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Abstract

Background and objectives To summarise our experience
treating patients with spinal malignant peripheral nerve
sheath tumours (MPNSTS).

Methods We retrospectively reviewed the records of
patients diagnosed with spinal MPNSTs who received
surgical treatment from January 1998 to December 2009.
Results Postoperative follow-up data were available for
14/16 patients with spinal MPNSTs (7 men, 7 women;
median age = 44 years [range: 23-68 years]). Eight of 14
(57.1%) patients had primary and 6/14 (42.9%) recurrent
MPNSTs. A total of 12/14 (85.7%) patients underwent total
tumour resection, whereas 2/14 (14.3%) patients underwent
subtotal tumour resection. Malignancies were graded low
in 4 (28.6%) and high in 10 (71.1%) cases. A total of 12/14
(85.7%) patients experienced tumour recurrence and 10/14
(71.4%) patients died during the course of follow-up. The
0.5- 1-, 3-, and 5-year survival rates were 64.3, 48.2, 32.1,
and 21.4%, respectively. Overall survival was significantly
associated with tumour malignant degree (P = 0.012).
Conclusion Diagnosis of spinal MPNSTs should be made
with reference to clinical, radiological, and pathological
findings. Surgical resection is the best available option for
treating spinal MPNST; however, postoperative prognosis
is poor.
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Introduction

Malignant peripheral nerve sheath tumours (MPNSTs) are
a rare soft tissue sarcoma, often originating from Schwann
cells, which account for 3—10% of all soft tissue sarcomas
[1]. The most common locations for MPNSTSs are the
trunk, limbs, and head and neck [2]. Spinal MPNSTs have
rarely been reported [3] and indeed to our knowledge there
has been no systemic study of spinal MPNSTs involving a
relatively large number of patients. Reports in the literature
comprise either individual case reports or small case ser-
ies’. Given that MPNSTs are highly malignant and that the
associated survival rate is very low [4], we believe that
sharing information regarding the diagnosis, treatment, and
prognosis of patients with spinal MPNSTs is imperative to
improving treatment outcomes.

In the present report, we summarise our experience
treating a relatively large number (N = 16) of patients with
spinal MPNST over approximately 10 years. More spe-
cifically, we describe the clinical and imaging features of
spinal MPNST, including the classification of MPNST
based on axial CT findings, the surgical treatment strate-
gies, and the factors influencing prognosis.

Materials and methods
Patients

We retrospectively reviewed the records of all patients
who were diagnosed with spinal MPNST (malignant
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schwannoma or neurofibrosarcoma) at the Third Hospital
of Peking University from January 1998 to December
2009. The study inclusion criteria were as follows: a
diagnosis of MPNST as confirmed by two pathologists
after review of pathological sections; no evidence of
MPNST metastasis; and surgical treatment for MPNST.

The following details were obtained from each patient’s
medical records: demographic details, history of disease,
radiological manifestations, tumour pathology, surgical
approach used and operative details, and postoperative
tumour recurrence and survival. After surgery, patients
were followed up at 3, 6, and 12 months and then once
every 6 months, during which computed tomography (CT)
and/or magnetic resonance imaging (MRI) scans were
performed.

The study was approved by the ethics committee of the
Third Hospital of Peking University.

Radiological manifestations of MPNSTs and tumour
classification

Tumours were classified by examining CT and MRI images
of the tumour and surrounding bone and/or soft tissue. The
images obtained were also used for surgical planning. We
initially established the MPNSTs classification as Type I
(soft tissue) or Type II (intraosseous). Type I tumours were
characterised by primary lesions involving the soft tissue
and a secondary lesion involving the vertebral structure.

Fig. 1 Computed tomographic and magnetic resonance images of
spinal malignant peripheral nerve sheath tumours (MPNSTs).
a Recurrent spinal MPNST. There was no clear border between the
tumour and the surrounding soft tissues. The anatomic structure was
difficult to identify. b, ¢ Type IA “dumbbell type” tumour. The
tumour was located inside and outside the sacral canal (S1-2) and had
an unclear border. Bone erosion of sacrum was evident. d, e Type IA
tumour. The tumour was located in the C1-2 intervertebral foramen
and was derived from the C2 nerve root. The bone was intact without
obvious destruction, but was mildly depressed. The tumour was
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Type I tumours were further subclassified as Type IA
(dumbbell) or Type IB (paravertebral). Type IA tumours
were characterised by a dumbbell shaped lesion expanding
out of the intervertebral foramina, whereas Type IB
tumours were characterised by paravertebral lesion without
intraspinal involvement. Type II tumours were charac-
terised by extensive vertebral body and posterior bony
elements destruction without soft tissue involvement
(Fig. 1a).

