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Abstract
Purpose Hypermetabolic macrovascular invasion (MVI) and extrahepatic metastasis (EHM) occur in aggressive hepatocel-
lular carcinoma (HCC) and carry unfavorable prognosis.  [18F] FDG PET/CT, despite having low sensitivity in primary HCC, 
is valuable in patients with aggressive HCC for detection of hypermetabolic MVI and EHM. The study aimed at identifying 
the parameters that could predict hypermetabolic MVI and/or EHM in treatment naive HCC patients for tailored approach 
to utilize  [18F] FDG PET/CT.
Methods Data of 131 treatment naive HCC patients (median age, 60 years; range, 21–80 years; 90.8% males) who underwent 
 [18F] FDG PET/CT were retrospectively analyzed to determine the proportion of patients with hypermetabolic MVI and/or 
EHM. Logistic regression analysis was performed to define independent predictors of hypermetabolic MVI and/or EHM.
Results 78/131 (59.5%) patients had hypermetabolic MVI and/or EHM. 52/131 (39.7%) patients had EHM. 56/131 (42.7%) 
patients had hypermetabolic MVI of which, 30 had concomitant EHM with majority (90%; 27/30) having distant metastasis. 
26/131 (19.8%) patients had hypermetabolic MVI without EHM while 22/131 (16.8%) patients had EHM without hyper-
metabolic MVI of which, majority (95.5%; 21/22) had distant metastasis. Hypermetabolic MVI was associated with EHM 
(χ2 = 7.868; p value = 0.007). AFP > 93.7 ng/ml, SUVmax > 3.5, and maximum tumor size > 5.0 cm were the independent 
predictors of hypermetabolic MVI and/or EHM.
Conclusion In treatment naive HCC patients with AFP > 93.7 ng/ml or maximum tumor size > 5.0 cm,  [18F] FDG PET/CT 
can be valuable.

Keywords Hepatocellular carcinoma · Macrovascular invasion · Extrahepatic metastasis · [18F] fluorodeoxyglucose · 
Positron emission tomography/computed tomography

Introduction

Macrovascular invasion (MVI) is seen in 10 to 40% of 
patients with hepatocellular carcinoma (HCC) [1–3] and 
extrahepatic metastasis (EHM) in one-third of patients [4, 
5], at the time of diagnosis. Positron emission tomography-
computed tomography (PET/CT) with glucose metabolism 
marker 18F-fluorodeoxyglucose  ([18F] FDG) is now widely 

recommended for detection of distant metastases in a variety 
of solid malignancies and has also shown promise in differ-
entiating benign and malignant thrombus. However,  [18F] 
FDG PET/CT is not a routinely used imaging modality in 
HCC because  [18F] FDG uptake is seen in less than 40% of 
HCC cases and majority of well differentiated HCCs are non 
 [18F] FDG avid [6]. Relatively higher cost of the modality, 
exposure to ionizing radiation from  [18F] FDG and CT, and 
limited availability of the imaging equipment (especially in 
developing nations) are additional concerns. These highlight 
the need for reliable clinical criteria to select HCC patients 
who are more likely to harbor advanced disease and thus 
may benefit from whole-body evaluation with  [18F] FDG 
PET/CT.

HCC is the most common primary liver cancer compris-
ing 75–80% of cases. Globally, liver cancer is the sixth 
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most commonly diagnosed cancer and fourth leading cause 
of cancer-related deaths. Its incidence and mortality rates 
are 2 to 3 times higher in males, making it the fifth most 
commonly diagnosed cancer and second leading cause of 
cancer-related deaths in males [7]. The Barcelona Clinic 
Liver Cancer (BCLC) staging system enables prognosis 
prediction and treatment allocation, and is the recom-
mended system endorsed widely as it has been repeatedly 
and extensively validated [6, 8]. Patients with MVI and/
or EHM fall in the BCLC advanced stage (BCLC stage C) 
and have poor prognosis with expected median survival of 
6–8 months [9, 10].

