495 2.166
Prior Chemotherapy Yes 93.530 0.174 (0.692—6.748) 0.184
. No 159.342 1.278
Anterior Fossa Yes 138.744 0.621 (0.482-3.386) 0.622
. No 165.214 1.505
Middle Fossa Yes 147249 0.442 (0.527—4.298) 0.445
. No - 0.042
Posterior Fossa Yes _ 0.176 (0.0-50.757) 0.382
No 174.260 1.703
Dural Involvement Yes 106.761 0.361 (0.538-5.393) 0.366
. . No 169.577 2.135
Brain Invasion Yes 80.300 0.132 (0.779-5.855) 0.141
Cavernous Sinus No 204.512 11.393
Involvement Yes 49515 0.000 (3.159-41.095) 0.000
Cranial Nerve No 155.029 0.866
Involvement Yes 111.816 0.774 (0.324-2.316) 0.774
R2 117.895 1.050
Resection Status R1 36.896 0.105 © 4832 283) 0.902
RO 155.741 ’ ’

Table 6. Multivariate Analysis for Factors Impacting Progression Free Survival and overall survival.

Multivariate OS Analysis
Cox Regression

Multivariate PFS Analysis
Cox Regression

Variabl
ariable HR (95% CI)  p-Value HR (95% CI)  p-Value

Prior Radiation No 2477 0.035 5.734
Treatment Yes (1.066-5.759) ’ (0.774-19.530) 0.005

No 2181 2.686
Prior Chemotherapy Yes (0.736—6.459) 0.159 (0.766-9.419) 0.123

Yes
Posterior F \lje(; 0.742 0.732 no 0.985
osterior Fossa (0.134-4.108) . }

Yes
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Table 6. Cont.

Multivariate OS Analysis Multivariate PFS Analysis

Variable Cox Regression Cox Regression
. . No 2.981 0.778 0.658
Brain Invasion Yes (1.130-7.861) 0.027 (0.256-2.364)
Cavernous Sinus No 1.872 0161 18.712
Involvement Yes (0.780-4.494) : (3.960-88.412) 0.000
R2 0.804 0.774
Resection Status R1 i 0.434 (0.316-1.891) 0.574

RO (0.465-1.390)

Impact of Margin Status in Radiation-Naive Patients

1.0
0.8 -+
RO Resection
0.6+ - ——
g -r =
g R1/2 Resection
(71
0.4
]
0.2
0.0+
T | T T I T
.00 50.00 100.00 150.00 200.00 250.00

Progression Free Survival (Months)

Figure 3. Impact of RO Resection on Tumor Control in Radiation Naive Patients.

4. Discussion

In the management of patients with T4 stage head and neck STS with skull base
invasion, the data shows that the most common cause of treatment failure was local
recurrence. Prior radiation treatment to multimodal treatment at our institution and
cavernous sinus involvement were independent predictors of poor PFS, while RO resection
improved tumor control rates in radiation naive patients, despite the surgical challenges in
T4-stage patients.

In line with outcomes at other disease sites, this study demonstrated local recurrence to
be the most common pattern of disease failure and risk of systemic metastasis that appeared
to correlate with biological grade. This finding highlighted the importance of histological
grade in predicting clinical outcomes and the goals of treatment. Several histologic grading
systems have been reported to circumvent the challenges in managing a heterogeneous
group of tumors that span different histologic cell types. The French grading system and the
National Cancer Institute are the two most notable, both of which are 3-tiered systems. The
primary difference is the inclusion of anatomic location, which does not necessarily account
for inherent challenges with skull base locations. A comparative analysis of 410 STS at all
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sites validated the prognostic value of both systems in predicting overall survival, local
recurrence, and risk of metastases [11]. Ultimately, biologic grade drives the indications for
radiation therapy and chemotherapy in conjunction with surgery.

