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Abstract

contamination along the biopsy needle track.

group.

Background: The gold standard of tumor diagnosis is histological examination of a biopsy; however, there is
concern that tumor cell dissemination along the needle track during percutaneous biopsy can cause local tumor
relapse. We aimed to evaluate the value of an adriamycin (ADM)-loaded gelatin sponge in preventing tumor cell

Methods: Data were obtained from 40 patients who were diagnosed by core needle biopsy as having
osteosarcoma and who were followed up at our hospital between 2008 and 2011. Of the 40 patients, 20 had the
needle biopsy tracks filled with ADM-loaded absorbable gelatin sponge immediately after the biopsy specimen was
obtained, while the other 20 did not. All 40 patients underwent limb-salvage surgery, and specimens were obtained
from the biopsy track for histopathologic examination of multiple sections.

Results: On histological examination, there was less tumor cell contamination along the biopsy tracks in the ADM

Conclusion: Use of ADM-loaded absorbable gelatin sponge may prevent tumor cell contamination of a biopsy
track, and reduce the possibility of consequent tumor relapse.
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Background

The gold standard of tumor diagnosis is histological
examination of a biopsy. Core needle biopsy is becoming
the main method of obtaining a sample for pathologic
examination for diagnosis of osteosarcoma; however,
there is concern that tumor cell dissemination along the
needle track during percutaneous might cause local
tumor relapse. A few recent reports indicated that
tumor cell contamination [1] and local metastasis [2-4]
did occur along the needle puncture track. To decrease
the likelihood of tumor cell contamination along the
track during core needle biopsy, we designed a novel
adriamycin (ADM) loaded gelatin sponge and use this to
embolize the biopsy needle track. Specimens from the
biopsy track were later obtained, and the pathologic re-
sults were evaluated and compared with the specimens
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of biopsy track. The histological examination showed
that there was less tumor cell contamination along the
biopsy tracks in the ADM-treated group.

Methods

During the period 2008 to 2011, 40 patients with
suspected osteosarcoma underwent core needle biopsy.
Before biopsy, the 40 patients were randomly divided
using a digital table into the ADM (experimental) and
non-ADM (control) groups, with equal numbers of pa-
tients in each. Details of the clinical data of both groups
are illustrated in Table 1.

We used a homemade spring-loaded cutting needle to
perform the biopsy (Figure 1). This unique spiral-blade
needle was in the shape of a spiral screw, with which
tumor tissue could be obtained. The biopsy method was
as follows. After local anesthesia was administered, the
skin over the biopsy site was punctured with the biopsy
needle. The inner needle was then withdrawn from the
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Table 1 Clinical data of the groups

Characteristic ADM group Non-ADM group
Age, years 21 (10 to 29) 23 (12 to 30)
Tumor site
Femur 9 1
Tibia 7 9
Humerus 2 0
Scapula 1 0
Enneking grade
1A 13 12
1B 7 8
Biopsy
Needle 20 20
Open 0 1
Type of surgery
Limb salvage 17 17
Amputation 3 3
Pre-operative chemotherapy
2 17 18
1 0 2
0 3 0

outer cylindrical cuff and changed to a spring-loaded
cutting needle through the outer cylindrical cuff. Once
the surface of the tumor was reached, the cutting needle
was slowly rotated forward into the tumor mass in a
clockwise direction, resulting in the screw groove of the
spring-loaded cutting needle being filled with tumor tis-
sue. The spiral blade was then withdrawn, and the bi-
opsy tissue was removed from the needle. By repeating
these steps, tumor samples at different depths and sites
could be collected. The tumor samples were then sent
for pathologic examination.

After a satisfactory tumor sample was obtained with
the spiral needle, the experimental (ADM) group was
treated with ADM. A gelatin sponge containing 1 mg
ADM (prepared from a bottle containing 10 mg ADM,
diluted with 1 ml normal saline, and 0.1 ml used) was
inserted into the track through the working tunnel, until
it reached the surface of the tumor mass (Figure 2). A
second piece of gelatin sponge then inserted through the
outer cylindrical cuff to a point about 0.5 cm above the
tumor mass capsule; this sponge did not contain ADM,
in order to prevent the spread of the drug to healthy
tissue.

For the control group, no gelatin sponge was used to
fill the biopsy track, the biopsy syringe was withdrawn
immediately after the biopsy was taken, and the biopsy
site was compressed with a dressing.
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Figure 1 The puncture needle: the inner needle, outer
cylindrical cuff and spring-loaded cutting needle.