Previous studies have reported certain predictors of 
vascular invasion in HCC patients. The most consistent of 
these include tumor size, tumor grade/differentiation, and 
serum alpha fetoprotein (AFP), while others such as tumor 
numbers, serum gamma-glutamyl transferase, protein 
induced by vitamin K absence or antagonist-II, aspartate 
aminotransferase, prothrombin time, and platelet counts 
have also been sparingly reported [11–14]. Predictors of 
EHM most consistently reported in the literature include 
intrahepatic tumor stage, tumor markers, and vascular 
invasion, while positivity for viral markers, incomplete 
capsule, and platelet count have also been sporadically 
mentioned [15–18]. Although the presence of vascular 
invasion or EHM carries a bad prognosis, the prognosis is 
even worse when the two coexist [19]. Hence, a modality 
which can detect both vascular invasion and EHM (locore-
gional and distant) in single sitting may be beneficial for 
optimal patient management.

The imaging modalities generally recommended for the 
work up and staging of HCC include multi-phase contrast-
enhanced computed tomography (CT) and magnetic reso-
nance imaging (MRI) [6, 8]. Though  [18F] FDG PET/CT 
is not routinely advised, it has shown high accuracy for 
detection of vascular invasion in HCC and its differentia-
tion from benign thrombus [20–22]. Although  [18F] FDG 
PET/CT has low sensitivity for detection of primary HCC, 
it is valuable for detection of EHM due to high diagnostic 
efficacy, since the latter tends to occur in aggressive tumors 
which show higher glucose metabolism [23, 24]. Thus, a 
tailored approach to utilize  [18F] FDG PET/CT in treatment 
naive HCC patients based on certain parameters which can 
assess pretest probability of hypermetabolic MVI and EHM 
can be more beneficial for optimal patient management. This 
is especially relevant since HCC is a radiological diagnosis 
[6, 8] and in majority of the cases, pathological informa-
tion regarding tumor grade/differentiation that could sug-
gest indication for  [18F] FDG PET/CT is unavailable. This 
study aimed at identifying the parameters that could predict 
hypermetabolic MVI and/or EHM in treatment naive HCC 
patients so as to enable a tailored approach towards utilizing 
 [18F] FDG PET/CT.

Methods

This study had an observational analytic cross-sectional 
design. The Institutional Ethics Committee approved the 
study. Due to the retrospective nature of the study, the 
requirement for informed written consent was waived.

Patients

Data of consecutive patients with histopathologically proven 
and/or radiologically diagnosed HCC who underwent  [18F] 
FDG PET/CT between February 2018 and February 2019 
were retrospectively assessed. A total of 202 patients were 
initially listed. Patients with pathologically proven fibrola-
mellar or mixed histology, known non-HCC malignancy 
and those who had been previously treated for HCC were 
excluded. After the exclusion, a total of 131 treatment naive 
patients were finally included in the study.

PET/CT Acquisition

All patients were fasting for at least 6 h before the PET/CT 
acquisition. Blood glucose before  [18F] FDG injection was 
less than 150 mg/dl in all patients.  [18F] FDG was injected 
intravenously at a dose of 10 mCi (370 MBq) following 
which, patients were asked to rest in a quiet room. After an 
uptake period of 45–60 min, patients were kept in supine 
position on the scanner table for PET/CT acquisition. All 
studies were acquired on a dedicated 128-slice time-of-flight 
(TOF) PET/CT scanner with lutetium-based crystals (Dis-
covery 710, GE Healthcare, Milwaukee, WI, USA). Unless 
otherwise contraindicated (such as renal disease, contrast 
allergy), non-ionized iodinated contrast (OMNIPAQUE™ 
or VISIPAQUE™) was injected intravenously at a dose of 
1.7 ml/kg and flow rate of 3 ml/s. CT acquisition was started 
from vertex to mid-thigh approximately 2–3 min after the 
start of contrast infusion using the following parameters: 120 
kVp, auto mAs, 5 mm helical thickness, 0.6 s rotation time, 
39.4 mm/rotation, 0.984 pitch, 2.5 mm slice thickness recon-
struction, 15.7 cm field of view, and a matrix of 512 × 512. 
As a routine, a separate lung CT was acquired at 3.75 mm 
helical thickness and 1.25 mm slice thickness reconstruc-
tion. After the CT acquisition, emission PET data were 
acquired from vertex to mid-thigh in 3-D mode at 2 min 
per bed position. PET data were acquired with a matrix size 
of 128 × 128 with a slice thickness of 3.3 mm. PET data 
were reconstructed with VUE Point FX (3-D ordered sub-
set expectation maximization with TOF and point spread 
function correction; 2 iterations and 24 subsets). CT data 
were used for anatomical correlation and attenuation cor-
rection. Reconstructed attenuation-corrected PET images, 
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CT images, and fused PET and CT images were available 
for review in axial, coronal, and sagittal axes along with 
maximum intensity projection (MIP) with 3-D cine mode 
functionality. All the images were analyzed on a dedicated 
GE AW 4.7 server workstation.