Pathology and diagnosis

Preoperative biopsies were obtained from most patients
under the guidance of CT, and histology and immunohis-
tochemical staining of S-100, SMA, and EMA were
examined by two independent, experienced pathologists.
Pathological grading of MPNSTs was performed in
accordance with the criteria described by Ducatman et al.
[2], which considers nuclear atypia, cellularity, nuclear
enlargement, hyperchromasia, mitotic rate, and necrosis.
Tumours were classified as high grade or low grade. High-
grade tumours are characterised by fasciculated cells with
hyperchromatic nuclei and frequent mitotic figures. High-
grade tumours typically have >4 mitoses per 10 high power
fields and areas of geographic necrosis with or without
pseudopalisading. Low-grade tumours are characterised
by decreased cellularity and fewer hyperchromatic cells
(distributed in a variably collagenised stroma) compared

[ = — —

initially suspected to be a benign schwannoma; however, postoper-
ative pathological examination confirmed the diagnosis of MPNST. f,
g Type IB paravertebral tumour. The tumour was located on the left
side of the L5 vertebral body and posterior bony elements. The
sacroiliac joint was involved with an unclear border. h, i Type 1I
“intraosseous type” tumour. The tumour was located in the L3
vertebral body, which was extensively eroded. The bone cortex was
destroyed and the paravertebral soft tissues and spinal canal were
involved
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Table 1 Demographic, clinical, and follow-up characteristics of patients with spinal malignant peripheral nerve sheath tumours

Patient Sex Age Disease  Level Malignancy Tumour Surgical Length of Alive® Frequency of
(years) history grade occurrence  procedure follow-up recurrence
(months) (months)
1 F 42 2 L1 High Primary Subtotal resection 5 No 1
2 F 41 1 L3 High Primary Total resection 11 No 1
3 F 41 3 S1-2 High Primary Subtotal resection 21 No 1
4 F 68 3 C4-6 High Recurrent  Total resection 3 No 1
5 F 26 12 T11-12 Low Primary Total resection 91 Yes 5
6 F 33 6 T8-10 High Recurrent  Total resection 4 No 1
7 F 60 1 L5/sacroiliac joint High Primary Total resection 26 Yes 0
8 M 23 12 L5-S1 Low Primary Total resection 92 Yes 1
9 M 33 2 C2 High Recurrent  Total resection 2 No 1
10 M 44 6 T4-6 Low Recurrent  Total resection 43 No 4
11 M 27 5 T9-10 High Recurrent  Total resection 19 No 2
12 M 65 5 T10-12 High Recurrent  Total resection 8 No 1
13 M 65 4 Cl1-2 Low Primary Total resection 6 Yes 0
14 M 51 6 C6-T1 High Primary Total resection 3 No 1

F female, M male

* Alive at most recent follow-up

with high-grade tumours. Further, mitotic figures and
tumour necrosis are rare in low-grade tumours [5].

Statistical analysis

The associations between postoperative survival and
prognostic factors were assessed by univariate Cox
regression model analysis and log-rank test. The postop-
erative survival rate was compared by surgical method,
pathology grading, and tumour condition using Fisher’s
exact test. All statistical assessments were considered
significantly if P < 0.05. Statistical analyses were per-
formed using SPSS 15.0 statistical software (SPSS Inc.,
Chicago, IL).

Results
Demographic and clinical characteristics

A total of 16 patients (9 men and 7 women) met the
inclusion criteria. The mean patient age was 43 £ 15 years
(range: 17-68 years), while the mean history of disease
before diagnosis was 4.9 months (range: 1.0-12.0 months).
There were 10 cases of primary spinal MPNST and 6 cases
of recurrent spinal MPNST. Spinal MPNST locations
included the thoracic vertebra (n = 6), lower cervical
vertebra (n = 3), lumbar vertebra (n = 3), sacral vertebra
(n = 3), and upper cervical vertebra (n = 1) (Table 1). No

patient had a history of local radiotherapy and only one
patient had associated neurofibromatosis type 1.

