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Abstract
Background Survivors of testicular cancer may experience long-term morbidity following treatment. There is an
unmet need to investigate techniques that can differentiate individuals who need additional therapy from those who
do not. 2-18fluoro-deoxy-D-glucose (FDG) positron emission tomography (PET) with computerised tomography (CT)
may be helpful in select settings and may be used outside of current evidence-based recommendations in real-world
practice.
Methods A institutional FDG-PET/CT database of scans performed between 2000 and 2020 for adults with testicular
seminoma was interrogated. Endpoints of interest included the positive (PPV) and negative (NPV) predictive value
of FDG-PET/CT for identifying active seminoma (defined by progressive radiology, response to treatment or biopsy);
or no active seminoma within 24-months for patients with stage 1 and advanced seminoma. An exploratory analysis
examining predictive role of SUVmax was also performed.
Results 249 patients met eligibility criteria for the analysis, including 184 patients with stage 1 and 77 patients
with advanced testicular seminoma. Of 193 FDG-PET/CT performed in stage 1 seminoma with available follow-up
data, 79 were performed during active surveillance. 18 (23%) of these were positive, all of which had confirmed
recurrent seminoma (PPV 100%). Of 45 negative FDG-PET/CT during active surveillance, 4 recurrences developed
corresponding to a NPV 91%. When clinical suspicion precipitated FDG-PET/CT (n = 36): PPV 100%, NPV 86%. Of 145
FDG-PET/CT in advanced seminoma with available follow-up data, 25 (17%) were performed at baseline (within 2
months of diagnosis), 70 (48%) post-treatment for evaluation of treatment response and 50 (34%) during follow-up
following prior curative treatment. 10 (14%) post-treatment FDG-PET/CT were positive corresponding to a PPV 60%.
Of 46 negative FDG-PET/CT, 5 recurrences occurred (NPV 89%). During follow-up after prior curative treatment, 24
(50%) FDG-PET/CT were positive corresponding to a PPV 83%; of 20 negative FDG-PET/CT, 1 recurrence occurred, NPV
95%. When clinical suspicion indicated FDG-PET/CT (n = 36): PPV 100%, NPV 94%.
Conclusion FDG-PET/CT offers high PPV for identifying seminoma and accurately predicts non-recurrence across
a clinically relevant 24-months. Notably, FDG-PET/CT may prevent unnecessary treatment in 45% of patients
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undergoing investigation for clinical suspicion of recurrence during follow-up of advanced seminoma. The use of
FDG-PET/CT in selected patients now, may help prevent unnecessary treatment of people with testicular seminoma.
Keywords Testicular neoplasm, Seminomas, cancer survivors, PET-CT scan, Biomarkers

Introduction
Testicular cancer is curable in most individuals, regardless of histologic subtype, disease stage or primary site,
owing to significant advances in treatment [1]. However,
there is growing evidence that survivors experience significant long-term morbidity [2–4] and impaired healthrelated quality of life related to treatment [5, 6]. There is
an unmet need to investigate novel techniques that can
differentiate those who need additional therapy to secure
cure from those who do not.
2-18fluoro-deoxy-D-glucose (FDG) positron emission
tomography (PET) with computerised tomography (CT)
is indicated in the evaluation of residual masses ≥ 3 cm
following chemotherapy for testicular seminoma [7, 8].
Unlike dedicated CT imaging, which cannot differentiate
between treatment-related fibrosis/necrosis and residual
seminoma in this setting, FDG-PET/CT detects viable
residual tumour with high positive (PPV) and negative
predictive value (NPV) when performed six weeks after
chemotherapy as demonstrated in a prospective dataset
[7]. With this approach, FDG-PET/CT prevents unnecessary additional treatment in up to 70% of individuals and
is endorsed in international guidelines [1, 9, 10]. Outside
of this context however, FDG-PET/CT is not routinely
recommended for evaluation of seminoma, despite early
evidence supporting its use across multiple areas [11–
19], nor in non-seminoma where lower diagnostic accuracy has been reported [12, 20].
Notwithstanding lack of endorsement and limited prospective data, FDG-PET/CT is anecdotally performed
as part of active surveillance, evaluation of non-specific
imaging findings and treatment response in the “realworld” management of testicular seminoma. We explored
its clinical utility in the management of testicular seminoma through a retrospective review of FDG-PET/CT
conducted in a real-world setting.
Patients and methods
An institutional database was interrogated to identify
adults with testicular seminoma who underwent FDGPET/CT between 2000 and 2020 extracting demographic,
clinicopathological, FDG-PET/CT findings and outcome
data. Ethical approval was granted by the Melbourne
Health Human Research Ethics Committee. Patients with
non-seminoma/mixed germ cell tumours, bilateral testicular malignancy and extragonadal (or unknown) primary
sites were excluded.
When FDG-PET/CT was reported as consistent with
seminoma (positive) and maximum standardised uptake