PET/CT Image Analysis

[18F] FDG PET/CT studies were reviewed by two expe-
rienced nuclear medicine physicians. Both readers were 
aware of the clinical diagnosis and findings of conventional 
regional imaging. For primary HCC, hepatic lesions were 
assessed for size and  [18F] FDG avidity. Maximum unidi-
mensional tumor measurement in axial plane was used for 
size estimation. Hepatic lesions showing  [18F] FDG uptake 
more than normal liver parenchyma were considered “[18F] 
FDG avid” tumors. In case of multifocal tumors, if one or 
more lesions showed  [18F] FDG uptake more than normal 
liver parenchyma, then the patient was regarded as having 
 [18F] FDG avid tumors. For semiquantitative analysis, a 3-D 
region of interest (ROI) was drawn over the hepatic lesions 
to generate standardized uptake value maximum (SUVmax) 
corrected to lean body mass. Intravascular contrast filling 
defects or soft tissue densities (in portal vein, hepatic venous 
outflow tract including the inferior vena cava, or paraumbili-
cal vein) showing  [18F] FDG uptake more than aorta at the 
same axial slice were considered as hypermetabolic MVI. 
Extrahepatic lesions with non-physiologic  [18F] FDG uptake 
were considered as metastasis. For lung lesions, the char-
acteristic pattern of metastasis on CT (well-circumscribed, 
rounded soft tissue attenuation lesions, absence of calcifi-
cation, peripheral location, “feeding vessel sign,” multiple 
nodules, “cannon ball” lesions) was considered metastasis 
irrespective of  [18F] FDG uptake. All analyses of the above 
imaging findings were done keeping in mind the physiologic 
biodistribution of  [18F] FDG and imaging context of benig-
nity. A consensus decision was arrived whenever a discrep-
ancy arose.

Outcome of Interest

Proportion of patients who had the outcome of interest, i.e., 
hypermetabolic MVI and/or EHM on  [18F] FDG PET/CT, 
was determined after confirmation with imaging follow-up 
and/or histopathology (when available). For hypermetabolic 
MVI, interval enlargement of the thrombus, vessel wall dis-
ruption, and parenchymal infiltration on follow-up imaging 
in those patients who did not have histopathological analy-
sis were considered confirmatory. However, in patients who 
received loco-regional therapy such as stereotactic body 
radiation therapy (SBRT), shrinkage and/or recanalization 
of the thrombus on follow-up imaging was also considered 
confirmatory for hypermetabolic MVI. For EHM, in patients 

who did not have histopathological confirmation, progres-
sion of the lesions or partial regression/stable status of the 
lesions (on systemic therapy) were considered confirmatory.

Statistical Analysis

Descriptive statistics such as median (minimum–maximum) 
and frequency (percentage) were used to describe the patient 
characteristics. Continuous variables were tested for nor-
mality with Shapiro–Wilk test. Chi-square test or Fisher’s 
exact test was used (as appropriate) to assess the categori-
cal variables between patient groups defined by the pres-
ence or absence of outcome of interest, and the association 
between hypermetabolic MVI and EHM. Mann–Whitney U 
test was used to compare the continuous variables between 
the patient groups. Receiver operating characteristic (ROC) 
curve was used to ascertain the optimal cut-off values of 
AFP, maximum tumor size, and SUVmax of primary HCC 
lesions to distinguish the patient groups. Univariate and mul-
tivariate logistic regression analyses were used to identify 
independent predictors of hypermetabolic MVI and/or EHM. 
Statistical packages IBM SPSS 22.0.0 (IBM Corp., Somers, 
NY, USA) and XLSTAT 2019.1 (Addinsoft Inc., New York, 
USA) were used for the statistical analyses. A 2-tailed p 
value of < 0.05 was considered significant.

