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Abstract

Background: Testicular cancer is the second most frequent form of male genital tumors. Globally, testicular malig-
nancy has risen over the last forty years. Among malignant testicular tumors, germ cell tumors represent approxi-
mately 95% of all tumors. They are classified into seminomatous and non-seminomatous tumors as they differ in
clinical features, therapy, and prognosis. Despite the increasing value of whole-body fluorodeoxyglucose positron
emotion tomography/computerized tomography ('8FDG-PET/CT) for all malignancies, the practical function of
this imaging method in testicular germ cell tumors is still unknown. We aim to assess the diagnostic performance
of ®FDG-PET/CT dual-time-point imaging (DTPI) in the detection and characterization of recurrent testicular cancer
lesions.

Results: '8FDG-PET/CT DTPI showed higher specificity (SP) in lesions’delectability and characterization for local,
nodal, and distant lesions than the single-time-point imaging (STPI) (97.6%, 93.8%, and 97% versus 95.2%, 68.8%, and
84.8%, respectively) and higher sensitivity (SN) for nodal and distant lesions (97% and 93.8% versus 87.8% and 87.5%,
respectively). The mean SUVmaxD and the Rl values—not the SUVmaxE—of the malignant lesions were significantly
greater than the benign lesions (p 0.001%).

Conclusions: "®FDG-PET/CT DTPI and its related indices (SUVmaxD and the RI) are more accurate, sensitive, and spe-
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cific than the STPI in the characterization of recurrent lesions in testicular cancer patients.

Background

Testicular cancer is the second most frequent form of
male genital tumors. Globally, testicular malignancy has
doubled over the last forty years, but it is still uncom-
mon in most countries, with an age-standardized inci-
dence rate of 1-9.2/100,000 [1]. Among malignant
testicular tumors, germ cell tumors (GCTs) represent
approximately 95% of all tumors [2]. They are classified
into seminomatous and non-seminomatous tumors as
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they differ in clinical features, therapy, and prognosis
[3]. The pathology of the resected testis, tumor markers
(AFP, HCG, and LDH) pre- and post-orchiectomy, chest
X-ray, and/or pelvi-abdominal CT scan are typically used
to stage testicular tumors[4]. Imaging is crucial in defin-
ing the N and M components of testicular tumor staging.
However, the T category depends on the surgical pathol-
ogy. The extent of retroperitoneal lymphadenopathy gov-
erns the N category; affection of distant organs (distant
metastases) is described by the M category [5]. Recently,
BE_FDG PET/CT has been used to check patients for
recurrence. Although CT is the usual method for the
detection of lymphadenopathy or retroperitoneal tumors,
up to 30-59% of its results have been reported as false-
negative [6, 7]. Despite the widespread increase in the use
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of PET/CT for all malignancies, the practical function of
this imaging method in testicular GCTs is still unknown
due to the conflicting outcomes of previous studies and
the paucity of data [8]. Although FDG uptake in malig-
nant lesions is generally greater than in benign lesions, it
is occasionally challenging to distinguish between them,
leading to false-positive or ambiguous FDG-PET results.
BEDG-PET/CT DTPI is used to clarify the changes in the
FDG uptake between benign and malignant lesions [9—
17]. The study’s objective is to assess the diagnostic per-
formance of *FDG-PET/CT DTPI in the detection and
characterization of recurrent testicular cancer lesions.

Methods

This prospective study comprised 49 patients between
January 2015 and December 2019 who had a suspected
recurrence of testicular cancer, either local or distant.
Suspicion of recurrence, relied on the clinical data, labo-
ratory investigations, and imaging results (ultrasound
(US) and/or CT). Patients with a second primary cancer,
an expected life expectancy of fewer than six months, a
fulminant abdominal infection, or uncontrolled diabetes
mellitus were excluded. Patients who met the eligibility
requirements (treated testicular cancer patients with at
least 6 months disease-free duration) underwent whole-
body "*FDG-PET/CT DTPI at the nuclear medicine unit
of the National Cancer Institute, Cairo University. Before
the study began, the Institutional Review Board at the
NCI gave its ethical approval.

