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Abstract

Objectives: To study the clinical and histological features of radiation-induced sarcoma in the head and
neck (RISHN). Methods: Medical records of 13 patients with RISHN treated at our institution between 1990
and 2011 were studied, and paraffin-embedded samples were analyzed by haematoxylin and eosin staining and
immunohistochemistry to determine mitosis counts and assess expression of Ki-67, bcl-2, and survivin. Results:
Positive bcl-2 was observed in 12 (100%) and survivin in 10 (76.9 %) patients. The Ki-67 labeling index ranged
from 1% to 90%, and it showed significant positive correlation with mitosis count in RISHN tissues, based on
Spearman analysis. Percentage of distal metastasis with T2b was significantly higher than T1b stage (P=0.035).
Conclusions: Stage T2b may be a useful indicator for predicting distant metastasis of RISHN. The MIB-1 score
may be used as a histological grading system for RISHN. In addition, bcl-2 and survivin protein may play an

important role in pathogenesis and progression of RISHN.
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Introduction

Radiation-induced sarcoma (RIS) is a unique malignant
tumor with very low incidence, and previous reports have
demonstrated a cumulative incidence of 0.03% to 0.8%
(Mark et al., 1994). Despite the very low incidence of RIS,
especially RIS of the head and neck (RISHN), its poor
prognosis and increasing prevalence (King et al., 2000;
Maghami et al., 2005; Wei et al., 2011) demand detailed
study of the factors affecting its pathogenesis, progression,
and prognosis. Only a few reports to date have examined
these processes at the molecular level. Tarkkanen et al.
(2001) suggested that a defect of the p53 gene plays an
important role in the formation of RIS. Mutated p53 may
deregulate apoptosis in cells suffering from radiation-
induced genetic defects (Chen et al., 2008), suggesting
that resistance to p53-dependent apoptosis participates
in RIS RISHN. As important apoptosis regulators that
collaborate closely with p5S3 (Kappler et al., 2004; Hemann
et al., 2006), bcl-2 and survivin play an important role
in the pathogenesis and development of many tumors
(Ghobrial et al., 2005; Guha et al., 2009; Taubert et al.,
2010). However, no published study has examined the
involvement of these two proteins in RIS. Such work may
help us understand the pathogenesis and development of
this disease.

Reliable histologic grading of malignant tumors,

including soft tissue sarcomas like RIS, is critical for
successful diagnosis and treatment. Several grading
systems are available for patients with sarcoma; one
widely used system is based on Ki-67 immunoreactivity
using the MIB-1 antibody, while another is based on the
French Federation of Cancer Centers Sarcoma Group
(FNCLCC). The Ki-67 system is based on three criteria:
tumor differentiation/histologic type, Ki-67 (MIB-1)
labeling index and necrosis. The FNCLCC system is
based on the same criteria, except that mitotic count is
used instead of MIB-1 score. The MIB-1 score has been
reported to be the most significant independent prognostic
factor for soft tissue sarcoma(Hasegawa et al., 2000;
Hasegawaetal.,2001), and the validity and reproducibility
of the Ki-67 system was found to be higher than that of
FNCLCC(Hasegawa et al., 2002a; 2002b). No published
studies have compared the reliability of the two systems
for grading RISHN.

Surgery is the standard treatment for RISHN(Xi et al.,
2010). However, complete resection of the lesion is very
difficult because of its proximity to vital organs in the head
and neck and because of the multifocal characteristics
of RIS(Holt et al., 2006). The prognosis of patients with
incompletely excised tumors is much worse than that
of patients with no residual tumor because of tumor
insensitivity to chemo- and radiotherapy. The mechanism
of this insensitivity is unclear. Some studies have shown
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that anti-apoptosis proteins such as bcl-2 and survivin may
protect tumor cells from apoptosis induced by chemo- and
radiotherapy(Kirkin et al., 2004; Kim et al., 2007; Gan et
al.,2010). Anti-bcl-2 and survivin strategies may reverse
this insensitivity and improve treatment effects. However,
no study has been published analyzing the expression of
bel-2 or survivin in RISHN tissues.

In this paper we report clinical features and
immunohistochemical findings of 13 cases of RISHN. We
explore the possible relationships between the clinical and
histochemical data in order to understand more about the
factors affecting pathogenesis and prognosis of RISHN,
and to provide clues for new treatment strategies.

Materials and Methods

Patients

A retrospective review of patients with head and
neck tumors who received radiotherapy at our institution
was performed. The study was approved by the Ethical
Committee of Guangxi Medical University. Data were
retrieved from medical records on 164 patients with soft
tissue sarcoma in the head and neck treated between
January 1990 and March 2011. Thirteen patients were
diagnosed as RISHN according to the criteria proposed
by Cahan et al. (1948) and Murray et al. (1999): (1) the
tumor developed in a field that had been irradiated, (2) the
first tumor differed from subsequent one histologically, (3)
there was no evidence of the new tumor when recieving
radiotherapy, and (4) the new tumor appeared after
a certain latent period following radiotherapy. These
patients were staged according to the 2002 American Joint
Committee on Cancer (AJCC) staging system.

