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Abstract

Cancer cells, besides reproducing uncontrollably, lose cohesiveness and orderliness of normal tissue, invade and get
detached from the primary tumor to travel and set up colonies elsewhere. Dislodging neoplastically altered cells from a
tumor during biopsy or surgical intervention or during simple procedure like needle aspiration is a possibility because
they lack cohesiveness, and they attain the capacity to migrate and colonize. Considering the fact that, every tumor
cell, is bathed in interstitial fluid, which drains into the lymphatic system and has an individualized arterial blood
supply and venous drainage like any other normal cell in our body, inserting a needle or a knife into a tumor, there
is a jeopardy of dislodging a loose tumor cell into either the circulation or into the tissue fluid. Tumor cells are easier
to dislodge due to lower cell-to-cell adhesion. This theory with the possibility of seeding of tumor cells is supported
by several case studies that have shown that after diagnostic biopsy of a tumor, many patients developed cancer at
multiple sites and showed the presence of circulating cancer cells in the blood stream on examination. In this review,
we evaluate the risk of exposure to seeding of tumor cells by biopsy and aspiration cytology and provide some suggested

practices to prevent tumor cell seeding.
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INTRODUCTION

There are two common methods of obtaining tissue
from a tumor or lesion for the microscopic examination
and diagnosis. One is biopsy, which is the removal
of living tissue by surgical means and the other is
aspiration of cells from the tumor with the help of a
fine-needle (fine needle aspiration cytology [FINAC]).
These procedures are associated with the risk of seeding
tumor cells either into the interstitial tissue fluid from
where they are carried to lymph nodes, or into the
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veins draining the tissue from where they enter the
vasculature and may travel to lodge into any organ
or tissue. There is also a risk of dragging cells along
the surgical incision or needle track leading to the
possibility of increasing the spread of cancer through
biopsy.!!

Cancer cells, besides reproducing uncontrollably, lose
cohesiveness and orderliness of normal tissue, invade
and get detached from the primary tumor to travel and
set up colonies elsewhere. Dislodging neoplastically
altered cells from a tumor during biopsy or surgical
intervention or during simple procedure like needle
aspiration is a possibility because they lack cohesiveness,
and they attain the capacity to migrate and colonize."!

Every tumor cell is bathed in interstitial tissue fluid
which drains into the lymphatic system and has an
individualized arterial blood supply and venous drainage
just like any other normal cell in our body. Whenever a
needle for FNAC or scalpel for biopsy is inserted, the
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risk of dislodging a cell is high. The dislodged tumor
cells may metastasize either through the blood stream
or through the interstitial fluid.[Y! Tumor cells are easier
to dislodge due to lower cell-to-cell adhesion.[Y! This
theory with the possibility of seeding of tumor cells
is supported by several case studies that have shown
that after diagnostic biopsy of a tumor, many patients
developed cancer at multiple sites and/or blood stream
showed the presence of cancer cells.

This review includes a review of articles from English
literature and data from internet sources published
between 1983 and 2012. In this review, we evaluate the
risk of exposure to seeding of tumor cells by biopsy
and aspiration cytology and provide some suggested
practices to prevent tumor cell seeding.

LITERATURE REVIEW

FNAC began to establish itself as the procedure in the
1950’s and 1960’ which is a technique of obtaining
cells and tissue fragments through a needle introduced
in to the abnormal tissue. Though, the low risk of
complications is an advantage with FINAC, instances
of complications have been reported in relation
to different sites and organs, such as hemorrhage,
septicemia, bile peritonoitis, acute pancreatitis,
pneumothorax etc.’’ The most serious complication
that evoked the interest of health care workers is the
possibility of cancer cells being disseminated along the
needle track.

Biopsy, a gold standard procedure in medical and
dental fraternity, which involves removal of part of or
whole of a lesion for microscopic or other investigative
procedures has been seen to cause tumor cell seeding
along the surgical margins and even dissemination to
distant sites.

In 1974, in a book on cancer, Dr. Philip Rubin of the
University of Rochester declared that surgical biopsies
may contribute to the spread of cancer in some cases.!*!

John Wayne Cancer Institute of Santa Monica, CA
conducted a study on 663 Breast Cancer women out
of which half of the women underwent breast biopsies,
while in the other half tumors were completely
removed without performing biopsy. The result of the
study was that compared with the women who had
their tumors surgically removed there was 50% more
chance of spread of cancer to sentinel node in those
who had a needle biopsy.[*!
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There was an article published in July 2004, by The
British Medical Journal and it cautioned against the
risks of needle biopsies of the liver due to the serious
potential for needle track seeding of the tumor.*!

