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Abstract. Minimally invasive biopsy procedures have proven 
over the years to be essential for obtaining a correct diagnosis 
of retroperitoneal tumors, that allows proper therapeutical 
conduct. These procedures offer valuable tissue fragments 
for histopathological examination, that permits the distinc-
tion between benign and malignant tumors, identifying 
the tumors that can benefit from neo‑adjuvant treatments, 
such as chemotherapy or radiotherapy and those that have a 
direct surgical indication. We have searched the existing data 
regarding minimally invasive biopsy in retroperitoneal tumors 
using the PubMed database, in order to evaluate the role of 
this procedure in establishing a correct diagnosis, as well as 
to find out the risks of tumor cell seeding and local recurrence 
after needle biopsy. The risk of tumor cell seeding is very low 
(<2%) and in some cases, it is considered negligible (<0.5%). 
Compared to open biopsy, needle biopsy seems to be asso-
ciated with a significantly lower risk of tumor cell seeding. 
According to the existing data, the incidence of needle track 
tumor cell seeding also depends on the histological type of 
the tumors. Image‑guided retroperitoneal biopsy has proven 
to be low cost, accessible, and a reliable procedure (in terms 
of diagnostic accuracy), usually associating with a low rate of 
complications and a low risk of tumor seeding. Several authors 
have underlined the importance of the retroperitoneal approach 
and the association with a co‑axial imaging technique in order 
to avoid potentially deadly complications.
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1. Introduction

The retroperitoneal space is often the site of numerous types 
of tumors, either benign or malignant, that can develop from 
the retroperitoneal organs, nerves, connective or lymphatic 
tissues. Many retroperitoneal tumors are asymptomatic, 
being discovered accidentally during imaging investigations 
performed for other pathologies, or in advanced stages because 
of their increased size that may lead to symptoms related to 
the compression of the nearby organs, with or without their 
invasion. The histopathological diagnosis has an important 
role in establishing the correct therapeutical protocol  (1). 
Advanced imaging techniques can provide reliable informa-
tion regarding the nature of a retroperitoneal mass, favoring 
therapeutical management without an initial pathological 
diagnosis. However, these investigations have some limita-
tions (2).

2. Image-guided tumor biopsy

The existing data were searched regarding biopsy in minimally 
invasive retroperitoneal tumors using the PubMed database, in 
order to evaluate the role of this procedure in establishing a 
correct diagnosis, and to find the risks of tumor cell seeding 
and local recurrence after needle biopsy.

3. Biopsy techniques

The increasing accessibility of imaging techniques has allowed 
over the years the development of minimally invasive diagnostic 
procedures, such as image‑guided tumor biopsy. Procedures 
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such as needle core biopsy (NCB) or fine needle aspira-
tion biopsy (FNAB), guided using ultrasonography (US) or 
computed tomography (CT), offer the possibility of obtaining a 
correct diagnosis, differentiating between benign and malignant 
tumors and also between metastatic and primary tumors, as well 
as establishing the tumor subtype. This allows the physician to 
establish the most appropriate therapeutical management: radio-
therapy or chemotherapy, with or without surgery (3).

These procedures are also extremely helpful in advanced 
tumor stages with unresectable tumors, due to nearby organs 
invasion or secondary to its metastatic extent, that makes it 
difficult to achieve a complete oncological excision without 
any further tumor cell seeding. Ultrasound‑guided biopsies, 
in contrast to those taken under CT guidance, offer the advan-
tage of being more accessible. US‑guided biopsies are more 
accesible, compared to CT‑guided biopsies, and avoid radia-
tion exposure. However, factors such as obesity, tumor depth, 
excessive bowel gas, as well as the type of tissue that must be 
examined can significantly influence the quality of the images 
obtained by US (2,4).

The alternative in such cases is represented by CT 
guidance, that offers a better visualization of the anatomical 
particularities, with lower risks of image‑guided tumor biopsy: 
pleural, peritoneal and nearby organ perforation, such as liver, 
spleen, colon, lungs, great vessel (vena cava and aorta injuries 
with potentially deadly hemorrhages), kidney and urinary tract 
perforation with secondary retroperitoneal urinoma, which 
may result in an abscess formation and even urinary sepsis, 
retroperitoneal abscesses following the accidental perforation 
of the colon, peritonitis, or pancreatitis (5).

