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ABSTRACT

Giant cell tumor is an aggressive benign neo-
plasm of bone. A number of adjuvant agents have
been used to supplement intralesional curettage
to reduce the otherwise high local recurrence
rate. High concentration ethanol is more readily
available and less toxic to use than some com-
mon alternatives. No report on its use in a group
of patients with giant cell tumor is available. Re-
cords were retrospectively reviewed for all giant
cell tumors treated by intralesional curettage and
high concentration ethanol irrigation as the only
chemical adjuvant. Twenty-five primary excisional
curettages and 12 repeat curettages for giant cell
tumors of bone were performed in 31 patients.
Patients were followed for a mean of three years
and 10 months. There were five recurrences after
primary excision procedures, and three after re-
peat excisions. Only use of a high-speed burr and
lower Campanacci staging correlated with reduced
recurrence rate, and these were not statistically
significant. Most defects were filled with allograft
or calcium sulfate. In the 11 patients treated pri-
marily with curettage using a high-speed burr and
adjuvant ethanol with minimum two-year follow-up,
only one stage 3 lesion in a distal radius recurred.
Multiple washes with high concentration ethanol,
when used in conjunction with aggressive curet-
tage including high-speed burring, is an effective
and safe adjuvant. The necessity of any chemical
adjuvant after appropriately aggressive curettage
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and burring can only be definitively demonstrated
with a prospective, randomized, multi-center trial.
Until such evidence becomes available, the use
of adjuvant ethanol offers a compromise between
higher toxicity adjuvants and no chemical adjuvant
at all.

INTRODUCTION

Jaffe and colleagues offered the first thorough char-
acterization of giant cell tumor (GCT) of bone in 1940.!
Since then, large series of bone tumors have found GCTs
to represent approximately 20 percent of all benign bone
tumors and five percent of all osseous neoplasms.?

Giant cell tumor is a locally aggressive but usually
benign neoplastic disease of bone. In the appendicular
skeleton, it typically arises eccentrically in the metaphy-
sis, but usually extends into the epiphysis, often involving
the subchondral bone.

Because of its periarticular location, resection for
wide oncologic margins would require complex joint
reconstructions and incur significant morbidity with
regard to joint function in the long term. Intralesional
curettage through a broad cortical window therefore
remains the treatment of choice for most GCTs of bone
in most treatment centers.

Early reports of curettage alone noted high rates of
local recurrence.?” This prompted the use of a variety
of local adjuvants, most commonly including phenol and
liquid nitrogen cryotherapy. Concomitant to the use of
these adjuvants are complexities and complications that
some surgeons find undesirable.

For the last few years, three to four 60-second washes
with 95 percent ethanol have been used at the University
of Iowa as local adjuvant treatment after aggressive curet-
tage of giant cell tumors in the appendicular skeleton.
We retrospectively review this experience.

METHODS

With the permission of the Institutional Review Board,
electronic pathology records were searched to identify
all giant cell tumors of bone treated at the University of
Iowa Hospitals and Clinics over the last 20 years. Extant
medical records were reviewed. Patients were excluded
if the tumor was located in the axial skeleton or if ad-
juvant ethanol was not used during intralesional curet-
tage. For the included patients, basic demographic data
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Figure 1. Distribution of ages of presentation among patients with
giant cell tumor of bone treated by intralesional excisional curettage,
adjuvant ethanol irrigation, and defect filling.

Decades of Life

were recorded in addition to lesion location, Campanacci
staging,® use of a high-speed burr, defect-filling material
selected, perioperative complications, and details of lon-
ger-term follow-up such as recurrence and metastasis.
Patients were not excluded for follow-up of less than two
years, so as not to bias the study group.

With recurrence as the primary outcome, survival
curves were independently generated for both primary
excisions and recurrence excisions. Fisher’s exact test
was used to test categorical variables such as use of
a high-speed burr, defect-filling agent used, and Cam-
panacci staging for their relationships with rate of
recurrence.