For resectable disease, surgery is a cornerstone in the management paradigm. The gold
standard in extremity and visceral sarcoma surgery is considered to be en bloc resection
with wide margins (reported to be up to 2.5 cm in some studies). Despite the inherent
challenges in the skull base and the anatomically extensive tumors in this cohort, the ability
to achieve a negative margin resection confers advantages with regard to local and distant
disease control. It is important to note that higher biological grade did not correlate with the
inability to achieve negative margins. Although the majority of patients in this cohort had
FNCLCC grade 3 disease, the rate of GTR with negative margins was 86.1% in this subset
of patients with grade 3 disease, higher than the same rates in patients with grade 2 (72.2%)
and grade 1 (83.3%) disease. An RO resection yielded significantly improved tumor control
rates in radiation-naive patients in our study. The published data on the impact of margin
status in soft tissue sarcomas is mixed, with some studies on sarcomas of the head and neck
indicating that margin status does not significantly impact outcomes [12,13]. However,
in their International Collaborative of 146 anterior skull base sarcomas (encompassing
both bone and soft tissue sarcomas) Gil et al. found that a positive surgical margin was
the only independent predictor of poor disease-specific survival [14]. These discordant
findings regarding the impact of margin status on survival are likely confounded by the
inclusion of bony sarcomas in some reported series in addition to the inconsistent reporting
of biological grade and heterogeneous multimodal management strategies. Additionally,
the risk of metastatic disease and the availability of multimodal treatment options are also
likely to influence survival beyond margin status.

This study also highlights the challenges in managing soft tissue sarcomas, not only
with regards to their spectrum of biological behavior, but also the indications for radiation
and systemic therapy and their timing relative to surgery [15]. Over the years, there have
been controversies about the use of adjuvant radiotherapy for the treatment of tumors,
especially after RO resection [14]. However, adjuvant radiotherapy should be considered
for intermediate or high-grade tumors and positive surgical margins [8,12,14]. In a cohort
of 1093 extremities and trunk wall STS patients, Jebsen et al. demonstrated a significant
impact with radiotherapy on tumor control in high-grade patients, even after a wide margin
resection [16]. Adjuvant radiotherapy improved local control rate, which was important,
considering that failures are most commonly local in [14]. This was also demonstrated
in this study. Adjuvant radiotherapy has become a cornerstone of treatment in STS of
the skull base over the last decade [8]. Another debate regarding radiation pertains to
timing relative to surgery. With disease sites outside the skull base, preoperative treatment
can require smaller fields and require lower doses, potentially translating into lower late
treatment toxicity [17-20]. This is balanced by concerns with wound healing complications
that can be mitigated by postoperative delivery. A randomized trial allocating patients
to preoperative or postoperative radiotherapy demonstrated a significantly higher rate of
wound complications with preoperative treatment [21]. Unfortunately, there is no clear
consensus in the literature regarding an optimal treatment sequence. In our own practice,
we favor neoadjuvant radiation for high-grade, borderline resectable sarcomas, with the
option for a radiation boost in the adjuvant setting to positive margins.

The increasing risk of metastatic relapse with higher grade histology underscores the
need for systemic therapies. Due to conflicting data from large studies, current clinical
practice guidelines do not suggest adjuvant systemic therapy as standard practice. Given
the poor response of STS to conventional anthracycline-based chemotherapy, there has
been a push over the last decade towards differing systemic therapy regimens [15]. A
recent trial comparing epirubicin/ifosfamide versus histology-specific chemotherapy in the
neoadjuvant setting in high-risk patients demonstrated a significant benefit in tumor control
and survival rates with epirubicin plus ifosfamide [22]. This study has ultimately been
viewed as demonstrating randomized evidence in support of neoadjuvant anthracycline
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References

plus ifosfamide in high-risk patients having high-grade histology, and deep-seated tumors
and/or tumor size > 5 cm. In our own cohort, neoadjuvant therapy was employed in 38%
of the cohort in which radiographic response was noted in 65%. Of note, this strategy
of neoadjuvant therapy allows for direct and early feedback regarding efficacy, based on
radiographic and histologic results, ultimately guiding adjuvant therapy where ineffective
therapies can be abandoned early.