According to the literature, the first CT‑guided tumor 
biopsies date back to the mid‑70s, several years after the 
introduction of CT technology. Shortly thereafter, these proce-
dures became more widely used by physicians, especially 
after the introduction of multi‑slice spiral technology (6). The 
continuous development of this imaging technology has led 
to new and more user‑friendly CT equipment, with dedicated 
3D imaging capture and reconstruction programs, as well as 
biopsy software and hardware that significantly reduce the 
time needed for the procedures, thus considerably decreasing 
the radiation exposure, being increasingly safe and precise. 
Similar developments have been observed for the US tech-
nology, making this imaging technique the first option for 
image‑guided biopsies, due to high accessibility, lack of radia-
tion exposure and the procedure duration. This technique is 
not flawless, being limited by the thickness of the fatty tissue, 
as well as by the tumor depth and the presence of intestinal gas. 
These factors interfere with the ultrasound waves, a phenom-
enon known as acoustic attenuation, significantly reducing the 
visibility of the tumor located beneath, as well as of the biopsy 
needle, which is normally visible, thus increasing the risk of 
unwanted incidents during biopsy (5).

Biopsy techniques. Regarding tissue sampling procedures, 
both NCB and FNAB are minimally invasive techniques, 
that can be used in order to obtain sufficient tissue fragments 
for the cytopathological examination and ancillary tests such 
as molecular studies and cytogenetics, polymerase chain 
reaction (PCR), fluorescent in situ hybridization (FISH), flow 
cytometry, and microbiological evaluation (6).

FNAB started to be used more frequently in the 1950s, 
especially in the evaluation process of breast masses, in spite 
of the fact that it was first reported in the beginning of the 
1930s (7,8). The core needle biopsy technique was introduced 
much later, in the 1990s and it has become more popular due 
to its several advantages compared to FNAB: it has higher 
sensitivity and specificity than FNAB, it permits an accurate 
differentiation between benign and malignant tumors, as well 
as the distinction between invasive tumors and in situ carci-
noma (8). FNAB, image‑guided or not (for palpable, superficial 
tumors), is a fast, low cost, simple and accessible procedure. 
Usually, it does not require anesthesia, this procedure is asso-
ciated with little discomfort due to the small gauge needles 
used, compared to NCB, that uses larger gauge needles. 
FNAB is less traumatic for tissues than NCB and therefore it 
has a lower complication rate. In terms of disadvantages, this 
technique can provide insufficient tissue fragments with poor 
architectural characteristics, that may prove challenging for 
molecular testing and immunohistochemistry (6).

Using larger gauge needles and a different tissue sampling 
technique, NCB provides better tissue fragments, with good 
architectural characteristics, that are suitable for further 
molecular and cytogenetic studies, as well as for immunohis-
tochemistry. The quality and the length of the sampled tissue 
fragments, using NCB, allow the distinction between in situ 
and invasive tumors, this being not possible in case of FNAB 
tissue fragments. Therefore, NCB overcomes the disadvantages 
associated with FNAB. NCB has its own disadvantages: it 
usually requires image guidance and therefore is not as acces-
sible as FNAB, especially in case of CT guidance, when an 
interventional radiologist is needed; it also requires a form of 
anesthesia, because it is a more invasive procedure than FNAB 
(greater needle gauge, thicker needle, biopsy gun that uses a 
physical cutting action in order to collect tissue fragments) and 
it presents a higher risk of bleeding compared to FNAB, as 
well as infectious complications and pneumothorax (9).

