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Abstract

distinguishing it from benign thrombosis.

tal vein thrombosis (PVT) in liver cirrhosis patients.

value to distinguish tumour from bland thrombi.

Background Diagnosis of tumour thrombosis and differentiating it from benign thrombosis are essential for manag-
ing patients, planning treatments, and minimising unneeded anticoagulation therapy. Bland thrombi occur in both
cancer and non-cancer patients; tumour thrombi and bland can coexist. 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) is useful in detecting and diagnosing tumour thrombosis and

Objective This study’s aim was to assess the value of 18F-FDG PET/CT in distinguishing benign from malignant por-

Methods A retrospective study was conducted on 38 patients who had PVT that was histopathologically confirmed
and performed 18F-FDG PET/CT scans at our institute between January 2021 and April 2022. For all patients, sociodemo-
graphic data, visual analysis, semiqualitative analysis (SUVmax value), and associated hepatic pathology were collected.

Results The SUVmax values were significantly higher in the tumour thrombosis group (6.26 + 1.94), compared to the
bland thrombosis group (1.79+0.69), (P <0.001). The ROC curve of semiqualitative analysis (SUVmax) revealed a sen-
sitivity of 96.3% and a specificity of 36.4%, at area under curve of 0.827 with SUVmax > 3.5 as the pathological cut-off

Conclusions By using semiqualitative analysis, 18F-FDG PET/CT is a valuable new technique in differentiating
between neoplastic and bland PV thrombi, with optimal cut-off SUVmax value > 3.5 as a criterion.

Keywords Portal vein thrombosis, Tumour thrombus, Bland thrombus, 18F-FDG PET/CT

Background
Tumour thrombosis is an unusual clinical condition.
Diagnosis of tumour thrombosis and differentiating
it from benign thrombosis is essential for managing
patients, planning treatments, and minimising unneeded
anticoagulation therapy. Bland thrombi occur in both
cancer and non-cancer patients; tumour thrombi and
bland can coexist [1].

A blood clot inducing narrowing or occlusion of the
portal vein is known as portal vein thrombosis (PVT) [2].
The thrombus may involve any vein of the portal venous
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system [3]. PVT is frequently associated with liver cir-
rhosis. Cancer, abdominal sepsis, pancreatitis, systemic
lupus erythematosus, or other conditions, especially those
involving hypercoagulable states, can result in PVT [4].

HCC frequently invades the portal vein resulting in
tumoural thrombosis [5]. This occurs in approximately
35% of HCC patients and is related to advanced tumours
and a bad prognosis [6].

Recent studies have primarily used multislice CT
(MSCT) and colour Doppler ultrasound to identify and
characterise thrombi. MSCT can detect morphologi-
cal changes, but 18F-FDG PET/CT is capable of detect-
ing the metabolic abnormalities that occur before those
changes. Numerous sporadic reports [7-9] and retro-
spective studies [10, 11] have demonstrated the valuable
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PET/CT role in the detection of tumour thrombosis.
Prior research revealed different cut-oftf values of the
maximum standardised uptake (SUVmax) for the differ-
ent tumours, concluding that PET/CT can distinguish
tumour from benign thrombi based on the SUV [12].

Any solid malignant tumour has the potential to develop
malignant venous thrombosis, but it is most common in
the liver, renal, colon, as well as pancreatic cancers. Serious
prognostic implications result from venous thrombosis,
particularly in the portal vein. As a result, distinguishing
tumour thrombosis from benign PVT is critical. Patho-
logical examination is the gold standard. In the clinical
practice, however, imaging and laboratory results are fre-
quently combined to establish the diagnosis [13].

Methods

An IRB-approved retrospective study (Registration number:
00341/2022) was conducted on 38 patients who had liver cir-
rhosis with PVT, either with or without malignant hepatic
tumours, and had performed 18 F-FDG PET/CT during Jan-
uary 2021 to April 2022.

Inclusion criteria

+ Patients having liver cirrhosis with PVT diagnosed
through a contrast-enhanced MSCT study under-
went histopathological examination of hepatic focal
lesions one month before PET/CT scan and clini-
cal and imaging follow-up for those with no focal
hepatic lesions.

+ Both sexes ranged in age from 40 to 60.

Exclusion criteria

» Patients who do not have PVT.

