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False-positive findings on 18-Fluoro-deoxy-glucose positron 
emission tomography due to granulomatous inflammation 

in a rectal cancer patient with an extensive tattoo

Katharina Esswein, Eva Gassner, Reto Bale, Reinhold Kafka-Ritsch

ABSTRACT

Introduction: In patients with colorectal cancer a 
combined 18-Fluoro-deoxy-glucose positron emission 
tomography with computed tomography (CT) may be 
useful in advanced or recurrent disease to assess distant 
metastases. In the interpretation several pitfalls must be 
considered.

Case Report: A 37-year-old woman presented with 
metachronous liver metastases three years after 
the first diagnosis of rectal cancer. A second-line 
chemotherapy and stereotactic radiofrequency ablation 
was performed. Six months after the intervention, the 
follow-up magnetic resonance imaging revealed new 
liver lesions with indefinite diffusion impairment and 
pathologic contrast enhancement in portal venous 
and hepatobiliary phase. Further investigation with 
combined 18-Fluoro-deoxy-glucose positron emission 
tomography with CT showed for malignancy suspicious 
glucose-uptake in the respective liver lesions and 
additional in unilateral enlarged inguinal lymph nodes. 
Because of the uncommon findings, histologic specimen 
was obtained. Histology revealed no malignancy, but 
granulomatous hepatitis and lymphadenitis consistent 
with sarcoid-like reaction. Furthermore, deposition of 
tattoo pigment was found in the enlarged lymph nodes, 
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most likely deriving from a large tattoo located on the 
right lower extremity.

Conclusion: We describe a case of a rectal cancer 
patient with misleading imaging findings on combined 
18-Fluoro-deoxy-glucose positron emission tomography 
with CT. Awareness of rare conditions such as 
granulomatous inflammation and false-positive findings 
is key in the presence of uncommon findings, like in this 
case, suggested spread outside the metastatic pathway.
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INTRODUCTION

Colorectal cancer is the third most common malignant 
neoplasms and the second leading cause for cancer-
related death worldwide [1]. The most frequent sites of 
metastatic colorectal cancer disease are liver followed by 
lung. Metachronous liver metastases develop in about 
5–15% of the patients [2–4]. Even in metastatic tumor 
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disease, a curative treatment approach can be feasible. 
Besides a surgical resection of colorectal liver metastases 
(CRLM), interventional radiological procedures such as 
thermal ablation become more important.

The European Conference on Interventional Oncology 
and European Society of Oncologic Imaging (ECIO-ESOI) 
consensus guidelines 2018 recommend both, magnetic 
resonance imaging (MRI) and combined 18-Fluoro-
deoxy-glucose positron emission tomography with CT 
(18-FDG-PET/CT) for follow-up after thermal ablation 
of CRLM, although comparative literature is sparse 
[5]. A slight preference for MRI as primary modality is 
given in the recommended protocol owing to superior 
spatial resolution. For follow-up of patients after thermal 
ablation of CRLM, 18-FDG-PET/CT is suggested as a 
problem solver, additionally, it is useful to assess distant 
metastases. Several pitfalls must be considered in the 
interpretation. Next to false-positive findings by infection, 
inflammatory response to tattoo pigment mimicking a 
positive lymph node was reported [6–8]. We present a 
case in which not only inflammatory response to tattoo 
pigment but also granulomatous inflammation adjacent 
to a coagulative necrosis after liver thermal ablation led 
to false-positive findings.

CASE REPORT

The patient is a 37-year-old woman with rectal 
cancer and an initial tumor classification of pT3N1M0. 
A preoperative chemoradiotherapy, oncological rectal 
resection followed by an adjuvant chemotherapy with 
oxaliplatin and capecitabine (XELOX) was performed. 
Three years after the first diagnosis, metachronous 
liver metastases were detected in segment IVa/VIII 
and segment VIII. Therefore, in a curative attempt, the 
patient was assigned to a second-line chemotherapy 
with folinic acid, fluorouracil, irinotecan (FOLFIRI), and 
panitumumab as well as subsequent liver stereotactic 
radiofrequency ablation (SRFA). Six months after SRFA, 
a follow-up magnetic resonance imaging (MRI) gave the 
suspicion of recurring liver metastases adjacent to the 
coagulative necrosis.

The follow-up imaging was performed with MRI using 
the following sequences: T1 in/opposed phase, T2 with and 
without fat saturation, T1 3D sequences pre-contrast and 
contrast dynamics in arterial, portal-venous, delayed, and 
hepatobiliary phase, as well as diffusion-weighted images 
(DWIs). A small area with elevated signal on diffusion-
weighted images at b=1000 s/mm2 was found adjacent 
to the coagulative necrosis. Corresponding apparent 
diffusion coefficient (ADC) maps yielded subtle signal 
loss, indicative of mild cell barrier pathology (Figure 1). 
Contrast-enhanced MRI during portal venous phase and 
especially during hepatobiliary (HBP) phase showed ill-
defined hypointensities (Figure 2). Diffusion-weighted 
images and hepatobiliary phase images generated the 
suspicion of recurrence and prompted an 18-FDG-PET/CT 

as a second imaging modality. 18-Fluoro-deoxy-glucose 
positron emission tomography with CT scans revealed an 
indistinct 18-FDG-avid focus next to the ablation zone, 
with corresponding contrast-enhanced CT showing no 
definite changes (Figure 3). Additionally, the 18-FDG-
PET/CT revealed enlarged inguinal lymph nodes on the 
right side, which were 18-Fluoro-deoxy-glucose avid, too 
(Figure 4).