FNAB, followed by immediate on‑site tissue examina-
tion by a cytopathologist, significantly increases the chances 
of a correct, quick and complete diagnosis, by indicating the 
adequacy of the sampled tissue fragments. This technique 
with immediate on‑site examination offers the possibility of 
obtaining sufficient and proper tissue fragments for further 
molecular, cytogenetic studies and immunohistochemistry. 
According to literature, the immediate on‑site examination 
of the tissue fragments obtained using FNAB significantly 
increases the diagnostic accuracy. Rates of over 95% have 
been reported following this technique, as well as decrease of 
the non‑diagnostic biopsies (10).

Another method that can improve the FNAB results is the 
cell block technique, that consists in processing the tissue frag-
ments obtained with FNAB into paraffin blocks. The block 
technique significantly improves the diagnostic accuracy, due 
to the fact that the paraffin block can be cut into numerous 
sections. Therefore, this technique can provide sufficient mate-
rial for further examination, which will lead to information on 
the tissues architectural characteristics and also for ancillary 
studies, such as immunohistochemistry, cytogenetics, PCR 
and FISH (6,11).

During FNAB, a negative pressure is applied using a 
syringe, in order to obtain samples from the suspect lesion. 
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This constant negative pressure may traumatize and alter the 
already sensitive cells, which will lead to further degradation 
of its architectural characteristics and to diagnostic difficulties. 
In 1982, Brifford et al introduced the notion of fine‑needle 
non‑aspiration cytology, also known as cytopuncture. This 
procedure is based on the property of capillary tension in a 
narrow tunnel (11). The technique of cyto‑puncture consists in 
introducing the needle into the lesion, where the mandrel was 
removed and, afterwards, several movements back and forward 
were made in order to obtain sufficient material without using 
a syringe. According to literature, this procedure has proven 
to be less traumatic for the tissue samples obtained when 
compared to FNAB. This non‑aspiration method provides 
sufficient material for the examination, with less degraded cells, 
significantly better architectural characteristics and less blood 
contamination compared with the aspiration method (12,13).

Even with these described adjuvant techniques, FNAB may 
prove to be inefficient in terms of obtaining sufficient material 
for establishing a complete diagnosis, especially when the 
sampled tissue fragments are too small and insufficient for the 
cell block technique, thus limiting the cytopathologist's possi-
bility for further ancillary tests. Therefore, the operator's skills 
and experience are other important factors that can signifi-
cantly influence the success of this procedure. FNAB cannot 
differentiate between an in  situ neoplasm and an invasive 
tumor. The reduced amount of tissue obtained with the FNAB 
technique can hinder the diagnostic process, the incomplete 
architectural characteristics of the samples often make it diffi-
cult for the cytopathologist to differentiate between different 
types of tumors, such as lymphomas or other lymphoprolifera-
tive disorders, like Castleman disease (14,15). In these cases, 
a NCB may be needed in order to provide sufficient material 
for an adequate histological diagnosis. In contrast to FNAB, 
the fragments obtained with the NCB technique preserve the 
relationship between the lesion and the adjacent normal tissue, 
therefore allowing the pathologist to assess if the tumor has 
extended beyond the capsule into the nearby tissue. Other 
advantages of the NCB approach are that it is superior to 
FNAB in terms of differentiating between benign lesions, as 
well as between borderline ones (6).

4. Risk of tumor cell seeding using biopsy techniques

An important aspect related to the needle biopsy, that has 
generated numerous debates and studies, is the risk for needle 
track tumor seeding. In spite of the fact that this risk is very 
low (<2%) and in some cases considered negligible (<0.5%), 
the risk still exists, and several cases of tumors have been 
reported that have developed along the needle track after the 
biopsy was performed (16,17).

A possible explanation for this risk in patients with retro-
peritoneal tumors may be the fact that in most cases the biopsy 
is taken using a lumbar/retroperitoneal approach, whereas 
the tumor excision is made using an anterior approach, either 
extraperitoneal or intraperitoneal, without removing the biopsy 
scar during surgery (18,19).

In order to reduce this risk, there are several aspects that 
should be considered when performing minimally invasive 
tumor biopsy. The biopsy fragments should be harvested as 
close as possible to the tumor site, without damaging nearby 

vital structures, such as the great vessels or adjacent organs, and 
without contaminating the peritoneal cavity by accidentally 
puncturing the peritoneum, nor the diaphragm or pleura. 
Image guidance is essential for a safe and correct procedure, 
significantly reducing the need for further biopsies, as well 
as the patient's discomfort, especially when this procedure is 
performed by an experienced physician (20).