18F-FDG PET/CT scanning

All patients performed 18F-FDG PET/CT scans (Sie-
mens, Biograph mCT 128, Siemens Medical Solutions,
Knoxville, USA). The patients were instructed to refrain
from eating or drinking for a roughly 6 h prior to the
injection, including cessation of tube feedings, dextrose-
containing intravenous fluids, and parenteral hyperali-
mentation. Do minimal physical activity 24 h prior the
scan. No caffeine and nicotine products are allowed (12 h
before scan). A high-protein, low-carbohydrate diet is
required (24 h before scan). If the patients have routine
non-diabetic medications take them with plain water at
the usual times. Wear warm clothes at home and on the
way to the institute. Only plain water is permitted, 1 L of
plain water as tolerated before arriving to the institute.
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Do serum creatinine (within 15 day), and remove metal
objects, such as a belt, jewellery, dentures, and eye-
glasses, which might interfere with image results. Eugly-
caemia (a blood glucose level must not exceed 150 mg/
dL) was determined by measuring serum glucose lev-
els prior to injection. Then, a dose of 370-550 MBq of
18F-FDG was administered via antecubital vein injec-
tion along with a saline infusion. PET/CT scan started
approximately 45—60 min after tracer injection.

The patients were scanned in the supine position with
the patients’ arms raised above their heads. A low-dose
128 slice MSCT scan was acquired with a field of view
(FOV) of 780 mm, 150 kV, 50 mAs, and a 512x512
matrix size from the skull base to the midthigh.

Then, the PET scan was obtained with a 3 min acquisi-
tion time per bed position, and imaging was done using
sequentially overlapping bed positions.

Following the PET scan, a contrast-enhanced 128 slice
MSCT was acquired from skull base to midthigh. A total
dose of 80 to 100 ml and at a rate of 1.5—-3 ml/kg body weight,
the contrast agent was injected intravenously automatically.
The FOV was 78 c¢m, with 512X 512 reconstruction matrix,
120 kV and 150 mAs. The coronal and the sagittal images
were reconstructed in 1 mm increments with a slice thick-
ness of 1.5 mm for multi-planar evaluation.

Imaging analysis
Two radiologists (M.H. and S.A., with 13 and 8 years of expe-
rience, respectively) reviewed the PET/CT scans indepen-
dently. The tumour and PVT were known to these medical
professionals, but they were not aware of the histological and
clinical follow-up findings. Consensus was used to resolve
disagreements.

The PET/CT scans were evaluated visually and semiquali-
tatively (SUVmax measurement).

Visual analysis

The multi-modality workstation was used to perform
visual analysis of the PET/CT scans. Increased metabolic
activity in the form of focal nodular or linear branching
patterns conformed to the portal vein was used to show
the presence of thrombus on the PET/CT scans.

The FDG uptake level of the thrombus, when compared
to the uptake of the descending aorta at the same level, can
be categorised into four categories: no uptake; uptake less
than; uptake equal to; and uptake more than the descend-
ing aorta. The last category was regarded as specific
for tumour thrombosis. The first three categories were
regarded as particular to bland thrombosis.

On the contrast-enhanced 128 slice MSCT, the filling
defect of the involved vein (main portal vein, its intrahe-
patic right and left branches), as well as direct invasion
from the tumour, was also reported.
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Semiqualitative analysis

The focal metabolic activity (SUVmax) of the involved vein
was measured on the PET/CT scans. The ROI was identi-
fied using contrast-enhanced 128 slice MSCT at the PVT
site. All lesions had SUVmax measured. These values were
classified as tumour or bland thrombosis uptakes based on
histology or radiological criteria and clinical follow-up.

Study outcome

The following criteria were used to define tumoural
thrombosis; both the visual analysis: where the tumoural
thrombus FDG uptake level is more than the uptake of
the descending aorta, the other criterion is SUVmax
value>3.5. The PET/CT findings were histopathologi-
cally confirmed as well as clinical and imaging follow-up.
Tumour thrombus had a significantly higher SUVmax
than benign thrombus.
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Statistical analysis

SPSS version 21 was used to compile and analyse all data
(SPSS Inc., Chicago, IL). The continuous variables were
represented by mean, mode, range, and standard devia-
tion and were compared using the Student’s t test,
whereas categorical variables were represented by per-
centages, and were compared using the chi-squared test
(X2). The cut-off values of the receiver operating charac-
teristic (ROC) curves were measured. P value <0.05 was
considered statistically significant.

Results

Of the 51 patients who attended to our radiology depart-
ment, 13 patients were prohibited retrospectively from the
study (did not meet the inclusion criteria as no PVT), and
38 patients joined this study. Thus, 11 patients had bland
(benign) thrombosis, and 27 patients had tumour (malignant)
thrombosis. Each group was divided into male and female.

