Journal of Neuro-Oncology (2018) 137:139-146
https://doi.org/10.1007/511060-017-2706-3

CLINICAL STUDY

@ CrossMark

SNF5 as a prognostic factor in skull base chordoma

Mingxuan Li' - Yixuan Zhai' - Jiwei Bai® - Shuai Wang' - Hua Gao' - Chuzhong Li' - Songbai Gui? - Jiang Du3-
Yazhuo Zhang'%4®

Received: 13 July 2017 / Accepted: 3 December 2017 / Published online: 8 December 2017
© Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract

The current study aimed to characterize SNF5 expression and investigate the relationship between SNF5 and clinicopatho-
logical features in skull base chordoma. 48 patients diagnosed with skull base chordoma were enrolled in this study. Tissue
microarray and immunohistochemistry were performed to evaluate the expression of SNF5 in skull base chordoma. Kaplan—
Meier survival analysis was used to assess survival. Multivariable Cox regression analysis was used to identify risk factors
affecting patient survival. The H-scores for cytoplasmic SNF5 ranged from 124.47 to 254.52. Low expression of SNF5 was
correlated with shorter overall survival (OS) (p=0.021). Patients with age > 55 years old had shorter progression free survival
(PFS) and OS times than patients whose age <55 years old (p =0.005 and 0.003, respectively). The gross total resection
group showed longer PFS than the non-gross total resection group (p =0.024). Females showed shorter PFS times than males
(p=0.033). Multivariable Cox regression analysis showed that age, extent of resection and sex were independent prognostic
factors for PFS (p=0.010, 0.013 and 0.042, respectively). Age was an independent prognostic factor for OS (p=0.010). Our
study indicate that low expression of SNF?5 is associated with poor prognosis in skull base chordoma.
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Abbreviations Introduction

oS Overall survival

PFS Progression free survival Chordoma, a rare malignant neoplasm that comprises 1-4%
TMA  Tissue microarray of primary bone tumours, arises in the axial bones, and as

ATP Adenosine triphosphate
EIFAE Eukaryotic initiation factor 4E
HR Hazard ratio

CI Confidence interval

much as 35% of chordoma locates in the clivus region [1].
In particular, chordoma is believed to originate from noto-
chordal remnants [2]. The majority of chordoma occurs in
adults between the ages of 50 and 60, with less than 5%
occurring in infants and children [3]. Chordoma is a slow-
growing tumor with low grade malignancy, although effec-
tive therapies for chordoma are lacking. Chordoma is often
located close to critical neurovascular structures, particularly
in skull base chordoma and it can invade surrounding tis-
sues, making total resection difficult to achieve and contrib-
uting to the high local recurrence rate. Chordoma is highly
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resistant to conventional chemotherapy and radiotherapy,
making therapy especially arduous. Recently, proton ther-
apy, photon radiation and target therapy have been com-
bined as a comprehensive treatment strategy to ameliorate
chordoma progress [4]. However, we currently have a poor
understanding of the tumorgenesis and molecular biological
characteristics of chordoma.

The SWI/SNF complex is a 1.14 MDa multi-subunit ATP-
dependent complex that regulates nucleosome positioning
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and chromatin remodelling [5, 6]. A growing body of evi-
dence indicates that this complex plays a crucial role in
many biological behaviours, including cell proliferation,
differentiation and transcription [7]. The tumor suppres-
sor gene SNF?5 is the core subunit of the mammalian SWI/
SNF chromatin remodeling complex. Paediatric rhabdoid
tumours, which are a class of rare malignant tumors mostly
occurring in brain with poor prognosis, are often charac-
terized by the inactivation of SNF5. Additionally, germline
mutations in SNF5 are found in familial rhabdoid tumours
[8, 9]. Studies have also shown that SNF5 is deficient in cri-
briform neuroepithelial tumours, paediatric choroid plexus
carcinomas and epithelioid sarcomas [10-12].

There is currently little known about SNF5 expression
in skull base chordoma or the relationship between SNF5
expression and clinical features in skull base chordoma.
Therefore, we chose to characterize expression of the tumour
suppressor gene SNFS5 in skull base chordoma.

Materials and methods
Patients

From January 2008 to September 2014, 48 patients who
were admitted for surgery at Beijing Tiantan Hospital,
Capital Medical University and were histopathologically
confirmed as having chordoma were involved in this study.
Every chordoma enrolled was located at the skull base.
The average follow-up interval was 39.8 months (median
30months, range 9-98 months). This study was approved
by the ethics committee of Beijing Tiantan Hospital, Capital
Medical University.