value (SUVmax) was unavailable in the clinical report,
the study was reviewed again by a dual-trained nuclear
medicine physician and radiologist (TK) to confirm
presence of a target lesion. Target lesions were selected
using the Response Evaluation Criteria in Solid Tumours
(RECIST), v1.1 [21]. Where possible, measurable lesions/
lymph nodes were preferred, however in the absence of a
measurable target lesion, a non-measurable lesion/lymph
node was selected using the same criteria. Once a target
lesion was identified, the SUVmax value was measured.
In the absence of validated objective criteria for evaluating FDG-PET treatment/other response in seminoma,
the PPV of FDG-PET/CT for correctly identifying seminoma (true positive) was pragmatically defined as progressive radiological change of target lesion(s) on serial
imaging, evidence of response to definitive treatment, or
histological confirmation. The NPV for correctly identifying no evidence of seminoma (or non-recurrence, true
negative) at 24-months following FDG-PET/CT was calculated. 24-months was considered a clinically relevant
period to demonstrate clinical utility. Exploratory analyses of SUVmax cut-offs were undertaken.
To preserve clinical relevance, FDG-PET/CT were
analysed in cohorts defined by clinical stage at the time
FDG-PET/CT was performed (per the AJCC, 8th edition) [22]. The two cohorts were: ‘stage 1’ and ‘advanced’
testicular seminoma. Patients were considered to have
stage 1 seminoma where investigation results, including
FDG-PET/CT (if performed at baseline), suggested seminoma was confined to the testis. Patients were considered
to have advanced seminoma if investigation results were
consistent with clinical stage 2 or 3 disease (see Figure
1). The indication for FDG-PET/CT was recorded and
defined as ‘routine’, when performed as part of the clinician’s regular practice; ‘clinical suspicion’ where existing
radiological investigations, serum tumour biomarkers or
symptoms indicated the scan; or ‘post-treatment’, which
was indicated for evaluation of treatment response, i.e.,
response to definitive chemotherapy. A ‘baseline’ scan
was defined as a FDG-PET/CT performed within two
months of diagnosis; all other scans were considered ‘follow-up.’ If > 1 FDG-PET/CT was performed per individual, each FDG-PET/CT was treated on a per-scan basis,
which allowed for follow-up and calculation of PPV/NPV
for each scan at 24-months. Patients were censored from
predictive value analyses if they had insufficient followup data.
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Fig. 1 Overall Study Schema. (PPV = positive predictive value, NPV = negative predictive value, FDG-PET/CT = 2-18fluoro-deoxy-D-glucose positron emission tomography with computerised tomography)

Table 1 Characteristics of Patients at Baseline
Stage 1
(n = 181)
Median age, years (range)

36 (14–64)

Initial clinical staging, n
(%)

184 (100)
184 (100)
-

Advanced
(n = 77)
38
(14–61)
15 (19)
62 (81)
71 (92)
2 (3)

-

2 (3)

33 (18)
82 (45)

3 (20)*
3 (20)*

63 (34)
6 (3)
-

9 (60)*
0 (0)*
43 (56)
40 (52)

1 (1–3)

4 (5)
2 (1–7)

6.4 (0–17)

9.3
(0–25)

Localised
Advanced
Surgical management,
Orchidectomy
n (%)
Retroperitoneal lymph node
dissection
Other surgery
(metastectomy)
Adjuvant therapy for stage Chemotherapy
1 seminoma, n (%)
Radiation
therapy
None
Unknown
Treatment(s) for adChemotherapy
vanced/recurrent testicu- Radiation
lar seminoma, n (%)
therapy
Surgery
Number of FDG-PET/CT per patient, n
(range)
Median follow-up from initial diagnosis with
seminoma, years (range)

