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Abstract Positron emission tomography/computed tomog-

raphy (PET/CT) has had a great impact in oncology; in this

field, PET/CT-guided biopsy finds application in the evalua-

tion of liver lesions, among others. The indication for this

procedure should be individualized and taken into account the

level of suspicion of malignancy and the need for diagnostic

confirmation. PET/CT-guided biopsy is feasible and may

optimize the diagnostic yield of image-guided interventions.

Introduction

The diagnosis of cancer is a process that begins with a medical

history and appropriate physical examination, supplemented

by non-invasive diagnostic examinations (imaging and labo-

ratory tests), and ends with histological confirmation.

The liver is a frequent target of metastatic tumors

originating in the gastrointestinal tract. It may also be

affected secondarily by other primary tumors, such as

breast, lung and ovarian cancers [1]. As regards, primary

liver cancers, the incidence of hepatocellular carcinoma

(HCC) in the US has been shown to have doubled in rel-

atively recent years [2, 3]. However, benign liver lesions

may also occur simultaneously in patients with known

malignancy or who are under investigation.

With regard to hepatic lesions, differentiation between

malignant and benign and also between primary and sec-

ondary is necessary to ensure proper treatment in each

case. Due to the increased use of high-quality imaging

techniques such as multidetector computed tomography

(CT) and magnetic resonance imaging (MRI), more small-

size lesions are now being detected.

Over recent decades, positron emission tomography

(PET), as a functional imaging technique capable of

defining metabolic characteristics of tumor masses, has had

a major impact in the oncology field, showing increasing

applicability in most of the steps involved in the evaluation

patients with cancer (including the initial staging, evalua-

tion of response to treatment and also restaging) [4]. Its

advantages include early detection of malignancy—in

some cases even before the onset of morphological chan-

ges—and characterization of post-treatment lesions (dif-

ferentiation between malignant tissue and fibrosis) [4–6].

Due to the high sensitivity of this technique in the detection

of malignancy, the use of PET in clinical practice has been

gaining ground, especially since the introduction of hybrid

systems combine PET and conventional CT [7]. The radio-

pharmaceutical most commonly used in PET is 2-[18F]-fluoro-

2-deoxy-D-glucose (FDG). FDG PET shows higher sensitivity

than other non-invasive methods for the detection of hepatic

metastases from common tumors such as colorectal, gastric

and esophageal cancers [8]. However, even though FDG has

given great results in oncological patients, it is not specific to

malignant processes. Benign lesions, such as inflammatory

processes, are also avid for FDG [9, 10]. Therefore, percuta-

neous biopsy may be indicated to determine the real nature of
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Tamadaré, 1000, Curitiba, PR 80045-170, Brazil

e-mail: cercijuliano@hotmail.com

F. Z. T. Huber

Hospital de Câncer de Barretos, Fundação PIO XII,

Barretos, SP, Brazil

M. Bogoni

Hospital de Clı́nicas, Universidade Federal do Paraná,
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FDG uptake in a lesion, especially when the result will affect

treatment planning.

In general, PET/CT-guided biopsy is seen as a new—and

still evolving—technique, and its value has to be compared

with that of other imaging-guided biopsy procedures, already

widely used in clinical practice, which include X-ray fluoros-

copy, ultrasound scanning (US), CT, and more recently, MRI.

X-ray fluoroscopy is a real-time technique widely available for

guiding biopsies, but it is typically reserved for large masses

that impinge upon fluoroscopically visible structures [11]. US

is also a real-time technique, but it is used usually for masses

located in the retroperitoneum and deep pelvis, and masses

located in the liver, bone or bowel [12]. CT is commonly used

to guide abdominal biopsies, but some tumors are not visible

without using intravenous contrast material [13] (and when

contrast is used its effects are often transient and not long-

lasting enough to allow visualization of masses throughout the

procedure). MRI can also be used; however, open- or wide-

bore magnets are typically needed to reach abdominal masses,

and biopsy equipment must be MR compatible [14].

