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Abstract

Purpose Aggressive giant cell tumor (GCT) is an

important subtype of GCT and is relatively rare in the

spine. There is little published information regarding this

subject. The objective of our study is to discuss prognostic

factors for primary aggressive GCT in the spine.

Methods A retrospective study of patients who had pri-

mary aggressive GCT in the spine and underwent surgical

treatment at our center between 2000 and 2012 was con-

ducted. Univariate and multivariate analyses were per-

formed to identify the factors that might affect recurrence.

T test, Chi-square test and rank sum test were used to

analyze a single factor for recurrence, and factors with

P B 0.1 were subjected to multivariate analyses by binary

logistic regression analyses. P values of B0.05 were con-

sidered statistically significant.

Results A total of 71 patients with primary aggressive

GCT in the spine were included in the study. The mean

follow-up period was 73.9 (range 23–167) months.

Recurrence was detected in 24 patients after the initial

surgery in our center with a recurrence rate of 33.8 %. The

statistical analyses suggested that age more than 40 years,

pathology grade III, total en bloc spondylectomy, and

bisphosphonate treatment were independent prognostic

factors for recurrence of primary aggressive GCT in the

spine.

Conclusion Total en bloc spondylectomy together with

bisphosphonate treatment could significantly decrease

recurrence risk of primary aggressive GCT in the spine.

Jaffe grade III was an adverse prognostic factor for

recurrence, while age less than 40 years was a favorable

prognostic factor.
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Introduction

Giant cell tumor (GCT) of bone is a common benign tumor

and typically arises in the metaphyseal regions of long

bones [1, 2]. It usually occurs between the ages of

20–40 years with female gender predominance [2, 3]. GCT

is composed of three major cell types and spindle-like

stromal cell is the neoplastic component [4]. Spine is a

relatively rare site for GCT which accounts for 1.4–9.4 %

of primary spine tumors [2, 3, 5]. Although classified as
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benign, GCT has the characteristic of local aggressiveness

and malignant potential with lung metastasis occasionally

reported in the literature [3, 6–8]. Complete resection is

advocated for spinal GCT, but anatomic constraints hinder

such efforts and overall recurrence rate ranges from 22.4 to

41.7 % [5, 9].

GCT can be classified as nonaggressive, intermediate, or

aggressive based on their biological behavior [10, 11].

Aggressive GCT exhibits an extraosseous extension,

articular involvement, or extensive metaphyseal destruc-

tion [12, 13]. As to spinal GCT, aggressive GCT refers to

those with extraosseous involvement (layer A by WBB

system) [14]. There were some case series of spinal GCT

focusing on surgical options and recurrence [2, 3, 5, 9, 11,

15–17], but the information about aggressive GCT was

quite rare. Aggressive GCT in the extremity was consid-

ered to be more likely to recur and should be treated with

radical resection [12, 13]. For aggressive GCT in the spine,

extraosseous involvement makes the tumor hard to deal

with and complete resection more difficult to achieve.

Therefore, a systematic analysis of a large case series to

analyze treatment and outcome of primary aggressive GCT

in the spine is very essential. The aim of this study is to

identify the prognostic factors of primary aggressive GCT

in the spine by focusing specifically on the postoperative

recurrence (Fig. 1).

Materials and methods

Patients

The study was performed at the bone tumor center of

Changzheng Hospital (Shanghai, China). In order to iden-

tify diagnostic and prognostic criteria based on the study of

a homogeneous series, patient selection was restricted to

fulfill the following inclusion criteria: (1) patient presented

with a Campanacci grade III giant cell tumor in the spine

[10]. (2) Patients had not received surgical intervention and

any other treatment before admission into our institution.

(3) Patients were consecutive and received treatment by

surgical team led by Doctor Xiao. (4) Patients were

admitted to our center and treated between January 2000

and May 2012. (5) Patients completed a minimum follow-

up of 24 months or died before (most of recurrences occur

within 2 years after surgery [2, 9]).