Immunohistochemistry and histologic grading
Histological studies of paraffin wax embedded tissues
from all 13 patients were carried out by two experienced
pathologists. They were re-sliced and stained with
haematoxylin and eosin (H&E) to re-confirm the diagnosis
and determine mitosis count. Additional tissue sections(4
mm) were prepared for immunohistochemical study of the
expression of Ki-67, survivin and bcl-2. Immunostaining
of paraffin sections was performed after dewaxing and
rehydrating. Mouse monoclonal primary antibodies
specific for survivin (Santa Cruz Biotechnology, CA)
(Ki-67 (MIB-1, M7240; DAKO) and bcl-2 (Santa Cruz
Biotechnology, CA) were diluted in PBS (1:200 for
survivin, 1:500 for Ki-67 and 1:200 for bcl-2). Goat anti-
mouse IgG-horseradish peroxidase (HRP; Maxim, Fuzhou,
China) was diluted 1:500 in PBS and used as secondary
antibody. To calculate the Ki-67 labeling index for each
patient, we checked five representative areas containing at
least 1000 cells and calculated the percentage of positive
cells (Fusco et al., 2008). To score the expression of bcl-2
and survivin, staining intensity and percentage of stained
cells were used (Hong et al.,2011). The staining intensity
was scored as 0 (negative), 1 (weak), 2 (moderate), or 3
(strong). The percentage of stained cells was scored as 0
(negative), 1 (<10% positive), 2 (11-50% positive),3 (51-
80% positive), or 4 (>80% positive). The final score was
obtained by multiplying the intensity score and the score
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for percentage of positive cells. This final score was used
to classify the level of expression as negative (0 point),
low (1-4 points), moderate (5—8 points), or high (9-12
points). Histologic grading of RISHN tissues was carried
out based on the Ki-67 (MIB-1) score and the FNCLCC
system(Guillou et al., 1997; Hasegawa et al., 2002b).

Statistical analysis

Data were statistically analyzed using SPSS 15.0
software (SPSS Inc., Chicago, IL). Rates of overall
survival (OS) were calculated using the Kaplan-Meier
method. Fisher’s exact test was used to compare rates
between groups, such as the difference in distal metastasis
rate between tumor stage T1b and tumor stage T2b groups,
or the difference in lymphatic metastasis rate between
patients with a Ki-67 index >60% and patients with
an index <60%. The relationship between Ki-67 index
and mitosis count in RISHN tissues was evaluated by
regression analysis using the Spearman rank correlation
coefficient. P values were calculated using two-sided
statistical tests, with values less than 0.05 considered
significant.

Results

From January 1990 to January 2011, 164 cases of
soft tissue sarcoma in the head and neck were treated in
our hospital, and 13 (7.9%) were cases of RISHN with
the mean age at time of diagnosis was 47 years (range,
34 to 58). In 11 of these 13 cases (84.6%) , the first
primary tumor was NPC; the remaining 2 cases was breast
carcinoma and tongue squamous carcinoma, respectively.
Tumor staging of the patients is shown in table 1: eight
patients were with stage T1b, and 5 with stage T2b. Only
one case with primitive neuroectodermal tumor (PNT)
had lymphatic involvement, and no patient showed distal
metastasis at the time of diagnosis (Table 1).

Our cases were treated using surgery, radiotherapy,
chemotherapy, or a combination of these (Table 1). Five
cases received radiotherapy with a mean dose of 5840 cGY
(range, 3000 to 7000). Chemotherapeautic agents included
gemcitabine, docetaxel, theprubicin, iphosphamide,
dacarbazine, etoposide, methotrexate and vincristine.

The mean follow-up for the 13 cases was 19.2 months
(range, 5 to 36), and the OS was 29.5%. Five patients
(38.4%) experienced local recurrences within 12 months
after treatment, and 3 patients (23.0%) developed distal
metastases within 12 months. The organs involved
in the distal metastasis included the lungs (2 cases)
and the pericardium and bone (1 case). Six cases had
died of RISHN by the last follow-up, 5 due to local
recurrence and 1 due to distal metastasis. One patient
with rhabdomyosarcoma (case 12), who received only
radiotherapy, survived more than 36 months. The tumor
in her nasopharyngeal cavity disappeared after treatment
and showed good sensitivity to radiotherapy.