The information provided by these methods is usually

anatomical. PET/CT provides both anatomical and metabolic

information [7], which naturally makes it a more attractive

option, not only for diagnostic imaging but also for refining

percutaneous interventions. Most noticeably, it is useful in

accessing lesions visible with PET but not with CT, and

masses with heterogeneous patterns of FDG uptake (where, on

the basis of PET information, the needle can be inserted into

the part of a lesion with higher metabolic uptake, which is thus

more likely to contain representative cancer cells).

Image-guided biopsy performed using the fine-needle

aspiration (FNA) puncture technique or, alternatively, ‘‘core

biopsy’’ is a good diagnostic method in patients with focal

hepatic lesions, and may be indicated even in small lesions

(between 1 and 3 cm), both in cirrhotic and in non-cirrhotic

individuals [15]. European data from the past decade suggest

that in chronic liver disease, HCC \2 cm in diameter

accounted for only\5 % of cases, however recent data from

Japanese studies suggest that it may account for 30 % [16–18].

In experienced hands, percutaneous biopsy is a safe,

minimally invasive, accurate and cost-effective procedure.

However, its accuracy in the evaluation of small hepatic

lesions, measuring 2 cm or less in diameter, is significantly

higher with the ‘‘core biopsy’’ (94.4 %) than with the FNA

biopsy method (66.8 %) [15].

Indications

Liver biopsy finds application in several contexts, e.g., for

identifying benign nodular hepatocellular lesions, i.e.,

inflammatory/infectious lesions; or distinguishing macrore-

generative lesions, dysplastic nodules, focal nodular

hyperplasia, and liver cell adenoma from reactive hepatocytes.

It may also be applied to distinguish well-differentiated HCC

from benign hepatocellular nodular lesions, or poorly differ-

entiated HCC from cholangiocarcinoma and metastatic car-

cinomas, and to determine the histogenesis of malignant tumor

and the primary site of the malignant tumor of origin [19].

PET/CT-guided biopsy of the liver is especially useful in

lesions seen on PET scans, but not detected by other methods

such as CT [20, 21], and in masses with a heterogeneous pat-

tern of glucose uptake seen on FDG PET imaging. In these

latter cases, PET/CT allows the physician performing the

biopsy to access the region with the highest FDG uptake, i.e.,

the region more likely to contain representative cancer cells

[20, 22]; in the same way, the technique is useful in lymph node

chains where only some lymph nodes present FDG uptake.

Contraindications

Contraindications to percutaneous liver biopsy guided by

PET/CT are reported to be the same as those to CT-guided

or percutaneous blind liver biopsy, namely, lack of a safe

access route, uncorrectable bleeding diathesis for biopsy,

and uncooperative patients [23]. However, the last two can

be considered relative contraindications.

In the case of uncooperative patients, light sedation

during the guided biopsy procedure might be recom-

mended, as this would reduce the patient’s mobility and,

thus, the risk of complications [21].

Pre-procedure care/preparing

As with all procedures, even if minimally invasive, the

patient should be informed beforehand about how it will be

performed and its inherent risks.

Since bleeding could be a major complication of the pro-

cedure, another important aspect, to reduce this risk, is to

suspend medications that alter blood clotting, such as aspirin,

heparin, and so on, at least 7–10 days before the procedure.

Before the biopsy, the patient should also undergo lab-

oratory tests such as complete blood count, including

platelet count, and coagulation studies. Biopsies are con-

traindicated in the presence of platelet counts\100,000/ll,

altered coagulation parameters, or any other medical con-

traindication to the procedure [20].

Description of the technique

FDG PET/CT

Whole body PET/CT images are acquired 60–90 min after

intravenous administration of 296–444 MBq (8–12 mCi)
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of FDG, and FDG PET findings should be interpreted by an

experienced nuclear medicine physician. After patients

have undergone FDG PET/CT scanning to define the site of

biopsy, the course to be followed by the needle is also

evaluated, considering the position of the suspicious lesion

and its relation to anatomical structures.