These diagnostic findings were suspicious for systemic 
disease and potentially directed the patient toward 
palliative treatment. Considering the unusual lymph node 
localization for T3 rectal cancer, ambiguous findings on 
MRI and the patient’s young age, histologic specimen 
of the lymph nodes, and the newly detected liver lesions 
were obtained through inguinal lymphadenectomy 
and percutaneous liver biopsy, respectively. During 
lymphadenectomy, intraoperatively a black coloring of 
the lymph nodes was noticed. In histology a deposition of 
black pigment consistent with tattoo ink was found, which 
was most likely related to a large unilateral tattoo on the 
right leg (Figure 5). Furthermore, epithelioid granuloma 
was found in both the liver biopsies and right inguinal 
lymph nodes consistent with a sarcoid-like reaction, but 
no malignant cells (Figure 6). Special staining excluded 
infectious granuloma caused by mycobacteria or fungi. 
In addition, despite granulomatous inflammation in 
histologic specimen, the patient showed no cutaneous, 
pulmonary, or systemic symptoms nor laboratory 
evidence of systemic sarcoidosis. Therefore, no specific 
therapy was started.

Figure 1: Routine MRI follow-up six months after SRFA. 
Diffusion-weighted MRI at b=1000 s/mm2 (left) suggests 
restricted diffusion. However, corresponding ADC maps (right) 
show only a subtle drop in signal intensity, consistent with mild 
pathology of cell barriers and cell density in the area.

Figure 2: Contrast-enhanced MRI in the portal venous phase 
(left) reveal faint wash-out, while images during hepatobiliary 
phase (right) indicate a loss of functioning hepatocytes in the 
area.
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As the histologic examination of the inguinal lymph 
nodes and liver biopsy showed no malignant cells, cancer 
specific therapy was put on hold and the patient was 
included in a colorectal cancer surveillance protocol. One 
year later the patient is still cancer free.

DISCUSSION

This case illustrates false-positive findings on 
18-FDG-PET/CT and MRI caused by inflammatory nodal 
response to tattoo pigment with sarcoid-like granuloma 
formation as well as granulomatous hepatitis adjacent 
to a coagulative necrosis after liver SRFA. The finding of 
false-positive lymph nodes in 18-FDG-PET/CT caused 
by inflammatory response to tattoo pigment has been 
reported in several cases of cancer patients [6–8]. Excess 
tattoo pigments are transported to regional lymph nodes 
and can result in foreign body reaction with pigment 
uptake by macrophage and granuloma formation even 
years after the initial tattoo was made [9, 10]. Awareness 
for this pitfall in the interpretation is important as the 
number of people with tattoos is rising and thus the rate of 
false-positive results is expected to increase. The presence 
and location of a tattoo should be documented as a 
clinical information and considered in the interpretation 
of an 18-FDG-PET/CT. In our case, detection of suspect 

Figure 3: On additional fused 18-FDG-PET/CT (left), an 
indistinct 18-FDG-avid area (arrows) is seen adjacent to a 
SRFA-induced necrosis (arrowhead). On contrast-enhanced CT 
images alone (right, portal venous phase), no definite changes 
are given. A wedge-shaped ill-defined hypodensity can be 
attributed to artifacts from coils (small arrows).

Figure 4: Contrast-enhanced CT and fused 18-FDG-PET/CT 
showing enlarged right inguinal lymph nodes with strong 18-
FDG uptake (arrow).

Figure 5: The patient has a unilateral large tattoo on the right 
leg.

Figure 6: The histologic exam shows a granulomatous hepatitis 
consistent with a sarcoid-like reaction.
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unilateral lymph nodes in the drainage pathway of a big 
tattoo should have raised doubts.

While reactive granulomatous lesions usually 
are restricted to the tattooed skin area and drainage 
basin, a coincidence of systemic sarcoidosis and tattoo 
has been described [11–13]. Yet, the correlation and 
distinction between local tattoo reactions and systemic 
sarcoidosis is controversial [14]. In our case, in addition 
to granulomatous lymphadenitis, sarcoid-like hepatitis 
was also found in biopsies obtained from areas bordering 
an SRFA-induced necrosis. No pigment deposition 
was described in specimen from the liver. The co-
occurrence of malignancy and either regional lympho-
nodal or systemic sarcoid-like reaction is recognized. 
This includes also multisystem sarcoid-like reactions to 
chemotherapy-like oxaliplatin, also administered to our 
patient [15]. In a study published in 2009 by Chowdhury 
et al. sarcoid-like reactions were more often detected in 
restaging than in primary staging PET/CT, similar to 
our case [16]. Although, the underlying mechanism how 
malignancy is leading to granulomatous reaction is not 
fully elucidated [17]. In our case the SRFA itself may 
have induced the sarcoid-like reaction as the suspicious 
lesions were adjacent to the coagulative necrosis after 
liver SRFA. This is a new information, unless we could 
not find publications of a similar case.