The risk of tumor seeding can be explained by Paget's theory 
(seed and soil), which stipulates that tumor cell proliferation 
is stimulated in certain conditions, in the presence of several 
factors that create a favorable environment. Macrophages, 
stromal cells and fibroblasts are essential for tumor cell 
implantation and for the development of a secondary tumor 
mass. During a needle biopsy, the tumor capsule is perforated 
and tumor cells may be inseminated alongside the needle 
track, into the tissues through which the needle passes. 
Several studies have analyzed the hypothesis that tumor cells 
can adhere to surgical instruments, as well as to gloves, and 
that afterward they may be translocated during the surgical 
procedure to other sites, where due to the presence of favorable 
conditions they can multiply (21).

Compared to open biopsy, needle biopsy seems to be asso-
ciated with a significantly lower risk of tumor cell seeding. 
A 2017 study, concerning the risk of tumor seeding and local 
recurrence following sarcomas biopsy, has shown a higher 
incidence of local recurrence in patients who have undergone 
open biopsy compared to those for whom minimally inva-
sive biopsy was performed (32% vs. 0.8%) (22). In favor of 
this theory stands the study reported by Sartorelli et al (23) 
regarding a metastasis developed after thoracoscopic resec-
tion of a lung metastasis at the port‑site, several months after 
the procedure was performed. A similar case was reported by 
Walsh and Nesbitt one year earlier (24). Another interesting 
case report was published in 2000; the authors presented a 
case of extremity sarcoma, in which they performed tumor 
excision with resection of ipsilateral popliteal vessels and 
vascular reconstruction using the contralateral great saphenous 
vein. More than one year after surgery, the patient developed 
metastasis at the site from where the great saphenous vein was 
harvested, suggesting possible tumor contamination during 
surgery (25).

According to the existing data, it seems that the incidence 
of needle track tumor cell seeding also depends on the tumor 
histological type. It has been reported that hepatocellular 
tumors account for significantly higher percentages of tumor 
cell seeding after minimally invasive biopsy compared to 
other tumors, such as prostatic cancer, breast, thyroid, and 
pancreatic tumors, the aggressive characteristics of the hepa-
tocellular carcinoma (over 2.5% compared to less than 1%) 
are well known (21). It seems that the tumor seeding occurs 
not only after needle biopsy, but also after other minimally 
invasive procedures (26‑28), such as intra‑tumoral injections 
with ethanol and tumor destruction procedures using radiofre-
quency technique, the mechanism responsible being similar to 
that involved in needle biopsy (21,29‑36).

Wilkinson et al (37) assessed the risk of local recurrence 
following minimally invasive NCB in patients with 
retroperitoneal sarcoma. They focused on a subgroup of 
150 patients with intermediate and high‑grade sarcoma, who 
had undergone tumor resection. Complete and oncological 
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tumor resection was achieved in  85% of the cases 
(127 patients), of whom more than half (52%) developed 
local recurrence over a median period of time of three years. 
This group of patients was divided into two smaller groups, 
in order to establish if there is a difference in terms of tumor 
local recurrence and overall survival between the cases 
where NCB was performed before surgery and those without 
biopsy (90 patients with NCB before surgery vs. 60 patients 
without NCB). The authors reported that the rate of local 
recurrence encountered in both groups was similar (52%), but 
the median time to recurrence was up to 13 months shorter 
in the NCB group compared to that encountered in the group 
without preoperatory NCB (44 months vs. 57 months). No 
major differences in terms of overall survival were seen 
between the two groups. Out of the 150 patients who had 
undergone surgical resection, 96 patients were diagnosed 
with liposarcoma (using NCB before surgery, and after 
surgery in the cases without biopsy). The authors did not 
encounter any differences between the two groups of 
liposarcoma patients (with and without biopsy) in terms of 
local recurrence and survival, but they reported significantly 
lower overall survival rates in the preoperatory biopsy group. 
The explanation behind these results seems to be the fact that 
the patients who had undergone NCB presented higher grade 
tumors compared to those without biopsy, who presented 
lower grade tumors, with imaging characteristics that made 
them easier to recognize and therefore a preoperatory biopsy 
was not necessary. Thus, the difference in terms of overall 
survival in the liposarcoma group is related to the tumor 
grade and not to the NCB (37).