Radiological manifestations and tumour classification

All six patients with recurrent MPNST were excluded from
tumour classification because of the variable surgical
methods used and differing degrees of extensive soft tissue
lesions and bone erosion (Fig. 1a).

A total of six patients had Type I tumours (Fig. 1b-g),
whereas four patients had Type II tumours (Fig. 1h, i).
Of the patients with Type I tumours, five had Type 1A
(Fig. 1b—e) tumours and one had a Type IB tumour

(Fig. 1f, g).
Pathology and diagnosis

Of the ten patients with primary MPNSTs, eight had clear
evidence of bone structure destruction. Preoperative biopsy
and subsequent pathological examination confirmed the
diagnosis of MPNST in these eight patients. For the
remaining two patients with Type 1A tumours, imaging
revealed a clear boundary in each case and no evidence of
significant bone destruction. Preoperative biopsies were not
obtained in these patients because of the risk of tumour
capsule damage and reducing surgical resection integrity.
Of the six patients with recurrent MPNSTs, five had
received a previous pathological diagnosis of MPNST and
one had haemangioendothelioma.
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Fig. 2 Representative hematoxylin and eosin stained spinal malig-
nant peripheral nerve sheath tumour samples (magnification = x20).
a Tumour cells were spindle shaped with irregular buckled nuclei,
marked nuclear atypia, increased cellularity with nuclear enlarge-
ment, and hyperchromasia. b A total of 12/16 samples were positive
for S-100

Tumour cells obtained from all patients were symmet-
rically tapered spindle cells with irregular buckled nuclei,
marked nuclear atypia, increased cellularity with nuclear
enlargement, and hyperchromasia (Fig. 2a).

Immunohistochemical study of biopsy samples revealed
that 75% (12/16), 38% (3/8), and 29% (2/7) of samples were
positive for S-100 (Fig. 2b), SMA, and EMA, respectively.

Histological and immunohistochemical examination
findings confirmed the diagnosis of MPNST in all patients.
Malignancies were graded as low in 4 cases and high in 12
cases.

Surgery

A total of 14 patients received total resection and 2 patients
received subtotal resection. En bloc tumour resection was
carried out in one patient, piecemeal resection in eight
patients, and curettage in seven patients.

@ Springer

Type I tumours

For the six patients with Type I tumours, the initial plan
was extra-capsule dissection of the tumour and then en bloc
resection of tumour. However, due to the close proximity
of the spinal dura mater, the dissection of intraspinal
tumours could only be performed along the capsule. As the
capsule is thin and attached to the dura mater without a
clear border, the tumours had to be cut into blocks then
removed. There was only one case of en bloc resection in
which the surgical margin was considered positive because
the capsule was broken during resection.

For sclerotin invading tumours (4/6 patients), en bloc
chiselling was initiated from the unaffected region. A total
of five patients received total resection and one patient
received subtotal tumour resection because of significant
tumour adhesions to peritoneal structures. Unilateral total
joint removal was performed in two patients. Both of these
patients underwent internal fixation (with pedicle screws)
for stabilisation. Anterior-lateral intervertebral fusion with
titanium mesh was performed in one patient because of the
loss of a significant portion of the vertebral body during
tumour resection. The mean blood loss during surgery in
patients with Type I MPNSTs was 1,728 + 328 mL
(range: 400-5,000 mL).

Type Il tumours

For the four patients with Type II tumours, piecemeal
removal of whole vertebrae was performed. A total of three
patients with thoracolumbar involvement underwent one-
stage spondylectomy using a posterior and anterior-lateral
approach followed piecemeal resection, and stability
reconstruction via a combination of anterior-lateral and
posterior internal fixation (nail-stick system) and interver-
tebral fusion with titanium mesh. Of these three patients,
two underwent total tumour resection and one subtotal
resection. The patient who underwent subtotal resection
presented with significant tumour adhesion to the large
blood vessels in the peritoneal cavity, which made tumour
resection difficult. As a result, residual tumour was sus-
pected after surgery and the procedure was categorised as
subtotal resection. The fourth patient with a Type II tumour
exhibited sacral involvement (S1-2) and received posterior
curettage surgery followed by posterior internal fixation
(nail-stick system). The mean blood loss during surgery
in patients with Type I MPNSTs was 4,000 £ 544 mL
(range: 2,600-6,000 mL).