The histopathology confirmed that all 40 biopsy speci-
mens were osteosarcoma, and all 40 patients had limb-
salvage operations. During the surgery, the needle tracks
were resected en bloc with the tumor mass, and the
biopsy-track specimens were separated from the tumor
mass for pathologic examination. The measured dis-
tances between the skin puncture and tumor was about
2.5 c¢cm (range 1.5 to 3.2 cm), and the needle track

Figure 2 Gelatin sponge with 1 mg adriamycin (ADM). The ADM
is visible as a red color on the sponge.
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diameter was about 3 mm. The specimens were fixed in
formalin and cut sections into tissue blocks with the 2
mm spacing paralleling the needle within 1 ¢cm distance
to the puncture track, and the tissue blocks were
cut sections 6 pm thick. All specimens from both
groups were evaluated histologically by an experienced
pathologist.

Results
All biopsy procedures were successfully performed. No
acute complications, such as skin necrosis, infection, or
damage to blood vessels or nerves were noted after bi-
opsy. The punctured needle holes healed uneventfully in
all cases.

The tumor cell necrosis rates of tumor mass speci-
mens in the ADM and non-ADM groups were 8/20 and
9/20, respectively for higher grades (Huvos III/IV >90%),
and 12/20 and 11/20 for lower grades (Huvos I/II <
90%). Of the 40 patients, 37 (2 of ADM group and 1 of
non-ADM group could not be contacted) had follow-up
data available, and the average follow-up time was 29
months (range 5 to 42). Endpoints included the recur-
rence, metastasis, death and the most recent follow-up.
The rates of recurrence outside the biopsy site were
5.6% (1/18) for the ADM group and 11% (2/19) for the
non-ADM group; the 3-years event-free survival rates
(EFS: recurrence, metastasis and death) were 61% (11/
18) and 63.1% (12/19), respectively, and the overall
survival (OS) rates were 66.7% (12/18) and 73.7% (14/19,
respectively). There was no significant difference
(P < 0.05) between the ADM and non-ADM groups.
Outcome details are illustrated in Table 2.

No tumor seeding was found along the needle tracks
based on the pathologic results for the ADM group. In
the control group, tumor cells were found along the nee-
dle tracks in three cases (Figures 3, 4 and 5). Using the
small sample ¢-test a significant difference (P < 0.05) was
found between the ADM and non-ADM groups.

Discussion
Pathologic examination is the most important proced-
ure for diagnosis of bone tumors compared with

Table 2 Patient outcome after treatment

Characteristic ADM group Non-ADM group

Tumor cell necrosis

Huvos Il IV 40% (8/20) 45% (9/20)
Huvos |, I 60% (12/20) 55% (11/20)
3-year EFS 61% (11/18) 63.1% (12/19)
3-year OS 66.7% (12/18) 73.7% (14/19)
Non-biopsy site recurrence 5.6% (1/18) 10.5% (2/19)

Tumor cells 0/20 3/20

EFS, event-free survival; OS, overall survival.
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Figure 3 Magnetic resonance imaging scan of osteosarcoma in
the control.

radiography, computed tomography, and magnetic
resonance imaging. Biopsy methods include pre-
operative open biopsy, core needle biopsy and the
intra-operative biopsy. However, both the open and the
intra-operative biopsy carry the risks of non-healing of
incision and tumor implantation of needle track.
Enneking [5] reported that the local contamination
rate by tumor cells of intra-operative incision was 39%.
With the development of diagnostic technology, the
core needle biopsy is being used extensively because of
its simple manipulation, minimal invasiveness into the
adjacent tissue and reliable results [6].

Figure 4 The needle track specimen.
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Figure 5 Fat and tumor cells in the pathology examination.

In recent years, there have been reports of local dis-
semination of tumor cells along needle tracks. After in-
vestigating cases of local metastasis after limb-salvage
surgery, one group reported that the incidence of tumor
cell contamination along the biopsy needle track was
about 6.6% [1] Other reports showed that local tumor
cell contamination occurred after needle biopsy without
biopsy-track treatment [2-4]. Schwartz [7] reported that
local tumor metastasis occurred in 89% of tracks after
needle biopsy of sarcoma, and there were 57 cases of
metastasis along the biopsy needle track from 1950 to
1997. Consequently, it is important to find ways to re-
duce the incidence of local tumor cell contamination
along biopsy needle tracks. Wiksell [8] reported that no
tumor cells were found in fine needle tracks after treat-
ment with radiofrequency pulses to the tracks. However,
the diameters of most core needles used for bone tu-
mors are large, exceeding 16G [6,9]. To prevent local
tumor cell contamination along such needle tracks, we
used ADM-loaded gelatin sponge to embolize the needle
tracks after biopsy, and evaluated the outcome with
pathologic examination.