Whole-body '8FDG-PET/CT DTPI scan

The study was obtained using an integrated PET/CT sys-
tem (GE Medical Systems with 16 slice CT) in two phases:
the early phase after 45-60 min following intravenous
(IV) injection of 5.2 Mbq/Kg of FDG and the delayed
phase after 120—140 min post-injection. All patients were
instructed to fast for at least 6 h before the LV tracer
injection and till the end of imaging, with serum glucose
levels under 200 mg/dL, in addition to other instruc-
tions required for the imaging process to run ideally and
smoothly. The patient underwent a standard *FDG-PET/
CT imaging procedure from the head to the knees. A 2.0-
min acquisition period was used for each of the six differ-
ent bed positions used for the PET scans. Low-dose CT
without IV contrast was acquired for anatomical locali-
zation and attenuation correction. Three reconstruction
and reformatting planes were used for both PET and
CT images (axial, sagittal, and coronal images). Fusion
images were also formed by the combination of PET and
CT images. Attenuation correction of the PET images
was performed using CT data. Images were interpreted
by at least one radiologist and one nuclear medicine doc-
tor with more than 15 years experience who were blinded
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to the patients history. In case of discrepancy between
them, the case was reviewed by another nuclear medi-
cine physician and /or radiologist and the final consensus
result is the one that was considered. The SUVmax for
both stages and the retention index RI were calculated.
RI=[late standardized uptake value (SUVmaxD)-early
standardized uptake value (SUVmaxE)] / SUVmaxE.
These indices were correlated with the reference slan-
dered (histopathology and clinical-radiological follow-
up). All patients received a comprehensive clarification of
the procedure before imaging, and they all subsequently
gave their informed consent to participate in the study.

Malignant lesions include those that have been patho-
logically confirmed, rapidly progressed over short time or
metastasized.

Benign lesions include those that have been pathologi-
cally proven, spontaneously regressed, and remained sta-
tionary or slowly increased in size over long time.

Statistical analysis

SPSS (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL) version 22 was used to code and enter
the data. For categorical variables, frequencies (the num-
ber of occurrences) and relative frequencies (percent-
ages) were applied, whereas for quantitative variables, the
mean, standard deviation, median, minimum, and maxi-
mum were utilized. The ideal cutoff values for predicting
malignant lesions were determined using receiver opera-
tor characteristic (ROC) curves and area-under-the-
curve (AUC) analysis. For early and late PET/CT scans,
accuracy measures [sensitivity (SN), specificity (SP), pos-
itive predictive value (PPV), and negative predictive value
(NPV), as well as their 95% confidence intervals (95%
CI)] and RI were identified. A probability value (P value)
less than 0.05 was used to indicate statistical significance.

Results

The current study included forty-nine patients with mean
age of 32.6+11.9 years [range 17-66 years]. Except for
two patients, who had radiotherapy, all patients under-
went orchiectomy followed by chemotherapy. Semino-
mas were the most frequent primary tumors (67.3%),
followed by non-seminomatous tumors (24.5%), while
stromal tumors and lymphomas were the least common
[2 (4.1%) patients each] (Table 1).

According to the reference criteria (pathological and/
or clinical-radiological follow-up data), the total number
of lesions was 108, of which 92 (85.2%) were malignant
and 16 (14.8%) were benign. Nine of them (8.3%) were
local lesions (7 malignant and 2 benign), 70 (64.8%) were
lymph nodes (LNs) lesions (63 malignant and 7 benign),
and 29 (26.9%) were remote lesions affecting distant
organs (22 malignant and 7 benign) (Table 2).
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Table 1 Clinical data of the studied patients

Total No.=49 %

Age/years 3261119
Primary size (cm)  5.1£23
Primary site Right testis 26 53.1
Left testis 23 46.9
Pathology type Seminomatous tumors 33 67.3
Non-seminomatous tumors 12 24.5
Stromal 2 4.1
Lymphoma 2 4.1
Therapy received
Chemotherapy +ve 47 959
—ve 2 4.1
Radiotherapy ~ +ve 2 4.1
—ve 47 95.9

Table 2 Pathological data of the studied patients

Lesion type Lesion nature No. %
Primary site lesions (no.=9.0) Malignant 7 778
Benign 2 22.2
LNs lesions (no.=70.0) Malignant 63 90
Benign 7 10
Distant lesions (no.=29.0) Malignant 22 759
Benign 7 241

Recurrence was confirmed in 38 patients (77.55%),
with 17 having LNs metastases, 9 having LNs and dis-
tant metastases (DM), 5 having local recurrence (LR) and
DM, 5 having DM, and 2 having only LR. The lung was
the organ most frequently affected (12 lesions), whereas
other organs like the liver, bone, suprarenal gland, perito-
neum, and brain were less commonly affected.

