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Abstract

Objective: The aim of the study is to investigate additional findings
associated with tumor thrombus on F-18 FDG PET/CT other than in-
travascular metabolic activity such as direct or indirect extension with
the primary tumor, association between metabolic activity of primary
tumor & tumor thrombus and incidence of distant metastases.

Materials and methods: This is a retrospective study done in the
Department of Nuclear Medicine at a tertiary care hospital in India.
The patients with known malignancies and who underwent F-18 FDG
PET/CT in the department for 27 months (2020-2023) were screened
for tumor thrombus that comprised the study group. The morphologi-
cal parameters analyzed included extension with the primary tumor
(direct / indirect), incidence (presence or absence) of distant metasta-
ses, metabolic activities of the tumor thrombus, primary malignant site
and distant metastases.

Statistical analysis: Descriptive statistics was done for data using
SPSS v22.Metabolic values (SUV max) were expressed as median and
inter-quartile range. Comparison between the metabolic activities of
the tumor thrombus, primary tumor and distant metastases was calcu-
lated using Mann-Whitney U test.

Results: Of 2870 FDG PET/CT studies of patients with known malig-
nancy screened, 12 patients had tumor thrombus and 25 vessels were
involved. The most common primary sites of malignancy were lympho-
ma and liver (21.4% each) and the most common vessel involved was
IVC and SVC (20% each). The median (inter-quartile range, IQR) of met-
abolic activity (SUVmax in g/ml) of primary tumor and tumor thrombus
were 10.5(12.5) and 5.5 (9.6) respectively. 60% of the tumor thrombus
was contiguous with the primary tumor. 85.7% patients had distant
metastases at the time of presentation of tumor thrombus. Significant
association was noted between the metabolic activities of primary ma-
lignant site and tumor thrombus (p<0.05) on Mann Whitney U test. No
significant association was noted between the metabolic activities of
the tumor thrombus and distant metastases.

Conclusion: Tumor thrombus is usually a direct extension of the pri-
mary tumor with metabolic activity similar to the primary malignancy.
However it can also present as a non-contiguous intravascular lesion
away from the primary malignant site. It is usually associated with dis-
tant metastases at the time of presentation.

Keywords: Tumor thrombus; F-18 FDG PET/CT; Extension; Noncon-
tiguous; Metastases.
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Introduction f\ Table 1: Study characteristics. )

Tumor Thrombus (TT) is a rare but aggressive feature of any ) i T

. . . . . Patients with Tumor Thrombus = N 14
solid malignancies that can occur in staging or post treatment : :
status. It is defined as proliferation of tumor cells inside the ves- Median age in years (range)_' M:F : 55(8-76); 7:7
sel lumen that can occur either by primary malignancy invading Primary malignant sites (N=14)
the nearby vessel or by extension of the tumor into the ves- Lung (n) [%] 3(21.4%)
sel [1]. Its presence is reported to be associated with adverse Lymphoma 3(21.4%)
outcomes and the surgical planning becomes more complex. Liver 2(14.3%)
Its incidence depends on type of primary malignancy and is Bone 2(14.3%)
most commonly seen in primary renal and liver malignancies Kidney 2(14.3%)
[2_]..Ident|ﬁcat|on of TT !s challlenglng as there are no.spemﬁc Thyroid (poorly differentiated) 1(7.1%)
clinical symptoms, nor it is restricted to any stage of malignancy. Cervix (poorly differentiated) 1(7.1%)
The CECT (Contrast-enhanced Computed Tomography) and CE- i

. . . Veins Involved (N= 25)
MRI (Contrast-enhanced Magnetic Resonance Imaging) can aid . .
in distinguishing it from bland thrombus by presence of con- IVC n(%) 5(20%)
svC 5(20%)

trast enhancement and direct continuation of the primary tu-
mor mass as characteristic of tumor thrombus. Multiple studies
suggest intravascular uptake of F-18 FDG (F-18 2-fluoro 2-deoxy
D-glucose) on PET/CT (Positron Emission Tomography) as confir-
mation of tumor thrombus [2-16]. With this study, we emphasis
on the morphological features besides intravascular FDG uptake
that can be associated with tumor thrombus such as

1. Contiguity or Non-contiguity with the primary malignancy:
direct or indirect extension of the tumor,

2. Presence or absence of distant metastases at the time of
diagnosis of TT, and

3. Association between the metabolic activities of TT and pri-
mary tumor.

Materials and methods

Study setting and patient criteria: This was a retrospective
study conducted in a tertiary care referral university hospital
in North India. This study was approved by the Institute Ethics
Committee (IEC no. AIIMS/IEC/2023/4333).

All the F-18 FDG PET/CT scans of patients with biopsy proven
malignancy performed in the department from February 2020
to May 2023, were screened for tumor thrombus. Presence of
linear or focal intravascular FDG uptake with or without con-
trast enhancement was considered positive for tumor throm-
bus and included in the study. As few patients underwent non
iodinated contrast PET/CT, intravascular contrast enhancement
was not considered mandatory as the inclusion criteria.