During the biopsy, we obtained the tumor specimen
using a spring-loaded cutting needle, within the outer
cylindrical cuff. In this way, there was minimal invasive-
ness to the surrounding tissue, and sufficient tumor
specimens could be obtained from different depths and
in different directions through the same working tunnel.
Furthermore, the location of the puncture point guided
the position of the future surgical incision so that the
needle track could be resected en bloc with the tumor
mass during the final operation [10].

The appropriate length of follow-up is an important
area of controversy [11]. The reporte recurrence rates
after osteosarcoma treatment range from 2.6 to 7.9%
[12,13], and the mean time to local recurrence has been
variously reported as 13, 14, 18 and 27 months
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[12,14-17]. In this study, our mean follow-up for recur-
rence was 29 months. Because the study was mainly
concerned with recurrence along the biopsy track, and
the tracks were resected in the surgery, thus we consider
that 29 months was sufficient to detect any recurrence.
However, we will continue to follow up these patients.

Another controversial point is identifying whether a
tumor is a recurrence or the result of tumor cell seeding
[11]. In our study, we resected all biopsy tracks during
the surgery. However, one recurrence site occurred near
the incision, thus we could not be sure whether it was in
fact a recurrence or was the result of tumor cell seeding.

We found tumor cells in the biopsy-track specimens
in three patients in the non-ADM group, thus the rate
of tumor cell contamination was 15% (3/20) which is
similar to results from a previous report [1]. There was
no significant difference in EFS and OS between the two
groups. Saghieh [18] reported that limb-salvage opera-
tions could be performed safely using standard ap-
proaches without the need for biopsy-track excision, as
the incidence of tumor cell seeding was believed to be
low; however, that study included only 10 cases. Most
other reports have recommended resecting the biopsy
track to decrease the incidence of possible tumor relapse
from the needle track.

ADM is a chemotherapy drug used routinely in the
treatment of osteosarcoma. Its pharmacological mechan-
ism is probably related to combining the cell DNA, then
inhibiting nucleic acid synthesis and mitosis. ADM is
usually administered by intravenous injection. Its cyto-
toxicity is proven and it is a strong vesicant leakage of
ADM outside the superficial veins can lead to local tis-
sue inflammation, swelling, skin ulcers, necrosis, and
even dysfunction of limb; however, there has been no re-
port of adverse events occurring with mild ADM leakage
outside the deep veins. The cases in our study all had
deep bone tumors. Above the surface of the tumor mass,
there is skin, subcutaneous fat, deep fascia and muscle,
which all have the effect of minimizing the local tissue
damage from ADM. In our study, the ADM-loaded gel-
atin sponge was placed just above the surface of the
tumor mass through the needle track, and the superficial
part of the track was filled with a plain gelatin sponge
without ADM to prevent the spread of the drug. The re-
sults of our study showed that the small dose of ADM
deep located on the surface of tumor mass was able to
provide a local chemotherapeutic effect without causing
serious damage to the surrounding normal tissues.

Conclusion

We consider that the use of ADM-loaded gelatin sponge
during biopsy could provide a useful method for embol-
ism in needle tracks. The ADM-loaded gelatin sponge
prevented blood (possibly containing tumor cells)
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moving from the tumor along the biopsy track (tumor
cell contamination is more likely to happen in malignant
tumors with a rich blood supply), providing both an
embolization function and a local chemotherapeutic ef-
fect. This method is simple, safe, and effective, and it
may be particularly useful after biopsy of bone tumors
with favorable soft-tissue coverage.

Abbreviations
ADM: Adriamycin; EFS: Event-free survival; OS: Overall survival.

Competing interests
All authors declare that they have no competing interests.

Authors’ contributions

ZL carried out the surgery, collected data, and wrote the manuscript. JL
designed the study and provided the patients. ZY and XL participated in the
study design and coordination, and helped to draft the manuscript. QY and
JY participated in the pathologic examinations and collected data. And JY
revised the paper. All authors read and approved the final manuscript.

Authors’ information

Each author certifies that they have no commercial associations (for example,
consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc.) that might pose a conflict of interest in connection with
the submitted article.

Each author certifies that Ethics Committee of Qilu hospital of Shandong
University has approved the human protocol for this investigation, that all
investigations were conducted in accordance with ethical principles of
research, and that informed consent for participation in the study was
obtained from all participants.

Received: 8 November 2012 Accepted: 7 July 2013
Published: 27 July 2013

References

1. Guangming Z, Chengda H, Shiying H: Factors affecting local recurrence
after limb salvage procedure in malignant bone tumor. Chin J Clin Oncol
1996, 23:580-583.

2. Davies NM, Livesley PJ, Cannon SR: Recurrence of an osteosarcoma in a
needle biopsy track. J Bone Joint Surg Br 1993, 75:977-978.

