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Abstract: We investigated the impact of 2-[18F]FDG-PET/CT on detection rate (DR) of the primary
tumor and survival in patients with suspected cancer of unknown primary tumor (CUP), comparing it
to the conventional diagnostic imaging method, CT. Patients who received a tentative CUP diagnosis
at Odense University Hospital from 2014–2017 were included. Patients receiving a 2-[18F]FDG-
PET/CT were assigned to the 2-[18F]FDG-PET/CT group and patients receiving a CT only to the
CT group. DR was calculated as the proportion of true positive findings of 2-[18F]FDG-PET/CT
and CT scans, separately, using biopsy of the primary tumor, autopsy, or clinical decision as refer-
ence standard. Survival analyses included Kaplan–Meier estimates and Cox proportional hazards
regression adjusted for age, sex, treatment, and propensity score. We included 193 patients. Of
these, 159 were in the 2-[18F]FDG-PET/CT group and 34 were in the CT group. DR was 36.5% in the
2-[18F]FDG-PET/CT group and 17.6% in the CT group, respectively (p = 0.012). Median survival
was 7.4 (95% CI 0.4–98.7) months in the 2-[18F]FDG-PET/CT group and 3.8 (95% CI 0.2–98.1) in the
CT group. Survival analysis showed a crude hazard ratio of 0.63 (p = 0.024) and an adjusted hazard
ratio of 0.68 (p = 0.087) for the 2-[18F]FDG-PET/CT group compared with CT. This study found a
significantly higher DR of the primary tumor in suspected CUP patients using 2-[18F]FDG-PET/CT
compared with patients receiving only CT, with possible immense clinical importance. No signifi-
cant difference in survival was found, although a possible tendency towards longer survival in the
2-[18F]FDG-PET/CT group was observed.

Keywords: cancer; 2-[18F]FDG-PET/CT; CT; survival; detection rate; unknown primary site

1. Introduction

Cancer of unknown primary tumor (CUP) accounts for about 3–5% of definitive cancer
diagnoses [1] and is usually defined as cancer with a biopsy-proven metastasis, but without
an identified primary tumor after a standard diagnostic workup [2,3]. Diagnosis of CUP
usually includes clinical exams, blood samples, biopsies, computed tomography (CT)
scans of the thorax and upper abdomen (new guidelines from 2022 also include the pelvic
area [4]), and evaluation by a medical diagnostics team [5,6]. As this disease is usually at
an advanced stage when detected, median survival is less than a year when no primary
tumor is ever found [1,7,8]. Hence, finding the primary tumor is essential for optimizing
and increasing the likelihood of successful treatment in these patients.
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Traditional imaging methods, including CT scans, typically have a detection rate
(DR) of the primary tumor in suspected CUP patients of 35% or less [9–12]. However, a
recent systematic review and meta-analysis found that early use of 2-deoxy-2-[18F]fluoro-D-
glucose positron emission tomography and computed tomography (2-[18F]FDG-PET/CT)
resulted in a pooled DR of 41% [6], and other recent studies have found DRs ranging
from 40 to 77% [13–16]. Despite this, 2-[18F]FDG-PET/CT is not currently a mandatory
diagnostic procedure for CUP patients in European guidelines [17].

Previous studies comparing the detection rates of 2-[18F]FDG-PET/CT with CT for
suspected CUP patients have shown varying results, mostly in favor of 2-[18F]FDG-
PET/CT [11,12], but some were not statistically significant or directly contradictory, and
the sample sizes in these heterogeneous studies are often small [3,18]. Furthermore, the
available evidence investigating the detection rate in 2-[18F]FDG-PET/CT often lacks a
comparison with conventional diagnostic imaging. To the best of our knowledge, there
are no studies comparing survival between suspected CUP patients who received a 2-
[18F]FDG-PET/CT and those who received a CT.

Therefore, the aim of this retrospective register-based cohort study was to investigate
the efficiency of 2-[18F]FDG-PET/CT compared with CT among all patients registered with
the tentative pathological diagnosis “cancer of unknown primary tumor” at the Odense
University Hospital from 2014 to 2017. The specific objectives were to compare the detection
rate of the primary tumor and the median survival between the two groups of patients re-
ceiving either a 2-[18F]FDG-PET/CT or only a CT, while taking background characteristics
(sex, age, location of first hospital visit, previously known cancer, performance status, and
comorbidity) into consideration.

2. Materials and Methods

The Danish Patient Safety Authority and the Region of Southern Denmark approved
this retrospective register-based cohort study. The RECORD statement was applied to
ensure the quality of the data reported [19].

