
Tissue sampling in the era of precision
medicine: comparison of percutaneous
biopsies performed for clinical trials or tumor
genomics versus routine clinical care

Anjuli R. Cherukuri,1 Meghan G. Lubner,1 Ryan Zea,2 J. Louis Hinshaw,1

Sam J. Lubner,3 Kristina A. Matkowskyj,4 Marcia L. Foltz,1 and Perry J. Pickhardt1

1Departments of Radiology, University of Wisconsin School of Medicine and Public Health, E3/311 Clinical Sciences Center,

600 Highland Ave, Madison, WI 53792, USA
2Biostatistics, University of Wisconsin School of Medicine and Public Health, E3/311 Clinical Sciences Center, 600 Highland Ave,

Madison, WI 53792, USA
3Internal Medicine – Division of Human Oncology, University of Wisconsin School of Medicine and Public Health, E3/311 Clinical

Sciences Center, 600 Highland Ave, Madison, WI 53792, USA
4Pathology and Lab Medicine, University of Wisconsin School of Medicine and Public Health, E3/311 Clinical Sciences Center,

600 Highland Ave, Madison, WI 53792, USA

Abstract

Purpose: The purpose of the study was to determine if
patients undergoing percutaneous biopsy for genetic
profiling are undergoing more biopsies (procedures,
passes per procedure), or experiencing more procedure-
related complications.
Methods: 60 patients undergoing biopsy procedures for
genetic profiling were retrospectively compared with 60
consecutive control patients undergoing routine biopsies.
Procedural details and related complications were col-
lected. Results were analyzed using t-tests and logistic
regression.
Results: Biopsied organs included mainly lung (n = 31),
liver (n = 50), and lymph nodes (n = 18). The average
number of core biopsy passes was 3.45 in the study group
and 2.18 in the control group (0.73, 1.81; p = 0.0001).
The average study patient underwent 1.44 biopsy proce-
dures by radiology from 2016 to 2017, whereas the
average control patient underwent 1.08 (0.1657, 0.5010,
p = 0.0002). Results were similar when looking at the
subset of patients undergoing liver biopsies. In our
cohort of 120 patients total, only 6 complications were
noted. There were 4 complications in the control patients
and 2 complications in the study patients, all of which
were pneumothoraces in patients undergoing lung

biopsy; only 2 of these required treatment. The odds
ratio for a complication occurring from an increase in
one core biopsy is 1.07 (0.601, 1.573; p = 0.775),
suggesting no significant relationship among the number
of biopsies taken and the probability of complication in
this cohort.
Conclusions: Patients being biopsied for genetic profiling
or clinical study enrollment are undergoing more biopsy
procedures and more biopsy passes per procedure, but
are not experiencing a detectable increased rate of
complications in this small cohort, single-center study.
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The last decade has seen a remarkable proliferation of
treatment options for cancer. Nearly all the novel ther-
apeutics have been a direct result of improvements in
understanding of cancer biology. A critical component of
these breakthroughs has been the ability to extract
information about the tumor genome, and target vari-
ants unique to the cancer. In order to assay for genomic
information using next generation sequencing (NGS),
larger volumes of tissue may be required and are often
obtained with percutaneous biopsy [1–5]. Percutaneous
image-guided biopsies have a track-record of being rel-
atively safe, minimally invasive procedures [6]. However,Correspondence to: Meghan G. Lubner; email: mlubner@uwhealth.org
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as with any intervention, there are risks for complica-
tions, which may vary with the site of biopsy. Depending
on the site biopsied, bleeding is perhaps the most com-
monly encountered [7], with significant bleeding rates
reported < 2% in most series [6, 8–10]. Percutaneous
biopsy is a delicate balance of obtaining enough but not
too much tissue from the safest possible site, at once
optimizing diagnostic yield and minimizing risk of
complications. If a higher risk biopsy is going to be
performed, it is important for all parties to feel that the
potential risk is outweighed by the potential benefit. It is
logical to question whether adding ancillary next gener-
ation sequencing, which often requires more tumor-rich
material with higher numbers of viable tumor cells [11] to
routine pathological analysis leads to more passes per
biopsy or more biopsy procedures per patent, and in turn
whether obtaining additional tissue or larger cores may
put these patients at increased risk of procedure-related
complications. On balance, these potential risks are
mitigated by dramatic improvements in survival with
targeted agents, many of which are better tolerated than
cytotoxic chemotherapy.