Dual-time point imaging suggested that 39 patients
had recurrence. Of these, 37 patients had true recur-
rences along with two false positives; the high uptake
in the lesions of these 2 patients was related to their
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informatory nature. Ten patients were thought to be free
of the disease, but one of them had a true recurrence
(false negative because of the small size of the lesion).
Although the delayed PET-CT phase demonstrated bet-
ter SN for detecting LNs and DM lesions than the early
phase (97.4% and 93.8% vs. 87.8% and 87.5%, respec-
tively), both the early and delayed phases of PET-CT
had 100% SN for primary lesion detection. Additionally,
when compared to the early phase, the late phase exhib-
ited considerably higher SP regarding the primary site,
LNs and distant organs lesions (97.6%, 93.8%, and 97%
vs. 95.2%, 68.8%, and 84.8%). Also, the accuracy of the
delayed phase is significantly higher than the early phase
(Table 3).

Semi-quantitative 8FDG-PET/CT data from the
early scan showed that the mean SUVmaxE of malig-
nant lesions was greater than that of benign lesions
with no statistically significant difference between them
(P=0.29). But on the delayed scan, the mean SUVmaxD
and RI values of the malignant lesions were significantly
higher than those of the benign lesions, (P 0.001). Simi-
lar findings were seen at each specific site, i.e., the pri-
mary site, the LNs, and the DM. The majority (94.6%) of
malignant lesions had higher SUVmaxD compared to the
early SUVmaxE (4 ve RI), but 5.4% (5/92 lesions) showed
a slight decline in the SUVmaxD compared to the early
SUVmaxE (—ve RI). However, all benign lesions except
one displayed -ve RI (Table 4).

Receiver operator characteristic (ROC) curve analysis
identified 4.05, 3.85, and 22% as optimal cutoff points for
SUVmaxE, SUVmaxD, and R], respectively, for prediction
of malignancy at all sites. At SUVmaxD 3.85, malignancy
could be predicted with 94.4% SN and 87.5% SP while at
RI 22% the sensitivity slightly decreased to 93.5%, but the
SP notably raised to 93.8% [SUVmaxD and RI area under
the curve (AUC) were 0.9 with 95% CI=0.9-1.000 and
0.8-1.1, respectively] (Fig. 1a).

For the prediction of recurrence at the primary site,
the optimal SUVmaxE, SUVmaxD, and RI cutoff thresh-
olds were 6.85, 7.35, and 35.3%, respectively; at these

Table 3 Validity of early & late SUV in the detection of studied lesions

Local rec LNs met’s Distant met’s

Early Late Early Late Early Late
SN 100% 100% 87.8% 97.4% 87.5% 93.8%
SP 95.2% 97.6% 68.8% 93.8% 84.8% 97%
PPV 78% 87.5% 85.3% 97% 73.7% 93.8%
NPV 100% 100% 73.3% 93.8% 93.3% 97%
ACC 95.9% 98% 81.6% 95.9% 85.7% 95.9%

SN sensitivity, SP specificity, PPV positive predictive value, NPV negative predictive value, Acc accuracy
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Table 4 Comparison between the benign and malignant lesions
regarding early, late SUVmax, and Rl

Item Benign lesions Malignant P value
lesions
Primary site Early SUV  6.9542.1 77+£37 1.0
LateSUV 29409 122452 0.04*
RI —06+001 0.7£0.32 0.04*
LN mets Early SUV 45410 47+£32 0.30
Late SUV  2.7+1.01 82+£57 <0.001*
RI —045+£012 08+03 <0.001*
Distant mets Early SUV 45+16 574148 0.86
LateSUV 29+14 95+77 <0.001*
RI —023£07 0.7+05 0.006*
Total lesions  Early SUV  48+16 52438 0.29
LateSUV  28+£1.1 88+6.2 <0.001*
RI — 04405 08+04 <0.001*
No. of RI —ve 15 (93.8%) 5(5.4%) 0.001*
+ve 1(6.2%) 87 (94.6%)