Our current treatment algorithm for skull base STS is shown in Figure 2. While
observations from larger studies at other disease sites and NCCN recommendations serve as
a framework, factors unique to the skull base must also be considered. As new targeted and
immunotherapy options are assessed, this treatment algorithm will certainly be reassessed.

This is a retrospective cohort study from a single institutional database, with the
selection biases associated with the nature of these studies. There is also a small number of
patients, many of whom received prior treatment before arrival at our institution, limiting
the generalizability of these results. Additionally, the numerous histologic diagnoses that
comprise this category of sarcomas results in a seemingly biologically heterogeneous cohort
of patients. This is a similar challenge even noted with large clinical trials performed on
STS at other anatomic sites. In order to circumvent this, similar to previously published
clinical trials, we used the FNCLCC grading system to categorize this cohort. Given the
rarity of this disease and the lack of published data to guide treatment, these results can
be used to inform surgical decision-making and counseling for patients with STS of the
skull base.

5. Conclusions

Despite the prognostic and management implications of T4-stage head and neck
sarcomas with skull base involvement, for radiation naive patients, a margin negative
resection is still impactful and the ability to do so has a long-term impact on tumor control
rates. Beyond anatomic staging, biologic staging with the FNCLCC system is an important
consideration regarding the neoadjuvant and adjuvant treatment strategies in light of its
value in predicting the pattern of recurrence and long-term outcomes. This study adds to
the limited results reported in the literature regarding this high-risk set of diseases. Future
work needs to be done to help elucidate the role of neoadjuvant radiotherapy in the skull
base and optimal management strategies for post-radiation disease recurrence.

Author Contributions: Conceptualization, S.M.R.; methodology, S.M.R., A.H. and LE.; software,
A.H. and LE,; validation, All authors.; formal analysis, A.H.; investigation, SM.R., A.H., D.B., S.Y.S.
and E.Y.H.; resources, M.E.K,; data curation, A.H.; writing—original draft preparation, A.-H. and
S.M.R. writing—review and editing, SM.R., A.H. and F.D.; visualization, A.H.; supervision, SM.R.;
project administration, S.M.R.; funding acquisition, N/A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was done using a protocol not requiring patient
consent, the Institutional Review Boards’ committee in our institution reviewed the study and deemed
it in compliance with institutional regulations regarding the study of human subjects. The protocol
was institutional review-board approved and met all HIPPA standards.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: Authors declare no conflict of interest.

1. Oniscu, A.; Salter, D.M. Pathology of soft tissue tumours. Surgery 2011, 29, 51-54.
2. Bentz, B.G,; Singh, B.; Woodruff, ].; Brennan, M.; Shah, ].P; Kraus, D. Head and neck soft tissue sarcomas: A multivariate analysis
of outcomes. Ann. Surg. Oncol. 2004, 11, 619-628. [CrossRef] [PubMed]


http://doi.org/10.1245/ASO.2004.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15172935

Curr. Oncol. 2022, 29 6550

@

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gullane, P,; Kraus, D.; Weber, R. Soft tissue sarcoma. Head Neck 2002, 24, 296-300. [CrossRef] [PubMed]

Kraus, D.H.; Dubner, S.; Harrison, L.B.; Strong, E-W.; Hajdu, S.I; Kher, U.; Begg, C.; Brennan, M.E. Prognostic factors for recurrence
and survival in head and neck soft tissue sarcomas. Cancer 1994, 74, 697-702. [CrossRef]

Edge, S.; Byrd, D.; Compton, C. American Joint Committee on Cancer Staging Manual; Springer: New York, NY, USA, 2010.
Akagiindiiz, B.; Telli, T.A.; Goksu, S.S,; Yildirim, H.C.; Ozer, M.; Aydin, S.G.; Ozyurt, N.; Karacin, C.; Paydas, S.; Dogan, M.
Assessment of Prognostic Factors and Adjuvant Treatment Modalities in Adult Head and Neck Soft Tissue Sarcoma Patients
Treated With Upfront Surgery. Cureus 2021, 13, e13324. [CrossRef] [PubMed]