While many of these targeted agents have become a
routine part of clinical care, new therapies continue to
emerge along with a growing number of clinical trials
that require additional tissue sampling as part of their
eligibility assessment and enrollment requirements. The
increase in clinical and research demand for core biopsy
specimens and the need for more intensive testing on
specimens obtained may also contribute to the potential

need for more passes taken per biopsy procedure or more
biopsy procedures performed in a single patient com-
pared with those not enrolled in clinical trials.

As radiologists are being asked to do more image-
guided biopsies for the purpose of genetic analysis or
study enrollment, it would be helpful for both radiolo-
gists and patients to have a better understanding of the
associated risks involved in order to proceed with truly
informed consent. It is unclear whether study patients are
definitively having more tissue obtained, and if yes,
whether taking more tissue puts the patients at increased
risk for procedure-related complications. The alternative
to performing these biopsies would be to limit the
number of passes to what the operator deems safe and
use the tissue in a prioritized manner. The purpose of this
study was to determine whether patients undergoing
NGS or enrolled in clinical trials undergo more passes
per biopsy procedure and biopsy procedures overall and
if yes, to determine if a reasonable safety profile is
maintained in these patients.

Methods

A retrospective, cohort study was performed comparing
patients undergoing percutaneous biopsy procedures for
the purpose of genetic profiling or clinical trial enroll-
ment with control patients undergoing routine percuta-
neous biopsies for histopathologic analysis in a single
institution.

Patient selection

A total of 60 consecutive patients being biopsied for
NGS or enrollment in a clinical trial were collected from
a 1-year period (November 2016–November 2017) from
QA tracking databases for CT and US-guided biopsies.
Imaging modality used for guidance is based on radiol-
ogist screening and biopsy site. Ultrasound is utilized for
almost all solid organ, mesenteric/peritoneal masses, and
for pleural-based lung masses in this cohort [12]. CT is
generally used for deeper lung masses, adrenal masses,
retroperitoneal lymph nodes, and occasionally deep pel-
vic targets not amenable to US-guided biopsy. These
patients were identified as study patients on the intake
form filled out by the radiology nursing staff, where the
reason for the biopsy included enrollment for a clinical
trial or additional genetic testing. This was confirmed
based on clinical notes and orders in the electronic
medical record. 60 consecutive routine patients under-
going biopsy for diagnosis were then collected from a
similar time period (April 2017–November 2017). Since
there were no genetic testing or trials that required renal
biopsies at our institution, renal biopsies were excluded
from the control group as well. Otherwise, all remaining
organs and sites were included. Since this study was

Table 2. Biopsy procedures, passes, and complications in all patients

Study pa-
tients

Control pa-
tients

p value

Average biopsy procedures 1.42 1.08 0.0002
Average core biopsy passes 3.45 2.18 0.0001
Average total passes (with

FNA)
3.97 2.25 < 0.0001

Number of complications 2 4 N/A

Table 1. Organ/site biopsied in each cohort

Organ/site biopsied Study group Control group

Liver 25 25
Lung 20 11
Lymph node 10 8
Omentum/peritoneum 2 5
Adrenal 1 3
Body wall 0 3
Muscle 1 1
Ovary 1 0
Left upper quadrant 0 1
Paraspinal 0 1
Mediastinal 0 1
Retroperitoneal 0 1
Total 60 60
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performed in an adult hospital, all patients were 18 years
or older, ranging from 18 to 84 (children were excluded).

Biopsy procedural details

At our facility, patients generally should have platelets
> 25,000/mcL and an INR < 2.0 to proceed with per-
cutaneous biopsy of non-superficial sites. This is slightly
less conservative than the JVIR 2012 consensus guideli-

nes [13]. CT-guided biopsies are performed using CT
fluoroscopy with a co-axial technique utilizing a 19-g
introducer needle with 20-gauge biopsy device in the
lungs. Autologous parenchymal and pleural blood pat-
ches are routinely administered for lung biopsies [14, 15].
For CT-guided procedures in the mediastinum,
retroperitoneum, or pelvis, a co-axial technique utilizing
a 17-g introducer and 18-g core biopsy device is most
commonly performed. Ultrasound-guided core needle