A total of 71 were selected according to the inclusion

criteria. The study was approved by the hospital ethics

committee, and written informed consent was obtained

from all patients.

The clinical and pathologic data of all patients were

retrieved from the maintained database of our center. The

diagnosis of aggressive GCT was confirmed by pathology

and preoperative imaging data in all patients (Fig. 2). The

preoperative neurologic status was classified according to

the Frankel score [18], and the pathologic features were

evaluated by Jaffe grading system [19]. The individualized

surgical strategy was decided for each patient according to

Weinstein–Boriani–Biagini (WBB) system [14]. All

patients were surgically treated by subtotal resection,

piecemeal total spondylectomy, or total en bloc spondy-

lectomy, which were performed by posterior approach,

anterior approach, or a combined way [20, 21].

The study tried to identify prognostic factors for patients

with aggressive GCT in the spine by focusing on recur-

rence after the initial surgery in our center. The recurrence

status was confirmed on the basis of clinical manifestations

and imaging findings in outpatient follow-up or pathologic

evaluation of second surgery. All patients were followed up

at 3, 6 and 12 months after surgery, every 6 months for the

Fig. 1 A 26-year-old woman (case 59). Preoperative MRI (a) and CT scan (b) showed an osteolytic lesion in vertebrae and attachments of T1.

c Postoperative X-ray showed sound reconstruction by anterior titanium mesh and posterior screw–rod system
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next 2 years, and then annually for life [22, 23]. Follow-up

data were obtained from follow-up visits and telephone

interviews.

Statistical method

Quantitative data are described by median (range), and

qualitative data are described as counts and percentages.

The univariate and multivariate analyses of various clinical

factors were performed to identify independent variables

that could predict recurrence. The patient factors were age,

gender, duration of symptoms and preoperative Frankel

score. The tumor factors were location, number of involved

segments, aneurysmal bone cyst (ABC), and pathologic

features. The treatment factors were preoperative selective

artery embolism (PAE), surgical approach, resection mode,

local treatment, intraoperative blood loss, bisphosphonate

treatment, and adjuvant radiotherapy. Data were analyzed

using SPSS version 17.0. (SPSS Inc.). T test, Chi-square

test and rank sum test were used to analyze the single

factors for recurrence. Factors with P B 0.1 were subjected

to multivariate analysis by binary logistic regression ana-

lysis. P values of B0.05 were considered statistically

significant.

Results

Patient features

The series comprised 28 men and 43 women, with a mean

age of 33 (median 32, range 13–69) years. Of these

patients, 45 (63.4 %) patients ranged from 20 to 40 years

old. Lesions were detected in the cervical spine (n = 21),

thoracic spine (n = 21), lumbar spine (n = 8), and the

sacrum (n = 21). Tumor with one segmental involvement

occurred in 35 cases, while the other 36 cases had tumors

with multisegmental involvement. Localized pain in the

spine was the most consistent complaint, and duration of

symptoms ranged from 1 to 108 (mean 8, median 4)

months. Fifty-six patients (78.9 %) had varying degrees of

cord compression at diagnosis, and aneurysmal bone cyst

(ABC) was found in ten patients.

The mean follow-up period was 73.9 (median 68.0,

range 23–167) months. Recurrence was detected in 24

patients (33.8 %) after the initial surgery in our center.

Two patients died in the follow-up period, with postoper-

ative survival time of 23 and 29 months, respectively. The

mean time from surgery to recurrence was 16.75 (median

12.5, range 2–67) months. Of these patients, 19 (79.2 %)

developed recurrence within 24 months.

Univariate analysis of prognostic factors for recurrence

Postoperative recurrence is not uncommon for spinal GCT

and incomplete resection is considered to be the main

reason [2, 3, 9]. Aggressive GCT in the spine is considered

to be more likely to recur, but detailed recurrence rate and

related prognostic factors are rarely reported in the litera-

ture. The overall recurrence rate was 33.8 % in our series,

and the univariate analysis of clinical factors is shown in

Table 1. In this study, recurrence rate was significantly

higher in patients more than 40 years old (P\ 0.0005).