2.1. Participants

Patients registered with a tentative CUP diagnosis in the pathology system at the
Odense University Hospital during the years 2014 to 2017 were eligible. Patients were
considered CUP patients if they had a pathologically proven metastasis with an unknown
primary tumor at the time of biopsy (these patients are henceforth referred to as CUP
patients). The groups of focus in the study were patients who had received a 2-[18F]FDG-
PET/CT, regardless of what other scans had been performed, compared with patients who
received a CT scan and not a 2-[18F]FDG-PET/CT from the same period.

Patients were excluded if they did not receive any relevant scans (i.e., could neither be
placed in the 2-[18F]FDG-PET/CT nor the CT group of the study) or if they had insufficient
available data (e.g., lacking essential data such as scan or biopsy details) for inclusion in
the main statistical analyses.

2.2. Imaging

The 2-[18F]FDG-PET/CT and CT scans were performed as considered relevant to
the clinical setting in all patients. The 2-[18F]FDG-PET/CT scans were performed in
one of three nuclear medicine departments and the CT scans in one of eight radiologic
departments in the Region of Southern Denmark. Due to local practices, the scan methods
are only roughly described.

The 2-[18F]FDG-PET/CT scans compiled with the standard European requirements [20],
and the scan fields were typically from base of the skull to mid-thigh. Patients fasted for
four to six hours prior to the scan. The tracer 2-[18F]FDG was administered intravenously
in a dose of approximately 4 MBq/kg. Patients then rested and rehydrated with water
before the scans were performed approximately 60 min (±15 min) after FDG injection. The
CT part of the 2-[18F]FDG-PET/CT scans varied between high- and low-dose CT. The scan
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fields for the stand-alone CT scans were primarily of thorax and abdomen while some
also included head and neck. The contrast enhancement scheme for diagnostic CT used in
general Optiray 300 (1 mL/kg).

All scans were analyzed by imaging specialists who were assigned to the clinical
routine at the day of examination. The 2-[18F]FDG-PET/CT scans performed with low
dose CT were analyzed by nuclear physicians only, CT scans were analyzed by radiologists
only, and the 2-[18F]FDG-PET/CT performed with high-dose CT were analyzed by both
nuclear physicians and radiologists in a collaborative effort.

2.3. Data

The data were collected from patient records in the regional journal system (COSMIC).
Rana Bahij initiated and MSJ and HR finished the data collection. Any positive findings
on a scan that were considered suspect for malignancy were registered as suggestions for
the location of the primary tumor. Information on patient characteristics were collected
(Tables 1 and 2). Data included number of comorbidities, sorting these into categories
such as “cardiovascular diseases”, “neurological diseases”, “other cancers”, etc. Additional
information on final diagnosis, treatment, and death were collected. Online Resource S1
contains details on the biopsy from the metastasis. Follow-up concluded on 25 May 2022.

Table 1. Demographics and baseline characteristics of CUP patients who received a 2-[18F]FDG-
PET/CT scan or a CT scan, respectively.

Variable Subgroup CT (N = 34) 2-[18F]FDG-PET/CT
(N = 159) p-Value

Sex
Male 21 (61.8%) 80 (50.3%)

0.23 #
Female 13 (38.2%) 79 (49.7%)

Median age (min–max) 70.5 (32–95) 68 (29–91) 0.51 $

ECOG Performance
status

0 3 (8.8%) 35 (22.0%)

0.12 ˆ

1 5 (14.7%) 27 (17.0%)
2 2 (5.9%) 17 (10.7%)
3 7 (20.6%) 13 (8.2%)
4 2 (5.9%) 4 (2.5%)

Not available 15 (44.1%) 63 (39.6%)
Median (min–max)

number of comorbidities 2 (0–7) 1 (0–7) 0.17 +

Number of previous
cancer diagnoses

0 27 (79.4%) 118 (74.2%)
0.046 ˆ1 4 (11.8%) 38 (23.9%)

2 or >2 3 (8.8%) 3 (1.9%)
CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-
glucose, PET Positron emission tomography. # Chi-squared test. ˆ Fisher’s exact test. $ Unpaired t-test. + Wilcoxon
rank sum test.

2.4. Endpoints

The primary endpoints of the study were DR and survival. Secondary endpoints
were time from first contact with the hospital to a final diagnosis, the number of applied
radiological procedures, and the number of cancer patient pathways. A cancer patient
pathway is a politically decided, accelerated diagnostic process available for patients with
suspected cancer in Denmark.

2.5. Definitions

As reference standard for the final diagnosis, we used either (a) biopsy from the
primary tumor, (b) findings on autopsy, or (c) clinical decision to either start treatment
or stop further diagnostics based on an available plausible diagnosis. In case a definitive
final diagnosis was not available (e.g., a specific type of cancer other than CUP was not
found), this was marked as either “not obtained” (a clinical decision had been made to stop
diagnostics) or “indefinite” (no final decision to stop diagnostics was made).