Degree of resection

Preoperative and postoperative MR images and surgical
records were provided to evaluate the extent of resection,
which were defined as follows: gross total resection (visible
tumour was removed and no remnant tumour in the postoper-
ative MR images); and non-gross total resection, which con-
tained subtotal resection (>95% of tumour resection based
on postoperative MR images) and partial resection (< 95% of
tumour resection based on postoperative MR images) [13].

Tissue microarray

Formalin-fixed and paraffin-embedded tissue specimens
from all 48 patients were assayed by tissue microarray
(TMA) using the Tissue Array MiniCore (ALPHELYS,
Plaisir, France). Two pathologists viewed the haematoxylin-
eosin stained slides, and the two most representative 2-mm
cores from every tissue slide were selected and removed to
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a new slide to perform the TMA. We used a Leica RM 2135
Rotary Microtome (Rankin, Wetzlar, Germany) to cut 4-mm
sections from the TMA for immunohistochemical staining.

Immunohistochemistry and evaluation

The Leica BOND III automated system and Bond Polymer
Refine Detection kit (Leica) were used for immunohisto-
chemical staining. After baking at 65 °C for 0.5 h, the slides
were deparaffinized with dimethylbenzene and then hydrated
in a graded ethanol series followed by antigen retrieval. To
block endogenous peroxide, the slides were treated with
0.3% H,0,. After incubation with the primary antibody
(anti-SNFS5 antibody, Abcam, 58209), the slides were treated
with the Bond Polymer Refine Detection kit (Leica), accord-
ing to the manufacturer’s protocol. Diaminobenzidine was
used as the chromogen. The slides were then dehydrated,
cleared and mounted. We replaced the primary antibody
with phosphate-buffered saline for the negative control.

We used a cytoplasmic v9 automated algorithm to evaluate
the immunostained slides after scanning with a Leica Aperio
AT?2 scanner and analysis with Leica Aperio ImageScope
v12.3.0.5056. Immunostaining was scored as none (0), weak
(14), moderate (2+) or strong (3+), and the tumour regions
were determined by a single pathologist. The H-score was
calculated in the conventional manner using the formula:
H - scores = 1 X (percent of 1 + cell) + 2 X (percent of 2+
cell) + 3 X (percent of 3 + cell), with values ranging from 0
to 300. We chose the median of the H-score as the cut-off
value for separating patients into two groups: high or low
SNFS5 expression.

Statistical analysis

All statistical analyses were performed using SPSS 19.0
(IBM Corporation, USA). The y? test, 2 independent-sam-
ples t-test and Wilcoxon Mann—Whitney test were used to
identify the relationships between SNFS5 expression and
clinicopathological characteristics. Kaplan—-Meier curves
and the log-rank test were applied for univariable survival
analysis to find the differences between groups. Statistically
significant variables were further analysed by multivariable
Cox regression analysis. p <0.05 was regarded as statisti-
cally significant. GraphPad Prism 5.0 (GraphPad, USA) was
used to create the graphs.

Results
Clinical characteristics

In total, 35 males and 13 females (male: female =2.69:
1) were included in this study. Only patients with skull
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base chordoma were enrolled in the present study. The
age of the patients ranged from 13 to 69, with a mean
age (+SD) of 44.25 (+13.39). The most common com-
plaints were diplopia (23/48), blurred vision (20/48) and
headache (20/48). The mean duration was 12.5 months
(median 4 months, range 0.5-120 months). 39 cases
were primary tumours compared with 9 cases with prior
operative history. 46 cases were conventional chordoma
and the remaining 2 patients had chondroid chordoma;

no dedifferentiated chordoma cases were investigated in
this study. The endoscopic transphenoidal approach was
used in 31 cases (64.6%), and the craniotomy approach
was used in 17 cases (35.4%). Gross total resection was
achieved in 10 (20.8%) patients and non-gross total resec-
tion was achieved in 38 (79.2%) patients. Surgery com-
plications occurred in 12 cases. The most frequent com-
plication was cranial nerve paralysis (6/48), followed by
intracranial infection (5/48) (Table 1).