A report published in March, 2007 in the journal nature
described the inflammation associated with the immune
system’s attack on prostate tumors could be involved
in their metastasis.”! Dr. Micheal Karin found that an
inflammatory cytokine called RANK ligand, initiates a
chain reaction and activates IKKa a protein kinase, which
enters the cancer cell nucleus and reduces the expression
of the antimetastatic gene Maspin.[! This report
probably explains the molecular pathogenesis behind
seeding of tumor cells, as inflammation definitely sets in
when tissues are inserted with a needle or scalpel.

The authors reported a case of needle tract implantation
of hepatocellular carcinoma following percutaneous
biopsy of the liver. The patient with a small
hepatocellular carcinoma diagnosed by needle biopsy
was found to have developed a nodule of hepatocellular
carcinoma at the site of the previous biopsy, 8 months
after the biopsy and the lobectomy.®!

Lundstedt et al. reported 5 cases of percutaneous tumor
seeding recorded after 5,000 fine-needle biopsies of
abdominal malignancies at their institution. They
suggested that in patients with abdominal malignancies,
performing fine-needle biopsy runs the risk of
implantation metastases, which may compromise the
outcome of radical surgery. They also suggested that
it should only be performed when the result of the
procedure has a direct impact on the choice of therapy.”’)

Cedrone et al. and Goletti et al., Ishii et al. have reported
cases of needle tract seeding after ethanol injection for
treatment of hepatocellular carcinoma shedding more
light on the neoplastic cell seeding. !

Case reports during the period of 1993-2003 have
established the possibility of subcutaneous seeding of
hepatocellular carcinoma after percutaneous fine-needle
aspiration.[3-1%)

Further, risk of dissemination of cancer cells in to
circulation after incisional biopsy of an oral cancer
has been confirmed by Kusukawa et al. by means of
cytokeratin 19 (CK19) reverse-transcriptase polymerase
chain reaction (RT-PCR) and they concluded that
this may result in increased risk of metastasis. In
contrast, CK19 transcript was not detected either in the
excisional biopsy group or in controls.!*”!
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Rallis ef al. in 2008 published their observation in
60 hamsters, which showed metastases following
biopsy of oral carcinoma, which was reduced by an
intratumoral administration of bleomycin prebiopsy.*!!

Liebens et al. reviewed (between 1900 and 2008) the
clinical significance of epithelial cell displacement
after core needle biopsy in breast carcinoma patients,
and associated risk factors (delay between biopsy and
surgery, needle passes, duration of the procedure,
tumor size, histological type, tumor grade, margins,
type of surgery, and of adjuvant treatment). In their
study Malignant epithelial cell displacement on
surgical specimens occurred in 22% of the patients.
A short interval between core needle biopsy and

surgical excision increased risk of detecting displaced
cells.

Supriya et al. have reported in 2008 the first case of
tumor seeding after FNAC of a benign parotid tumor.*!

Falleti ef al. in 2010 reported a case of cutancous needle
track seeding of mesothelioma after thoracentesis was
performed using a 22-gauge needle.*!

Guralp and Kushner reviewed articles on
dissemination of endometrial cancer cells during
procedures such as hysteroscopy, saline infusion
sonography and laparoscopy and said that the majority
of studies suggest that they increase the risk of spill of
tumor cells. They also suggested that there are too few
in vivo and in vitro studies to comment definitively on
the viability of the disseminated endometrial cancer
cells. The limited data available, however, questions
the ability of disseminated endometrial cancer cells to
maintain and grow.*

Another group of researchers worked on risk of tumor
incisional recurrence in patients receiving surgery and
post-operative radiation therapy for locally advanced
sinonasal malignancies. In their study, Medical records
for 70 patients diagnosed with non-metastatic Stage II
to Stage IV sinonasal malignancies were retrospectively
reviewed and suggested that actuarial risk of incisional
recurrence for the entire group at 1 year was 3%. 2!

Conners and Rilling have reported a case of tumor
seeding in to pleural space following percutaneous
cryoablation of hepatocellular carcinoma."*"!

Kuo et al. reported a rare case of metastasis at the
colostomy site after rectal cancer surgery probably
occurred owing to ablative cancer cell reflux and seeding
from the obstruction during decompressive colostomy
rather than local, lymphatic or hematogenous spread.’®!

There is histological evidence of seeding of tumor cells
from primary ncoplastic site into adjacent breast tissue
following biopsy. However, as the interval between
biopsy and surgery lengthens then the incidence of
seeding declines, which suggests that displaced tumor
cells are not viable.®

Here is compilation of the results of various studies
[Table 1] between 1983 and 2012.