Histological grading of the patients with RISHN was as
follows: four cases were classified as grade I, 6 as grade II,
and 2 as grade III based on the FNCLCC system,. Based
on the Ki-67 (MIB-1) score, 3 were classified as grade I,
6 as grade II, and 3 as grade III. Histological grade of one
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Table 1. Clinical Data of 13 Cases with RISHN

Case  Sex/age (yr) Tumor site Tumor size, T stage Metastasis Treatment Follow-up (month.) Outcome
largest dimension (cm) Lymphatic Distal
1 F/42 mandible 3 T1b no no S 10 DOD
2 M/49 postnaris 4 T1b no no S 32 DOD
3 M/39 mandible 3 T2b no yes S 13 DOD
4 F/39 cheek 25 T2b no no S+RT 13 alive
5 M/50 mandible 3 T1b no no S+CT 36 alive
6 M/34 neck 2.8 T1b no no S+RT 17 alive
7 M/46 hard palate 5 T1b no no S 5 DOD
8 M/55 mandible 6 T2b no yes S 5 alive
9 M/51 hard palate 3 T1b no no S+RT+CT 32 DOD
10 F/58 clavicle 9 T2b no yes CT 5 alive
11 M/ 58 postnaris 6 T2b no no S 32 DOD
12 F/45 NP 3 T1b no no RT 36 alive
13 M/ 52 sinus 25 T1b yes no S+RT 15 alive

CT, chemotherapy; DOD, died of disease; F, female; M, male; NP, nasopharynx; RT, radiotherapy; S, surgery; yr, year

Table 2. Pathologic Results of 13 Cases of RISHN

Histological type Ki-67 Mitosis ~ Bcl-2  Survivin
labeling index (%) count (per 10 HPs) expression expression

osteosarcoma 4 2 low low
osteosarcoma 5 2 moderate negative
osteosarcoma 16 5 high moderate
osteosarcoma 40 25 moderate moderate
MHF 1 1 high high
MHF 6 1 high negative
MHF 10 2 high negative
leiomyosarcoma 9 10 moderate negative
leiomyosarcoma 17 7 high moderate
leiomyosarcoma 18 5 moderate moderate
neuroblastoma 1 1 moderate  high
rhabdomyosarcoma 60 NAa NAa high
PNT 90 15 low low

HP, high power field; MHF, malignant fibrous hystiocytoma;
NA, not available; PNT, primitive neuroectodermal tumor;
aResults of bcl-2 expression and mitosis count could not be
determined because of the limited amount of tissue for H&E

Figure 1. Expression of Ki-67, bcl-2, and Survivin and
H&E Staining in RISHN Tissue. A, H&E staining with
high mitosis count (case 4); B, high Ki-67 expression in tissue
of the same patient (case 4); C, H&E staining with low mitosis
count (case 3); D, low Ki-67 expression in tissue of the same
patient (case 3); E, high expression of survivin (case 3); F, high
expression of bcl-2 (case 3).Original magnifications: 20x(A,
,B,C,D) and 10x(E, F).
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Table 3. Search for Factors Associated with Lymphatic
Metastasis and Distant Metastasis

Factor Lymphatic metastasis P Distant metastasis P

Yes (n) No (n) Yes (n) No (n)
Ki-67 labeling index (%)

<60 0 12 0077 39 1.000
>60 1 0 0 1

Tumor stage

T1b 1 7 1.000 0 8 0035
T2b 0 5 32

Tumor size (largest dimension)

<5cm 1 7 1.000 17 0510
>5cm 0 5 2 3

Bcl-2 expression

Low 1 1 0.167 0 2 1.000
Moderate-high 0 10 37

Survivin expression

Negative-low 1 6 1.000 1 3 1.000
Moderate-high 0 6 2 7

case were not obtained because of the limited amount of
tissue available.

Immunohistochemical analysis showed that bcl-2 was
present in all 12 of the patients who could be tested; data
were not available for one case because of the limited
amount of tissue available. Survivin was present in 10 of
13 cases (76.9%) and Ki-67 in 13 (100%) (Table 2 and
Figure 1). The median Ki-67 (MB-1) score for all 13 cases
was 10.0% (range, 1% to 90%), and the score correlated
positively with mitosis count (Spearman correlation
coefficient=0.789, P=0.002).

We found a higher rate of lymphatic involvement in
the group with a Ki-67 index >60% than in the group with
aKi-67 index <60% but the difference was not significant
(P=0.077) (Table 3).The rate of distal metastasis in the
group with stage T2b tumors was significantly higher than
that of the T1b group (P=0.035) (Table 3).

Discussion

Factors affecting lymphatic metastasis in RISHN
are unclear. In our study population, only 1 of 13 cases
(7.7%) showed lymphatic involvement at the time of
diagnosis, similar to other reports (Bjerkehagen et al.,
2008; Xi et al.,2010). This indicates the rarity of regional
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lymphatic involvement in RISHN. We found a weak
positive relationship between an index of Ki-67 >60%
and lymphatic metastasis in the neck, suggesting that
extremely high expression of Ki-67 may be associated
with lymphatic involvement. This possibility requires
further investigation based on a larger number of cases.