*Of 15 individuals originally diagnosed with stage 1 seminoma and eligible for
adjuvant treatment

Results
Between 2000 and 2020, 249 patients met eligibility criteria for the analysis, including 184 patients with stage
1 and 77 patients with advanced testicular seminoma
(inclusive of 12 individuals who underwent FDG-PET/
CT for stage 1 and advanced seminoma) (see Figure 1).
Baseline clinical and demographic data is displayed in
Table 1. Almost two thirds (63%) of patients in the stage

1 cohort received adjuvant radiation therapy (n = 82, 45%)
or chemotherapy (n = 33, 18%) following orchidectomy.
Of the patients in the advanced stage cohort who had
relapsed stage 1 disease, prior adjuvant chemotherapy or
radiation therapy was received by 38%.
Follow-up continued for a median of 6.4 years (range
0–17) from diagnosis for patients in the stage 1 cohort,
and 27 (15%) recurrences occurred. The median time
from diagnosis to FDG-PET/CT was 1.7 months (range
0-121), the median number of FDG-PET/CT performed
at diagnosis or during active surveillance was 1 (range
1–3).
In contrast, patients in the advanced cohort were followed for a median of 7.7 years (range 0–25) from original diagnosis (with initial stage 1 or de novo advanced
disease), and 28 (36%) episodes of relapsed/refractory
disease were observed (including 12 individuals or 16%,
initially evaluated in the stage 1 cohort). The median time
from diagnosis to first FDG-PET/CT was 9.1 months
(range 0-166) and the median number of FDG-PET/CT
performed for evaluation of advanced seminoma was 2
(range 1–7).
Stage 1 cohort

In patients with stage 1 seminoma, 197 FDG-PET/CT
were performed, however three FDG-PET/CT had no
available follow-up data and were excluded from further
analyses. Of the remaining 194 FDG-PET/CT, 115 (60%)
were performed at baseline and the remaining 79 (41%)
were performed during active surveillance. The most
common indication for FDG-PET/CT was as a ‘routine’
component of clinical practice during diagnostic workup
(n = 80, 41%) or active surveillance (n = 41, 21%) (see Figure 2).
Of the 115 baseline FDG-PET/CT, all were negative, and 93 had ≥ 24 months of follow-up during which
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Fig. 2 Evaluable FDG-PET/CT performed for clinical stage 1 seminoma. (PPV = positive predictive value, NPV = negative predictive value, FDG-PET/
CT = 2-18fluoro-deoxy-D-glucose positron emission tomography with computerised tomography)

Table 2 Positive and negative predictive values for FDG-PET/CT by indication at 24-months
Cohort

Setting

Indication

Positive predictive
value (%)

Stage 1

Baseline
Active surveillance

Advanced

Baseline
Follow-up

Total: Routine or clinical suspicion#
Total: Routine, clinical suspicion or unknown
Routine
Clinical suspicion#
Total: Routine or clinical suspicion#
Total: Routine, clinical suspicion#or post-treatment
Routine
Clinical suspicion#
Post-treatment*

NA
100
100
100
100
77.1
42.9
100
60

#

Negative predictive value at
24-months (%)
95.7
91.1
93.6
85.7
0
90.9
100
93.8
89.1

including radiological abnormality on existing imaging, elevation of serum tumour markers or symptoms.

*Inclusive of patients with and without residual mass post-chemotherapy.

time, four recurrences occurred (in four patients). The
NPV for FDG-PET/CT predicting non-recurrence at 24
months was 95.7% (see Table 2 and Supplementary Table
1). Of 78 FDG-PET/CT ordered during active surveillance with available follow-up, 18 (23%) were reported as
positive with recurrence confirmed in all cases following
apparent radiologic response after definitive treatment
(PPV 100%). Of the 45 active surveillance FDG-PET/CT
reported as negative with ≥ 24 months of follow-up, four
episodes of recurrence occurred in four patients (NPV
91.1%). The median time-to-recurrence following negative FDG-PET/CT was 1.6 years (range 1–4).
When indicated by clinical suspicion during active surveillance (n = 37), inclusive of abnormal radiology (n = 32),
elevated serum tumour markers (n = 4) and symptoms
(n = 1), 17 FDG-PET/CT were reported as “positive” for
recurrent seminoma. All were true positives (PPV 100%)
evidenced by radiologic response to definitive treatment.