RESULTS

The electronic pathology records identified 87 tissue
reports containing “giant cell” and “bone” since 1985. Of
these, 26 were other bone lesions containing giant cells,
such as aneurysmal bone cysts and giant-cell rich osteo-
sarcomas. Sixty-one records showed giant cell tumors of
bone, prompting review of additional medical records.
With additional medical record information, two were
incisional biopsies, one was a lung wedge resection of
a benign metastasis from a GCT of bone, 12 were GCTs
of the axial skeleton, six were GCT resection specimens
from the appendicular skeleton, and 40 were excisional
curettage specimens from appendicular skeleton GCTs.
The six resections had been performed for three highly
aggressive GCTs with widely displaced intra-articular
fractures, two typical GCTs in expendable bones, and
one highly aggressive, multiply recurrent GCT of the
proximal tibia. Of the 40 excisional curettages, three did
not use ethanol as an adjuvant.
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Figure 2. Kaplan-Meier plot of time to recurrence following primary
intralesional excisional curettage with adjuvant ethanol for giant cell
tumor of bone, and following repeat intralesional excisional curettage
with adjuvant ethanol for recurrent giant cell tumor of bone, given a
variable length of follow-up.

The final study group included 37 excisional curettages
in 31 patients. Twenty-five patients presented primarily and
six presented with a recurrent GCT after previous curettage
by another surgeon. Among the patients receiving primary
excisional curettage, 16 were female and nine male. The
average age at surgery was 31.6 years (range 19 to 58 years)
(Figure 1). Among patients presenting with recurrent le-
sions, four were male and two female, with an average age
of 32 years, (range 27 to 42 years). Patients were followed
for a mean of three years and ten months.

One of the GCTs in the primary group was Campanac-
ci stage 1, 11 were stage 2, and 10 were stage 3. Three
others had associated fractures with significant displace-
ment. For 12 of the primary excisions, a high-speed burr
was used after curettage prior to ethanol irrigation. For
13 primary excisions, no burr was used. All defects were
filled after lesion ablation, one with autograft, nine with
allograft, nine with calcium sulfate putty or pellets, three
with a mixture of allograft and calcium sulfate, and three
with polymethylmethacrylate cement.

Following primary excisional curettage, five GCTs
recurred (Figures 2 and 3). One tumor recurred after
use of a high-speed burr and acrylic cement in addition
to adjuvant ethanol. The other four recurrences followed
curettage with ethanol irrigation but without the aid of a
high-speed burr. No wound problems or post-operative
fractures were noted following primary excisions. Two
patients without recurrence had further surgery, one to
replace acrylic cement with allograft and another to fill
with acrylic cement an area where allograft had poorly
incorporated.

Soft-tissue involvement was noted on most of the 12
repeat excisional curettages for recurrence. A high-speed
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Figure 3. Treatment course and outcome at latest follow-up of patients with giant cell tumor of bone treated primarily with intralesional exci-

sional curettage and adjuvant ethanol irrigation.

burr was used during nine of these repeat excisions,
with the other three utilizing curettage alone prior to
adjuvant ethanol. Defects were filled with allograft in
two cases, calcium sulfate in two cases, a mix of allograft
and calcium sulfate in four cases, and polymethylmeth-
acrylate in four cases. One of the patients had moderate
atypia noted histologically in his recurrent tumor. He was
treated with adjuvant external beam irradiation after a
brief delay for early graft incorporation (Figure 5).

Three recurrences followed these 12 repeat excisional
curettages (Figures 2, 3, and 4), two in a single patient
(Figure 6). The other re-recurrence was also associated
with benign pulmonary metastases. These metastases
were wedge-resected and the recurrent bone lesion
was widely resected prior to endoprosthetic recon-
struction.

Two patients without recurrences had noteworthy
complications after repeat excisional curettage. One
patient sustained an intra-articular fracture around the
cemented defect, which was treated conservatively, but
led to significant osteoarthritis 12 years later. Another pa-
tient had persistent wound drainage, which was treated
with graft removal, antibiotics, and delayed re-grafting.
Whether this represented a low-grade infection or the
wound drainage occasionally associated with calcium
sulfate filling of non-contained bone defects® was never
concluded, but all cultures were negative.

Fisher’s exact test noted statistically insignificant
trends toward use of a high-speed burr associating with
lower recurrence rate (p = 0.16), and higher Campanacci
stage associating with a higher recurrence rate (p = 0.32)
for primary excisions. Defect filling material did not ap-
preciably correlate with recurrence rate.
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6 GCTs present
recurrent after
prior treatment

1 treated with 5 treated with
repeat repeat
curettage+EtOH curettage+burr+EtOH
with grafting
1 defect filled 4 defects filled with
with graft acrylic cement
Recurrence No recurrence No recurrence
and metastasis in 1 patient in 4 patients
Treated with
wide resection

Figure 4. Treatment course and outcome at latest follow-up of patients
with recurrent giant cell tumor of bone treated with repeat intral-
esional excisional curettage and adjuvant ethanol irrigation.