The findings of a scan were considered true positive if the scan suggested a location of
the primary tumor consistent with the final diagnosis.



J. Imaging 2023, 9, 178 4 of 13

Table 2. Clinical characteristics of CUP patients who received a 2-[18F]FDG-PET/CT scan or a CT
scan, respectively.

Variable Subgroup CT (N = 34) 2-[18F]FDG-PET/CT
(N = 159) p-Value

Number of cancer patient pathways

0 1 (2.9%) 1 (0.6%)

0.001 ˆ1 29 (85.3%) 87 (54.7%)
2 4 (11.8%) 60 (37.7%)
3 0 (0%) 11 (6.9%)

Median (min-max) number of organs with
metastases 2 (1–5) 2 (0–10) a 0.57 +

Median (min-max) number of radiological
procedures 2 (1–13) 4 (1–22) 0.004 +

Median (min-max) time from first hospital visit to
visit at cancer patient pathway (days) b 2 (0–70) 3.5 (0–130) 0.26 $

Median (min-max) time to scan (days) 0 (0–51) 12 (0–230) 0.001 $

Median (min-max) time to final diagnosis (days)
(excluding patients without definitive diagnosis)

CT (N = 19)
2-[18F]FDG-PET/CT (N = 107)

21 (7–250) 33 (5–484) 0.37 $

Basis for final diagnosis (excluding patients
marked ‘indefinite’)

CT (N = 29)
2-[18F]FDG-PET/CT (N = 152)

Clinical decision 22 (75.9%) 123 (80.9%)
0.67 ˆBiopsy of the

primary tumor 7 (24.1%) 26 (17.1%)

Autopsy 0 (0%) 3 (2.0%)

CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-
glucose, PET Positron emission tomography. a In three patients what was initially thought to be a metastasis
was subsequently determined to be the most likely site of the primary cancer. b Patients with no cancer patient
pathways were excluded in both the CT group (N = 1) and the 2-[18F]FDG-PET/CT group (N = 1). ˆ Fisher’s exact
test. $ Unpaired t-test. + Wilcoxon rank sum test.

2.6. Statistical Analysis

Data were described according to their respective data type. Median (min-max)
summarized quantitative variables, frequencies and percentages recapped qualitative
variables. Unpaired t-tests (or, alternatively, Wilcoxon rank-sum test) and Chi-squared tests
(or, alternatively, Fisher’s exact test) served exploratory hypothesis testing in demographic,
clinical and treatment variables.

We calculated DR as the proportion of true positive scans in both groups, respectively.
Wilson score 95% CI supplemented these estimates, which in turn were combined with
the square-and-add method to assess the difference in DR [21]. A respective P-value for
the difference between groups was derived from this 95% CI of the difference using the
Altman–Bland method [22].

Kaplan–Meier estimates and Cox proportional hazards regression were used to com-
pare survival estimates in the 2-[18F]FDG-PET/CT group with the CT group. Statistical
analyses on survival were adjusted for sex, age, and potential treatment. To reduce any
potential referral bias, propensity scores were integrated in the statistical analysis to adjust
for background patient characteristics in the 2-[18F]FDG-PET/CT and the CT group. In-
cluded variables in the propensity score derivation were sex, age, location of first hospital
visit, number of previously known cancer diagnoses, Eastern Cooperative Oncology Group
(ECOG) performance-status score within a month of the first hospital visit (on a scale from
0 to 5, with higher number indicating greater disability), and number of comorbidities.
Subgroup analyses on survival, stratified by the presence of a definitive diagnosis, were
performed. Furthermore, a subgroup analysis was performed to control the analyses on
detection rate for the fact that many patients received both a 2-[18F]FDG-PET/CT and a CT
scan. To adjust for the potential bias of patients not receiving a final diagnosis, a subgroup
analysis on time to final diagnosis was performed in patients where only a definitive
diagnosis was obtained.
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Data was analyzed with a statistical level of significance of 5%. All analyses were
performed using STATA/BE 17 (StataCorp, College Station, Texas 77845 USA).

3. Results

After application of inclusion and exclusion criteria, 193 patients were included in
the study. Of these, 159 patients had received a 2-[18F]FDG-PET/CT, while the remaining
34 patients had only received a CT (Figure 1). One-hundred-and-seven of the 159 patients
in the 2-[18F]FDG-PET/CT group also received a CT.
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Figure 1. Inclusion and exclusion of CUP patients and division into a 2-[18F]FDG-PET/CT group
and a CT group. CUP: Cancer of unknown primary tumor. CT: Computed tomography. 2-[18F]FDG:
2-deoxy-2-[18F]fluoro-D-glucose. PET: Positron emission tomography.