DISCUSSION

Tumor seeding, whereby malignant cells are deposited
along the tract of a biopsy needle, can have fatal
consequences. More than 90% of cancer-associated
mortality may be attributed to metastasis. Once cancer
cells in a tumor attain metastatic potential it is a great

Table 1: Compilation of the various studies and case reports showing tumor cell seeding

Primary tumor Site Procedure Seeding No. of No. of  Author and year

site cases cases with

studied seeding

Hepatocellular Liver FNAC Needle tract 01 01 Sakurai et al. (1983)
carcinoma
Papillary carcinoma of  Thyroid FNAC Needle tract 01 01 Hales and Hsu (1990)F1
thyroid
Abdominal malignancy Abdomen FNAC Needle tract 5000 01 Lundstedt et al. (1991)]
Post hepatic liver Liver Percutaneous ethanol Subcutaneous 01 01 Cedrone et al. (1992)-°7
cirrhosis complicated injection needle tract
by well differentiated
hepatocellular
carcinoma
Cirrhotic women with  Liver Percutaneous ethanol Site of 01 01 Goletti et al. (1992)-"7

liver metastasis of
unknown origin

injection

punctures
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Table 1: Cond...

Primary tumor Site Procedure Seeding No.of  No.of Author and year

site cases cases with

studied seeding

Primary and secondary Liver Percutaneous liver biopsy Needle tract 01 01 John and Garden
liver carcinoma (1993)%
Small hepatocellular Liver FNAB Subcutaneous 01 01 Yamada et al. (1998)F'"
carcinoma
Colon cancer Liver FNAC Cutaneous 01 01 Vergara et al. (1993)'
Hepatocellular Liver Percutaneous alcohol ablation Pleural 01 01 Zerbey et al. (1994)F1
carcinoma seeding
Colonic liver Liver FNAB ultrasonographically ~ Needle tract 01 01 Abdelli et al. (1994,
metastasis guided cutaneous

seeding
Hepatocelluar Liver Echoguided FNAC Abodominal 01 01 Ka et al. (1995)5*
carcinoma wall
Liver tumors Liver Percutaneous biopsy Needle tract 02 02 Jourdan and

Stubbs (1996)*

Hepatocellular Liver FNAC Abodominal 01 01 Dangou et al. (1996)-*
carcinoma wall
Hepatocellular Liver FNAB Abodominal 01 01 Kanematsu et al. (1997)-
carcinoma (ultrasonographically guided) wall
Hepatocellular Liver Percutaneous ethanol Needle tract 01 01 Ishii ez al. (1998)F
carcinoma injection
Hepatocellular Liver Percutaneous needle biopsy ~ Subcutaneous 01 01 Schotman et al. (1999)-'™
carcinoma seeding
Hepatocellular Liver FNAB Needle tract 01 01 Takamori (2000)-'
carcinoma
Pancreatic liver Pancreas and FNAB Subcutaneous 01 01 de Sio et al. (2002)
metastasis liver needle tract
Hepatocellular Liver FNAB Abdominal 01 01 Liu et al. (2008):7
carcinoma wall
Benign parotid tumor  Parotid gland FNAC Needle tract 01 01 Supriya et al. (2008)-*1
Mesothelioma Mesothelium FNAC Cutaneous 01 01 Falleti et al. (2010)-*

needle tract
Stage I lung cancer Lung Percutaneous needle Pleural 01 01 Inoue et al. (2011)F™

biopsy (computed seeding
tomographic guided)

Nonsmall cell lung Lung FNAC Chest wall 01 01 Tumori (2012)%*
cancer implantation
Breast cancer Breast Needle aspiration Sentinel node 353 335 Hansen et al. (2004

metastasis
Oral squamous cell Oral mucosa Incisional biopsy Cells in 10 02 Kusukawa et al. (2000)™"”
carcinoma circulation

after 15 min

of procedure
Breast cancer Breast 14G automated needle biopsy Needle track 22 11 Hoorntje et al. (2004

seeding

FNAC=Fine-needle aspiration cytology, FNAB=Fine-needle aspiration biopsy

challenge to treatment as it is difticult for one to discern
the extent of systemic involvement by the tumor cells even
though the primary tumors can be removed by surgical
resection, chemotherapy or radiotherapy. Once in the
circulation these metastatic seeds or the circulating tumor
cells (CTCs) bring about dissemination to anatomically
distant organs from a primary tumor.*) Fortunately,
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tumor seeding is a rare occurrence, yet the issue invariably
receives a high profile and is often regarded as a major
contraindication to certain biopsy procedures. Although its
existence is in no doubrt, realistic insight into its likelihood
across the spectrum of biopsy procedures and multiple
anatomical sites is required to permit accurate patient
counseling and risk stratification.*!
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Figure 1: Bar chart showing risk of tumor cell seeding specific to type
of tumor

We analyzed the data from Table 1 and have drawn
inference based on the compiled data and made an
attempt to provide suggested practices to reduce the risk
of tumor cell seeding.