Biopsy procedure

Patients are positioned and immobilized according to the

location of the lesion and the chosen biopsy approach.

After completion of asepsis and antisepsis, local anesthesia

is performed. As mentioned above, light sedation might be

required in the case of non-cooperative patients.

A suitable coaxial needle is inserted in the point pre-

viously identified. The ‘‘core biopsy’’ technique should be

preferred, as the histopathological analysis is more accu-

rate than the cytological evaluation permitted by FNA.

The angle and direction of the needle are adjusted

according to the position of the suspicious lesion under

the guidance of CT fluoroscopic imaging. After placing

the point of the coaxial needle in the border of the sus-

picious lesion, one bed position of default images of PET/

CT can be acquired to confirm the correct position of the

coaxial needle.

The core of the coaxial needle is pulled out and a semi-

automatic biopsy needle is inserted. The puncture is con-

firmed as satisfactory under fluoroscopy and the biopsy site is

recorded (if the lesions were small or difficult to differentiate

from important structures such as peripheral vessels,

enhanced CT could be used to optimize the visualization of

different anatomical structures, after which then specimen is

cut and drawn at 1 or 2 cm stall of biopsy needle).

Three or four specimens are collected. After removal of

the needle, manual compression should be performed for

2–5 min at the puncture site. The specimens are fixed in

10 % formalin and sent for histopathological examination.

Intraoperative histopathological analysis, with a frozen

section, might be useful as it could reduce the need to

perform new biopsies due to unreliable results.

Patients are observed for at least 3 h after the procedure

to ensure hemodynamic stability and monitoring of their

respiratory condition. CT might be performed 3 h after the

biopsy in patients in whom the needle transfixes the pleura,

liver and stomach wall to perform the biopsy procedure.

Risk of complications

Bleeding is the most common complication of PET/CT-

guided biopsy of lesions in the liver and is a risk intrinsic to

the biopsy procedure. Death has also been reported in a

very small number of patients.

Bleeding is considered minor when only supportive and

observational treatment is required. Minor bleeding occurs

in about 10–20 % of patients. Major bleeding is instead

defined as bleeding requiring interventions such as surgery

and transfusion, and it occurs in about 1–5 % of patients.

Mortality is reported to be below 1 % of cases [24–26].

These complications are often linked to vascularity and

location of lesions, as well as needle size [27].

Another growing concern is the possibility of seeding of

tumor cells through the needle paths. The impact of this

phenomenon varies according to the diameter of the nee-

dle, the number of needle passages, and the amount of

parenchyma surrounding the lesion to be traversed by the

needle [28], and it ranges from 1.6 % in biopsies of HCC

[29] to 16–19 % in biopsies of liver metastases from

colorectal cancer [30, 31]. However, additional studies are

needed.

Relevance

The liver is a common site of metastases, but it is also

associated with an increasing incidence of primary cancer,

making it an important organ for oncological evaluation in

all age groups [32–34]. Due to the high incidence of benign

hepatic lesions (20 %), characterization of lesions is crucial

[35].

Histopathological confirmation of benign focal liver

lesions is important to avoid surgery that is, frequently,

unnecessary. Meanwhile, the diagnosis of a malignant

lesion of the liver often leads to decisions to undertake

more aggressive therapies such as surgical resection, liver

transplantation, percutaneous ablative therapies or systemic

chemotherapy [36–38].

Levels of sensitivity and specificity for the detection and

characterization of focal liver lesions have improved sub-

stantially due to the advances in imaging techniques [39].

However, the specificity in the characterization of small

lesions is not high enough to allow reliable diagnosis of

benignity or malignancy [40–43]. This problem is espe-

cially pronounced in cirrhotic liver parenchyma because of

the heterogeneous and nodular morphology [43, 44].

Functional imaging studies such as FDG PET/CT may

assist in the diagnosis, although they are known to be

limited in the detection and characterization of lesions

0.6–0.8 cm or smaller [45].