No significant difference was found between the 2-[18F]FDG-PET/CT and CT groups
in the participants’ age or sex. There was a slight tendency for patients in the 2-[18F]FDG-
PET/CT group to initially have a better performance status and lower number of comor-
bidities, although the difference was not statistically significant. A comparison of the
amount of previous cancer diagnoses between the groups showed slightly fewer in the CT
group (Table 1).

Participants in the 2-[18F]FDG-PET/CT group generally experienced more cancer
patient pathways and more radiological procedures, whilst also waiting a longer time from
their date of first visit to the type of scan specified for their group. There was no significant
difference in time from first hospital visit to final diagnosis or time from first hospital visit
to first visit at cancer patient pathway. Furthermore, there was no significant difference in
the number of organs with metastases found on radiological imaging or in the way that the
decision of a final diagnosis was reached (Table 2).

As part of the 2-[18F]FDG-PET/CT scan, 45% of patients in the 2-[18F]FDG-PET/CT
group received a high-dose CT scan, while 54% received a low-dose CT scan. Scans with
an unknown CT dosage constituted 1% of the group. In the 2-[18F]FDG-PET/CT group,
39% of the patients received a contrast enhanced CT, while 59% of the patients received a
CT without contrast and 2% of the scans were of unknown contrast status.

In the CT group, all scans were high-dose. Of these patients, 88% received a contrast
enhanced CT scan, while 9% received a CT scan without contrast and 3% of the scans were
of unknown contrast status. In the CT group, all patients received a scan of the abdomen,
while 85% also received a scan of the thorax, and 15% of the group additionally received
a scan of the neck. When manually comparing the individual scan fields in patients who
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received both scans, no primary tumors were missed in CT scans that were found in the
additional field of view of a 2-[18F]FDG-PET/CT scan.

A higher number of patients in the 2-[18F]FDG-PET/CT group received treatment
compared with the CT group, and of these, there was a slight tendency for more of these
patients to receive curative treatment although this was not statistically significant. A signif-
icantly higher percentage of patients in the 2-[18F]FDG-PET/CT group received radiation
therapy. An elaborating analysis on this parameter showed no significant difference in the
purpose of this treatment. No other treatment variables revealed any statistically significant
differences between the groups (Table 3).

Table 3. Comparison of treatment variables in CUP patients who received a 2-[18F]FDG-PET/CT
scan or a CT scan, respectively (using a Chi-squared test).

Treatment Variable CT (N = 33) a 2-[18F]FDG-PET/CT
(N = 158) a p-Value

Number of patients who
received treatment 17 (51.5%) 109 (69.0%) 0.054

Treatment purpose b,c Curative: 3 (17.6%)
Palliative: 14 (82.4%)

Curative: 35 (32.1%)
Palliative: 73 (67.0%) 0.22

Chemotherapy b 13 (76.5%) 75 (68.8%) 0.52

Radiation therapy b 3 (17.6%) 61 (56.0%) 0.003
Curative: 0

Palliative: 3 (100%)
Curative: 18 (29.5%)
Palliative: 43 (70.5%) 0.27

Immune therapy b 0 13 (11.9%) 0.13
Surgical treatment b 1 (5.9%) 13 (11.9%) 0.46
Other treatments b 4 (23.5%) 15 (13.8%) 0.30

CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-
glucose, PET Positron emission tomography. a Patients with unknown treatment status were excluded in both the
CT group (N = 1) and the 2-[18F]FDG-PET/CT group (N = 1). b Only patients who received treatment included.
c Patients with unknown treatment purpose excluded (N = 1 in 2-[18F]FDG-PET/CT group).

3.1. Propensity Score

The propensity score analysis showed a significantly higher statistical likelihood of
patients receiving a 2-[18F]FDG-PET/CT, predicted from baseline characteristics in the 2-
[18F]FDG-PET/CT group compared to the CT group, as shown in Online Resource S2. Mean
propensity scores were 84% and 74% in the 2-[18F]FDG-PET/CT and CT groups, respectively.

3.2. Detection Rate

The DR was significantly higher in the 2-[18F]FDG-PET/CT group (36.5%) compared
to the CT group (17.6%). The significance remained in the subgroup analysis which compared
the DR of 2-[18F]FDG-PET/CT to CT, in patients who had received both scans (Table 4).

Table 4. Comparison of detection rates of the primary tumor in CUP patients who received a
2-[18F]FDG-PET/CT scan or a CT scan, respectively.