Another smaller study, which evaluated the impact of 
NCB in terms of safety and risk of local recurrence in patients 
with retroperitoneal sarcoma, reached similar outcomes. The 
authors analyzed 22 cases in which NCB were performed 
before surgery. The procedure was done under CT guidance, 
using a transperitoneal approach. The diagnosis was accu-
rate in 18 patients (82%), in two cases the tissue fragments 
were inconclusive for the diagnosis and in further two cases 
the diagnosis of schwannoma and gastrointestinal stromal 
tumor was established, that later proved to be sarcoma. The 
sarcoma subtype was identified in only 6 patients, whereas 
the tumor grade was reported in half of the cases. The two 
most frequent sarcoma subtypes identified using NCB were 
liposarcoma and pleomorphic sarcoma, each accounting for 
27%, followed by leiomyosarcoma (18%) and other subtypes 
such as synovial sarcoma, spindle cell sarcoma, solitary 
fibrous tumor, each representing less than 9%. During the 
follow‑up period, the authors did not encounter any compli-
cations, nor local tumor recurrence or signs of tumor seeding 
after biopsy (38).

A much larger prospective study was published in 2017, 
conducted on 498 patients with retroperitoneal sarcoma who 
had undergone surgical resection. In more than 50% of the 
cases (255 patients), a preoperatory NCB was performed in 
order to obtain a diagnosis. During the follow‑up examinations, 
it was found that 2% of the patients included in the NCB group 
(5 patients) developed tumor recurrence along the needle track 
and that two patients also presented distant mestastasis. In 
these recurrence cases, a transabdominal approach was used 
for the biopsy, but the authors reported that there were no 

differences in terms of risk for local recurrence between the 
retroperitoneal approach and the transabdominal pathway. An 
important factor that seemed to be associated with the risk 
of recurrence was the fact that the procedure was performed 
without a co‑axial technique. The authors mentioned that the 
patients with retroperitoneal liposarcoma were less likely 
to undergo biopsy, due to the imaging characteristics of the 
liposarcoma that made it easier to recognize. Therefore, the 
predominant sarcoma subtype in the non‑NCB group was 
liposarcoma, accounting for 87.7% of cases, whereas in the 
NCB group liposarcoma was found in 44.5% patients. The 
second most frequent tumor subtype was leiomyosarcoma 
(representing 17.9% of the 498 patients), being more frequently 
encountered in the NCB group. Other sarcoma subtypes, such 
as pleomorphic sarcoma, synovial sarcoma, solitary fibrous 
tumor, each accounted for <5% (20).

5. Conclusions

Minimally invasive tumor biopsy is often a necessary proce-
dure, that could guide towards the diagnosis, especially in 
cases of retroperitoneal masses without typical imaging char-
acteristics. According to literature, the risk of tumor seeding 
and local recurrence after a minimally invasive biopsy is low, 
but not negligible, several cases of tumor recurrence after 
NCB have been reported. Several studies have underlined the 
fact that the preferred route when considering a retroperito-
neal tumor biopsy should be the retroperitoneal approach, 
due to the fact that it reduces the risks of biopsy incidents, 
such as intraperitoneal organ puncture, as well as the risk of 
intraperitoneal tumor seeding. Image guidance, either US or 
CT examinations, is essential for a safe and correct proce-
dure, as well as for guiding the needle towards the tumor, in 
order to obtain sufficient fragments for diagnosis, therefore 
significantly reducing the need for further biopsy and patient 
discomfort. It has been reported that CT co‑axial techniques 
are associated with lower risk of biopsy failure and also fewer 
complications, such as needle tract tumor recurrence.
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