Patients with multisegmental involvement had higher

recurrence rate than those with one segmental involvement

(P = 0.015). Recurrence rate was significantly different

between patients with Jaffe grade I–III (P\ 0.0005).

Subtotal resection was applied in 31 patients, piecemeal

total spondylectomy in 27 patients, and total en bloc

spondylectomy in 13 cases. Recurrence rate was obviously

different between patients with three different resection

modes (P\ 0.0005). Cisplatin and methotrexate were used

as local treatment to soak the surgery field after tumor

resection in our center [2, 23]. But no significant difference

of recurrence rate was found in patients who received local

treatment (P = 0.773). The mean intraoperative blood loss

was 2,420 (median 2,500, range 100–6,500) ml. There was

no significant difference of recurrence rate in patients with

intraoperative blood loss[2,000 ml and those B2,000 ml

(P = 0.948). PAE was used in 33 patients to reduce

intraoperative blood loss, but no significant difference in

recurrence rate was observed (P = 0.353).

Bisphosphonate is confirmed to control human GCT

cells and relieve cancer pain in clinical treatment [24–27].

Zoledronic acid and incadronate disodium which are bis-

phosphonate are used to control osteolytic lesions of bone

tumors in our center [2, 23]. Thirty patients received bis-

phosphonate treatment in our series and significantly lower

recurrence rate was found in them (P = 0.002). Adjuvant

Fig. 2 Pathological picture of aggressive GCT
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radiotherapy (30–55 Gy) was administered postoperatively

in 40 patients, but no significant difference in recurrence

rate was found (P = 0.442). There was no significant dif-

ference in other factors of gender, duration of symptoms,

ABC, location, preoperative Frankel score, follow-up per-

iod and surgical approach.

Multivariate analysis of prognostic factors

Potential prognostic factors extracted by univariate ana-

lysis were age group II, number of segmental involvement,

Jaffe pathology grade, resection mode, and bisphosphonate

treatment. They were submitted to multivariate analysis by

binary logistic regression.

The risk of recurrence was significantly increased in

patients more than 40 years (P = 0.003, HR = 17.718),

and meanwhile patients with Jaffe grade III had signifi-

cantly higher recurrence rate (P = 0.008, HR = 1,747.9).

Total en bloc spondylectomy and bisphosphonate treatment

significantly decreased the risk of recurrence. The hazard

ratio (HR) for bisphosphonate treatment was 0.019

(P = 0.007). Total en bloc spondylectomy was signifi-

cantly associated with lower recurrence rate (P = 0.021,

HR = 0.015).

The above results showed that age group II, Jaffe grade

III, total en bloc spondylectomy, and bisphosphonate

treatment were independent prognostic factors for primary

aggressive GCT in the spine. Details are listed in Table 2.

Discussion

GCT is a common primary bone tumor with local aggres-

siveness [1, 2]. Spine is a relatively rare site, but poses

great challenge for the treatment of GCT [2, 3, 9]. As an

important subtype, aggressive GCT in the spine should be

carefully treated but the detailed information about it is still

unclear. In this study, we analyzed the clinical data of 71

patients with primary aggressive GCT in the spine and

performed statistical analyses to investigate the prognostic

factors affecting postoperative recurrence. The results

suggested that age group II, Jaffe grade III, total en bloc

spondylectomy, and bisphosphonate treatment were inde-

pendent prognostic factors.