Fig. 1. 57-year-old female with spiculated FDG-avid RUL
nodule seen on PET (arrow, A). Patient was placed in a prone
position for CT-guided biopsy (B) which was performed with
CT fluoroscopy using a co-axial technique using a 19-gauge
introducer needle (C). A total of 3 core biopsy passes were
taken using a 20-gauge, 1.2-cm throw core needle. Initial
post-procedure chest X-ray demonstrated no pneumothorax
(D). However, as the patient was leaving the department after
3 hours of observation, she developed chest heaviness.
Repeat chest X-ray (E) demonstrated a small to moderate

pneumothorax. Given the interval growth and patient
symptoms, the patient was taken to the CT scanner and the
pneumothorax localized for treatment purposes (CT, F). It
was treated with placement of a 5 French Yueh centesis
catheter (G), evacuation of the pneumothorax (H) and
placement of a 60 cc autologous blood patch. A small apical
pneumothorax persisted but was asymptomatic and remained
stable over serial chest X-rays, and therefore, the patient was
discharged without further treatment. This patient was in the
control group.
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biopsies are performed using a non-coaxial technique
with an 18-gauge spring-loaded adjustable throw core
biopsy device in most cases. A standardized two-person
technique (sonographer and radiologist) as well as biopsy
guides were utilized to maximize safety and yield in
ultrasound-guided biopsies. The number of biopsy passes
required varied with the clinical trial and desired
pathologic test and was ultimately determined by the
radiologist after taking patient safety and apparent tissue
yield into account. Because of this standardized tech-
nique, common inclusion of trainees in biopsy proce-
dures and due to prior institutional results showing little
effect of radiologist experience, this was not tracked or
assessed in this study [16].

Data collection

Data were collected from the biopsy intake data sheets,
the biopsy QA databases, the electronic medical record
(Epic, Verona, WI), and PACS (McKesson, San Fran-
cisco CA). Data collected included patient age, gender,
weight, biopsy procedures in radiology in the current and
preceding year, procedure type and site, number of
passes, needle gauge, surgical pathology results,
genetic/clinical study results, blood thinning medication
use, INR, platelets, inpatient vs. outpatient status,
admission following biopsy, additional imaging required
post-biopsy, complications, and treatment of complica-
tions. In our institution, patients are routinely called the
day following the procedure to screen for late compli-
cations. Complications were classified according to the
Clavien–Dindo system [17].

Statistical analysis

To analyze the statistical significance of whether or not
complications arise from study patients receiving more
biopsies, a few tests were performed. First, a standard
t-test was performed to check if the differences in the
number of biopsies are indeed statistically significantly
different between study and standard of care patients.
Next, logistic regressions were performed comparing
whether or not complications are associated with (1) the
number of biopsies and (2) the interaction between the
number of biopsies and patient type, expressed as Odds

ratios. The test from (1) will show whether or not an
increase in biopsies are related to an increase in com-
plications, regardless of study status. The test from (2)
will show whether an increase in biopsies are related to
an increase in complications taking into account the
study status. All tests were performed for core biopsies
and the combination of core and FNA biopsies. FNA
alone was not evaluated due to the small number.

Results

A total of 60 patients (31 men, 29 women; mean age, 60
years) were biopsied in the study group, and compared to
60 consecutive routine standard of care biopsy patients
(28 men, 32 women; mean age, 57 years). Biopsied or-
gans included mainly lung, liver, lymph nodes, and
omentum, with assorted other organs including adrenal,
muscle, ovary, and body wall masses (Table 1). The
average number of core passes taken was 3.45 (range
1–12, median 3, SD 1.55) in the study group and 2.18
(range 0–4, median 2, SD 0.82) in the control group
(0.73, 1.81; p = 0.0001). The average number total
passes (core and FNA) was 3.97 in the study group and
2.25 in the control group (1.0463, 2.3871; p < 0.0001).
The average study patient underwent 1.44 biopsy pro-
cedures (range 1–3, median 1, SD 0.59) by radiology
from 2016 to 2017, whereas the average control patient
underwent 1.08 (range 1–2, median 1, SD 0.28) over the
same time period (0.1657, 0.5010, p = 0.0002) (Table 2).

Overall, complication rates were low in our cohort of
120 patients total with a total of 6 complications, all of
which were pneumothoraces. 2 trace pneumothoraces
occurred in the study patients that remained stable with
no intervention needed (Clavien Dindo grade I). 4 small
pneumothoraces occurred in the control patients, one of
which required the patient to return to CT for a pleural
blood patch [15] (Clavien Dindo grade IIIa) (Fig. 1), and
another of which required admission to an outside
facility with chest tube placement after their pneumoth-
orax increased in size following discharge from our
facility (Clavien Dindo grade IIIa).

When looking at a subset of patients who underwent
liver biopsy (25 in the study group, 25 in the control
group) and comparing study patients to control patients,
the average number of cores were 2.92 and 2.00 (0.156,
1.684; p = 0.0194) and the average number of biopsy
procedures were 1.40 and 1.08 (0.060, 0.580;
p = 0.0174), respectively (Table 3). This is a similar
trend to the general cohort. Because a co-axial technique
was not used, and the capsule was punctured with each
pass, it was felt that this subgroup may be at higher risk
to develop more complications with more passes. How-
ever, no complications were seen in either the study or
control sub-cohort of liver biopsy patients.