Groups CT 2-[18F]FDG-PET/CT Difference p-Value
DR 95% CI DR 95% CI DR 95% CI

Patients with either a CT (N = 34)
or a 2-[18F]FDG-PET/CT

(N = 159) available
17.6% 8.3–33.5% ¤ 36.5% 29.4–44.2% ¤ 18.8% 1.5–30.9% § 0.012 #

Patients with both a CT and a
2-[18F]FDG-PET/CT available

(N = 107)
14.0% 8.7–21.8% ¤ 32.7% 24.6–42.1% ¤ 18.7% 7.4–29.5% § <0.001 #

CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-
glucose, PET Positron emission tomography, DR Detection rate. ¤ Wilson score 95% CI. § Square-and-add method.
# Altman–Bland method to obtain the p-value from a 95% CI.



J. Imaging 2023, 9, 178 7 of 13

3.3. Survival

The mean follow-up time was 1.13 years per patient in the CT group and 1.77 years
per patient in the 2-[18F]FDG-PET/CT group. The median survival for patients in the CT
group was 3.8 months, which increased to 5.1 months when only patients who received a
definitive diagnosis were included. In the 2-[18F]FDG-PET/CT group, median survival
was 7.4 months, and 11.4 months for this group of patients with a definitive diagnosis
(Table 5, Figure 2). One- and two-year survival for all patients was 42.8% and 25.8% in the
2-[18F]FDG-PET/CT group and 23.5% and 11.8% in the CT group, respectively. However,
while the hazard ratio was consistently lower for the 2-[18F]FDG-PET/CT group, the
survival advantage in the 2-[18F]FDG-PET/CT group was only significantly improved
in the crude model for all patients. In the adjusted models for all patients, significance
disappeared when adjusting for age, sex, treatment status, and propensity score (Table 6). In
the subgroup analyses, which included patients with and without a definitive diagnosis, no
statistically significant difference in survival was observed between these two subgroups,
as shown in Online Resource S3.

Table 5. Overview on survival amongst CUP patients who received a 2-[18F]FDG-PET/CT scan or a
CT scan, respectively.

Group CT 2-[18F]FDG-
PET/CT Total

Number of patients 34 159 193

- Number of patients with definitive
diagnosis

19 (55.9%) 107 (67.3%) 126 (65.3%)

- Number of patients without definitive
diagnosis

15 (44.1%) 52 (32.7%) 67 (34.7%)

Total follow-up time (years) 38.5 282.1 320.6

- Patients with definitive diagnosis 28.8 223.3 252.1

- Patients without definitive diagnosis 9.7 58.8 68.5

Median (min-max) survival (months) 3.8 (0.2–98.1) 7.4 (0.4–98.7) 6.2 (0.2–98.7)

- Patients with definitive diagnosis 5.1 (0.6–98.1) 11.4 (0.4–98.7) 9.8 (0.4–98.7)

- Patients without definitive diagnosis 2.8 (0.2–59.3) 4.0 (0.4–96.4) 3.8 (0.2–96.4)

CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-glucose,
PET Positron emission tomography.

Table 6. Cox-regression regarding survival in all included CUP patients, presenting the hazard ratio
of patients who received a 2-[18F]FDG-PET/CT with patients who received a CT as baseline.

Variable Crude Univariable Model Multivariable Model 1: Adjusted
for Propensity Score

Multivariable Model 2: Adjusted
for Age, Sex, Treatment and

Propensity Score

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

PET/CT 0.63 0.42–0.94 0.024 0.82 0.54–1.26 0.37 0.68 0.44–1.06 0.087
Age 1.01 1.00–1.03 0.079

Sex (male) 1.24 0.89–1.72 0.20
Treatment (yes) 0.33 0.23–0.48 <0.001

Treatment
(unknown) 0.11 0.01–0.78 0.028

Propensity
score 0.11 0.04–0.38 <0.001 0.36 0.10–1.38 0.14

CUP Cancer of unknown primary tumor, CT Computed tomography, 2-[18F]FDG 2-deoxy-2-[18F]fluoro-D-glucose,
PET Positron emission tomography, HR Hazard ratio.
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4. Discussion
4.1. Main Findings

This study has found a significantly higher detection rate of the primary tumor in
CUP patients who received a 2-[18F]FDG-PET/CT compared to those who received a CT.
No significant difference in survival was found. However, a statistically non-significant
tendency towards longer survival in the 2-[18F]FDG-PET/CT group was observed.