Acquisition of 18-FDG PET/CT: F-18 FDG PET/CT imaging was
carried out in accordance with the standard clinical PET/CT pro-
tocol as per the EANM guidelines [17]. The patients were intra-
venously injected with F 18 FDG; 3.7 MBqg/kg body weight to a
maximum dose of 370 MBq after a 4-6 h fasting period. All pa-
tients were imaged with an integrated PET CT system (Discovery
GE MIDR 710). After 45-60 minutes of uptake period at rest, in a
dimly lit quiet room, the images were acquired at 1 min per bed
position. In the patients with serum creatinine and blood urea
nitrogen under normal limits and with no other contraindica-
tions to iodinated contrast, the PET scan was acquired together
with the CECT (contrast enhanced computed tomography) scan,
otherwise a non-contrast CT was acquired. In those with the
PET/CECT, a delay of 35 seconds was between the intravenous
iodinated contrast injection and acquisition of CT scan.

External iliac = 3(12%)/
Common iliac = 2(8%)

3(12%)

2(8%)

Renal / 1JV/ Pulmonary 1(4%)/1(4%)/ 1(4%)
Extent of the tumor thrombus (N= 25)

Iliac

Brachiocephalic

Portal Vein

15(60%)
10(40%)

Continuous with primary malignancy/direct

Non-contiguous/indirect with primary

Presence of intra-vascular FDG uptake (linear or focal) was
considered positive for tumor thrombus, and served as the only
inclusion criteria. This finding was supplemented by the pres-
ence of filling defect in the vessels on CECT if available. In those
patients in which non-contrast PET/CT was done, the confirma-
tion of PET positive tumor thrombus was confirmed by regional
ultrasound or MRI. The findings on PET/CT were independently
verified by two Nuclear Medicine physicians each with more
than 5 years of experience. Those scans with either one dis-
agreement were excluded from the study.

Parameters recorded

The morphological and metabolic parameters recorded and
analyzed in this study were as follows;

1. Metabolic activities of the Tumor Thrombus (TT), primary
tumor and distant metastases in terms of SUV max normalized
to lean body mass (g/ml)

2. The extent of the tumor thrombus, i.e. direct extension /
continuity, or non contiguity with primary tumor.

3. Imaging evidence of distant metastases at the time of di-
agnosis of TT.

Median and inter-quartile range of the metabolic parameters
(SUVmax) were recorded. Association between the metabolic
activities of the tumor thrombus, primary tumor and distant
metastases was calculated using Mann-Whitney U test. Other
morphological parameters (extent of thrombus and distant me-
tastases) were nominal variables and percentage of incidence
was calculated.

Results

The study and individual patient characteristics are shown
in the Table 1 and Table 2 respectively. Of 2870 F-18 FDG PET/
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[ Table 2: Individual patient characteristics.

)
)

:::ir:r G:ﬁ:l{ar Primarysnde\lll:ggint site / Site of TT SU;/grr/r:l); l Ex':;r}rs_li_on Distant metastases
1 71/F Thyroid / 26 Right 1)V & Brachiocephalic vein 10.4 Direct Lung, bone
2 8/M Anaplastic lymphoma/18.4 SvVC 12.4 Indirect Peritoneum
3 74/M Liver/6.3 Portal vein 2.8 Direct Lung, ascites
5 76/F Lung/10.5 SVC, Right brachiocephalic vein, Right atrium 9.2 Direct Internal m;emur:\:ry nodes,
6 49/M Renal/ 6.2 Right renal vein, IVC, Right atrium 8.9 Indirect None
7 58/F Renal /6.7 Infrarenal IVC 5 Indirect lung
8 15/F Bone/7 Bilateral external & common iliac veins and IVC 3.6 Direct lung
9 72/M Lung/ 17.7 Suprahepatic IVC 5.1 Indirect Bone, pleura, spleen
10 32/F Hodgkins’ lymphoma/18.8 Infrahepatic IVC 14.2 Direct Liver, marrrow
11 55/M Lung/18.7 SvC 5.5 Direct Axillary node, bone, liver
12 63/F Liver/9.2 Right lower lobar pulmonary vein 2 Indirect Liver, peritoneum, ovaries
13 21/M Bone/2.9 External iliac vein 1.5 Indirect none
14 75/M Liver/6.1 Suprahepatic IVC 2.3 Direct Lung, ascites

Figure 1: Example of Contiguous and Non Contiguous tumor thrombus.
a) A case of primary renal cell carcinoma (dotted white arrows) with contiguous/direct extension of
the tumor thrombus into IVC reaching up to right atrium (bold white arrows).