3. lemsawatdikul K, Gooding CA, Twomey EL, Kim GE, Goldsby RE, Cohen |,
O'Donnell RJ: Seeding of osteosarcoma in the biopsy tract of a patient
with multifocal osteosarcoma. Pedliatr Radiol 2005, 35:717-721.

4. Carmine Z, Umberto P, Fabio E: Biopsy can determinate tumoral track
contamination: a case report of chondrosarcoma. Eur J Radiol Extra 2009,
72:79-81.

5. Enneking WF, Maale GE: The effect of inadvertent tumor contamination
of wounds during the surgical resection of musculoskeletal neoplasms.
Cancer 1988, 62:1251.

6. Wensheng L, Yuan L, Tao W: Core biopsy technique of bone and soft
tissue tumors. Chin J Bone Tumor Bone Dis 2006, 5:262-266.

7. Schwartz HS, Spengler DM: Needle tract recurrences after closed biopsy
for sarcoma: three cases and review of the literature. Ann Surg Oncol
1997, 4:228-236.

8. Wiksell H, Schassburger K-U, Janicijevic M: Prevention of tumour cell
dissemination in diagnostic needle procedures. Br J Canc 2010,
103:1706-1709.

9. Roberts CC, Morrison WB, Leslie KO: Assessment of bone biopsy needles
for sample size, specimen quality and ease of use. Skeletal Radio 2005,
34:329-335.

10.  Liu PT, Valadez SD, Spencer Chivers F: Anatomically based guidelines for
core needle biopsy of bone tumors: implications for limb-sparing
surgery. Radiographics 2007, 27:189-205.

11. Robertson EG, Baxter G: Tumour seeding following percutaneous needle
biopsy: the real story! Clin Radiol 2011, 66:1007-1014.

12. Kempf-Bielack B, Bielack SS, Jurgens H, Branscheid D, Berdel WE, Exner GU,
Gobel U, Helmke K, Jundt G, Kabisch H, Kevric M, Klingebiel T, Kotz R, Maas
R, Schwarz R, Semik M, Treuner J, Zoubek A, Winkler K: Osteosarcoma

Page 5 of 5

relapse after combined modality therapy: an analysis of unselected
patients in the Cooperative Osteosarcoma Study Group (COSS). J Clin
Oncol 2005, 23:559-568.

13. Ju H, Bicheng Y, Cangiao L, Pingxian T, Tingsheng P, Jingnan S: High serum
alkaline phosphatase cooperating with MMP-9 predicts metastasis and
poor prognosis in patients with primary osteosarcoma in Southern
China. World J Surg Oncol 2012, 10:37.

14. Nathan SS, Gorlick R, Bukata S, Chou A, Morris CD, Boland PJ, Huvos AG,
Meyers PA, Healey JH: Treatment algorithm for locally recurrent
osteosarcoma based on local disease-free interval and the presence of
lung metastasis. Cancer 2006, 107:1607-1616.

15. Rodriguez-Galindo C, Shah N, McCarville MB, Billups CA, Neel MN, Rao BN,
Daw NC: Outcome after local recurrence of osteosarcoma: the St. Jude
Children's Research Hospital experience (1970-2000). Cancer 2004,
100:1928-1935.

16.  Andreou D, Bielack SS, Carrle D, Kevric M, Kotz R, Winkelmann W, Jundt G,
Werner M, Fehlberg S, Kager L, Kiihne T, Lang S, Dominkus M, Exner GU,
Hardes J, Hillmann A, Ewerbeck V, Heise U, Reichardt P, Tunn PU: The
influence of tumor- and treatment-related factors on the development
of local recurrence inosteosarcoma after adequate surgery. An analysis
of 1355 patients treated on neoadjuvant Cooperative Osteosarcoma
Study Group protocols. Ann Oncol 2011, 22:1228-1235.

17. Bacci G, Forni C, Longhi A, Ferrari S, Mercuri M, Bertoni F, Serra M, Briccoli A,
Balladelli A, Picci P: Local recurrence and local control of non-metastatic
osteosarcoma of the extremities: a 27-year experience in a single
institution. J Surg Oncol 2007, 96:118-123.

18. Saghieh S, Masrouha KZ, Musallam KM: The risk of local recurrence along
the core-needle biopsy tract in patients with bone sarcomas. lowa
Orthop J 2010, 30:80-83.

doi:10.1186/1477-7819-11-169

Cite this article as: Li et al.: Prevention of contamination by biopsy
needle track contamination using a novel adriamycin-loaded gelatin
sponge. World Journal of Surgical Oncology 2013 11:169.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	References