4.2. Strengths and Limitations of the Study

A common problem in non-randomized studies is adjusting for differences between
included patients [23]. This is also an apparent challenge in this study, as there has been no
way of ensuring that patients who received a 2-[18F]FDG-PET/CT scan and a CT scan were
completely comparable. As this is a register-based study, it has the advantage of having a
relatively small amount of missing data and no loss to follow-up [23], but the quality of our
data depends on the consistency of the medical reports obtained as well as the consistency
of the included radiological procedures, where no standardization was possible. As the
2-[18F]FDG-PET/CT scans in our study usually covered a larger field of view than the CT
scans, It is possible that the 2-[18F]FDG-PET/CT scans could have detected lesions that
were out of range on the CT scans in some patients. However, our comparison of patients
receiving both scans showed no difference between the two groups on this matter.

To adjust for any potential selection bias, we calculated a propensity score which
described the likelihood of patients receiving a 2-[18F]FDG-PET/CT based on variables
present before referral to any scans. As shown in our results, patients receiving a 2-
[18F]FDG-PET/CT had a higher propensity score than patients only receiving a CT. Our
elaborated analysis on this matter might suggest a slight tendency towards patients of
poorer health being more likely to only receive a CT scan, perhaps because CT scans are
faster and less of a burden for an already unwell patient. However, data on performance
status were unavailable in a relatively large number of patients in both groups. Our
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results furthermore show a tendency towards a longer time to final diagnosis in the 2-
[18F]FDG-PET/CT group, as shown in Online Resource S4. The reason for this might
be that our patients in this group generally experienced a longer time from first hospital
visit to receiving a scan. Approximately two thirds of the patients receiving a 2-[18F]FDG-
PET/CT also received a CT, which indicates that some patients might have only received a
2-[18F]FDG-PET/CT if a CT scan was inadequate. This may help explain the lower DR for
both 2-[18F]FDG-PET/CT and CT scans in patients who received both (Table 4), as well as
why patients in the 2-[18F]FDG-PET/CT group generally were included in more cancer
patient pathways and had more radiological procedures during their diagnostic process.

As seen in our survival analysis, adjusting the hazard ratio only for propensity score
diminished the difference between our 2-[18F]FDG-PET/CT and CT groups, and this dif-
ference was greater than when adjusting for both propensity score and other confounding
variables. The analysis indicates that age and sex have an independent impact on survival,
apart from the impact of the propensity score. Furthermore, as this study finds a signifi-
cantly higher detection rate in the 2-[18F]FDG-PET/CT group, there is a possibility that
more people in this group were able to receive proper treatment due to correct diagnosis of
the primary tumor. This is supported by the findings in our survival subgroup analyses
stratified by the presence of a definitive diagnosis, which show a longer survival in patients
who eventually received a definitive diagnosis, presumably because these patients were
able to receive treatment specific to their diagnosis. The impact of treatment on survival
proved to be a statistically significant advantage, which was also shown in these analyses
(Supplementary Tables S4 and S5, Online Resource S3). Therefore, considering that this
study also found a slight difference in performance status between our two study groups,
age, sex, and general health must be considered significant factors in the likelihood of pa-
tients in this study (a) receiving proper diagnostic imaging, (b) receiving proper treatment,
and (c) surviving longer.

In this study, all CUP patients between 2014 and 2017 were included if they had a
relevant scan. This is an advantage when interpreting the results for patients beyond our
study, as it represents a great variety of patients and provides a relatively large sample size.
Varying definitions of CUP and/or different practices concerning the use of CT and/or
2-[18F]FDG-PET/CT could potentially cause issues with generalization. Due to local
tradition at the Odense University Hospital, many patients routinely receive a 2-[18F]FDG-
PET/CT scan when having lesions suspected for malignancy, despite this not being the
general recommendation in Europe [5,17,24]. This has led our 2-[18F]FDG-PET/CT group
to be significantly larger than our CT group which could have resulted in a different
distribution of patients, perhaps with different results, if the same type of study were to
be conducted elsewhere. The difference in sample sizes could have been eliminated by
only including patients who had received both scans and comparing the DR of CT and
2-[18F]FDG-PET/CT within this group; however, this would have made survival analyses
comparing the two scans impossible.

The gold standard in cancer diagnostics is a biopsy of the primary tumor [25]. How-
ever, due to the complexity of CUP, a final diagnosis is often obtained through a clinical
decision, as is the case with many of the patients included in this study [6,26]. While this
might be an accurate depiction of daily clinical practice, this does create an uncertainty
regarding the precision of our analyses on detection rate and time to final diagnosis, which
has to be taken into consideration when interpreting these results.