Table 1 Correlation between

o ” Variables Expression of SNF5
SNFS5 and clinical features in
skull base chordoma N High Low p value
Gender
Male 35 16 19 0.330
Female 13 8 5
Mean age (+SD) (years) 45.79 (+10.23) 42.71 (= 16.03) 0.431
Median course of disease (months) 3.5 4.0 0.975
Median tumor volume (mm3) 17,663 12,876 0.322
Chief complaints
Diplopia 23
Blurred vision 23
Headache 20
Vision field defect 18
Dizziness 8
Limb weakness 4
Hearing loss 3
Neck pain 2
Dysdipsia 2
Facial numbness 2
Vomiting 1
Surgical approach
Endoscopic transsphenoidal approach 31 17 14 0.365
Craniotomy 17 7 10
Extent of resection
Gross total resection 10 7 3 0.155
Non-gross total resection 38 17 21
Blood supply
Poor 23 11 12 0.773
Rich 25 13 12
Tumor texture
Soft 21 9 12 0.383
Hard 27 15 12
Complications
Cranial nerve paralysis 6
Intracranial infection 5
Cerebrospinal fluid leakage 3
Hemorrhinia 2
Intracranial hemorrhage 1
Prior operative history
No 38 22 17 0.064
Yes 9 2 7
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Relationship between SNF5 expression
and clinicopathological features

SNF5 expression was observed in the cytoplasm and the
H-scores of SNF5 ranged from 124.47 to 254.52 (median
182.48) (Fig. 1). Furthermore, we analysed the relation-
ship between SNF5 expression and clinical features. The
mean age (+SD) in the high SNF5 expression group was
45.79(+ 10.23) years, whereas in the low SNF5 expres-
sion group, the mean age (+SD) was 42.71(+16.03)
years (p=0.431). There were 16 males (16/24) in the high
SNF5 expression group and 19 males in the other group
(p=0.330). In total, 7/24 patients received gross total
resection in the high SNF5 expression group whereas 3/24
received gross total resection in the low SNF5 expression
group (p=0.155). We found no significant relationships
between SNF5 expression and blood supply, tumour tex-
ture, surgical approach, course of disease, or tumour volume.
However, we note that patients with prior operative history
tended to show lower SNF5 expression than patients without
prior operative history (Table 1).

Factors affecting OS

For survival analysis, we defined the period between initial
surgery and death or the date of the last follow up as the
overall survival (OS) time. The mean OS in present study
was 80.8 months. There were 8 patients who died during the
follow-up period, 7 of which were in the low SNF5 expres-
sion group and 1 in the high expression group. Patients with
high SNF5 expression showed longer OS [3-year survival
rate: 95.7%; mean OS: 87.5 months, 95% confidence interval
(CI) 80.9-94.2 months] compared with patients with low
expression of SNF5 (3-year survival rate: 74.3%; mean OS:
67.5 months, 95% CI 49.9-85.2 months), with a p value of
0.021 (Fig. 2a).

Gross total resection was performed in ten patients, and
none of those patients died during the follow-up. In the non-
gross total resection group, 8/38 patients died (p=0.108)
(Fig. 2b).

To transform age into a categorical variable for analysis,
55 was chosen as the cut-off age, based on our previous
study [14]. 5/9 patients died in the age > 55 group, whereas
3/39 patients died in the age <55 group. Consistent with
previous studies, the mean OS in the age > 55 group was
49.5 months (95% CI 28.8-70.1 months), which was notably
shorter than in the age <55 group (91.1 months, 95% CI
83.7-98.6 months); the 3-year survival rates were 64.8 and
94.7%, respectively. Additionally, the log-rank test had a p
value of 0.003 between the two groups (Fig. 2c¢).

When considering OS, men showed 12 month longer
mean OS times (83.4 months, 95% CI 71.8-95.0 months)
than women (71.5 months, 95% CI 52.4-90.7 months),
although this difference was not statistically significant
(»=0.354).

During the follow-up, 30 patients suffered from recur-
rence. Patients with recurrence of chordoma had signifi-
cantly shorter OS times than in the no recurrence group
(p=0.037) (Table 2). Age, SNF5 expression and recurrence
were subjected to Cox multivariable regression analysis, and
we found that age was an independent prognostic factor for
OS (p=0.010) (Table 3).