Of those with ≥ 24 months follow-up in this cohort, the
NPV was 85.7% (two recurrences amongst 14 patients).
In real terms, the use of FDG-PET/CT in patients with
stage 1 seminoma in this setting correctly identified
12/37 patients who did not have recurrence (12/14 FDGPET/CT reported as negative), and correspondingly,
may prevent unnecessary treatment in ~ 1/3 individuals
undergoing FDG-PET/CT for this indication.
Advanced stage cohort

In patients with advanced seminoma, 154 FDG-PET/
CT were performed, however nine FDG-PET/CT had
no available follow-up data and were excluded from all
further analyses. Of the remaining 145 FDG-PET/CT,
25 (17%) occurred at baseline. 70 (48%) were performed
following chemotherapy or radiation therapy (to evaluate response), 50 (34%) were performed in follow-up
after prior curative treatment of advanced seminoma.
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Fig. 3 Evaluable FDG-PET/CT performed for advanced seminoma. (PPV = positive predictive value, NPV = negative predictive value, FDG-PET/
CT = 2-18fluoro-deoxy-D-glucose positron emission tomography with computerised tomography)

The most common indication for FDG-PET/CT was
investigation of abnormal radiology at baseline or during
follow-up (n = 49, 32%), or immediately following chemotherapy to assess response (n = 44, 29%) (see Figure 3).
Overall, 24/25 baseline scans were reported as positive
(96%), and active disease was confirmed in all cases (PPV
100%). Of these, two (8%) were confirmed on histology,
with the remainder confirmed on follow-up radiology
after treatment. One baseline FDG-PET/CT performed
for investigation of abnormal radiology was reported as
negative; however, this individual received definitive radiation therapy and sustained a complete response, and the
finding was considered a false negative (see Table 2).
When FDG-PET/CT was ordered following chemotherapy or radiation therapy to evaluate response, 10
(14%) were reported as positive and residual active disease was confirmed in six cases corresponding to a PPV
of 60.0%. Of the 46 FDG-PET/CT reported as negative
with ≥ 24 months of follow-up, five episodes of recurrence occurred in five patients (NPV 89.1%). The presence and size of any residual mass triggering FDG-PET/
CT was not available. The median time-to-recurrence
following the negative FDG-PET/CT was 11 months
(range 6–20). As such, of the 71 FDG-PET/CT performed following definitive treatment, 41 (58%) correctly
identified no residual seminoma and avoided unnecessary treatment.
In an evaluation of 50 FDG-PET/CT performed during follow-up of prior curative treatment of advanced
testicular seminoma (inclusive of FDG-PET/CT ordered
routinely and for clinical suspicion of recurrent disease),
one patient had an equivocal FDG-PET/CT result leaving 49 FDG-PET/CT in this analysis. Of these, 24 (49%)
were reported as positive and recurrence was confirmed
in 20 cases following additional definitive treatment (PPV

83%). Of the 20 FDG-PET/CT reported as negative with
≥ 24 months of follow-up, one episode of disease recurrence occurred, corresponding to a NPV of 95%. Notably, this patient experienced intracranial relapse detected
on magnetic resonance imaging three weeks following
FDG-PET/CT.
When indicated by clinical suspicion alone (n = 36),
inclusive of abnormal radiology (n = 25), elevated serum
tumour markers (n = 5) and symptoms (n = 7) during follow-up, PPV was 100% while NPV was 93.8% in those
with ≥ 24 months follow up (1 recurrence amongst 16
patients). Practically, the use of FDG-PET/CT in patients
with advanced seminoma who had clinical suspicion of
recurrence following definitive treatment, correctly identified 15 patients who did not experience recurrence and
correspondingly, prevented unnecessary treatment being
given to 45% of patients.
Exploration of SUVmax

