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Abstract

Background: Aim of this study was to evaluate the rate of incidental detection of second primary cancer (SPC) at 18F-fluoro-
choline ([18F]FCH) positron emission tomography/computed tomography (PET/CT) performed in prostate cancer patients.

Material and methods: A retrospective analysis was performed on a group of 1345 prostate cancer patients, who underwent 
[18F]FCH PET/CT study because of suspicion of recurrence (n = 937) or for initial staging (n = 408). Images were acquired 
after intravenous injection [18F]FCH with a mean activity of 200 ± 75 MBq (5.4 ± 2 mCi), from the top of the head to the half of 
the thigh. The confirmation of second primary cancer was obtained from the cancer registry.

Results: Based on the [18F]FCH PET/CT scans, a second primary cancer was suspected in 89 patients (6.6%). Of these, a ma-
lignancy was histologically confirmed in 26 patients (29% of all suspected findings and 1.9% of the complete cohort). Lung 
cancer (including adenocarcinoma, neuroendocrine cancer) was diagnosed in 13 patients (50%) and hematologic neoplasm 
(including chronic lymphocytic leukemia, Hodgkin lymphoma, follicular lymphoma, and multiple myeloma) in 5 patients (19%). 
18F-fluorocholine PET/CT also revealed esophageal cancer, mesothelioma, testicular, renal, bladder, and colorectal cancer in 
individual patients, non-keratinizing squamous cell carcinoma (SCC) of the skin as well as head and neck SCC with unknown 
primary.

Conclusion: We conclude that incidental detection of a second primary cancer in prostate cancer patients using [18F]FCH 
PET/CT is not very common and that lung cancer and hematologic malignancies are most frequently detected.
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Introduction

Prostate cancer (PCa) ranks 2nd in incidence and 5th in mortality 
in men worldwide, accounting for 1.3 million newly diagnosed cas-
es and 359.00 deaths per annum [1]. The term ‘second primary can-
cer’ (SPC) is used to describe a malignancy that appears unrelated 
to treated or untreated primary malignancy and that might occur 
months or years after primary diagnosis. In general, SPC is seen 
in ca. 15% of cancer patients, leading to increased morbidity and 
mortality. When suspicion of an SPC is raised, the metastasis of the 
first primary malignancy should be excluded at first [2, 3].

Standard positron emission tomography/computed tomog-
raphy (PET/CT) examination with 18F-Fluorodeoxyglucose ([18F]
FDG) has a limited value in the diagnosis of prostate cancer and, 
for this reason, some other radiopharmaceuticals, including trac-
ers based on the metabolism of choline are used, e.g. 11C-choline 
or 18F-fluorocholine [4–6]. Radiolabelled choline accumulation in 
prostate cancer can be observed because of its integration into 
membranes of the proliferating tumor cells [7]. PET/CT with the 
radiolabeled choline plays an important role in the initial staging, 
evaluation of recurrence, and dissemination of prostate cancer 
[8–11]. The detection of SPC is clinically relevant since comor-
bidities, including concomitant malignancies, may pose a clinical 
problem in men with prostate cancer.

The aim of this study was to evaluate the rate of incidental 
detection of a second primary cancer at [18F]FCH PET/CT in pa-
tients with prostate cancer.

Material and methods

The retrospective, multicenter analysis was performed in 1345 
prostate cancer patients, who underwent standard [18F]FCH PET/CT 
examination in three nuclear medicine departments between May 
2009 and October 2019 because of the suspicion of recurrence 
(n = 937) or for the initial staging (n = 408). The images were ac-
quired from skull vertex to mid-thigh 45–60 min after IV injection of 
200 ± 75 MBq (5.4 ± 2 mCi) of [18F]FCH. All patients fasted for 6 h 
before examination and they gave their written informed consent. 
The images were acquired with different scanners depending on 
the study site: Gemini TF 16 (Philips), Discovery ST or Discovery 
IQ (GE Healthcare), Biograph mCT S(64)-4R (Siemens). All PET/CT 
images were fused and viewed using a dedicated workstation in 
sagittal, coronal, and transverse planes.