Dietlein et al. [46] performed a systematic review,

which included 15 studies that had at least 35 patients with

suspected recurrent colorectal cancer or colorectal liver

metastases. Five studies including 445 patients were used

to create pooled estimates of diagnostic accuracy in re-

staging. PET showed a sensitivity and specificity (with

95 % CIs) of 94 % (91–96 %) and 78 % (69–86 %), while
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for CT the sensitivity and specificity were 73 % (68–78 %)

and 62 % (52–72 %). The summarized results of ten

studies (741 patients) provided evidence of change in

patient management: PET correctly changed staging in

27 % of patients; 4 % had their staging changed incorrectly

as a result of PET.

Given that FDG PET-positive results can define con-

duct, determining institution of therapy (be it surgery,

chemotherapy or radiotherapy) and influencing the risk of

morbidity and mortality, it is recommended, whenever

possible, to confirm the findings by anatomical pathology

studies before treatment. The trend of biopsies in focal

liver lesions indicates that the incidence of focal small

lesions is increasing, but imaging techniques are frequently

inconclusive in determining the nature of these lesions.

Nguyen et al. [47] evaluated 227 patients who under-

went imaging-guided biopsy of 231 PET-positive extra-

pulmonary lesions. Bone (96 %) and liver (90 %) lesions

had significantly higher positive predictive values (PPVs)

for malignancy compared with other locations, whereas

lymph nodes (60 %) had a significantly lower PPV for

malignancy (Fig. 1).

The high rates of technical success in acquiring samples

sufficient for histopathological analysis in general biopsies

guided by PET/CT (98.5 %), the resulting improved defi-

nition of benign and malignant histopathological findings,

and the low complication rates, all suggest that liver

biopsies guided by PET/CT have a promising future, in

terms of indications and performance, even though further

studies are required [21]. Our group found that FDG PET

improved the selection of biopsy sites. Twenty-three out of

130 (17.7 %) patients were referred for PET/CT-guided

biopsy due to previous non-tumoral biopsy results, and 21

were found to have malignant lesions [21]. Metabolic

characterization might also be useful for biopsy site

selection, especially in large lesions with necrotic areas

(Figs. 2, 3), and the same applies to lesions with no ana-

tomical reference.

An update of our group’s results is as follows: of 217

PET/CT-guided biopsies performed, 36 were liver biopsies

(Table 1). Two lesions were re-accessed due to unreliable

histological results. Histology showed that 27/36 (75 %)

were oncological lesions, while 9/36 (25 %) lesions were

benign (inflammatory cells or necrotic tissue). There was

Fig. 1 PET/CT-guided biopsy: technical procedure diagram (color figure online)
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no significant difference between SUV of malignant and

benign lesions; SUV of malignant and benign lesions

ranged from 3.5 to 27.6 (median 9.1 ± 6.6.); and 4.2 to

18.6 (median 9.1 ± 4.4), respectively (p 0.7).

In the liver biopsies, the FDG PET was considered

critical for performing the biopsy in 11/36 patients

(30.5 %). Clinical complications included minor bleeding

(requiring only supportive and observational treatment),

which occurred in 4/36 (11.1 %) patients; one major

bleeding episode requiring transfusion occurred in one

patient with an angiosarcoma lesion. There was no mor-

tality related to the procedure in our series.

Finally, percutaneous biopsy could have been performed

by fusing prior PET/CT scan images with conventional CT

scan images obtained during the procedure [20]. Even

though this technique is also relatively new, and experience

is limited, preliminary studies, performing biopsies in

several body sites, have shown it to be highly beneficial for

achieving a definite diagnosis [48]. Radiation exposure to

Fig. 2 Evaluation of a large liver lesion in a 46-year-old male

patient, with a previous non-tumor biopsy result. FDG PET showed a

heterogeneous mass and guided the needle to a highly metabolic area

inside the lesion. Histology confirmed a hepatocellular carcinoma

(color figure online)