Unlike spontaneous soft tissue sarcoma(Behranwala
et al., 2004), the incidence of distal metastasis in
RISHN is low(Patel et al., 2002; Xi et al., 2010).
Consistent with these previous reports, none of our 13
cases showed involvement of distal organs at the time
of RISHN diagnosis. Of the three cases who suffered
distal metastases after treatment, none showed evidence
of local recurrence, suggesting that micrometastasis to
distal organs had occurred before treatment. Factors that
influence distal metastasis in RISHN are unclear. In the
present study, the rate of subsequent distal metastasis in
patients with a primary tumor stage of T2b (60%) was
significantly higher than in those with a primary tumor
stage of T1b (0%), indicating that T stage may be a useful
indicator to predict distal metastasis.

Ki-67 is expressed in all phases of the cell cycle except
GO, indicating that this protein may reflect the proliferative
capability of cells(Khoury et al., 2009). In RISHN, little
is known about the expression of Ki-67(Junior et al.,
2003; McHugh et al., 2006). A previous study(McHugh
et al., 2006) reported that 4 of 6 patients with radiation-
associated craniofacial osteosarcoma showed >50% Ki-67
nuclear staining, which was higher than that observed in
patients with primary osteosarcoma. In the present study,
however, we found >50% Ki-67 nuclear expression in
only 2 of 13 (15.4%) RISHN cases and in O of 4 cases
with osteosarcoma. This discrepancy may indicate that
not all cases of RISHN are highly proliferative or that Ki-
67 is not a useful marker for evaluating the proliferative
capability of RISHN cells, perhaps because not all tumor
cells expressing Ki-67 enter mitosis (Scholzen et al., 2000;
Ladstein et al.,2010). Since our results show a significant
positive correlation between Ki-67 labeling index and
mitosis count, the more likely explanation seems to be that
not all cases of RISHN are highly proliferative.

Although the MIB-1 system has been used to grade
some malignant tumors, including soft tissue sarcomas,
its validity in RISHN has not been reported. In the present
study, we graded RISHN tissue based on both the MIB-1
score and the FNCLCC score. Although the Spearman
rank correlation coefficient in our results is not high, we
believe that it will increase when more cases are included.
Thus, our results provide preliminary evidence that the
MIB-1 score is applicable to RISHN.

Bcl-2 is the founding member of a family of
antiapoptotic proteins, and its overexpression is believed to
contribute to tumor initiation and progression(Del Bufalo
et al., 1997; Miyake et al., 1999). To our knowledge, no
studies have examined possible associations between bcl-2
expression and RISHN. In our study, all 12 of the RISHN
cases that we could examine showed bcl-2 staining,
including 5 cases with strong staining, indicating the
participation of bcl-2 in the pathogenesis and progression
of disease. We also found that survivin was expressed
in 9 of 13 (69.2%) of our RISHN cases. As the smallest
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member of the Inhibitor of Apoptosis gene family, survivin
is overexpressed in human tumors but is undetectable
or expressed at very low levels in most normal adult
tissues(Kappler et al., 2004). The strong expression of
survivin in our patients suggests that this protein plays a
critical role in the pathogenesis or development of RISHN.

Consistent with previous studies showing the
difficulty of completely excising RISHN tumors(Holt
et al., 2006), 9 of our 12 cases who underwent surgery
could not have their tumor completely removed and
experienced recurrence within 1 year. Of 4 patients
who underwent only radiotherapy without receiving
surgery, 3 died of RIS within 1 year. The effectiveness
of other treatments, including chemo- and radiotherapy,
is limited because of the insensitivity of RISHN to these
methods. The mechanism of this insensitivity is not fully
explained, though some authors have suggested that bcl-
2 and survivin may be involved. In fact, the results of
experimental and clinical studies suggest that inhibiting
bcl-2 or survivin expression renders tumor cells chemo-
and radio-sensitive(Kim et al., 2007; Altieri, 2008; Mita
etal.,2008). Given the strong expression of both proteins
in our RISHN patients, treatments that target one or both
of these proteins may be effective.

Based on our clinical and immunohistochemical
data, we suggest that RISHN is a malignant disease with
infrequent lymph node involvement and distal metastasis,
and patients of RISHN with T2b stage may have a higher
risk distal metastasis compared with those with T1b. The
anti-apoptotic effect of bcl-2 and survivin may play an
important role in the pathogenesis and progression of
RISHN, and treatments that target one or both of these
proteins may help make RISHN tissues more sensitive
to chemo- and radiotherapy. The Ki-67 (MIB-1) score
correlates with mitosis count, which may mean that it
can be used to grade RISHN tissue, but this should be
confirmed in studies with a larger number of cases.
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