b) A case of primary cholangiocarcinoma (dotted white arrows) with non-contiguous tumor thrombus
in right inferior pulmonary vein (bold white arrows), which was lateral confirmed on CT Pulmonary

| angiography.
\_ %
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Figure 2: Scatter plot showing correlation between.
a) SUVmax TT and Primary malignancy.
| b) SUVmax TT and Distant metastases. )
N

CT studies screened, 12 patients had tumor thrombus with an
incidence rate of 0.42%. 10 patients were diagnosed with tumor
thrombus on their baseline PET/CT scans, and 2 patients (lym-
phoma, Carcinoma cervix) were diagnosed during their restag-
ing scans which were suggestive of disease progression. Median
age of the patients was 55 years (range: 8-76 years), and 50%
(7/14) were males. The most common primary malignancies
were liver and lymphoma (21% = 3/14 each). A total of 25 ves-

sels were involved, of which the most common were IVC and
SVC (20% = 5/25) each.

85.7% (12/14) patients had imaging evidence of distant me-
tastases on F-18 FDG PET/CT at the time of diagnosis of TT (Ta-
ble 3), of which lung/pleura were the most common sites (67%=
8/12). 60% (15/25) of the tumor thrombi were contiguous with
the primary tumor, i.e. direct extension of the primary tumor.
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\/ Table 3: Distant metastases.

\\‘/ /

Total n [%] 12 [85.7%]
Lung / Pleura 8
Bone / Marrow 5
Non regional lymph nodes 3
Peritoneum 2
Liver / Spleen/ovaries/ascites 1/1/1/1

However, 40% (10/25) of them were non-contiguous from the
primary tumor, i.e indirect in nature. Figure 1 shows the exam-
ples of contiguous and non-contiguous tumor thrombi.

The median (and IQR) of the metabolic activity (SUV max) of
primary malignant site and tumor thrombus was 10.5 (12.5) g/
ml and 5.5 (9.6) g/ml respectively. In the cases of lymphoma,
the group of nodes with the highest metabolic activity in the
same region as that of the tumor thrombus was recorded. There
was significant association noted between the metabolic activi-
ties of primary malignant site and tumor thrombus on Mann-
Whitney U test (p<0.05), with Pearson’s correlation coefficient
<0.05 (Figure 2a). No significant correlation was noted in the
metabolic activities of the tumor thrombus and distant metas-
tases (Figure 2b). Neither any correlation was noted between
the metabolic activities of the distant metastases and primary
malignant site (p value=0.07).

Discussion

Tumor Thrombus (TT) is a known aggressive feature of any
malignancy, and is usually seen in renal and hepatocellular
primaries [1]. Detection of TT is crucial for staging and further
management of the malignancy. The primary objective of this
study was to find the features of TT on F-18 FDG PET/CT other
than the intravascular FDG uptake.

In this study, the most primary malignancies were lung and
lymphoma besides liver, suggesting that any malignancy can ex-
hibit this growth pattern. The majority of the patients had imag-
ing evidence of distant metastases at the time of presentation
of tumor thrombus. This is an interesting finding, and can be in-
terpreted as both the tumor thrombus and distant metastases
have the same route of hematogenous spread. It also explains
the poor prognosis and lesser overall survival in the patients
with TT [2].

The second parameter studied is the extension of the tumor
thrombus with primary malignant site. Though majority of the
thrombi were direct extension or invasion of the primary tumor
into the adjacent vessel, still some of the thrombi were found
in the vessels away from the primary tumor suggesting tumor
embolus. This suggests that the intra-vascular tumor prolifera-
tion can occur anywhere inside the vessels along the vascular
drainage of the primary tumor site.

In CECT and CE-MRI, one important feature to detect TT is
the enhancement pattern of the expansile intravascular lesion
similar to that of the primary tumor site that differentiates it
from the bland thrombus [13]. There is significant correlation
(p<0.05) observed between the metabolic activities (SUVmax)
of the primary tumor and tumor thrombus, suggesting both en-
tities sharing similar cellular origin. This feature can be useful in
equivocal cases or with suspicious false positive findings of in-
travascular FDG uptake. If the amount of intravascular FDG up-
take is similar to that of the primary tumor then the likelihood
of tumor thrombus is higher. We also tried to find the associa-

tion between the metabolic activities of the tumor thrombus
and the distant metastases, however could not find any signifi-
cant correlation between them.

There are few limitations of this study like retrospective de-
sign, small sample size, and mostly visual or qualitative param-
eters studied. A larger study might be needed to improve the
reliability of the correlation between the metabolic activity of
primary tumor and tumor thrombus. However, given the low
prevalence of tumor thrombus it is unlikely that any such study
will be feasible in a single center, and prospective studies are
suggested.

Conclusion

Tumor thrombus is usually associated with distant metasta-
ses at the time of diagnosis. It is mostly contiguous with the
primary tumor, however few cases can also embolise away from
the primary tumor along the vascular drainage pathways. There
is significant association between the metabolic activities of the
tumor thrombus and primary tumor.
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