Of the 60 study patients, 53 patients had diagnostic
genetic results and 7 had insufficient samples. Of the 7

Table 3. Biopsy procedures, passes, and complications in liver subset of
patients

Study patients
(liver only)

Control patients
(liver only)

p value

Average biopsy
procedures

1.40 1.08 0.0194

Average core
biopsy passes

2.92 2.00 0.0174

Number of com-
plications

0 0 N/A
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patients with insufficient samples, 2 had insufficient vi-
able nucleated cells for the study but with adequate tissue
for pathologic diagnosis, 3 had inadequate cells for ge-
netic testing but were not sent for routine pathologic
diagnosis, 1 had insufficient tissue for either genetics or
standard pathology, and 1 was necrotic with no usable
tissue. Of the 60 control patients, 59 had diagnostic re-
sults. One core biopsy sample was originally reported as
fibroconnective tissue, but after surgical resection proved
to be liposarcoma.

Logistic regression and construction of univariate
models expressed in terms of odds ratios were used to
analyze the complication rates given their low occur-
rence. The odds ratio from an increase in one core biopsy
is 1.07 (0.601, 1.573; p = 0.775), which is not statistically
significant. Looking at the results of this model suggests
that the odds ratio is near 1 with large, overlapping
confidence intervals. This suggests that this study shows
there is no relationship among the number of biopsies
taken and the probability of complication in this cohort.
The low number of events may certainly have caused this
relationship.

Discussion

In an age of molecularly tailored oncologic therapies,
pathologists are requiring more tissue to appropriately
classify tumors and perform additional testing to
determine treatment selection. While the increased vol-
ume of tissue or increased number of biopsies may seem
excessive, the improvements in oncologic outcomes are
highly significant, as outlined in Table 4. From a sys-
tems perspective, the converse is equally important; an
absence of a molecular target suggests that clinicians
should not expect any benefit from use of expensive
targeted agents. Because of these demonstrable
improvements in survival, early assessment of potential
molecular targets is now included in treatment recom-
mendations for lung cancer [18], colorectal cancer [19],
gastroesophageal cancer [20], and melanoma [21]. New
recommendations are emerging as rapidly as new tar-
gets and therapies are developed.

From a procedural perspective, the increased number
of passes may put the patients at risk for increased

complications, especially in organs like the liver where
additional passes cause additional punctures through the
liver capsule when co-axial technique is not used. Some
studies have found significantly more complications with
more passes but there is not universal consensus on this
point [9, 27–31]. Therefore, this has not yet become a
routine part of the informed consent discussion, or the
assertions made around this potential concern are rela-
tively vague, given a lack of concrete data on this topic to
date. In this pilot study, we found that patients under-
going biopsies for the purpose of genetic profiling or
clinical study enrollment are indeed undergoing more
total biopsy procedures and more biopsy passes per
biopsy procedure compared to control patients at our
institution. Despite this, they are not experiencing com-
plications at egregiously increased rates compared to
those undergoing biopsies for routine diagnosis. Al-
though this was a heterogeneous group of consecutive
patients with biopsies at a variety of sites, the cohorts
were fairly well matched overall, and the dominant
biopsy sites in both groups were lung and liver. A co-
axial technique is used in the lung for CT-guided pro-
cedures. As such, taking additional biopsy passes would
increase needle dwell time but usually did not entail
additional pleural punctures. However, we are increas-
ingly utilizing US for pulmonary parenchymal masses
that contact the pleura [12] and in these cases, co-axial
technique is not used and each additional pass requires
an additional pleural puncture. Small pneumothoraces
are a common complication at CT-guided lung biopsy,
and was seen in both our study and control cohorts,
similar to results from a recent study [4]. In lung biopsies
specifically, pneumothorax is the most frequent compli-
cation with rates ranging from 17 to 42.3% [32–35]. Chest
tube placement is performed in 1–14.2% of patients who
have a pneumothorax [32–35]. Pulmonary hemorrhage is
reported in 4–27% [32, 34]. Of note, in our series, only
one case of pneumothorax required chest tube place-
ment. In the liver sub-cohort, where each new pass re-
quires a new puncture of the liver capsule and risk for
complication related to increased number of passes could
in theory be highest, there were no complications iden-
tified in either group. Specifically, there was not an in-
creased number of complications in the study group.

Table 4. Examples of improvements in survival with targeted therapy

Diagnosis Target Median survival (PFS or OS) with tar-
geted therapy

Median survival (PFS or OS) with
chemotherapy alone

References

NSCLC EGFR L858R 13.1 (PFS) mo 4.6 (PFS) mo Zhou et al. [22]
NSCLC ALK rearrange-

ment
10.9 (PFS) mo 7.0 (PFS) mo Solomon et al.