In our study, a CUP patient is defined as having at least one pathologically verified
metastasis with an unknown primary tumor at the time of biopsy. Other studies, however,
define CUP differently and many require that a thorough diagnostic workup has been
performed before defining patients as CUP patients [2,11,26–29]. This has the advantage
of filtering out patients with metastases as first sign of malignancy for whom standard
diagnostic imaging methods are sufficient for finding the primary tumor. This may provide
a more realistic view of the benefit of 2-[18F]FDG-PET/CT for CUP patients, as currently, it
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is not routinely used early in the diagnostic process [5,17]; however it also makes the scans
less directly comparable.

A few studies did not require a metastasis biopsy to confirm malignancy and included
patients with a strong clinical suspicion of cancer as well [2,26,30]. This might improve
early diagnosis in patients who would not otherwise be studied, which might lead to a
better prognosis [17]. It could also skew the results, however, as these patients may turn
out not to have cancer at all. Requiring pathological verification of malignancy, as is the
case in this and several other studies, ensures that all included patients have a disease that
is relevant to the study [11,27–29,31].

4.3. Significance and Other Studies

Except for the crude model including all patients, there were no statistically significant
differences in survival between the 2-[18F]FDG-PET/CT (median 7.4 months) and the CT
groups (median 3.8 months). However, the hazard ratios were consistently lower for the
2-[18F]FDG-PET/CT group, regardless of whether all patients or only patients with or
without a definitive diagnosis were included and what adjustments were made for possible
confounders (see Table 6 and Online Resource S3). This might suggest a tendency towards
a longer survival in patients who receive a 2-[18F]FDG-PET/CT. Interpretation of this
tendency should, however, consider the possible referral bias of the patients in this study.

Other studies have found the median survival of CUP patients receiving a 2-[18F]FDG-
PET/CT to be between 8.4 and 33 months. Unlike our study, these studies counted survival
from time of 2-[18F]FDG-PET/CT, and not from the first hospital visit related to the
disease [2,26,27,32]. None of these studies compared survival between CUP patients with
a CT and CUP patients with a 2-[18F]FDG-PET/CT though, and our literature search
indicated a general lack of these types of studies.

The DR of 36.5% for 2-[18F]FDG-PET/CT was significantly higher than the 17.6% for
the CT group. The difference was likewise pronounced when comparing the scans only in
patients who had received both scans (Table 4). This suggests that 2-[18F]FDG-PET/CT can
detect roughly the same primary tumors as CT and in addition, some primary tumors that
CT is unable to detect, which highlights the importance of studies that directly compare
these scans. However, the analyses of DR were unadjusted for confounders which might
skew the results. This, as well as the difference in sample size between the groups, means
that the results, while promising, should be interpreted with caution.

Other studies have found the DR for 2-[18F]FDG-PET/CT to be between 24% and
75% [2,6,11,12,26–36]. A systematic review from 2017 investigating the DR of 2-[18F]FDG-
PET/CT for CUP patients, including 20 studies and a total of 1942 adult patients, found
a DR of 41% [6], while another systematic review from 2009 including 11 studies found a
pooled DR for 2-[18F]FDG-PET/CT of 37% [31]. These earlier findings support the results
found in our study.

While there is quite a lot of research on the DR of 2-[18F]FDG-PET/CT itself for
CUP patients, the same cannot be said for the comparison of 2-[18F]FDG-PET/CT and
CT. Two other studies were found that directly compared the performance of these scans
in detecting the primary tumors of CUP patients. These two studies reported DRs of
32 and 18% for CT and 28 and 33% for 2-[18F]FDG-PET/CT, respectively [11,12]. Both
studies compared scans performed on the same patient. This is similar to what we did in
our subgroup analysis, revealing quite comparable results to the study by Gutzeit et al.,
with higher DRs for 2-[18F]FDG-PET/CT [12]. However, one of the studies was limited
to patients with extracervical metastases [11], and the other was quite small with only
45 patients included [12]. Similarly, other studies have attempted to compare CT and
2-[18F]FDG-PET/CT with sample sizes of 36 and 30 in paired designs where both CT
and 2-[18F]FDG-PET/CT were applied to each patient [3,18]. With this limited amount
of evidence in mind, we believe the contribution of our larger, unpaired study to be of
scientific importance.
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4.4. Perspectives

The fact that our study found a consistently higher DR in 2-[18F]FDG-PET/CT scans
compared to CT scans suggests that the diagnostic value of 2-[18F]FDG-PET/CT in CUP
patients might be underestimated. Our study shows for the first time a significantly
higher DR using 2-[18F]FDG-PET/CT directly compared to CT in a (fairly) large, clinically
representative CUP population (using retrospectively collected data). However, according
to current Danish and European guidelines, 2-[18F]FDG-PET/CT is not a mandatory
procedure for CUP patients [5,17]. This study shows that implementing 2-[18F]FDG-
PET/CT in the standard diagnostic workup might be an advantage for CUP patients
in general.