Of the 90 FDG-PET/CT reported as consistent with
active seminoma, SUVmax was available for 19 (86%) in
the stage 1 cohort, and 34 (50%) in the advanced disease
cohort. There was no difference in mean SUVmax between
stage 1 and advanced cohorts (9.33 versus 8.52, p = 0.65).
When analysed together by recurrence status (true positive versus false positive), higher SUVmax was more frequently seen in patients with seminoma than no active
malignancy (9.56 versus 5.10, p = 0.14), however this did
not meet statistical significance. Utilising aggregated
SUVmax data, the PPV of SUVmax when greater than
the 1st interquartile range (IQR) (SUVmax>4.7, n = 34),
median (SUVmax>6, n = 25) and 3rd IQR (SUVmax>11.9,
n = 12) was 91%, 96% and 100%, demonstrating higher
predictive value associated with higher SUVmax cut-offs.
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Discussion
There is an unmet need to develop new techniques to
accurately identify patients with seminoma who do not
require additional treatment. In our study, FDG-PET/
CT served as a useful adjunct to existing tools, allowing
clinicians to accurately diagnose recurrence with high
PPV in most clinical scenarios, and importantly, predict non-recurrence across a clinically relevant period of
24-months. FDG-PET/CT is available in highly resourced
settings like ours and may be used to guide the management of patients with seminoma in select circumstances
whilst novel tools are awaited [23–26].
The introduction of FDG-PET/CT into routine care has
led to a paradigm shift in oncology [27]. This is especially
true of malignancies with high metabolic rates, where
the radiotracer, FDG, becomes trapped in malignant
cells secondary to upregulation of GLUT transporters
[28]. Despite widespread acceptance of FDG-PET/CT in
other tumour types, the only validated indication for the
investigation within testicular cancer is in evaluation of
residual post-chemotherapy masses following definitive
treatment of advanced seminoma [7]. However, use of the
investigation in this setting appears to have limitations
in the real-world where lower sensitivity, specificity and
PPV have been reported [29]. There is also no established
role in other clinical scenarios, however evidence of its
potential utility in safely de-escalating chemotherapy
in advanced seminoma is emerging [17]. Additionally,
access to FDG-PET/CT varies worldwide due to availability and issues of reimbursement, limiting its applicability
outside highly-resourced settings [30]. In non-seminoma,
comparatively low FDG avidity, particularly when teratoma is present, has limited its clinical utility [31, 32] and
FDG-PET/CT is therefore not recommended in patients
with non-seminoma. Outside of FDG-PET/CT, other
emerging tools such as micro-ribonucleic acids (miRNA)
may also serve as useful adjuncts in both seminoma and
non-seminoma in the future [24–26, 33]. Ongoing trials
to elucidate the role for miR-371 in the clinic are likely
to cement miR-371 into the diagnostic and management
paradigm [34].
Data from our study suggest that FDG-PET/CT may
have similar discriminatory accuracy to miR-371 demonstrated in early studies [26]. In our stage 1 cohort, the
NPV was 86% when FDG-PET/CT was ordered for suspicion of recurrence during active surveillance. Notwithstanding that a large proportion of the cohort received
adjuvant therapy (largely reflecting enrolment prior to
2010) and were at lower risk of recurrence than patients
entering active surveillance after orchidectomy, a high
NPV offers some reassurance for patients and clinicians
in this setting. Of course, the risks associated with overtreatment and over-investigation also needs to be considered in this cohort of individuals with otherwise excellent
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survival and despite reassuring results, routine application of FDG-PET/CT as a component of active surveillance cannot be recommended in patients with stage 1
seminoma.
In individuals with advanced disease, FDG-PET/CT
had a lower PPV (range 43–100%), however importantly
the clinically relevant NPV for predicting non-recurrence
at 24-months generally remained high (range 89–100%).
When miR-371 was evaluated in a similar context, inclusive of both patients with seminoma and non-seminoma,
it offered an 89% PPV and comparatively low, 67% NPV
for predicting non-recurrence across a median 15-month
follow-up [26]. While our data suggests that FDG-PET/
CT may not be quite as accurate as miR-371 at identifying recurrence or predicting non-recurrence, FDG-PET/
CT has the advantage of being available. In our institution’s experience and with the benefit of prolonged
follow-up, FDG-PET/CT can prevent unnecessary treatment in 38% of patients in follow-up after prior definitive
treatment of advanced seminoma. Further investigation
into the value of SUVmax cut-offs may be warranted.
In our population, 58% of patients undergoing FDGPET/CT following definitive treatment could also safely
avoid further treatment. Notably however, the PPV was
low in this population, which may be explained by short
interval follow-up after treatment completion in some
individuals (i.e., prior to six weeks) [29]; a datapoint
which was unavailable due to administration of definitive
treatment at external centres in some patients and referral in for FDG-PET/CT only. However, our study did not
seek to validate prior findings of the role for FDG-PET/
CT in this context, which is already well-established [1,
9, 10].
This retrospective, single-centre analysis describes the
largest known series of FDG-PET/CT performed for
testicular seminoma. Our cohort of high-risk advanced
seminoma patients treated at a specialist cancer centre may account for the high rates of relapse/refractory
disease. Owing to disparities in access to FDG-PET/CT
worldwide and variability in practice, this data has limited generalisability outside highly resourced settings
and recruitment across a twenty-year period introduces
heterogeneity and biases. Whilst PET technology has
evolved over the last 20 years, most studies were acquired
at a single centre with robust quality control per the
European Association of Nuclear Medicine FDG-PET/
CT guideline [35], including SUV standardisation across
cameras. It was not within the scope of this research to
analyse inter-reader agreement and instead we set out
to determine the patterns of use of FDG-PET/CT in a
real-world environment. Other limitations include missing data regarding disease volume (including post-chemotherapy residual masses), lack of central review of
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FDG-PET/CT results and how results may have impacted
clinical decision-making.