Factors affecting PFS

Progression-free survival (PFS) was defined as the period
from the first surgery to the date of progression or last
follow-up. The median PFS in the present study was 24.0
months. For the age > 55 group, all patients (9/9) showed
the recurrence of skull base chordoma, whereas in the
age <55 group, the recurrence rate was 53.8% (21 cases).
Kaplan—Meier survival analysis indicated that patients in
the age > 55 group had shorter PFS periods than those in

Fig. 1 Representative images of SNF5 immunohistochemical stain in skull base chordoma. a High expression of SNF5. b Low expression of

SNF5. magnification, X400
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Fig.2 Analysis of OS and PFS using Kaplan—Meier survival curves. OS: a expression of SNF5, b extent of resection, ¢ different age groups.
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Table 2 Univariable analysis
of clinical features affecting
PFS and OS via Kaplan—Meier
analysis

Variables PFS (ON)
HR 95% CI pvalue  HR 95% CI p value

Gender

Male vs. female 2.664 1.085-6.541 0.033 0.354
Age

<50 vs. > 50 years 4.810 1.621-14.270  0.005 1426  2.508-81.12
Course of disease

<12 vs. > 12 months 0.566 0.901
Prior operative history

Yes vs. no 0.127 0.257
Surgery approach

Endoscopic transsphenoidal ~ 0.912 0.952

approach vs. craniotomy

Tumor volume

<20,000 vs. >20,000 mm*®  0.786 0.594
Tumor texture

Soft vs. hard 0.924 0.794
Blood supply

Poor vs. rich 0.496 0.358
Histological subtype

Conventional vs. chondroid 0.643 0.419
Postoperative adjuvant radiotherapy

Yes vs. no 0.330 0.997
Extent of resection

Gross total resection vs. non-  2.435 1.092-5.429 0.024 0.108

gross total resection

SNF5 expression

High vs. low 0.290 5.185 1.279-21.01 0.021

the age <55 group (median PFS 10 vs. 30 months, respec-

tively, p =0.005) (Fig. 2d).

We then analysed the relationship between SNF5 expres-

sion and PFS. The median PFS in the high SNF5 expression
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Table 3 Cox multivariable analysis of factors affecting PFS and OS

Variables HR 95% CI p value
PFS
Gender (male vs. female) 2.268 1.032-4.984  0.042
Age (<50 vs. > 50 years) 2946 1.297-6.691 0.010
Extent of resection (gross total 4.299 1.368-13.505 0.013
resection vs. non-gross total
resection)
oS
Age (<50 vs. > 50 years) 6.637 1.579-27.899 0.010
Recurrence (no vs. yes) - - 0.127
SNF5 expression (low vs. high) - - 0.051

group was 58 months, which was 3.6 times as long as that
in the low SNF5 expression group (16 months); however,
no statistically significant difference was observed between
the two groups (p =0.290) (Table 2).

We next explored the relationship between sex and PFS.
Interestingly, in the male group, 19/35 patients showed
recurrence during the follow-up. By contrast, 11/13 female
patients showed recurrence. The median PFS in male
patients was 30 months, and the median PFS in female
patients was 15 months (p =0.033) (Fig. 2.e).

We also took surgery resection into consideration, and
we found that 40.0% (4/10) of patients in the gross total
resection group experienced progression. In the non-gross
total group, the rate of progression was 68.4% (26/38).
Additionally, the median PFS was 76 months for the gross
total resection group, and 18 months for the non-gross
total resection group (p =0.024) (Fig. 2f).

Age, extent of resection and sex were included in the
Cox multivariable regression analysis, and all three fac-
tors were found to be independent prognostic factors for
PFS (p=0.010, 0.013 and 0.042, respectively) (Table 3).

Discussion

Chordoma is rare, slow-growing, infiltrative malignancy
arising from notochordal remnants, with an annual inci-
dence of 1/1,000,000 [15]. Total surgery resection combined
with adjuvant radiation therapy has been shown to prolong
patient survival [16]. Studies on target therapies in chordoma
(e.g., cetuximab and imatinib) have been more common in
recent years, although these have involved small numbers
of patients. Despite comprehensive therapy, patients with
chordoma have an extremely poor prognosis for local recur-
rence and metastases [3]. Therefore, there is a pressing need
to understand the mechanisms of chordoma tumourigenesis
and to search for novel prognostic factors and therapies to
improve the outcome of patients with chordoma.

@ Springer

It is still controversial whether sex is a risk factor for
patient survival. Some studies have shown that male patients
had a worse prognosis than females, whereas others showed
the opposite, with women having shorter survival times [16].
We found that men had longer PFS than women, although
sex was not statistically related to OS.

Radical resection of skull base chordoma is a suggested
treatment, and previous studies have shown that radical sur-
gical resection had a positive effect on patient prognosis [16,
17]. Consistent with those studies, we found a significant dif-
ference between the two groups, and patients with gross total
resection had a longer PFS than those in the other group.

Increasing attention is being paid to the connection
between age and patients prognosis in chordoma. Whether
age can be used as a prognostic predictor remains debat-
able, likely due to the variety of cut-off values and differ-
ences in the age distribution between cohorts enrolled in
previous studies. We found that patients with age > 55 had
a shorter PFS and OS times than younger patients. Age
was also an independent prognostic factor for both PFS
and OS in skull base chordoma.