In our series, 63.4 % of patients with primary aggressive

GCT were between 20 and 40 years with female gender

predominance, which was similar to the findings of previ-

ous reports about spinal GCT [1–3, 9, 15]. Localized pain

in the spine was the most consistent complaint and 74.6 %

of cases endured less than 6 months prior to admission. In

our study, primary aggressive GCT was less likely to

infringe upon lumbar spine and there is no difference in the

Table 1 Patient characteristics and univariate analysis of prognostic factors affecting recurrence

Factors n Recurrence % or median P

Age – 28.9 ± 8.6 vs. 42.4 ± 13.9 y \0.0005

Age, B40/[40 53/18 18.9 vs. 77.8 % 0.0005*

Gender M/F 28/43 32.1 vs. 34.9 % 0.811

Duration of symptoms – 7.5 = 15.7 vs. 9.1 = 13.0 m 0.674

Duration of symptoms B3/[3 (m) 31/40 32.3 vs. 35.0 % 0.809

Location cervical/thoracic/lumbar/sacrum 21/21/8/21 28.6 vs. 38.1 vs. 25.0 vs. 38.1 % 0.83

No. of involved segment, mono/multisegment 35/36 20.0 vs. 47.2 % 0.015*

Preoperative Frankel score, A–C/D–E 23/48 34.8 vs. 33.3 % 0.904

ABC, no/yes 61/10 34.4 vs. 30.0 % 0.784

Jaffe grade, I/II/III 41/22/8 24.4 vs. 31.8 vs. 87.5 % \0.0005*

Preoperative selective arterial embolism, no/yes 38/33 28.9 vs. 39.4 % 0.353

Surgical approach, posterior/anterior/combined 34/8/29 35.3 vs. 50 vs. 27.6 % 0.479

Resection mode, subtotal/total piecemeal/total en bloc 31/27/13 61.3 vs. 14.8 vs. 7.7 % \0.0005*

Intraoperative blood loss – 2,400 ± 1,295 vs. 2,458 ± 1,102 ml 0.851

Intraoperative blood loss, B2,000/[2,000 27/44 33.3 vs. 34.1 % 0.948

Local treatment, no/yes 25/46 36.0 vs. 32.6 % 0.773

Bisphosphonate treatment, no/yes 41/30 48.8 vs. 13.3 % 0.002*

Adjuvant radiotherapy, no/yes 31/40 38.7 vs. 30.0 % 0.442

Follow-up – 75.3 ± 41.6 vs. 71.2 ± 40.7 m 0.693

M male, F female, ml milliliter, m months, y years

* Factor with P\ 0.1 will be subjected to multivariate analyses
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distribution of cervical spine, thoracic spine and sacrum.

Multisegmental involvement was found in more than half

of cases and 78.9 % of cases endured neurologic disorders.

Aneurysmal bone cyst is an expansile cystic lesion com-

monly secondary to GCT and was found in ten cases in our

series. The results of our study showed that patient age was

found to be a prognostic factor for primary aggressive GCT

in the spine and patients more than 40 years had signifi-

cantly higher recurrence rate. But gender, duration of

symptoms, location, number of segmental involvement,

preoperative Frankel score, and ABC were not independent

prognostic factor.

Histopathologically, aggressive GCT can be classified

by Jaffe grade system into three categories: grade I without

appreciable atypia of stromal cells, few mitoses, none

abnormal; grade II with stromal cells showing only slight

or more marked atypia, but not enough to justify a diag-

nosis of malignancy; and grade III with obvious features of

malignancy [7, 19]. Sanerkin [7] considered that this

grading system was unable to predict the clinical behavior

and prognosis of GCT. But in our series, we found that the

Jaffe grade III was closely associated with higher recur-

rence risk for primary aggressive GCT in the spine.

Surgery with the aim at preserving functionality,

relieving pain, controlling local recurrence and promising a

prolonged survival is the foundational treatment strategy

for aggressive GCT in the spine. The surgical procedures

applicable to spinal column include the simplest subtotal

resection (curettage), piecemeal total spondylectomy, and

the most complex total en bloc spondylectomy [14]. Some

authors suggested that aggressive GCT in long bones

should be best treated with total en bloc spondylectomy to

minimize the risks of local recurrence [14, 28–30]. The

findings in our study suggested that total en bloc spondy-

lectomy could significantly decrease recurrence rate of

aggressive GCT in the spine.