Results

Patient Characteristics

A total of 131 treatment naive HCC patients were included 
for the final analysis of which, 30 (22.9%) had histopatho-
logical confirmation of the primary tumor. Median age was 
60 years (21–80 years). Majority of the patients were males 
(119/131; 90.8%). Viral etiology (hepatitis B and C) was 
seen in 48/131 (36.6%) patients. 96/131 (73.3%) patients 
had cirrhotic liver. Non-ionized iodinated intravenous con-
trast was administered in 117/131 (89.3%) patients. 93/131 
(71.0%) patients had multifocal primary HCC lesions. 
Median AFP level was 200.9 ng/ml (2.2–1,260,830).  [18F] 
FDG uptake in primary HCC was seen in 108/131 (82.4%) 
patients. Median SUVmax of primary HCC lesions was 
5.2 (1.9–23.8) while the median maximum tumor size was 
7.0 cm (2.0–26.5).

Patient Groups

Patients were divided into two groups based on the pres-
ence or absence of the outcome of interest. Out of 131 
patients, 78 (59.5%) patients had hypermetabolic MVI 
and/or EHM while the remaining 53 (40.5%) patients had 
disease localized to the liver. 52/131 (39.7%) patients had 
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EHM of which, only regional lymph node metastasis was 
seen in 4, only distant metastasis in 27, and combined 
regional lymph node plus distant metastasis in 21 patients, 
respectively. Hypermetabolic MVI was noted in 56 of 131 
(42.7%) patients of which, 30 had concomitant EHM. 
26/131 (19.8%) patients had hypermetabolic MVI without 
EHM while 22/131 (16.8%) patients had EHM without 
hypermetabolic MVI. Presence of hypermetabolic MVI 
showed significant association with EHM (χ2 = 7.868; p 
value = 0.007). 6/131 (4.6%) patients had non-metabolic 
intravascular filling defects (without hypermetabolic 
MVI elsewhere), among them 3 had EHM. 5/131 (3.8%) 
patients had both non-metabolic intravascular filling 
defects and hypermetabolic MVI. Overall characteristics 
in the patient cohort are detailed in Table 1. Representa-
tive images are shown in Figs. 1, 2 and 3.

Cut‑off Values of AFP, SUVmax, and Maximum Tumor 
Size

AFP and maximum tumor size are the most consist-
ently defined predictors of MVI or EHM in the litera-
ture [11–18]. In studies utilizing  [18F] FDG PET/CT for 
HCC, the semiquantitative parameter SUV have been 
reported as a robust predictor of MVI or EHM [23, 25]. 
Accordingly, in the present study, ROC analysis was per-
formed to derive the cut-off values of these parameters 
to distinguish the patient groups (Table 2). The cut-off 
values of all the three parameters (AFP > 93.7 ng/ml, 
SUVmax > 3.5, and maximum tumor size > 5.0 cm) were 
statistically significant (p value < 0.001) at 59.5% preva-
lence of outcome of interest with the best diagnostic effi-
cacy trade-off.

Predictors of Hypermetabolic Macrovascular 
Invasion and/or Extrahepatic Metastasis

As shown in Table  3, out of the various parameters, 
AFP > 93.7  ng/ml (p value < 0.001),  [18F] FDG uptake 
in primary HCC (p value < 0.001), SUVmax > 3.5 (p 
value < 0.001), and maximum tumor size > 5.0  cm (p 
value < 0.001) were found to be statistically significant 
predictors of hypermetabolic MVI and/or EHM on uni-
variate logistic regression analysis. On multivariate analy-
sis, AFP > 93.7 ng/ml (p value < 0.006), SUVmax > 3.5 
(p value < 0.034), and maximum tumor size > 5.0 cm (p 
value < 0.001) remained as independent predictors of hyper-
metabolic MVI and/or EHM.