Assessed for eligibility (n=51)

Enrolment

Prohibited (n=13)
e Not matching our inclusion
criteria (n=13)

Allocation

A

v

e Other reasons (n=0)

Classified (n=38)

Group A (n=11)
Bland thrombosis
(benign)

Follow-Up

|

Group B (n=27)
Tumor thrombosis
(malignant)

Analyzed

Female
(n=2)

Flowchart of the studied patients.

|
Female

(n=6)
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Table 1 Sociodemographic data among the studied cases (N=38)

Variables Mean +SD Range

Age/years 5647 +540 47.00-67.00
No %

Gender

Male 30 789

Female 8 211

SD standard deviation

This retrospective study included 38 (30 male and
8 female) patients, age mean was 56.47 +5.40 years,
and patient’s ages ranged between 47 and 67 years
(Table 1).

In our study, most of the studied cases had affected
right portal vein branch (78.9%).

Liver cirrhosis with HCC was the most common
among the cases studied (65.8%) (Fig. 1).

Visual analysis

PET/CT images visual analysis showed different FDG
uptake levels in the thrombus. FDG uptake level in the
thrombus higher than that of the descending aorta was
found in 27 cases (71.05% of all the studied cases), all
of which were histopathological proven to be tumour
thrombi (Figs. 2, 3), while no uptake, uptake <the uptake
of the descending aorta was noticed in 3, 6, and 2 cases

(7.89%, 15.79%, and 5.26%, respectively, of all the studied
cases) and all were histopathological proven to be bland
thrombi (Table 2) (Figs. 4, 5) with a significant difference
(P=0.001).

In the 24 studied cases, focal nodular FDG uptake
pattern was frequent in tumour thrombosis (20 cases)
(representing 52.6% of all cases) than in bland thrombo-
sis (only 4 cases) (representing 10.5% of all cases), with
a significant difference between both groups (2=0.029).
On the contrary, linear branching FDG uptake pat-
tern was equal in both tumour and bland thrombosis (7
cases each), and there was no significant difference in
focal nodular and linear branching FDG uptake pattern
between the two groups (P=0.435) (Table 2).

No significant differences were in the age or the gender
between the bland thrombosis and tumour thrombosis
study groups (P> 0.05).

Associated Hepatic pathology

Fig. 1 Associated hepatic pathology among the studied cases (N=38)

m Liver cirrhosis
m Liver cirrhosis & HCC

= Liver cirrhosis & cholangiocarcinoma
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Fig.2 A 61-year-old female patient with liver cirrhosis and right hepatic, and caudate lobes HCC lesions associated with segmental right portal vein
and IVC malignant thrombosis and mild ascites. a, b Axial contrast-enhanced MSCT images. ¢, d Axial fused PET/CT images. e, f Axial PET images. g
Coronal PET MIP image. h Sagittal contrast-enhanced MSCT image revealed linear increased FDG uptake (SUVmax 8.6) corresponding to segmental
right portal vein malignant thrombosis (red arrows), right hepatic lobe and caudate lobe HCC lesions (white arrows), an active satellite nodule
(yellow arrows)
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Fig. 3 A 67-year-old male patient with liver cirrhosis and right hepatic lobe HCC lesion associated with right portal vein malignant thrombosis.
a-c Axial contrast-enhanced MSCT, axial fused PET/CT, and axial PET images. d—f Coronal contrast-enhanced MSCT, coronal fused PET/CT, and
coronal PET images revealed linear increased FDG uptake (SUVmax 4) corresponding to right portal vein malignant thrombosis (orange arrows) and
increased FDG uptake corresponding to right hepatic lobe HCC lesion (white arrows) and porta hepatis metastatic lymph nodes (blue arrows). Also

note increased FDG uptake in the regional spine corresponding to metastatic spinal deposits

Table 2 Visual analysis (FDG uptake pattern and level) among studied cases (N=38)

Variables Bland thrombosis benign Tumour thrombosis Total (n=38) X2 P value
(n=11) malignant (n=27)
No % No % No %
FDG uptake pattern
Focal nodular 4 36.36 20 74.07 24 63.16 4777 0.029*
Linear branching 3 27.27 11 40.74 14 36.84 0.609 0435
Level of uptake
No uptake 3 27.27 0.00 7.89 7.995 0.005*
Less than descend. aorta 6 54.55 0.00 15.79 17489 <0.001*
Equal to descending aorta 2 18.18 0.00 5.26 5.182 0.023*
More than descending aorta 0 0.00 27 100.00 27 71.05 38.000 <0.001*