Piecemeal total spondylectomy is associated with a

possibility of tumor cell contamination in the surgical

field and is turned out to be superior to subtotal resection

for spinal GCT in our previous research [2]. But we found

it could not significantly reduce recurrence rate of pri-

mary aggressive GCT in the spine when compared with

subtotal resection. The possible reason might be that ex-

traosseous involvement makes tumor cell contamination

more likely to happen and hence causes recurrence. So

total en bloc spondylectomy which is hard to achieve

because of anatomical complexity of the spine is con-

firmed to have excellent prognosis for aggressive GCT in

the spine.

Total en bloc spondylectomy is a procedure aimed at

surgically removing a tumor in a single, intact piece, with

fully tumor-free margins [14]. However, it is not always

feasible because of anatomical complexity of the spine,

especially in the challenging region such as upper cervical

and lower lumbar spine. Careful surgical planning

according to Tomita classification, Enneking stage, and

WBB systems is of great importance for total en bloc

spondylectomy [23]. Total en bloc spondylectomy is con-

sidered to cause more complications than the other two

surgical procedures and the complications in the spine can

be divided into major and minor according to McDonnell

[31–33].

Bisphosphonate is confirmed to control GCT cells

in vitro studies [24, 25], and it could significantly relieve

cancer pain and the progression of GCT in clinical treat-

ment [26, 27]. Tse et al. [34] found that bisphosphonate

could be used as an adjuvant therapy to reduce the local

recurrence rate of GCT of the extremity after surgery. We

further confirmed in previous study that long-term use of

bisphosphonate-assisted surgery to reduce recurrence rate

of GCT in the mobile spine [2]. In this study, we found that

bisphosphonate treatment could significantly reduce

recurrence risk of primary aggressive GCT in the spine and

served as an effective adjuvant therapy after surgery.

Furthermore, pain control effect of bisphosphonate was

also verified in the treatment of spinal aggressive GCT in

our center.

Radiotherapy and chemotherapy were used as adjuvant

therapies for spinal GCT. Postoperative radiotherapy was

considered to provide excellent local control and even

reduce recurrence risk of GCT in the extremity [35–37].

The intraoperative local treatments were widely used and

their positive effect was confirmed in extremity GCTs [38–

40]. But in our study, both postoperative radiotherapy and

Table 2 Multivariate analysis

of prognostic factors for

recurrence

HR hazard ratio, B coefficient

value

* P\ 0.05

Factors B HR P

Age, B40/[40 2.875 17.718 0.003*

No. of involved segment, mono/multisegment 0.086

Jaffe grade II 0.059

Jaffe grade III 7.466 1,747.9 0.008*

Piecemeal total spondylectomy 0.171

Total en bloc spondylectomy -4.231 0.015 0.021*

Bisphosphonates treatment -3.985 0.019 0.007*
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intraoperative local treatment were not independent prog-

nostic factors for primary aggressive GCT in the spine.

PAE could reduce intraoperative blood loss and improve

the excision rate and the safety of surgery [41, 42], but it

could not improve the prognosis of aggressive GCT in the

spine in our series. The same results were achieved for

intraoperative blood loss and surgical approach.

The nature of a retrospective study is the limitation of

this research. But aggressive GCT in the spine is a topic

rarely reported and as far as we know, our series is the

largest series to date until now. Furthermore, the overall

follow-up time is quite long with a 2-year minimum limit,

which increases the credibility of the results.

In conclusion, total en bloc spondylectomy together

with bisphosphonate treatment could significantly decrease

the recurrence risk of primary aggressive GCT in the spine.

Pathology grade III was an adverse prognostic factor for

recurrence, while age less than 40 years is a favorable

prognostic factor for aggressive GCT in the spine.
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