Discussion

Hypermetabolic MVI was seen in 42.7% and EHM in 39.7% 
of the patients in our study. This is in concordance with 
previously reported results in the literature [1–5]. This study 
suggested AFP, maximum tumor size, and SUVmax of pri-
mary HCC as the independent predictors of hypermetabolic 
MVI and/or EHM. This finding is consistent with the cur-
rent literature where AFP and tumor size are the most con-
sistently reported predictors of vascular invasion and EHM 
[11–18]. Jun et al. derived the cut-off value of 400 ng/ml for 
AFP to predict EHM [17]. The cut-off value of AFP derived 
in our study was 93.7 ng/ml. This discrepancy could be 
explained by the fact that the outcome variable in our study 
was a composite of hypermetabolic MVI and/or EHM rather 
than EHM alone. Akkiz et al. found AFP cut-off of 121 ng/
ml useful to predict macrovascular portal vein invasion [26]. 
This value is comparable to that derived in our study. The 
cut-off value of maximum tumor size derived in our study 

Table 1  Patient characteristics

MVI macrovascular invasion, EHM extrahepatic metastasis, [18F] FDG  [18F] fluorodeoxyglucose, HCC hepatocellular carcinoma, AFP alpha 
fetoprotein, Max maximum, SUVmax standardized uptake value maximum
* p values are significant

Characteristics Liver restricted disease (n = 53) Hypermetabolic MVI and/or 
EHM (n = 78)

p value

Age in years (median, range) 58 (25–79) 60 (21–80) 0.524
Sex (male/female) 49/4 70/8 0.761
Etiology (viral/non-viral) 18/35 30/48 0.712
Cirrhosis (yes/no) 41/12 55/23 0.427
Multifocality (yes/no) 35/18 58/20 0.331
[18F] FDG uptake in primary HCC (yes/no) 34/19 74/4  < 0.001*
AFP in ng/ml (median, range) 47.0 (2.2–278,072.8) 840.4 (2.4–1,260,830.0)  < 0.001*
Max tumor size in cm (median, range) 5.0 (2.0–20.0) 9.0 (2.0–26.5)  < 0.001*
SUVmax of primary HCC (median, range) 3.5 (1.9–23.8) 6.5 (2.7–20.8)  < 0.001*
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was 5.0 cm which is concordant with previously reported 
values in the literature [12, 15, 18, 19, 23, 26, 27]. Also, the 
cut-off value of SUVmax (3.5) derived in our study is similar 
with previously reported results [23]. Lin et al. could predict 
macroscopic vascular invasion in HCC patients planned for 
liver transplantation using SUVmax ratio of tumor to normal 
liver as predictor variable [25]. This is in agreement with 
our study although we used SUVmax of tumor (rather than 
SUVmax ratio to normal liver) as the predictor variable.

Although majority of the previous studies assessed the 
utility of  [18F] FDG PET/CT to detect EHM or MVI sep-
arately [20–24], we adopted a different approach, in that, 
we attempted to find the predictors of advanced disease 
(BCLC stage C) on  [18F] FDG PET/CT, since the manage-
ment of patients with hypermetabolic MVI and EHM are 
similar, in general, as per current standard of care. In our 
study, 59.5% (78/131) of patients had hypermetabolic MVI 
and/or EHM. An interesting finding was that out of these 
78 patients, almost 1/3 (22/78; 28.2%) had EHM only, 1/3 
(26/78; 33.3%) had hypermetabolic MVI only, and another 
1/3 (30/78; 38.4%) had EHM along with hypermetabolic 

MVI. More than half (30/56; 53.6%) of patients with hyper-
metabolic MVI had EHM of which, majority (27/30; 90%) 
had distant metastasis with or without concomitant regional 
lymph node metastasis. A significant association between 
hypermetabolic MVI and EHM (p value = 0.007) was thus 
seen, which is in agreement with previous reports [15–17, 
19, 28]. Also, among the patients who had EHM only, 95.5% 
(21/22) had distant metastasis with or without concomitant 
regional lymph node metastasis.