*a significant difference (P < 0.05)
X2 chi-squared test
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Fig. 4 A 47-year-old male patient with liver cirrhosis and subtotal benign thrombosis in the left portal vein and mild ascites. a—c Axial
contrast-enhanced MSCT, axial fused PET/CT, and axial PET images. d—f Sagittal contrast-enhanced MSCT, sagittal fused PET/CT, and sagittal PET
images revealed low-grade FDG uptake (SUVmax 1.8) corresponding to subtotal benign left portal vein thrombosis (orange arrows)

Semiqualitative analysis

Furthermore, the SUVmax values (Fig. 6) were signifi-
cantly higher in tumour thrombosis group (6.26+1.94)
than in bland thrombosis group (1.79+0.69), (P<0.001)
(Table 3).

Tumour thrombus SUVmax (6.26+1.94, range 4.2—
10, median 6.5) was significantly higher (?<0.001) than
bland thrombus (1.79 +0.69, range 0.0-2.8, median 1.5).

The ROC curve of semiqualitative analysis (SUVmax)
(Fig. 7) revealed a sensitivity of 96.3% and a specificity of
36.4%, at area under curve of 0.827 with SUVmax >3.5 as
the pathological cut-off value to distinguish tumour from
bland thrombi (Table 4).

Discussion

The diagnosis of tumour thrombosis and differentiat-
ing it from benign thrombosis is essential for managing
patients, planning treatments, and minimising unneeded
anticoagulation therapy [1].

In this study, we assessed the value of FDG PET/CT
in differentiating the tumoural from the bland PVT in
patients with liver cirrhosis.

The visual analysis was done in our study with the FDG
uptake of the descending aorta which is taken as a refer-
ence, and FDG uptake in the thrombus more than that of
the descending aorta was noticed in most of (71.05%) the
studied cases, all of which were histopathological proven
to be tumour thrombi, while no uptake, uptake <that of
the descending aorta was observed in 7.89%, 15.79%, and
5.26%, respectively, of all the studied cases, and all were
histopathological proven to be bland thrombi with a sig-
nificant difference (P=0.001).

In all cases, focal nodular FDG uptake pattern was fre-
quent in tumour thrombosis (52.6% of all cases) than in
bland thrombosis (10.5% of all cases), with a significant
statistical difference between both groups (P=0.029).
On the contrary, linear branching FDG uptake was
equal in both tumour and bland thrombosis, and there
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MSCT, axial fused PET/CT, and axial PET images. d-f Coronal contrast-enhanced MSCT, coronal fused PET/CT, and coronal PET images revealed
low-grade FDG uptake (SUVmax 1.4) corresponding to subtotal benign main portal vein thrombosis (orange arrows)

10.00 -

8.00 1

6.00 4

SUVmax

4.00 1

2.00 4
00 J— 05
T T
Bland Tumor

Thrombosis
Fig. 6 Semiqualitative analysis (SUVmax) among bland thrombosis
(benign) and tumour thrombosis (malignant) studied groups

was no significant difference in focal nodular and linear
branching FDG uptake between the two studied groups
(P=0.435).

Hu et al. [14] discovered that the visual analysis of the
FDG uptake level was done and had a sensitivity (91.5%),
specificity (64%), and an accuracy (81.9%). 18F-FDG
uptake pattern in tumour thrombi appears as a linear or
a small focal tumour infiltration. There may not be any
significant tumour infiltration and high FDG uptake in a
large thrombus [15].

In our study, only the malignant group had direct
tumour extension into the vessel lumen on post contrast
128 slice MSCT images. The dilatation of the involved
vessel is associated with venous thrombosis, but it does
not distinguish between malignant and benign portal
venous thrombosis.

Table 3 Semiqualitative analysis (SUVmax) among studied groups (N=38)

Variables Bland thrombosis benign  Tumour thrombosis t P value 95% ClI
(n=11) malignant (n=27)
Lower Upper
SUVmax
Mean +SD 1.7940.69 6.26+1.94 10436 <0.001* —534 —3.60

SUV standardised uptake value, SD standard deviation, t Student’s t test, C/ confidence interval



Abokoura et al. Egypt J Radiol Nucl Med (2023) 54:111

ROC Curve
10
0.8
2 067
2
=
"
e
Q
@ 04+
0.2
00 T T T T
00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Fig. 7 ROC curve of semiqualitative analysis (SUVmax value) as
a marker in distinguishing benign from malignant portal vein
thrombosis among studied cases

In addition, both the tumoural and the benign venous
thrombi showed increased FDG uptake, and tumoural
thrombi displayed greater FDG uptake than benign
thrombi, according to Sharma et al. [10] study of 24 can-
cer patients having hypermetabolic venous thrombo-
sis. Despite the fact that the aforementioned study only
included 5 cases of HCC. In all HCC patients, the FDG
avid PVT was confirmed to be malignant.