The inclusion criteria for SPC included unspecific [18F]FCH 
uptake, not related to patients’ previous clinical history. From the 
selected group of suspected SPC, [18F]FCH PET images, as well 
as reports, were re-reviewed for the independent nuclear medicine 
specialists, and the confirmation of SPC was obtained from the 
histopathological examination of the suspected lesions. The final 
SPC diagnosis was retrieved from the local and national cancer 
registries and was defined using the Warren and Gates’ criteria [12].

Results

Based on the [18F]FCH PET/CT scans, an SPC was suspected 
in 89 patients (6.6%) from the whole analyzed group. Of these, 
a malignancy was confirmed in 26 patients (29.2% of all suspected 
findings and 1.9% of the complete cohort). Most of the patients were 

referred to [18F]FCH PET/CT examination for suspicion of recur-
rence (n = 21 patients) and only 5 of them for initial staging. The 
characteristics of patients with confirmed SPC are shown in Table 1.

The most common SPC was lung cancer (including adeno-
carcinoma, neuroendocrine cancer), which was diagnosed in 
13 patients (50%), and hematologic malignancy (including chronic 
lymphocytic leukemia, Hodgkin lymphoma, follicular lymphoma, 
and multiple myeloma diagnosed in 5 patients (19.2%) (Fig. 1). 
18F-fluorocholine PET/CT also revealed a low-differentiated adeno-
carcinoma of the esophagus, mesothelioma, a testicular seminoma 
(Fig. 2), renal cancer, a bladder and colorectal cancer in individual 
patients. Furthermore, a non-keratinizing squamous cell carcinoma 
(SCC) of the skin was diagnosed in one patient. In another patient, 
[18F]FCH PET/CT showed increased uptake in cervical lymph 
nodes that were histologically verified as SCC metastases and 
the primary malignancy remained undetected (cancer of unknown 
primary syndrome). All patients with confirmed SPC underwent 
treatment first for SPC (because in most cases it was more ag-
gressive) and only in a patient with chronic lymphocytic leukemia, 
first, the progression of PCa was treated.

Discussion

Second primary cancers are relatively rare, reported in a wide 
range of 0.4–17% of PET/CT scans [13–20]. The detection of SPC 
has been more frequently reported for PET/CT scans using [18F]
FDG than using [18F]FCH. A quite high number of SPC is found in 
patients with head and neck cancer, lymphoma, and gynecological 
malignancies [13–20]. The risk of development of any SPC increas-
es with time from initial cancer diagnosis [21]. Detection of SPC in 
prostate cancer patients using a tracer other than [18F]FDG is very 
rare, with a frequency of 1.54–13%, with the specificity of 47–90% 
and sensitivity of 84–100% [22, 23], however, several authors found 
an SPC in [18F]FCH PET/CT study (Tab. 2) with SUVmax value for SPC 
ranged from 2.7–15.

To our knowledge, this is the largest cohort of [18F]FCH PET/CT 
scans reviewed retrospectively for the detection of SPC. A confirmed 
synchronous malignancy was detected in 1.9% of patients, but 
potentially malignant findings were much more frequent, account-
ing for as much as 6.6% of all scans, suggesting a relatively low 
specificity of this imaging modality.

Other authors reported an incidental uptake of [18F]FCH in 
the head and neck of patients with prostate cancer. An incidental 
uptake of [18F]FCH in the head and neck region was found in 
8 patients examined for prostate cancer staging or restaging [27]. 
However, only in two cases, malignancy was proven histologically, 
in other cases the increased uptake was associated with a benign 
finding. In our study, one patient showed enlarged cervical lymph 
nodes with elevated uptake of [18F]FCH (SUVmax 1.8) and after further 
work-up, the SCC with unknown primary malignancy was diag-
nosed. Calabria et al. reported [18F]FCH-positive findings unrelated 
to PCa in 48 out of 300 patients (16%), but only a few of them were 
finally confirmed as malignant diseases (colorectal cancer, multiple 
myeloma, and bladder cancer) [28].