Sarcoid-like granulomas cause high levels of 18-
FDG uptake, similar to systemic sarcoidosis during 
phases of inflammatory activity [16, 18]. In cancer 
patients with sarcoid-like granulomas, 18-FDG-PET/
CT therefore cannot differentiate between malignancy 
and inflammatory granulomatous reaction. To the best 
of our knowledge, there is no available evidence on MRI 
features of sarcoid-like granulomas of the liver. A case 
report could demonstrate a splenic manifestation in a 
colorectal cancer patient with a hypodense mass on CT 
[19]. Few reports focus on hepatosplenic MR appearance 
of idiopathic multisystem sarcoidosis and the majority 
of cases present with diffuse hepatosplenomegaly due 
to non-discernible micronodules. In the rare forms 
of hepatosplenic sarcoidosis with large nodules (5–15 
mm), restricted MR diffusion is correlated to disease 
activity. On gadolinium-enhanced T1 sequences in the 
portal-venous phase, sarcoid macrogranuloma should 
appear hypointense [20, 21]. In retrospect, both DWI 
intensity and hypointense alteration on portal venous 
phase images are, although non-specific, consistent with 
granulomatous liver disease, a diagnosis not taken into 
account due to its absolute rarity.

Diffusion-weighted MRI offers functional tissue 
assessment with restricted diffusion as a marker for 
cellularity and pathologic cell barriers [22]. On DWI 
at high b-values (b=800 to 1000 s/mm2), diffusion-
restricted areas remain signal-intense, thus bright. 
Calculating an apparent diffusion coefficient (ADC 
value) in multiples of 10−3 mm2/s from DWI allows for 
quantification of restricted diffusion. On ADC maps, 

low values, thus dark areas, represent restriction. 
The role of DWI for characterizing periablative zones 
remains unclear. Tissue damage surrounding thermal 
necrosis may result in restricted diffusion due to cellular 
membrane breakdown and perfusion inhomogenities. 
Published evidence suggests that periablative diffusion-
restriction during the first 200 days after RFA is benign 
in the majority of cases [23]. Secondly, ADC values in 
malignant diffusion-restriction tend to be lower compared 
to benign DWI changes, but there is an overlap. In our 
case, ADC values were marginally lower than normal 
liver, favoring the diagnosis of malignant tissue ingrowth. 
Magnetic resonance signal intensity during hepatobiliary 
phase of gadoxetic acid enhanced MRI correlates to the 
presence of functioning hepatocytes with expression 
of specific membrane transporters [24]. Consequently, 
hypointense changes during HBP are due to non-
functional hepatocytes, such as in classical adenoma, or 
due to replacement by histopathologically different cells, 
such as in metastases [25, 26]. Hypointensity on HBP 
images in the presented patient was hence suggestive of 
infiltration by recurrent metastatic tissue.

Imaging after RFA follows a sequential pattern of 
periablation changes representing early edema, followed 
by inflammatory hyperemia with resolution after 4–9 
months [27]. Accordingly, CT and MRI during the first 
24–48 hours reflect edema with a hypodense rim on 
CT, reduced signal on T1-weighted MRIs and elevated 
T2 signal. Subsequently, periablative inflammation is 
represented by increased contrast-enhancement during 
arterial dominant phases on CT and MRI, as a marker of 
vascularity. Of note, imaging correlates of inflammation 
are rather homogeneous than nodular. On 18-FDG-
PET/CT, a peripheral uniform rim of 18-FDG uptake 
as a surrogate marker for inflammation is seen from 
day 2 after ablation and gradually decreases during the 
first six months after RFA, when inflammatory changes 
have resolved. In our patient, while 18-FDG uptake 
at six months after RFA might represent prolonged 
inflammation, MRI diffusion-restriction and more 
specifically, hypointense changes on hepatobiliary MRIs 
raised the suspicion of periablative recurrence.

CONCLUSION

This case demonstrates that various distinct 
processes (e.g., tattoo pigment, chemotherapeutic drugs, 
malignancy) may lead to granulomatous inflammation 
which must not be diagnosed false-positively in 18-FDG-
PET/CT as metastatic disease causing false therapeutic 
decisions. Therefore, cautious interpretation of follow-up 
diagnostics in such patients is crucial and in patients with 
non-specific findings or untypical location a histological 
assessment should be performed before determining the 
definitive treatment algorithm.
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