In addition, Sun et al. [12] examined PET/CT scans of
seven patients having HCC associated with PVT, the five
cases who had tumoural PVT displayed increased FDG
uptake, whereas the remaining two cases who had benign
PVT did not display FDG avidity.

In the current study, the SUVmax was significantly
higher in tumour thrombosis group (6.26+1.94) than
in bland thrombosis group (1.79£0.69) (P<0.001). This
finding is matching with a study results performed by Hu
et al. [14], who assessed the PET/CT scans in 72 cancer
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patients and discovered that the SUVmax in tumoural
PVT group (6.37+2.67) was significantly higher than
SUVmax in the bland thrombi group (2.87+1.47)
(P<0.01). Also, Nguyen et al. [16] discovered that PET/
CT imaging findings revealed linear increased metabolic
activity along the PVTT with expansion in all the patients
with liver tumours. The thrombi’s mean SUVmax was
calculated to be 7.0 (range 4.5-11.5). Sun et al. [12] also
demonstrated a high FDG uptake of malignant PVT with
SUVmax ranging between 3.0 and 11.5 in HCC patients.

According to the current study, liver cirrhosis was
the most common among the bland thrombosis group
(81.82%), and liver cirrhosis with HCC was the most
common among the tumour thrombosis group (85.19%),
with a significant difference (P<0.001). In a previous
study, Lee [17] reported that venous thromboembolism
is a known and a relatively common complication of can-
cer. According to estimates, about 25 to 30% of all cases
of venous thromboembolism (VTE) involve patients who
have cancer. Blom et al. [18] discovered that malignancy
is responsible for about 18% of all the cases of VTE. VTE
is seven times more likely in cancer patients overall; in
certain cancers, the risk is even higher.

According to the current study, the ROC curve of
semiqualitative analysis (SUVmax) revealed a sensitivity
of 96.3%, and a specificity of 36.4%, at area under curve
of 0.827 with SUVmax>3.5 as the pathological cut-off
value. Most tumoural thrombi have high SUVmax val-
ues, but differentiating tumour thrombi from bland
venous thrombi by PET imaging alone may be difficult as
the inflammatory lesions may also have increased 18F-
FDG uptake [19, 20]. Sharma et al. [10] proposed SUV-
max measurement as a valuable tool for differentiating
bland from tumour thrombi with a threshold value of
3.36. Lee and Khong [11] discovered a cut-oftf SUVmax
value of 2.25, sensitivity of 78% and a specificity of 100%
in distinguishing between tumour and bland thrombi.
Hu et al. [14] discovered that SUVmax has a sensitivity
of 93.6%, a specificity of 80%, and an accuracy of 88.9%,
with a cut-off value of 3.35. To achieve a diagnostic accu-
racy, the semiqualitative analysis can be used instead of
the visual analysis.

Table 4 ROC curve of SUVmax value as a marker in distinguishing benign from malignant portal vein thrombosis among the studied

cases
Cut off value Area Std. Error® P value Sensitivity Specificity PPV NPV 95% Cl
Lower Upper
SUVmax >35 0.827 0.097 0.002*% 96.3 364 71.05% 28.95% 0.64 1.04

*a significant difference (P < 0.05)

SUV standardised uptake value, PPV positive predictive value, NPV negative predictive value, C/ confidence interval
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There are some limitations to this study. In 7 cases
(18.4%), rather than histopathological evidence, clinical
and imaging findings were used to first determine the
type of thrombosis. Second, the study had flaws due to
the retrospective study design and the relatively small
patients’ number included.

Conclusion

We concluded that using semiqualitative analysis, 18F-
FDG PET/CT is a valuable new technique in differenti-
ating neoplastic from bland PV thrombi, with optimal
cut-off SUVmax value > 3.5 as a criterion.

Abbreviations
18F-FDG PET-CT 18 Fluoro-2-deoxy-D-glucose positron emission

tomography-computed tomography

cT Computed tomography

HCC Hepatocellular carcinoma

MSCT Multislice computed tomography
MRI Magnetic resonance imaging
PVTT Portal vein tumour thrombosis
ROI Region of interest

SV Standardised uptake value
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