Recurrent tumours

For the six patients with recurrent tumours, the surgical
strategy was to completely remove the tumour, release the
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depressed spinal cord, and rebuild spinal stability. A
tumour curettage procedure was performed in each case
because of anatomical structural alterations with no
apparent tumour envelope around the tumour. The tumour
was completely removed in all six patients with recurrent
tumours. The mean blood loss during surgery in patients
with recurrent MPNSTs was 2,533 &+ 462 mL.

Postoperative treatment and follow-up

Chemotherapy and radiotherapy were not routine adjuvant
treatments. Only one patient underwent postoperative
radiotherapy; however, this treatment was performed in
another hospital and the exact radiotherapy dosage is not
known. No patients underwent chemotherapy.

Follow-up data were available for 14 of 16 patients, 13
of who were followed-up for more than 1 year (Table 1).
The 14 patients comprised 7 men and 7 women, with a
mean age of 44.2 years (range: 23-68 years) and a mean
disease history of 4.9 months (range: 1.0-12.0 months).
Malignancies were graded low in 4 (28.6%) cases and high
in 10 (71.4%) cases. Of the 14 patients, 12 (85.7%)
underwent total resection and 2 (14.3%) underwent sub-
total resection. A total of 12 of 14 (85.7%) patients expe-
rienced tumour recurrence, while 10 of 14 (71.4%) patients
died during the course of follow-up (Table 1). The median
duration of postoperative survival was 11 months (95%
confidence interval [CI]: 0-29.5 months). The 2 patients
who had no tumour recurrence were followed-up for 26
and 6 months, respectively. One of the four patients with
low-grade malignancies and 9 of the 10 patients with high-
grade malignancies died after surgery. The median survival
time for patients with high-grade malignancies was
5 months (95% CI: 0.0-11.2 months). However, the sur-
vival rate in patients with low grade was greater than 50%
(1 of 3 patients with low-grade malignancies died). One
patient with tumour recurrence who underwent a second
surgery did not present with any new tumour recurrence
during the last follow-up and had (at that time) survived
41 months after the second operation (case 8). One patient
with multiple tumour recurrence underwent multiple sur-
geries. This patient had survived 91 months postopera-
tively with tumour recurrence at the time of last follow-up
and had not undergone any further surgery (case 5, Fig. 3).
The 0.5- 1-, 3-, and 5-year survival rates were 64.3, 48.2,
32.1, and 21.4%, respectively.

Univariate Cox regression analysis revealed that overall
survival was associated with tumour malignant degree
(P = 0.012); however, overall survival was not associated
with resection type or initial tumour condition or other
factors.

The analysis of prognostic factors for postoperative
survival indicated that postoperative survival did not vary

by tumour occurrence (primary vs. recurrent), surgical
resection type (total resection vs. subtotal resection), or the
need for a second surgical procedure after recurrence
(yes vs. no) at any time point (Table 2). The 3-year post-
operative survival rate was significantly higher in patients
with low-grade as compared with high-grade malignancies
(75 vs. 0%, P = 0.011).

Discussion

Herein we have retrospectively reviewed the clinical find-
ings regarding diagnosis, surgical treatment, and outcomes
for 16 cases of spinal MPNSTs from a single institution
over the past decade. To our knowledge, our report is the
largest single centre report on spinal MPNSTs and hence,
we believe is a valuable contribution to the existing liter-
ature on this rare form of MPNST.

Malignant peripheral nerve sheath tumours can arise
from multiple cell types [6]. Further, the presentation of
MPNSTs can vary greatly, making diagnosis challenging
[7]. Magnetic resonance imaging can be particularly useful
for determining the features of a malignancy such as ill-
defined margins, heterogeneity, and peripheral reactive
edema surrounding the lesion. Computed tomographic
examination can allow for the assessment of bone degra-
dation by the tumour i.e., in spinal MPNSTs, erosive
destruction of bone structures in the vertebra. In our
experience, although spinal MPNSTs lack consistent/
specific radiological manifestations, the combination of
clinical, radiological, and pathological assessments facili-
tate the diagnosis of MPNST. A preoperative diagnosis of
MPNST should be confirmed by immunological and his-
tological analysis of biopsy specimens obtained under CT
guidance.