[23]
Melanoma BRAF V600E 15.9 (OS) mo 6–10 mo (historical control) Sosman et al.

[24]
Gastroesophageal Her-2 Neu 13.8 (OS) mo 11.1 (OS) mo Bang et al. [25]
Colorectal RAS WT 28.4 (OS) mo 20.2 (OS) mo Van Cutsem

et al. [26]
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However, the complication rate in liver biopsies is gen-
erally low, reported between 0.5 and 3.3% [9, 36].

As noted above, complications related to percuta-
neous biopsy are relatively uncommon. These initial
findings suggest that the small but statistically significant
increase in number of passes and biopsy procedures do
not seem to be directly or proportionally correlated to a
marked increase in complications. At the very least, it
suggests that we are not putting our patients at signifi-
cantly increased risk, which can provide reassurance
when discussing these procedures with patients and allow
for more a more evidence-based informed consent pro-
cess in these situations. However, this certainly warrants
continued surveillance and/or a larger-scale study to
confirm these preliminary results since an increasing
number of biopsies are now being performed for genetic
purposes.

Another issue raised is that even a routine standard of
care biopsy for diagnosis now entails more intensive
pathologic testing to fully characterize the tumor. For
many tumors, immunohistochemistry and sometimes
molecular testing are performed as part of the diagnosis,
both in the primary and metastatic setting, independent
of clinical trial enrollment. For example, at our institu-
tion, for a first time diagnosis of advanced lung cancer,
after the biopsy is processed a hematoxylin and eosin
(H&E)-stained slide is created to review the histology.
Immunohistochemistry may be performed to classify the
lesion as a non-small cell lung cancer (NSCLC) such as
adenocarcinoma or squamous cell carcinoma or as a
small cell carcinoma. In the setting of an adenocarci-
noma diagnosis, additional staining for PD-L1 will be
performed by immunohistochemistry, along with an in-
house molecular and gene rearrangement panel. From a
radiologist’s perspective, the lung is a higher risk biopsy
site and we tend to take smaller cores (20 gauge rather
than 18 gauge in many cases) and potentially take fewer
passes. This creates a disconnect between the amount of
tissue obtained and the amount of tissue needed and
increases the likelihood that the patient may need an
additional biopsy procedure. This can lead to lower
diagnostic yield of NGS [4]. This is even more prob-
lematic in the setting of unknown primary tumor where
multiple immunohistochemical stains are likely to be
performed in order to identify the origin of the neoplasm.
In these cases, there may not be sufficient tissue to per-
form the additional required studies (estrogen receptor,
progesterone receptor, Her-2, PD-L1 I, mismatch repair
protein immunohistochemistry, etc) for patient treatment
and thus there is no tissue available for next generation
sequencing. It may be that we need to change our
mindset and obtain more tissue from a standard of care
biopsy that could potentially be used for downstream
testing and obviate the need for future biopsies. Rather
than obtaining 1–2 cores for most biopsies, where safe, it

may be useful to obtain 3–4 cores. Again, it is a delicate
balance of obtaining enough tissue without putting the
patient through unnecessary additional passes, which can
change on a case by case basis, depending on the clinical
scenario, site of biopsy, and targeted lesion characteris-
tics. In addition, when choosing a site for biopsy, we
need to keep these considerations in mind [4].

In the cases where material was not sufficient for
genetic testing, necrosis was a common problem. To
enable genetic testing, it is important to choose a site and
a portion of the selected target with viable tumor if at all
possible. PET as well as other imaging features such as
enhancement or color Doppler flow may be helpful in
targeting.

Limitations of this study that could be addressed on
future projects include low patient numbers for the
complication rate and the retrospective nature. The low
patient numbers contributed to the low number of
complications (which are uncommon at many sites) and
possibly the inability to detect an increase in complica-
tion rates in the study group. However, this is meant to
be a pilot study and a larger multi-center investigation is
warranted. In addition, our review included an assort-
ment of organs and sites. Future studies with larger co-
horts could more directly compare specific sites, such as
lung, where our complication rate was the greatest and
other studies have shown to be the most biopsied organ
for genetic purposes at 36% [4]. Our institution is con-
tinuing to track patients for future review.

Conclusions

In summary, while patients being biopsied for the pur-
pose of genetic profiling or clinical study enrollment are
undergoing more biopsy procedures and biopsy passes
per procedure, they are not experiencing a detectable in-
creased rate of complications, in this small cohort, single
institution experience.
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