Conclusion
FDG-PET/CT is a useful adjunct to existing tools and
allows clinicians to accurately detect seminoma and
importantly, predict non-recurrence across a clinically
relevant period. The use of FDG-PET/CT in selected
patients, may help prevent unnecessary treatment of men
with testicular seminoma, particularly in those where
recurrence is suspected. In turn, we can shift the focus
away from treatment and to the quality of survival for
this growing population.
Abbreviations
PPV	positive predictive value.
NPV	negative predictive value.
FDG-PET/CT	2-18fluoro-deoxy-D-glucose positron emission
tomography with computerised tomography.
FDG	2-18fluoro-deoxy-D-glucose.
SUVmax	maximised standardised uptake value.
AJCC	American Joint Classification on Cancer.
miRNA	microribonucleic acids.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/s40644-022-00496-w.
Supplementary table 1
Authors’ contributions
CC and TK performed data collection and analysis, BT performed critical
oversight of the project, CC responsible for drafting abstract, all authors
responsible for editing manuscript.
Funding
N/A.
Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Granted by Melbourne Health Human Research Ethics Committee.
Consent for publication
N/A.
Competing interests
N/A.
Author details
1
Department of Medical Oncology, Peter MacCallum Cancer Centre, 305
Grattan St, 3031 Melbourne, VIC, Australia
2
Sir Peter MacCallum Department of Oncology, The University of
Melbourne, Parkville, VIC, Australia
3
Walter and Eliza Hall Institute of Medical Research, Melbourne, VIC,
Australia
4
Molecular Imaging and Therapeutic Nuclear Medicine, Cancer Imaging,
Peter MacCallum Cancer Centre, Melbourne, VIC, Australia
5
Department of Radiology and Nuclear Medicine, Flinders Medical Centre,
Adelaide, SA, Australia

Page 7 of 8

6

Department of Cancer Surgery, Peter MacCallum Cancer Centre,
Melbourne, VIC, Australia
7
Department of Surgery, University of Melbourne, Royal Melbourne
Hospital, Melbourne, Australia VIC
8
Department of Radiation Oncology, Peter MacCallum Cancer Centre,
Melbourne, VIC, Australia
9
ONTrac at Peter Mac, Victorian Adolescence and Young Adult Cancer
Service, Melbourne, Australia VIC
Received: 5 May 2022 / Accepted: 27 September 2022