In the present report, we have described a classification
system for Spinal MPNSTSs, which may be used as a guide
for surgical treatment. Specifically, we classified spinal
MPNSTs as Type I (soft tissue) or Type II (intraosseous).
We further subclassified Type I tumours as IA (dumbbell)
or IB (paravertebral). The majority of spinal tumours
described in our report were Type I tumours; interestingly,
however, there were several Type II (intraosseous) spinal
tumours. Intraosseous spinal tumours are rare and only a
small number of cases have been described in the literature
[6, 8—10]. Some authors [11, 12] have suggested that these
tumours may arise from the terminal nerve fibres, which
accompany the nutrient vessel of the vertebral body.

Surgical resection is the treatment of choice for
MPNSTs [7]. As with other soft tissue sarcomas, en bloc
resection is often ideal for MPNSTs. Wong et al. [5]
reported that the rate of en bloc resection was 83% in 128
patients with (non-spinal) MPNSTs and that only 48% of
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Fig. 3 Preoperative and postoperative radiographs of a patient (case
5) with a Type II intraosseous tumour. a The left preoperative cross-
sectional computed tomographic (CT) image of the T11 segment
shows that the right half of the T11 vertebral body and the right
pedicle of the vertebral arch (and accessories) were completely
destroyed by the tumour; however, the boundary between the tumour
and the paravertebral soft tissue remained clear. The right cross-
sectional magnetic resonance image at the same level shows a clear
boundary between the tumour and the spinal cord. b The patient
underwent en bloc resection involving T11-12 vertebral body
partition and resection, artificial vertebral body implantation between
T10 and L1, and internal fixation. Follow-up revealed tumour
recurrence 30 months surgery. The tumour affected the L1 vertebral
body and right accessory. Internal fixation at the posterior site was
ruptured. CT-guided biopsy suggested a malignant peripheral nerve
sheath tumour of the L1 lamina vertebra. The X-ray images show L1

vertebral body collapse, artificial vertebral body displacement, and
rupture of the original pedicle screw at L1. ¢ Combined anterior-
posterior en bloc resection of the L1 vertebra was performed via the
previous surgical incision (partition and resection). A tibial allograft
was implanted between T10 and L2 via the anterior approach, and
pedicle screw internal fixation of T9-L3 was performed via the
posterior approach. Postoperative X-ray images are shown. d A
second recurrence was detected 80 months after the initial surgery;
the implanted artificial tibial allograft was invaded. Posterior
palliative curettage of the tumour was performed. Bone cement and
a titanium rod were inserted at the artificial tibial defect to provide
anterior support after curettage. A postoperative X-ray image is
shown. At most recent follow-up (after a total of 5 surgical
procedures), the patient was alive (with tumour) with Frankel Grade
E nerve function

Table 2 Summary of survival

. . Prognostic factor 0.5-year P value 1-year survival P value 3-year survival P value
rates by prognostic factors in .
. . . . survival rate (%) rate (%) rate (%)
patients with spinal malignant
peripheral nerve sheath tumours Tumour occurrence
Primary (n = 8) 75 0.580 50 0.627 25 1.000
Recurrent (n = 6) 50 33 17
Surgical resection
Total (n = 12) 67 1.000 42 1.000 25 1.000
Subtotal (n = 2) 50 50 0
Malignancy grade
. . High (n = 10) 50 0.221 30 0.245 0 0.011*
Survival rates are summarised
as percentages and were Low (n = 4) 100 75 75
compared between prognostic Surgery after recurrence
factors llSil'lg Fisher’s exact test Yes (n — 12) 58 0.505 42 1.000 25 1.000
* Indicates statistical No (n — 2) 100 50 0

significance (P < 0.05)
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patients had negative surgical margins. However, in cases
of spinal MPNST, en bloc resection is often very difficult/
impractical because of the surrounding spinal cord, dura
mater, and large blood vessels, the complexity of the ver-
tebrae, and the large volume of blood typically lost during
spinal tumour surgery. Indeed, en bloc resection was pos-
sible for only one of the patients in our cohort. We typi-
cally used a piecemeal approach for tumour resection.
Quite clearly, residual tumour cells will remain on the
surrounding dura mater and large blood vessel walls in
some cases and lead to recurrence. A further obvious cause
of recurrence in our cohort is subtotal resection. In both
cases in which subtotal resection was performed, the pre-
operative diagnosis was not definite; hence, blood loss was
significant during surgery and the procedure was limited to
curettage or subtotal resection. In cases such as these, any
additional surgery because of recurrence is likely to be
complicated due to the presence of tumour and dural
adhesions, the lack of normal anatomical structure, and
tumour bleeding.