The SWI-SNF complex was first identified in yeast and
is found in both prokaryotes and eukaryotes. SWI-SNF
complex consists of a core complex with multiple subu-
nit proteins, and it can remodel chromatin by hydrolysing
ATP [7]. The SWI/SNF chromatin-remodelling complex
is considered to play a critical role in the initiation and
development of cancer because it is linked to a number of
tumour suppressor genes and oncogenes [18]. Addition-
ally, previous studies have shown that the SWI/SNF com-
plex acts as a tumour suppressor in various malignancies,
including ovarian carcinoma, rhabdoid tumours and pan-
creatic cancer [9, 18, 19]. SWI/SNF complex plays essen-
tial roles in cell differentiation and cell growth processes
such as neuronal differentiation, myeloid differentiation
and muscle development [20, 21]. The complex is also
involved in DNA synthesis, DNA repair and mitosis [7].

SNFS5, located on chromosome 22q11.2, is a component
of all variants of the SWI/SNF complex and is required for
the chromatin remodelling [22]. It has been demonstrated
that SNFS5 is inactivated in various tumours, such as rhab-
doid tumours, hepatoblastoma and paediatric undifferenti-
ated sarcoma [12, 23, 24]. One recent study showed that
SNF5 negatively regulates the expression of transforming
growth factor-p1 (TGF-p1), affecting the tumourigen-
esis of hepatocellular carcinoma [25]. Lin et al. reported
that the expression of SNFS5 is decreased in melanoma, a
human skin malignancy characterized by high invasive-
ness and metastasis. Additionally, it was demonstrated that
loss of SNF5 was related to poor survival in patients with
melanoma [26].

However, the expression profile of SNF5, at the level of
RNA or protein, in chordoma tissues is not clear, and the
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detailed mechanisms of SNF5 function in chordoma cell lines
have not been well characterized. Hence, there is a need for
studies assessing SNF5 expression and biological function in
chordoma. In the present study, we found that low expres-
sion of SNF5 in chordoma was associated with shorter OS,
which we explain as follows. First, several pathways crucial
for tumour formation and development are regulated by SNF5,
such as the well-known tumour suppressor gene p53, and loss
of SNFS5 function likely leads to the inhibition of p53 transla-
tion via decreased EIFAE expression [27]. Additionally, the
Hedgehog pathway, which is aberrantly activated by the loss of
SNF3, is thought to induce oncogenesis [28]. Second, aberrant
cell proliferation, cell differentiation and cell apoptosis due
to loss of SNF5 could be present in tumours with low SNF5
expression. Previous studies showed that SNFS5 regulates the
p16 and retinoblastoma genes, a member of the pocket protein
family that acts as a tumour suppressor gene, eventually lead-
ing to cell cycle arrest via repression of cyclin D1 and E2F in
various tumour cell lines [29]. In addition, DNA repair may be
inhibited in chordoma with low SNF5 expression. However,
these detailed mechanisms remain to be investigated.

Until now, there have been few studies of SNF5 expression
in chordoma. Previous studies have demonstrated that SNF5
expression is decreased in undifferentiated chordoma. Addi-
tionally, Antonelli et al. found a loss of SNF5 in 3/7 classic
chordoma [30-33]. However, there were relatively little con-
ventional chordoma involved in these studies, with a greater
emphasis placed on loss of SNF5 in undifferentiated chordoma
and the distinction between poor differentiated chordoma and
atypical teratoid/rhabdoid tumours. Additionally, these studies
paid little attention to the correlations between SNF5 expres-
sion and the clinical features of chordoma. In the present study,
we investigated SNF5 expression in 48 patients with skull
base chordoma via immunohistochemistry and analysed the
relationship between SNFS5 expression and clinicalpathologi-
cal characteristics. To the best of our knowledge, the present
study is the largest single-centre study on SNF5 expression
in chordoma. We demonstrated that low SNF5 expression
was correlated with poor survival in patients with skull base
chordoma even though SNF5 seemingly failed to be an inde-
pendent prognostic factor for OS (p =0.051), which may be
explained by the limited numbers of patients in present study;
further researches with larger number of patients are required.

Conclusion

Our study reveals that low SNFS5 expression in skull base
chordoma is correlated with poor patient prognosis, sug-
gesting that SNF5 may be a novel biomarker for predicting
chordoma prognosis.
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