* means staistically highly significant

cutoff values primary site recurrence can be predicted
with 57.1%, 85.7%, and 85.7% SN and 50%, 100%, and
100% SP, respectively. At the SUVmaxD cutoff value of
4.8. [SUVmaxD and RI's AUC were 1.0 and 1.0, (95.0%
CI=1.0-1.0%, [Fig. 1b]. The details of the LNs and DM
lesions are shown in Fig. 1c, d. Comparing the AUC of
the SUVmaxE, SUVmazD, and R], it is found that there
was a statistically significant difference between the early
phase and the late phase as well as the early phase and
the RI (P<0.05), but there was no significant difference
between the late phase and the RI (P>0.05). In summary,
ROC curve analysis of the SUVmax revealed that the
delayed phase and the RI had the potential to differenti-
ate malignant from benign lesions with higher SN and SP
than the early phase at all sites (Figs. 2, 3).

Discussion

Malignant lesions frequently attain their peak FDG
pickup between 2 and 4 h after injection, but the major-
ity of inflammatory lesions typically do so within an
hour after injection. It is believed that )FDG-PET scans
performed at two different time periods can help dis-
criminate between benign and malignant tumors [9-17].
Inflammations or infectious diseases show decreased
BEDG uptake at the second scan compared to the first
scan. Conversely, malignant cells have been demon-
strated to exhibit increased *FDG uptake at the sec-
ond scan compared to the first scan [18]. To the best
of our knowledge, no study has looked into the use of
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BFDG-PET/CT DTPI in the discrimination of benign
from malignant lesions in testicular cancer patients.

The current study demonstrated that FDG-PET/
CT DTPI had 97.4% SN, 81.8% SP, 94.9% PPV, and 90%
NPV value to detect recurrence, which agrees with Con-
duit et al. [19] in the subset of 71 patients who under-
went PET/CT performed for suspicion of recurrence
of cancer testicular seminoma with stage 1 disease, of
whom 16 (23%) were positive, with all correctly detected
recurrence (PPV 100%), and 44 (77%) were negative at
24 months; 3 of them showed recurrences on PET/CT
(NPV is 93%). Our findings somewhat matched the find-
ings of the Rashid et al. [20] who found that STPI *FDG-
PET/CT was positive in 26/45 (57.8%) of the patients, all
of whom had a genuine recurrence, and unremarkable
in 19/45 (42.2%) of the patients, with no false negatives
(100% NPV). It is noteworthy that none of the PET/CT
scans were labeled as being inconclusive.

According to Ambrosini et al. [21], *F-FDG PET/CT
had a lower SN (77%) but a greater SP (95%) for detection
of NSGCT compared to seminoma lesions, which had
92% SN and 84% SP (retrospective study of 56 patients
with seminoma and NSGCT). Sharma et al. [22] showed
that F-FDG-PET/CT had good diagnostic accuracy for
restaging both seminomatous and NSGCT in 96 patients.
Overall, the SN, SP, PPV, NPV, and accuracy were 94.2%,
75.0%, 83.0%, 90.9%, and 85.8%, respectively. Notably,
there was no significant difference in accuracy between
seminomatous and NSGCT. On the other hand, accord-
ing to Lassen et al. [23], )FDG-PET/CT had a low SN
(70%) to recognize recurrence in patients with normal-
sized LNs who later had relapse of NSGST, which might
be owing to the small volume of the disease in normal-
sized LNs.