Lee, N.C.J.; Eskander, A.; Miccio, J.A.; Park, H.S.; Shah, C.; Rutenberg, M.; Hosni, A.; Husain, Z.A. Evaluation of head and
neck soft tissue sarcoma 8th edition pathologic staging system and proposal of a novel stage grouping system. Oral Oncol.
2021, 114, 105137. [CrossRef] [PubMed]

Dangoor, A.; Seddon, B.; Gerrand, C.; Grimer, R.; Whelan, J.; Judson, I. UK guidelines for the management of soft tissue sarcomas.
Clin. Sarcoma Res. 2016, 6, 20. [CrossRef] [PubMed]

Gil, Z.; Patel, S.G.; Singh, B.; Cantu, G.; Fliss, D.M.; Kowalski, L.P.; Kraus, D.H.; Snyderman, C.; Shah, J.P.; International
Collaborative Study Group. Analysis of prognostic factors in 146 patients with anterior skull base sarcoma: An international
collaborative study. Cancer 2007, 110, 1033-1041. [CrossRef] [PubMed]

Kobayashi, K.; Matsumoto, E; Miyakita, Y.; Mori, T.; Shimoi, T.; Murakami, N.; Yoshida, A.; Arakawa, A.; Omura, G.; Fukasawa,
M.; et al. Impact of Surgical Margin in Skull Base Surgery for Head and Neck Sarcomas. J. Neurol. Surg. B Skull Base 2018, 79,
437-444. [PubMed]

Agha, R.A.; Sohrabi, C.; Mathew, G.; Franchi, T.; Kerwan, A.; O’Neill, N.; PROCESS Group. The PROCESS 2020 Guideline:
Updating Consensus Preferred Reporting Of CasESeries in Surgery (PROCESS) Guidelines. Int. ]. Surg. 2020, 84, 231-235.
[CrossRef] [PubMed]

Guillou, L.; Coindre, ].M.; Bonichon, F.; Nguyen, B.B.; Terrier, P.; Collin, F.; O Vilain, M.; Mandard, A.M.; Le Doussal, V.; Leroux,
A.; et al. Comparative study of the National Cancer Institute and French Federation of Cancer Centers Sarcoma Group grading
systems in a population of 410 adult patients with soft tissue sarcoma. J. Clin. Oncol. 1997, 15, 350-362. [CrossRef] [PubMed]

de Bree, R.; van der Waal, I.; de Bree, E.; Leemans, C.R. Management of adult soft tissue sarcomas of the head and neck. Oral
Oncol. 2010, 46, 786-790. [CrossRef] [PubMed]

Mattavelli, D.; Miceli, R.; Radaelli, S.; Cantu, G.; Barisella, M.; Quattrone, P.; Stacchiotti, S.; Sangalli, C.; Casali, P.G.; Gronchi, A;
et al. Head and neck soft tissue sarcomas: Prognostic factors and outcome in a series of patients treated at a single institution.
Ann. Oncol. 2013, 24, 2181-2189. [CrossRef] [PubMed]

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Soft Tissue Sarcomas (Version 4.2019); National Comprehensive
Cancer Network September 2019; National Comprehensive Cancer Network: Jenkintown, PA, USA, 2019.

Jebsen, N.L.; Trovik, C.S.; Bauer, H.C.; Rydholm, A.; Monge, O.R.; Hall, K.S.; Alvegard, T.; Bruland, O.S. Radiotherapy to improve
local control regardless of surgical margin and malignancy grade in extremity and trunk wall soft tissue sarcoma: A Scandinavian
sarcoma group study. Int. J. Radiat. Oncol. Biol. Phys. 2008, 71, 1196-1203. [CrossRef] [PubMed]

Karasek, K.; Constine, L.S.; Rosier, R. Sarcoma therapy: Functional outcome and relationship to treatment parameters. Int. J.
Radiat. Oncol. Biol. Phys. 1992, 24, 651-656. [CrossRef]