DISCUSSION

Early reports of intralesional curettage for GCTs of
bone noted recurrence rates ranging greater than 50
percent.*” As recurrence can make joint-preserving strat-
egies much more difficult, such frequent recurrence is
to be avoided if possible.

A number of different techniques (Table 1) and chem-
ical agents have been used as adjuvants to intralesional
curettage of benign aggressive bone tumors such as
GCT. These have included the use of a high speed burr,
painting or irrigating with phenol,3%1%16 cryotherapy with
liquid nitrogen,'™ irrigation with hydrogen peroxide,®
irrigation with aqueous zinc chloride,?! thermal cautery
with a carbon dioxide laser,? defect filling with poly-
methylmethacrylate (for its heating properties),1112.2326
and the use of defect-filling agents that elute methotrex-
ate?” or adriamycin.?®

Most surgeons agree that aggressive curettage
through a sufficiently wide cortical window for visibil-
ity is of paramount importance. Typically, a high-speed
burr is used to extend the intralesional margins after
removal of the gross tumor. Some authors argue that
these more aggressive excision techniques are sufficient
to achieve an acceptably low frequency of recurrence,
ranging from 0 to 19 percent.?%® These authors argue
that benefits attributed to chemical adjuvants may stem
from their association with more recent curettage and
burr techniques.

Of chemical techniques, adjuvant phenolization and
cryotherapy have surfaced as the most popular. Phenol,
which has been shown to be cytotoxic to GCT cells in
vitro,* has been associated with favorable results rang-
ing from six to 18 percent recurrence rates in recent
series.!®111415 While some data exist to confirm low sys-
temic toxicity from the use of phenol as a local adjuvant,®
it is a caustic substance and must be handled carefully
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Figure 5A

Figure 5B

Figure 5. Magnetic resonance images (A and B) demonstrating the
presentation of a Campanacci stage 3 giant cell tumor of the proxi-
mal humerus in a 32-year-old male. Four months after curettage,
ethanol irrigation, and grafting, this lesion recurred. Histopathology
from excisional curettage of the recurrence was atypical, prompting
postoperative external-beam radiation therapy.

with respect to the patient’s adjacent tissues and oper-
ating suite personnel. Cryotherapy with liquid nitrogen
also results in reportedly low recurrence rates, but has
associated risks of fracture and skin necrosis.!”18

We are unaware of any previous reports of the use
of ethanol irrigation as an adjuvant to intralesional cu-
rettage for GCT of bone. High concentration ethanol is
readily available in most surgical suites and relatively
safe to use. The cytotoxicity from ethanol does not likely
extend deeply into surrounding bone, but its adverse
effects on adjacent tissues are also minimal.

Overall, the recurrence rate after the use of adjuvant
ethanol is not widely different from the use of other
adjuvants for GCT of bone. This series does reiterate
the argument for the use of a high-speed burr, regard-
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Figure 6C
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Figure 6F

Figure 6. Images representing the clinical course of a 22-year-old male who presented with
this Campanacci stage 3 giant cell tumor of bone (A and B). After curettage, ethanol irrigation,
and grafting, it recurred (C). After repeat curettage, high-speed burring, ethanol irrigation,
and grafting, it recurred two more times (D and E, respectively). Plain radiographs obtained
15 months after a fourth intralesional excisional curettage with high-speed burring, ethanol
irrigation, and calcium sulfate grafting show no recurrence (F and G).