Fig. 3 A 67-year-old male patient with multiple nodules and

abdominal pain. FDG PET showed a central lesion in the left lung,

mediastinal lymph nodes and multiple hepatic lesions. The larger

liver lesion presented heterogeneous uptake. The needle was directed

to a highly metabolic area within the lesion. Histology confirmed an

adenocarcinoma (color figure online)

Table 1 Clinical characteristics of the patients submitted to liver biopsy

Gender Age SUV Histology CT correspondent

lesion

1 Male 67 4.3 Malignant No

2 Male 78 10.5 Malignant Yes

3 Male 69 11.1 Benign No

4 Female 65 9.8 Malignant Yes

5 Male 60 4.8 Benign Yes

6 Male 69 27.6 Malignant Yes

7 Female 59 8.8 Benign No

8 Male 60 11.1 Malignant Yes

9 Female 57 8.2 Malignant Yes

10 Male 78 15.3 Malignant Yes

11 Female 60 4.2 Benign Yes

12 Male 71 12.7 Malignant Yes

13 Male 65 14.7 Malignant No

14 Female 72 4.6 Malignant Yes

15 Male 67 10.3 Malignant Yes

16 Male 64 11.7 Benign Yes

17 Male 44 25.4 Malignant Yes

18 Female 68 17.7 Malignant Yes

19 Female 51 10.2 Malignant Yes

20 Male 51 8.5 Malignant Yes

21 Female 82 10.3 Malignant Yes

22 Female 43 15.5 Malignant Yes

23 Female 47 18.6 Benign Yes

24 Female 51 7.7 Malignant Yes

25 Female 68 24.6 Malignant Yes

26 Female 59 10.8 Malignant Yes

27 Male 75 9.1 Benign No

28 Male 54 4.3 Malignant No

29 Male 54 4.3 Malignant No

30 Male 30 6.7 Benign No

31 Male 30 6.7 Benign No

32 Male 77 12.4 Malignant Yes

33 Female 62 9.5 Malignant No

34 Male 40 3.5 Malignant ?

35 Female 61 7.4 Malignant No

36 Female 55 4.9 Malignant Yes
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patients undergoing whole body PET/CT ranges between

8.5 and 32.1 mSv [49, 50]. The CT component generally

contributes 54–81 % of the total combined dose [50].

During a PET/CT-guided biopsy, patients are exposed to

radiation from both the initial diagnostic PET/CT scan and

the additional CT scans obtained during the biopsy [50].

However, these patients would have undergone a diag-

nostic PET/CT scan regardless of the biopsy. Therefore,

the additional radiation imparted to patients as a result of

the biopsy derives only from the short CT scans acquired

during needle placement.

Besides its application in biopsies, FDG PET/CT also

might be useful for guiding treatment, such as percutaneous

ablation, allowing evaluation at completion of the ablation,

to assess ablation adequacy [51]. The pathological condi-

tion found in the tumor was metastatic colorectal adeno-

carcinoma in 18 lesions, primary HCC in one lesion, and a

variety of metastatic tumors in the remaining ten lesions. A

total of 4 mCi (148 MBq) of FDG was administered before

the procedure for localization and imaging guidance. At

completion of the ablation, an additional 8 mCi (296 MBq)

of FDG was administered to assess ablation adequacy.

Results of subsequent imaging follow-up were used to

determine whether post-ablation imaging after the second

dose of FDG reliably helped in predicting the complete

tumor ablation.

As the application of FDG PET in the workup of onco-

logical patients grows, it is natural to expect PET/CT-guided

intervention to gain ground at the same time, especially

given its contribution to the detection of metabolic features

of malignancy early on, even before morphological changes

appear. Furthermore, the growing interest in accessing

masses with PET/CT guidance is also due to its ability to

determine, within a lesion, the most accessible region

showing higher metabolic uptake. Naturally, the physician

responsible for the biopsy must have an excellent under-

standing of the FDG uptake characteristics related to

malignant processes to define what, of all the metabolic

information provided by FDG PET, is truly reliable [22].
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