As anticipated, we generally found that DTPI is typi-
cally more sensitive than STPI, which provides time for
slowly accumulating lesions on the early scan to accu-
mulate more FDG and the background to fade, resulting
in a higher target to background ratio (TBR) and better
lesion identification. Moreover, DTPI improved SP and
accuracy for detecting lymph node metastases (LNM),
which can be explained by the fact that non-cancerous
lesions tend to lose their FDG pick-up with time; con-
sequently, in the delayed scan, the false-positive lesions
from the early scan are less noticeable or have disap-
peared. SUVmax (RI) elevation greater than 5.2% was
the ideal cutoff value for identifying LNM. On the other
hand, Nogami et al. [24] found that the SN decreased
with DTPI compared to STPI, but the SP and accu-
racy rose in the identification of LNM in gynecological
malignancies with a RI of more than 9.0% as the ideal
cutoff value. In earlier studies on different cancers,
higher cutoff values of 10% were identified. *FDG-PET/
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Fig. 2 A 35-year-old male with treated right testicle germ cell tumor. Post-therapy follow-up PET/CT scan (A, B, C, F, G, H Images) revealed FDG
avid inguinal lymph node measuring 3.8 cm on the early scan with an early SUV max of 3.6. The delayed PET/CT scan (D, E, I, J images) revealed FDG

retention in the inguinal lymph node, with a late SUV max of 6.3. The recurrence was confirmed by histopathology
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Fig. 3 A 56-year-old male with a treated left testicular germ cell tumor. Early post-therapy follow-up PET/CT scan (A, B, C, G, H, I images) revealed
an active left iliac lymph node measuring 2.2 cm with an early SUV max of 8.6. The delayed PET/CT scan (D, E, F, J, K, L images) revealed FDG

washout from the left iliac lymph node. Clinico-radiological follow-up confirmed its benign innocent (inflammatory) nature

CT dual-time-point imaging performed marginally bet-
ter than STPI in Shen et al.[25] meta-analysis for the
evaluation of the diagnostic performance of DTPI and
STPI in the detection of mediastinal nodal metastases
in non-small cell lung cancer. However, because of the

limited number of patients and the heterogeneity of the
included patients, they advised further researches to be

carried out to know what function DTPI might serve
for this purpose.
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The tracer kinetics between the early and late scans
were strongly related to lesion nature rather than the
absolute value of the SUVmax, as on the early scan
both benign and malignant lesions had high SUVmax,
although with higher malignant lesion values yet without
significant difference (P=0.28). However, on the delayed
scan, malignant lesions had significantly higher mean
SUVmax values compared to benign lesions (2P=0.001).
Tracer washout (negative RI) and tracer retention (posi-
tive RI) between the early and late scans were strongly
corrected to benign and malignant lesions nature,
respectively, as all benign lesions except one had negative
RI and all malignant lesions except five had positive RI.
Benign lesion that displayed positive RI can be explained
on the bases of some inflammatory lesions may slowly
accumulate the tracer over time. The retention index of
22% was highly specific (93.8%) and sensitive (93.5%) in
distinguishing malignant lesions from benign ones. SUV-
maxE demonstrated significantly lower SN (50%) and SP
(31%) than both RI and SUVmaxD. However, Shao et al.
[26] noted that the STPI can discern between benign and
malignant testicular lesions as there were statistically
significant differences in SUVmax values and SUVmax
lesion/background ratios between benign and malignant
lesions (SUVmax: p=0.000; SUVmax lesion/background
ratio: p =0.000); both of them were higher in malignant
than in benign lesions. The best SUVmax cutoft value for
identifying benign and malignant testicular lesions was
3.8, with SN, SP, accuracy, PPV, and NPV values of 90.6%,
80.9%, 86.8%, 87.9%, and 85.0%, respectively. El-kholi and
Khaled [27] found that malignant recurrent pancreatic
lesions had higher mean SUVmax values than benign
lesions on early and late scans. The late scan but not the
early exhibited a statistically significant difference. They
observed that malignancy can be predicted with 95.8%
and 87.50% SN, 90% and 100% SP and a 92% accuracy
rate when aSUVmaxD cutoff value of 4.9 (the same as in
the present study) and RI cutoff value of 16% are used,
respectively. Mavi et al. [28] found an increase in FDG
uptake over time (4-ve RI)when comparing malignant
lesions to healthy breast tissue in a sizable number (152)
of breast cancer patients who underwent two scans, with
a mean gap of 52 min between both scans. They also
stated that variations in FDG uptake over time may
reflect tumor biology and the level of aggressiveness of
the malignant lesion.