Pieterman et al. compared 11C-choline and [18F]FDG in the 
diagnosis of primary lung cancer and reported no significant dif-
ferences between these two tracers, however, [18F]FDG was more 
accurate in the detection of nodal involvement than 11C-choline [29]. 
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Table 1. Characteristics of patients with a second primary cancer detected in 18F-fluorocholine

N0 Age Indication to [18F]FCH 
PET/CT 

PSA (ng/mL) Second primary cancer SUVmax of the second 
primary cancer

1 56 PCa recurrence 0.426 Lung adenocarcinoma 2.3

2 75 PCa recurrence 4.23 Lung adenocarcinoma 8.2

3 61 PCa recurrence 6.37 Lung adenocarcinoma 2.5

4 63 PCa recurrence 0.54 Neuroendocrine lung cancer 2.4

5 80 PCa staging  n/a Lung adenocarcinoma 4.6

6 65 PCa staging 10.4 Chronic lymphocytic leukemia 3.8

7 56 PCa recurrence 0.01 Hodgkin lymphoma 4.7

8 75 PCa recurrence 2.6 Testicular seminoma 5.3

9 72 PCa recurrence 0.003 Colorectal cancer 5.7

10 63 PCa recurrence 3.76 Solid lung cancer 2.6

11 65 PCa recurrence 47.58 Adenocarcinoma of the esophagus 7.7

12 78 PCa recurrence 30.0 Multiple myeloma 3.4

13 71 PCa recurrence 11.68 Clear cell renal cancer 4.9

14 71 PCa staging 20.0 Follicular lymphoma 4.5

15 75 PCa recurrence 0.06 Lung adenocarcinoma 5.1

16 63 PCa staging 7.29 Lung adenocarcinoma 4.8

17 75 PCa recurrence  n/a Lung adenocarcinoma 1.2

18 59 PCa staging 3.65 Lung adenocarcinoma 3.2

19 74 PCa recurrence 0.3 Mesothelioma 5.4

20 79 PCa recurrence 5.74 Bladder cancer 11.0

21 67 PCa recurrence 10.78 Lung adenocarcinoma 2.2

22 69 PCa recurrence 0.08 Non-keratinizing cutaneous SCC 4.1

23 65 PCa recurrence 9.47 Chronic lymphocytic leukemia 3.3

24 75 PCa recurrence 0.57 Lung adenocarcinoma 6.0

25 86 PCa recurrence 2.53 Lung adenocarcinoma 1.8

26 73 PCa recurrence 1.06 SCC with unknown primary malignancy 1.8

n/a — not available; PCa — prostate cancer; SCC — squamous cell carcinoma; SUVmax —maximum standardized uptake value

Figure 1. 78-year-old man with PCa, PSA 30.0 [ng/ml] and synchronous multiple myeloma. A — PET/CT fusion without increased [18F]FCH uptake 
in the skull but with osteolytic lesions in CT. B — CT showing osteolytic lesions of the multiple myeloma in the skull. C — PET/CT fusion image with 
extensive prostate metastases in the right iliac bone. D — CT with bone remodeling as a result of metastatic changes 
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It is well-known that [18F]FCH PET/CT shows optimal diagnostic 
accuracy when used in patients with relatively high concentra-
tions of prostate-specific antigen (PSA), at least above 1.0 ng/mL 
[30]. As shown in Table 1, there were several patients who were 
reported to PET/CT despite PSA levels below that cut-off value. 
The retrospective analysis of these cases showed that clinical de-
terioration rather than PSA concentration was a major indication to 
PET/CT. The clinical symptoms, like loss of weight or dyspnea, had 
driven the diagnostic process to the exclusion of PCa progression 
before initiating further symptom-oriented diagnosis. In general, 
patients with low PSA concentrations would benefit more from [68Ga]
Ga-PSMA PET/CT — a radiopharmaceutical known for its higher 
sensitivity in the detection of PCa relapse in the presence of lower 

cancer burden [30], however, due to better local availability [18F]
FCH PET/CT was applied instead. Although, as expected, the scan 
was negative with respect to the PCa in all cases with PSA < 1.0 
ng/mL, the patients benefited from the earlier detection of the sec-
ond primary malignancies, so that an adequate treatment could 
be initiated immediately.