Data in the table leads us to infer two key findings;

1. Risks are specific to some tumors: [Figures 1 and 2]
Breast cancers followed by liver malignancies with
seeding complication have been reported more in
literature may be relating to more risk with these
tumor. In our review, 94% of breast cancers and 4%
liver malignancies showed risk of seeding of tumor
cells following biopsy or FINAC.

2. Risks are localized to procedures:

* Excisional biopsy associated with less seeding
risk than Incisional biopsy: a procedure
in which a tumor mass is removed in
toto should carry little risk of spread as in
Excisional biopsy with wide margins. The
main risks of serious spread will apply with
incisional biopsies, where a small portion of
the large tumor mass is incised to carry out
investigation on the biopsy tissue to arrive
at a proper diagnosis before carrying out a
definitive treatment.[**

* Procedures in which cancer itself is penetrated.

* Improper handling of the tissue while making
biopsy

* Core needle shows more seeding risk when
compared to fine-needle (FNAC) use.[*!

* Repeated  penetrations  during  needle
procedure associated with increased sceding
risk: Many a times to obtain sufficient
amount of sample during needle biopsy for
diagnosis the tumor may need to be penetrated
several times. This repeated puncturing and
manipulation inside the tumor mass with
needle may seed tumor cells into the needle
track and also may spill the cancerous cells
directly in to the circulation.?

9 Journal of International Society of Preventive and Community Dentistry

colonic cancer_, lung tumors
0% 1% others

1%

liver malignancy
4%

Figure 2: Piechart with percentage of risk of tumor cell seeding
specific to type of tumor

Suggested practices to prevent biopsy related tumor
cell seeding

For any invasive procedure care needs to be taken during
pre-operative, operative and post-operative stages to
prevent tumor cell seeding. Hence, we discuss suggested
practices given by various authors under these groups.

Pre-operative care

* Get a biopsy or surgery on days 18-20 of the
menstrual cycle.!"]

* Avoid injecting local anesthesia into or closely
adjacent to a lesion for biopsy.

Operative care

* While considering any surgical procedure for
tumors a buffer of normal surrounding tissue
should be included. This ensures complete removal
as well as reduces the risk of seeding as the knife
would not be cutting through the tumor mass.
Here, few authors have suggested specifications for
buffer for different tumors.

* Breast cancer should be removed with a buffer of
1 ¢cm or more whenever possible.

e Colon or stomach cancer, at least 5 cm of normal
colon or stomach whenever anatomically possible.

e Suspected melanoma of the skin, 1 cm of normal
skin, and the subcutaneous tissues down to the
muscle sheath needs to be removed.?

It is important to establish buffer margin for other
malignancies with high recurrence rate.

* Avoid grasping a lymph node with forceps.*!

Post-operative care
e Strict follow-up of patients.
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Suggested practices to prevent aspiration cytology
related tumor cell seeding

Pre-operative care
* Needle of 22 gauge or less should be used.!

Operative care

*  Multiple insertions to be avoided.?!

* DPractice computed tomography (CT) guided
ultrasonography directed FNAC.*)

* Coaxial cutting technique:  Needle
introducer remains in position during multiple
cutting needle passes protects normal tissue along
the tract and may reduce seeding.[*¥

*  Two-step freezing method, by use of percutancous
cryoablation after biopsy but before the removal of
the biopsy needle.[*

needle

Post-operative care

* Radiation therapy can be given to kill any tumor cell
that may have been dislodged and spread during the
surgery.!"!

*  Prophylactic surgical removal of the needle track.

* Periodical CT scans for 3 years after fine-needle
aspiration biopsy.[*!

[1.2]

There are few research work which may prove to be

promising toward preventing tumor cell seeding:

* Identification of novel adhesion molecules and
blocking their function can compromise successtul
seeding and colonization of CTCs
microenvironment.*"!

* Neutralization of CTCs in the circulation.?)

* Evaluation of disseminated cancer cells in to
circulation after incisional biopsy using RT-PCR.[*

In new

CONCLUSION

This study is an attempt to establish seeding risk and
bring awareness among patients as well as health
care workers. Support from more number of articles
and long term follow-up of patients in whom these
procedures have been performed may substantiate the
results with more authority.

There are very few published data which give us
information on the total number of patients undergoing
biopsy or the needle procedures in given period of time
and among these how many are actually showing tumor
cell seeding. Hospitals, health institutions and research
workers should work toward providing this data, which
in reality will let us know if ‘seeding of tumor cells’ is
worth all the attention.

January-April 2014, Vol. 4, No. 1

Biopsy and aspiration cytology are the gold standards for
the diagnosis of any tumor. They are age old and time
tested practices. Cultivating the suggested practices while
performing these procedures may make them risk proof.
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