Lee et al. suggested that patients with primary HCC 
tumor size > 5.0 cm and average SUV > 3.4 should be con-
sidered for EHM [23]. Their results suggested clinical util-
ity of  [18F] FDG PET/CT in that subset of patients. Yokoo 
et al. found that among the staging parameters in existing 
HCC staging systems, large tumor size, vascular invasion, 
and high AFP levels were independently associated with 
EHM and suggested that patients with these high risk fac-
tors should be extensively evaluated for EHM [28]. Trojan 
et al. suggested that  [18F] FDG PET/CT could be valuable 
as a non-invasive staging tool in HCC patients with tumor 
size > 5.0 cm or markedly elevated AFP levels [29]. Our 

a b c

Fig. 1  Sixty-seven years old male patient diagnosed as alco-
hol-related chronic liver disease with alpha fetoprotein level of 
77,143.8 ng/ml. Co-existing chronic kidney disease ruled out feasibil-
ity of contrast-enhanced CT.  [18F] FDG PET/CT without intravenous 
contrast agent shows extensive multifocal disease involvement of both 
lobes of the liver (long thin arrows in a and b) with hypermetabolic 
macrovascular invasion (arrowheads in b). Focal  [18F] FDG avidity 

suggestive of metastasis with no discernible CT lesion seen involv-
ing the sternum (thick arrows in a and b). Also noted, hypermetabolic 
metastatic deposits in the peritoneum (hollow arrows in a, b, and c) 
along with retrocrural lymph node metastasis (short thin arrows in b). 
a Maximum intensity projection (MIP); b cross sectional  [18F] FDG 
PET/CT images; c sagittal  [18F] FDG PET/CT image
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study adds strength to the evidence leading to these recom-
mendations. We found that maximum tumor size > 5.0 cm 
or AFP level > 93.7 ng/ml in treatment naive HCC patients 
could predict presence of advanced disease detectable on 
 [18F] FDG PET/CT. Moreover, more than half of the patients 
who had hypermetabolic MVI detected on  [18F] FDG PET/
CT had EHM with majority of them having distant metasta-
sis. Some patients with distant metastasis might need metas-
tasis targeted additional loco-regional therapy such as SBRT 
due to detection of metastasis in critical locations such as 
spine, brain, and pelvic bone. In addition, coexistence of 
vascular invasion and EHM carries a worse prognosis than 
presence of either of them alone [19]. In view of these find-
ings,  [18F] FDG PET/CT may be beneficial in treatment 
naive HCC patients who have AFP level > 93.7 ng/ml or 
maximum tumor size > 5.0 cm. Fortunately, these param-
eters are easily determined during initial clinical work-up 
of a newly diagnosed HCC patient. Hence, it is prudent to 
select candidates fulfilling these conditions for  [18F] FDG 
PET/CT, resulting in a rational utilization of the modality. 

It might thus prevent under-staging of new HCC patients 
due to inability of conventional regional imaging modali-
ties to detect unexpected distant metastasis as previously 
reported [24, 28]. Further studies based on our proposal may 
be worthwhile for external validation and establishment of 
diagnostic accuracy of  [18F] FDG PET/CT in this context. 
Furthermore, hypermetabolic MVI was associated with 
EHM on post-hoc analysis. However, the number of patients 
with isolated non-metabolic intravascular filling defects or 
soft tissue densities without hypermetabolic MVI elsewhere 
or EHM was extremely small in our study (3 patients). Fur-
ther large prospective studies are suggested to ascertain the 
utility of whole-body evaluation with  [18F] FDG PET/CT in 
patients who have MVI on conventional regional imaging.