Figure 6G
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TABLE 1
Recurrence rates reported after curettage of giant cell tumors of bone
Author Year Tumor Adjuvant Number of Recurrence
Characteristics Treatments Patients Rate
Capanna et al.? 1990 none 280 45%
Shih et al.* 1998 none* 22 0%
Richardson et al.* 1998 none 16 0%
Blackley et al.* 1999 none 59 12%
Durr et al.l° 1999 none 7 43%
Saglik et al.! 1999 none 21 33%
Trieb et al.!6 2001 none 14 21%
Turcotte et al.* 2002 none ~50 17%
Khan et al.*° 2004 distal radius only none 23 17%
Prosser et al.?! 2005 stage 1 &2 none 61 7%
stage 3 none 52 29%
recurrent none 29 34%
Capanna et al.? 1990 PMMA 187 19%
O’Donnell et al.*? 1994 PMMA 49 24%
Bini et al.? 1995 PMMA 38 8%
Saglik et al.*! 1999 PMMA 6 0%
Wada et al.? 2002 PMMA 15 7%
Turcotte et al.*’ 2002 PMMA 62 19%
McDonald et al.? 1986 phenol 80 34%
Capanna et al.® 1990 phenol 147 19%
Durr et al.? 1999 phenol 11 9%
Trieb et al.'® 2001 phenol 12 25%
Turcotte et al.* 2002 phenol 37 19%
Su et al.® 2004 phenol 56 18%
Capanna et al.? 1990 cryotherapy 20 19%
Sheth et al. 1995 distal radius only cryotherapy 12 25%
Malawer et al.” 1999 primary cryotherapy 86 2.3%
recurrent cryotherapy 16 37.5%
Turcotte et al.* 2002 cryotherapy 10 0%
Zhen et al.?! 2004 Zinc Chloride 92 13%
Capanna et al.® 1990 phenol+PMMA 33 3%
Ghert et al. 2002 phenol+PMMA 47 13%
Lackman et al."! 2005 stage 2 & 3 only phenol+PMMA 63 6%
O’Donnell et al.? 1994 phenol+PMMA 11 27%
Saiz et al. 2004 phenol+PMMA 40 13%
Ward and Li* 2002 H,O,+phenol+ 24 8%
electrocautery+
PMMA (in half)

PMMA = polymethylmethacrylate cement.

* “none” may include the use of a high speed burr, which some authors consider an adjuvant.

less of the chemical adjuvant selected. While numbers
were too small to reach statistical significance, of the
12 primary intralesional curettages that utilized a high-
speed burr and adjuvant ethanol, only one led to lesion
recurrence. Only one of the 12 patients was followed for
less than two years.

A number of factors must be considered in comparing
different series of GCT patients for rates of recurrence.
While histologic grading (other than malignancy) is not
predictive of recurrence in GCT of bone,* Campanacci
staging is considered to be important, as stage 3 lesions,
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or those that have breached the cortex and involved the
adjacent soft tissues, have a higher recurrence rate in
series that distinguish them from lower stage lesions.?!
Unfortunately, not all series distinguish them. Many
others have skewed numbers due to the institutional
practice of treating most stage 3 GCT's with wide resec-
tion rather than intralesional curettage. Our series had
more recurrences after stage 3 primary lesions (three
of 10) than after stage 2 lesions (two of 11), but the dif-
ference did not reach statistical significance.



Others have noted preoperative fractures as a major
risk for recurrence.’” Three patients in the study group
had preoperative fractures with significant displacement
but none had a recurrence of their tumor.

Location can also play a role in prognosis, with the
distal radius being a location notorious for more rampant
soft tissue involvement and frequent recurrence. 1219303839
Only one of the four distal radius GCTs in this series
recurred. However, notably, it was the only recurrence
after use of a high-speed burr and adjuvant ethanol.

Treatment of recurrent lesions with repeat intra-
lesional curettage is debated by some practitioners
who believe that GCT recurrence merits wide excision.
Rates of re-recurrence after repeat intralesional curet-
tage range between 30 and 40 percent among the varied
techniques reported.>"19°140 The three re-recurrences of
12 repeat intralesional curettages represent a respectable
local control rate with the use of ethanol as an adjuvant.
The contribution of the use of acrylic cement as the fill-
ing material more frequently in these repeat surgeries
is difficult to isolate given the small numbers.

In conclusion, we feel that high concentration etha-
nol is an effective and safe adjuvant for the treatment
of GCT when used in conjunction with aggressive
curettage including high-speed burring. Whether any
chemical adjuvant is necessary after performance of an
appropriately aggressive curettage can probably only be
answered definitively with a prospective, randomized
comparison including many centers. Until such evidence
becomes available, we feel that the use of ethanol is a
safe compromise between higher-toxicity adjuvants and
no adjuvant at all.
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