Nielsen, O.S.; Cummings, B.; O’Sullivan, B.; Catton, C.; Bell, R.S.; Fornasier, V.L. Preoperative and postoperative irradiation of
soft tissue sarcomas: Effect of radiation field size. Int. J. Radiat. Oncol. Biol. Phys. 1991, 21, 1595-1599. [CrossRef]

Sadoski, C.; Suit, H.D.; Rosenberg, A.; Mankin, H.; Efird, ]. Preoperative radiation, surgical margins, and local control of extremity
sarcomas of soft tissues. J. Surg. Oncol. 1993, 52, 223-230. [CrossRef] [PubMed]

Wilson, A.N.; Davis, A.; Bell, R.S.; O’Sullivan, B.; Catton, C.; Madadji, F.; Kandel, R.; Fornasier, V.L. Local control of soft tissue
sarcoma of the extremity: The experience of a multidisciplinary sarcoma group with definitive surgery and radiotherapy. Eur. |.
Cancer 1994, 30A, 746-751. [CrossRef]

O’Sullivan, B.; Davis, A.M.; Turcotte, R.; Bell, R.; Catton, C.; Chabot, P., Wunder, ]J.; Kandel, R.; Goddard, K.; Sadura, A.;
et al. Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: A randomised trial. Lancet 2002, 359,
2235-2241. [CrossRef]

Gronchi, A.; Ferrari, S.; Quagliuolo, V.; Martin-Broto, ] M.; Pousa, A.L.; Grignani, G.; Basso, U.; Blay, ].-Y.; Tendero, O.; Beveridge,
R.D.; et al. Histotype-tailored neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue
sarcomas (ISG-STS 1001): An international, open-label, randomised, controlled, phase 3, multicentre trial. Lancet Oncol. 2017, 18,
812-822. [CrossRef]


http://doi.org/10.1002/hed.10047
http://www.ncbi.nlm.nih.gov/pubmed/11891963
http://doi.org/10.1002/1097-0142(19940715)74:2&lt;697::AID-CNCR2820740224&gt;3.0.CO;2-A
http://doi.org/10.7759/cureus.13324
http://www.ncbi.nlm.nih.gov/pubmed/33738167
http://doi.org/10.1016/j.oraloncology.2020.105137
http://www.ncbi.nlm.nih.gov/pubmed/33422859
http://doi.org/10.1186/s13569-016-0060-4
http://www.ncbi.nlm.nih.gov/pubmed/27891213
http://doi.org/10.1002/cncr.22882
http://www.ncbi.nlm.nih.gov/pubmed/17614334
http://www.ncbi.nlm.nih.gov/pubmed/30210970
http://doi.org/10.1016/j.ijsu.2020.11.005
http://www.ncbi.nlm.nih.gov/pubmed/33189880
http://doi.org/10.1200/JCO.1997.15.1.350
http://www.ncbi.nlm.nih.gov/pubmed/8996162
http://doi.org/10.1016/j.oraloncology.2010.09.001
http://www.ncbi.nlm.nih.gov/pubmed/20947413
http://doi.org/10.1093/annonc/mdt126
http://www.ncbi.nlm.nih.gov/pubmed/23562930
http://doi.org/10.1016/j.ijrobp.2007.11.023
http://www.ncbi.nlm.nih.gov/pubmed/18207661
http://doi.org/10.1016/0360-3016(92)90710-Y
http://doi.org/10.1016/0360-3016(91)90337-4
http://doi.org/10.1002/jso.2930520405
http://www.ncbi.nlm.nih.gov/pubmed/8468983
http://doi.org/10.1016/0959-8049(94)90286-0
http://doi.org/10.1016/S0140-6736(02)09292-9
http://doi.org/10.1016/S1470-2045(17)30334-0

	Introduction 
	Materials and Methods 
	Results 
	Cohort Characteristics 
	Histological Breakdown and Multimodality Treatment Strategies 
	Tumor Extent and Surgical Strategies 
	Recurrence Patterns and Predictors of Long-Term Outcomes 

	Discussion 
	Conclusions 
	References