References
1. National Comprehensive Cancer Network. Testicular Cancer, Version 2.2022,
NCCN Clinical Practice Guidelines in Oncology 2022 [updated 2022/01/04.
Available from: https://www.nccn.org/professionals/physician_gls/pdf/testicular.pdf.
2. Haugnes HS, Wethal T, Aass N, Dahl O, Klepp O, Langberg CW, et al. Cardiovascular risk factors and morbidity in long-term survivors of testicular cancer:
a 20-year follow-up study. J Clin Oncol. 2010;28(30):4649–57.
3. Kerns SL, Fung C, Monahan PO, Ardeshir-Rouhani-Fard S, Abu Zaid MI, Williams AM, et al. Cumulative Burden of Morbidity Among Testicular Cancer
Survivors After Standard Cisplatin-Based Chemotherapy: A Multi-Institutional
Study. J Clin Oncol. 2018;36(15):1505–12.
4. Arai Y, Kawakita M, Okada Y, Yoshida O. Sexuality and fertility in long-term
survivors of testicular cancer. J Clin Oncol. 1997;15(4):1444–8.
5. Rossen PB, Pedersen AF, Zachariae R, von der Maase H. Health-related
quality of life in long-term survivors of testicular cancer. J Clin Oncol.
2009;27(35):5993–9.
6. Schepisi G, De Padova S, De Lisi D, Casadei C, Meggiolaro E, Ruffilli F, et al.
Psychosocial Issues in Long-Term Survivors of Testicular Cancer. Frontiers in
Endocrinology. 2019;10(113).
7. De Santis M, Becherer A, Bokemeyer C, Stoiber F, Oechsle K, Sellner F, et al.
2-18fluoro-deoxy-D-glucose positron emission tomography is a reliable
predictor for viable tumor in postchemotherapy seminoma: an update of the
prospective multicentric SEMPET trial. J Clin Oncol. 2004;22(6):1034–9.
8. Treglia G, Sadeghi R, Annunziata S, Caldarella C, Bertagna F, Giovanella
L. Diagnostic performance of fluorine-18-fluorodeoxyglucose positron
emission tomography in the postchemotherapy management of patients
with seminoma: systematic review and meta-analysis. Biomed Res Int.
2014;2014:852681.
9. Oldenburg J, Fosså SD, Nuver J, Heidenreich A, Schmoll HJ, Bokemeyer
C, et al. Testicular seminoma and non-seminoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2013;24(Suppl
6):vi125–32.
10. ANZUP Cancer Trials Group Limited. Surveillance Recommendations 2021
[Available from: https://anzup.org.au/recommendations-and-resources/.
11. Albers P, Bender H, Yilmaz H, Schoeneich G, Biersack HJ, Mueller SC. Positron
emission tomography in the clinical staging of patients with Stage I and II
testicular germ cell tumors. Urology. 1999;53(4):808–11.
12. Ambrosini V, Zucchini G, Nicolini S, Berselli A, Nanni C, Allegri V, et al. 18F-FDG
PET/CT impact on testicular tumours clinical management. Eur J Nucl Med
Mol Imaging. 2014;41(4):668–73.
13. Cook GJ, Sohaib A, Huddart RA, Dearnaley DP, Horwich A, Chua S. The role of
18F-FDG PET/CT in the management of testicular cancers. Nucl Med Commun. 2015;36(7):702–8.
14. Ng SP, Duchesne G, Tai KH, Toner G, Hicks R, Williams SG. Can Positron Emission Tomography (PET) Complement Conventional Staging of Early-Stage
Testicular Seminoma? Int J Radiat Oncol Biol Phys. 2016;96(2).
15. Shao D, Gao Q, Tian XW, Wang SY, Liang CH, Wang SX. Differentiation and
diagnosis of benign and malignant testicular lesions using 18F-FDG PET/CT.
Eur J Radiol. 2017;93:114–20.
16. Raggi D, Bandini M, Giannatempo P, Farè E, Marandino L, Colecchia M, et
al. Prognostic Role of Early Interim Fluorodeoxyglucose Positron Emission
Tomography in Patients With Advanced Seminoma Undergoing Standard
Treatment. Clin Genitourin Cancer. 2021;19(3):237 – 45.e2.
17. Loriot Y, Texier M, Culine S, Fléchon A, Thiery-Vuillemin A, Gravis G, et al.
The GETUG SEMITEP Trial: De-escalating Chemotherapy in Good-prognosis
Seminoma Based on Fluorodeoxyglucose Positron Emission Tomography/
Computed Tomography. Eur Urol. 2022;82(2):172–9.