Our retrospective study has several drawbacks. The study 
group was not homogenous from the technical point of view, 
since images were obtained using four different PET/CT scan-
ners in three centers over a long period of 10 years. Although all 
the scanners were equipped with 16-slice CT and the imaging 
parameters were similar, the impact of differences in qualitative 
parameters on the diagnostic accuracy cannot be excluded. On the 

Table 2. Second primary cancers detected at 18F-fluorocholine positron emission tomography/computed tomography (PET/CT) in patients with 
biochemical prostate cancer recurrence — overview of the literature

Author PCa treatment (s) Age PSA  
(ng/mL)

Second primary cancer histology Second primary cancer treatment

Sollini M. et al. [24] RP (2004) + ADT

RP (1998) + salvage EBRT (2009)

EBRT (1996)

RP (2003)

EBRT (2003) + ADT

RP (2012)

RP (2012) + ADT

72

71

80

80

71

74

80

0.11

0.08

2.62

8.77

3.16

1.4

0.3

NSCLC — Adenocarcinoma

NSCLC — n/a

NSCLC — n/a

Melanoma — Melanoma metastases

NSCLC — n/a

NSCLC — n/a

Colorectal cancer — n/a

CHT + palliative EBRT

CHT

patient refused any treatment

excision of melanoma metastases

lung lobectomy + salvage EBRT

lung lobectomy + salvage EBRT

anterior resection of rectum + ADT

Buroni F. et al. [25] BRT 71 2.86 DLBCL CHT

Tuscano et al. [26] n/a 66 5.2 posterior wall of sigmoid colon 

— mucinous adenocarcinoma

surgical resection

RP — radical prostatectomy; BRT — brachytherapy; ADT — androgen deprivation therapy; EBRT — external beam radiation therapy; DLBCL — Diffuse Large B Cell 

Lymphoma; CHT — chemotherapy; NSCLC — non-small-cell lung cancer; n/a — not available

Figure 2. 75-year-old man with PCa, T-PSA 2.6 [ng/ml] and synchronous testicular seminoma. A — MIP image without typical metastatic changes 
of PCa. B — increased [18F]FCH uptake in the right testicle. C — hypoechogenic mass with increased vascularity in the ultrasound, typical for 
seminoma
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other hand, it would not be possible to collect such a large study 
cohort on the basis of experience gathered in one center only or 
a shorter interval. Our analysis was limited to the histopathologically 
confirmed malignancies, reported to the cancer registers. Positively 
verified lesions accounted for 29% of all suspected lesions, but we 
have to keep in mind that this number might be underestimated. 
It cannot be excluded that some cases were lost to analysis if the 
findings reported in [18F]FCH PET/CT were not subjected to further 
verification due to the patient’s refusal or poor clinical condition that 
led to disqualification from invasive diagnostic procedures. Con-
versely, we did not analyze benign findings (false-positive results), 
so that adequate statistical analysis of the diagnostic accuracy of 
this method could not be performed and this will be considered 
in our next paper.

Conclusions

The study showed that incidental detection of a second primary 
cancer in prostate cancer patients using [18F]FCH PET/CT is not 
very common and that lung cancer and hematologic malignan-
cies belong to the most frequent cancers detected. Therefore, 
each unusual radiotracer uptake that is unlikely to be related to 
prostate cancer should be verified with other methods, including 
histopathology.
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