Caprio et al. [29] examined the diagnostic performance
of DTPI in suspected breast cancer lesions for 59 patients
at 1 and 3 h after receiving '®FDG injections, measur-
ing changes in ®FDG using qualitative and semiquanti-
tative uptake parameters and contrasting their findings
with those from histological examinations of the resected
lesions; DTPI evidenced an accuracy of 85% for lesions
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with SUVmax greater than or equal to 2.5 which is below
the cutoff value of the current study (4.8) and/or a posi-
tive percentage in SUVmax. This difference in the cutoff
point can be explained by the fact that the primary lesions
in the current study are few, have different tumor types
and/or grades, and have higher SUVmax values. The SN
and SP of DTPI were 81% and 100% versus 63% and 100%
for STPL They stated that DTPI increases the accuracy
of breast cancer recognition in patients with suspicious
lesions when compared to STPI alone. In patients with
lung cancer, Matthies et al. [15] observed SN and SP val-
ues of 80% and 94%, respectively, at the SUV cutoft of
2.5 on the STPI ®FDG-PET scan. Their study states that
DTPI raised the SN to 100% but did not appreciably alter
the SP (89%). According to the Cheng et al. [30] study
on patients with proven or suspected lung cancer, DTPI
moderately improves the diagnostic accuracies of *FDG
PET in the evaluation of lung lesions. They evaluated the
dynamic changes in '®FDG uptake prospectively at three
consecutive hours post-injection. The optimum diagnos-
tic performance was found to be the SUVmax of 4.2 at
the third hour (88%). The TBR increased over time, and
the overall quality of the images in the delayed phase
appeared to be superior to that of the early scans.

To compare the potential efficacy of DTPI with STPI
FDG-PET imaging of lung cancer, Lin et al. [31] thor-
oughly reviewed 11 studies including 788 patients. The
AUC for dual-time-point imaging and single-time-point
imaging was 0.84 (0.079) and 0.76 (0.074), respectively,
but it was 0.4 and 0.9 in the present study. According
to their analysis, DTPI may not be indicated for routine
clinical use; however, in some non-diagnostic contexts,
where STPI is limited in its utility for finding lesions,
it might offer extra information. However, Alkhawal-
deh et al. [9] showed an improvement in the diagnostic
specificity of *®FDG-PET in various trials utilizing DTPI
to evaluate solitary pulmonary nodules. In their meta-
analysis of eight studies that included 430 pulmonary
nodules in 415 patients, Zhang et al. [32] discovered that
DTPI had relatively better SN and SP than STPI (79% and
73%, versus 77% and 59%, respectively). They came to the
conclusion that while DTPI was more specific, both dual-
time-point imaging and single-time-point imaging with
18FDG PET were equally accurate at differentiating pul-
monary nodules.

Differentiating benign from malignant lesions helps
to avoid needless surgical procedures and improves life
quality. Therefore, it is suggested that lesions with high
activity that display increasing SUVmaxD on the delayed
scan (positive percentage in SUVmax) could be pre-
dicted and considered malignant, while lesions that show
decreased SUVmaxD (negative percentage in SUVmax)
could be predicted as benign lesions. However, there are
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still a few malignant lesions with decreasing SUVmaxD
between the early and the delayed images and vice versa,
so a correlation with clinical data, serum tumor mark-
ers, and other radiologic imaging findings is useful in
lesion differentiation. It is better to avoid additional inva-
sive diagnostic procedures like biopsy, and the patients
should be kept under follow-up.

Limitations

The current study has some limitations, including a wide
age range of the patient population (17—-66 years), limited
number of study population, particularly for those with
local recurrence, heterogeneity in tumor pathology and
in the time of recurrence discovery, and finally, histopa-
thology was not performed for all metastatic lesions, and
verification of the nature of many lesions depended on
clinico-radiological follow-up. Further prospective stud-
ies with suitable sample sizes are needed to assess the
definitive advantage of "*FDG-PET/CT DTPI in clinical
practice.

Conclusions

In patients with suspected testicular cancer recurrence,
BEDG-PET/CT DTPI is a valuable technique and sig-
nificantly more effective than the STPI at differentiation
between malignant and benign lesions. The SUVmaxD
and RI are both more sensitive and specific than the
SUVmaxE.
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