Conduit et al. Cancer Imaging

(2022) 22:58

18. Dondi F, Albano D, Bertagna F, Giubbini R. Tumor markers and (18)F-FDG PET/
CT after orchiectomy in seminoma: Is there any correlation? Rev Esp Med
Nucl Imagen Mol (Engl Ed). 2021;40(5):287–92.
19. Petrović J, Beatović S, Šobić-Šaranović D, Odalović S, Stojiljković M, GrozdicMilojevic I, et al. (18)F-FDG PET/CT value in the detection of seminoma and
correlation with CT and tumor marker levels - up to 8 years of follow-up. Hell
J Nucl Med. 2022;25(1):19–25.
20. Huddart RA, O’Doherty MJ, Padhani A, Rustin GJ, Mead GM, Joffe JK, et al.
18fluorodeoxyglucose positron emission tomography in the prediction of
relapse in patients with high-risk, clinical stage I nonseminomatous germ cell
tumors: preliminary report of MRC Trial TE22–the NCRI Testis Tumour Clinical
Study Group. J Clin Oncol. 2007;25(21):3090–5.
21. European Organisation for Research and Treatment of Cancer. RECIST 1.1
2021 [Available from: https://recist.eortc.org/recist-1-1-2/.
22. Amin M, Edge S, Greene F, Byrd D, Brookland R, Washington M, et al. AJCC
Cancer Staging Manual. 8th ed. Chicago: American Joint Committee on
Cancer; 2018.
23. Joffe JK, Cafferty F, Murphy L, Rustin GJ, Sohaib S, Swift S, et al. Imaging
modality and frequency in surveillance of stage I seminoma testicular cancer:
Results from a randomized, phase III, factorial trial (TRISST). J Clin Oncol.
2021;39.
24. Dieckmann KP, Radtke A, Geczi L, Matthies C, Anheuser P, Eckardt U, et al.
Serum Levels of MicroRNA-371a-3p (M371 Test) as a New Biomarker of
Testicular Germ Cell Tumors: Results of a Prospective Multicentric Study. J Clin
Oncol. 2019;37(16):1412–23.
25. Leão R, van Agthoven T, Figueiredo A, Jewett MAS, Fadaak K, Sweet J, et al.
Serum miRNA Predicts Viable Disease after Chemotherapy in Patients with
Testicular Nonseminoma Germ Cell Tumor. J Urol. 2018;200(1):126–35.
26. Nappi L, Thi M, Lum A, Huntsman D, Eigl BJ, Martin C, et al. Developing
a Highly Specific Biomarker for Germ Cell Malignancies: Plasma miR371
Expression Across the Germ Cell Malignancy Spectrum. J Clin Oncol.
2019;37(33):3090–8.

Page 8 of 8

27. Hess S, Blomberg BA, Rakheja R, Friedman K, Kwee TC, Høilund-Carlsen PF, et
al. A brief overview of novel approaches to FDG PET imaging and quantification. Clin Transl Imaging. 2014;2:187–98.
28. Liu Y, Ghesani NV, Zuckier LS. Physiology and pathophysiology of incidental findings detected on FDG-PET scintigraphy. Semin Nucl Med.
2010;40(4):294–315.
29. Bachner M, Loriot Y, Gross-Goupil M, Zucali PA, Horwich A, Germa-Lluch JR, et
al. 2-18fluoro-deoxy-D-glucose positron emission tomography (FDG-PET) for
postchemotherapy seminoma residual lesions: a retrospective validation of
the SEMPET trial. Ann Oncol. 2012;23(1):59–64.
30. Gallach M, Mikhail Lette M, Abdel-Wahab M, Giammarile F, Pellet O, Paez D.
Addressing Global Inequities in Positron Emission Tomography-Computed
Tomography (PET-CT) for Cancer Management: A Statistical Model to Guide
Strategic Planning. Med Sci Monit. 2020;26.
31. Hung T-J, McLean L, Mitchell C, Pascoe C, Lawrentschuk N, Murphy DG, et al.
The role of 18F-FDG-PET/CT in evaluating retroperitoneal masses -Keeping
your eye on the ball! Cancer Imaging [Internet]. 2019; 19(28).
32. Stephens AW, Gonin R, Hutchins GD, Einhorn LH. Positron emission tomography evaluation of residual radiographic abnormalities in postchemotherapy
germ cell tumor patients. J Clin Oncol. 1996;14(5):1637–41.
33. Murray MJ, Huddart RA, Coleman N. The present and future of serum diagnostic tests for testicular germ cell tumours. Nat Rev Urol. 2016;13(12):715–25.
34. Conduit C, Tran B. Improving outcomes in germ cell cancers using miRNA.
Ther Adv Med Oncol. 2021;13:17588359211027826.
35. Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch K, Eschner W, et
al. FDG PET/CT: EANM procedure guidelines for tumour imaging: version 2.0.
Eur J Nucl Med Mol Imaging. 2015;42(2):328–54.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