With regards to adjuvant therapy for MPNSTs, many
authors have suggested that auxiliary radiotherapy may
enhance the local control of MPNSTs [2, 5, 13]. Wong
et al. [5] suggested that radiotherapy using a dose higher
than 60 Gy is effective for local MPNST control. Although
radiotherapy may be an effect adjuvant for patients with
non-spinal MPNSTs, local high dose radiation may induce
radiation myelopathy in patients with spinal MPNSTs.
Indeed, in our cohort, only one patient received postoper-
ative radiotherapy. The effectiveness of adjuvant chemo-
therapy for MPNST remains controversial [7]. However, it
is worth noting that relatively high overall response rates
(45%) have been found in paediatric patients with MPSNTSs
who received adjuvant chemotherapy [14]. Nevertheless,
the efficacy of adjuvant chemotherapy in the treatment of
MPNSTs warrants further investigation in a large-scale,
multicenter, prospective trial.

The prognosis for patients with MPNST is relatively
poor, with recurrence rates estimated to range from 20 to
40% [7] and 5-year survival rates ranging from 34 to 52%
[2, 5]. A number of factors are known to influence prog-
nosis including tumour size, location, and histological
grade, whether removal is en bloc (or not), resection
margin, the presence of recurrence, and metastasis [7]. Of
these, having a negative surgical resection margin is
thought to be the most significant prognostic factor for
survival [5]. Other factors reported to influence MPNST
prognosis include neurofibromatosis type I, nuclear
expression of p53, and S-100 [5, 15, 16]. Consistent with
previous reports, and unsurprisingly, we found that tumour
malignant degree was significantly associated with post-
operative survival [7]. In contrast with previous reports [7],
we did not find any other factors to be associated with

postoperative survival. This is surprising, but reflects the
fact that our analyses only included a small number of
patients.

In our cohort of patients with spinal MPNSTSs, the rate
of tumour recurrence was 85.7% and the 5-year survival
rate was only 21.4%. Conti et al. [17] and Mazel et al. [18]
have reported similar rates of survival after surgery in a
small number of patients with spinal MPNSTs. We believe
that our high recurrence and low survival rates can be
explained by incomplete tumour removal. Indeed, com-
plete resection of soft tissue type MPNSTs with tumour-
free margins is extremely challenging due to the likelihood
of residual tumour cells remaining on surrounding dura
mater and large blood vessels. With current approaches, we
believe that survival and recurrence can be optimised by
making a clear preoperative plan detailing the embolisation
of tumour blood vessels and the scope of surgical resection.
Particular emphasis should be paid to the tumour vascular
boundary and dural border during surgery. Further, the
resection field should be soaked with cisplatin and then
distilled water after resection.

We found that postoperative survival rates did not differ
by surgical approach or by tumour occurrence (primary or
recurrent). The most likely explanation for these findings is
that only a small number of patients were included in the
analysis, thus limiting statistical power. Further, MPNSTs
were removed using a piecemeal approach, which,
although considered total resection, does not exclude the
possibility of residual tumour remaining.

Conclusions

In summary, we have retrospectively described our expe-
rience treating a relatively large number of patients with
spinal MPNSTSs over a period of approximately 10 years.
The diagnosis of spinal MPNSTs should be made with
reference to clinical, radiological, and pathological exam-
ination findings. Spinal MPNSTs should be treated with
surgical resection; however, en bloc resection is challeng-
ing because of the surrounding anatomical structures. As a
consequence, postoperative rates of recurrence are high and
survival low. Quite clearly more effective approaches are
needed for treating spinal MPSNTs. As the molecular
pathways involved in the pathogenesis of MPSNTs are
elucidated [19-22], specific treatments targeting these
pathways will hopefully be developed. Further, the use of
more sophisticated radiotherapy approaches such as
intensity-modulated radiation therapy may also prove to
decrease recurrence and increase survival in patients with
spinal MPSNTs.
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