In our study,  [18F] FDG uptake in primary HCC lesions 
was seen in 82.4% of patients which is higher than that men-
tioned in the current literature [6]. This may be explained 
by the following reasons. First, our study cohort mainly 
consisted of aggressive or advanced disease patients as sug-
gested by the high median AFP (200.9 ng/ml), SUVmax 

a b

Fig. 2  Forty-five years old male patient diagnosed as chronic liver 
disease due to hepatitis C virus infection with hepatocellular carci-
noma on biopsy. Serum alpha fetoprotein level was 67.9  ng/ml and 
conventional regional imaging revealed multifocal hepatic lesions 
(largest, 5.0 cm), expansile portal vein thrombus, and large left adre-
nal mass.  [18F] FDG PET/CT shows  [18F] FDG avid multifocal hepa-
tocellular carcinoma (thin arrows in a and b), hypermetabolic mac-
rovascular invasion (arrowheads in a and b), and large left adrenal 

metastasis (thick arrows in a and b).  [18F] FDG PET/CT shows an 
unexpected right ischium bone metastasis seen as lytic lesion with 
soft tissue component and  [18F] FDG avidity. Patient subsequently 
received stereotactic body radiation therapy for worsening bone pain 
in this region and oligometastatic nature of the bone lesion. a Maxi-
mum intensity projection (MIP); b cross sectional  [18F] FDG PET/CT 
images
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(5.2), maximum tumor size (7.0 cm), and high proportion of 
patients having multifocal tumors (93/131; 71.0%). Second, 
in our analysis which was patient based (rather than lesion 
based), if any lesion showed  [18F] FDG uptake among mul-
tifocal HCC lesions, the patient was regarded as having  [18F] 
FDG avid tumor.

The most important limitation of this study is its retro-
spective nature. Various other potentially valuable laboratory 
parameters such as liver function tests, gamma-glutamyl trans-
ferase, platelet count, viral markers, inflammatory markers, 

and Child–Pugh score and performance status were, thus, not 
consistently available for all patients and could not be included 
for the analysis. Another limitation is the non-availability of 
pathological confirmation of EHM and hypermetabolic MVI 
in all patients detected on  [18F] FDG PET/CT. Although ideal, 
subjecting all such patients to biopsy has its own logistic and 
ethical constraints, depending on the characteristics and loca-
tions of the findings. Also, non-ionized iodinated intravenous 
contrast could not be administered in 14/131 patients due to 
contraindications.

a b

Fig. 3  Forty-two years old male patient diagnosed as chronic liver 
disease due to hepatitis C virus infection with moderately differ-
entiated hepatocellular carcinoma on biopsy. Serum alpha fetopro-
tein level was 92.2 ng/ml and maximum tumor size on conventional 
regional imaging was 4.0 cm. On  [18F] FDG PET/CT, the liver shows 
cirrhotic features with  [18F] FDG avid primary hepatocellular carci-
noma in segment VI (arrows in a and b). Note is also made of mul-

tiple  [18F] FDG avid enlarged bilateral cervical lymph nodes (arrow 
heads in b) symmetrically distributed on both sides of the neck sug-
gestive of benign nature. Fine needle aspiration cytology of the cer-
vical lymph nodes diagnosed granulomatous etiology. a Maximum 
intensity projection (MIP); b cross sectional  [18F] FDG PET/CT 
images

Table 2  Receiver operating 
characteristic curve (ROC) 
analysis

# Tumor size (cm) denotes maximum tumor size in centimeters
PPV positive predictive value, NPV negative predictive value, AUC  area under the curve, AFP alpha feto-
protein, SUVmax standardized uptake value maximum
p value < 0.001 at 59.5% prevalence of outcome of interest (defined in text)

Parameter Criterion Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC Accuracy (%)

AFP (ng/ml)  > 93.7 75.6 60.4 73.8 62.7 0.719 69.5
SUVmax  > 3.5 89.7 50.9 72.9 77.1 0.742 74.0
Tumor size (cm)#  > 5.0 84.6 60.4 75.9 72.7 0.787 74.8
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Conclusion

Hypermetabolic macrovascular invasion and extrahepatic 
metastasis in newly diagnosed HCC patients are not uncom-
mon. Hypermetabolic macrovascular invasion is associ-
ated with extrahepatic metastasis in more than half of the 
patients. Majority of the extrahepatic metastasis are distant 
metastasis with or without concomitant regional lymph node 
metastasis. In the initial work-up of newly diagnosed HCC 
patients,  [18F] FDG PET/CT can be valuable in the presence 
of AFP > 93.7 ng/ml or maximum tumor size > 5.0 cm.
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