According to our research, the amount of evidence regarding survival and the
use of 2-[18F]FDG-PET/CT in CUP patients is much smaller [2,26,27,32,34] than that
of DR [2,6,11,12,26–36]. While DR might be more easily available for research purposes,
survival is of higher significance to the individual patient. Our study has also failed to
prove a statistically significant difference in survival between our groups of focus; thus,
more studies investigating survival are needed to strengthen the evidence on this subject.
Furthermore, a considerable weakness of most studies regarding 2-[18F]FDG-PET/CT scans
is data availability. Since randomization is often not possible in this very heterogeneous
population, bias may be introduced to the results.

A prospective (and preferably randomized controlled) trial comparing 2-[18F]FDG-
PET/CT with standard diagnostic workup methods would therefore significantly strengthen
the amount of evidence on the use of 2-[18F]FDG-PET/CT as a diagnostic tool for CUP
patients [37].

5. Conclusions

In this retrospective register-based cohort study, we found a significantly higher
DR of the primary tumor with 2-[18F]FDG-PET/CT (36.5%) compared toh CT (17.6%)
in patients with CUP. No significant difference in survival between the two groups was
found. However, a possible tendency towards longer survival in patients who received a
2-[18F]FDG-PET/CT was observed. This study adds to the growing amount of evidence
that suggests 2-[18F]FDG-PET/CT as a useful tool when searching for the primary tumor
in CUP patients.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jimaging9090178/s1, Online Resource S1: Types of tissue found in metasta-
sis biopsy; Online Resource S2: Propensity score analysis; Online Resource S3: Survival (subgroup
analysis on the impact of a definitive diagnosis); Online Resource S4: Time to final diagnosis.

Author Contributions: Conceptualization and supervision, S.E.D.-W., M.G.H. and O.G.; data cu-
ration: S.E.D.-W., M.S.J. and H.R.; formal analysis, investigation, resources, software, validation,
visualization and writing—original draft, M.S.J. and H.R.; methodology, S.E.D.-W., M.G.H., O.G.,
M.S.J. and H.R.; project administration, M.G.H.; writing—review & editing, H.R., M.S.J., S.E.D.-W.,
L.E., P.T.-R., C.K., O.G. and M.G.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This retrospective cohort study was conducted in accordance
with The Danish Code of Conduct for Research Integrity. Data was collected with no need to obtain
informed consent from the included patients after approval from the Danish Patient Safety Authority
and Region of Southern Denmark (3-3013-2336/1) (17/33670; 18/39201; 22/3308). Patient records
were stored in SharePoint according to current GDPR guidelines and registered systematically in a
secure REDCap database managed by OPEN (Open Patient data Explorative Network). According to
the Danish Act on Research Ethics Review of Health Research Projects article 14 paragraph 2, ethical
approval is not required for register-based studies not involving biological materials.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
this study.

https://www.mdpi.com/article/10.3390/jimaging9090178/s1
https://www.mdpi.com/article/10.3390/jimaging9090178/s1


J. Imaging 2023, 9, 178 12 of 13

Data Availability Statement: The data of this study cannot be shared due to legal restrictions.

Acknowledgments: The authors would like to thank Rana Bahij for her contribution to the initial
data collection and three anonymous reviewers for their helpful comments on earlier versions of
the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pavlidis, N.; Pentheroudakis, G. Cancer of unknown primary site. Lancet 2012, 379, 1428–1435. [CrossRef] [PubMed]
2. Soni, N.; Ora, M.; Aher, P.Y.; Mishra, P.; Maheshwarappa, R.P.; Priya, S.; Graham, M.M. Role of FDG PET/CT for detection of

primary tumor in patients with extracervical metastases from carcinoma of unknown primary. Clin. Imaging 2021, 78, 262–270.
[CrossRef] [PubMed]

3. Cetin Avci, N.; Hatipoglu, F.; Alacacıoglu, A.; Bayar, E.E.; Bural, G.G. FDG PET/CT and Conventional Imaging Methods in
Cancer of Unknown Primary: An Approach to Overscanning. Nucl. Med. Mol. Imaging 2018, 52, 438–444. [CrossRef]

4. Sundhedsstyrelsen. Diagnostisk Pakkeforløb; Sundhedsstyrelsen: København, Denmark, 2022.
5. Sundhedsstyrelsen. Pakkeforløb for Metastaser uden Organspecifik Kræfttype, 2.1 ed.; Sundhedsstyrelsen: København, Denmark, 2016.
6. Burglin, S.A.; Hess, S.; Høilund-Carlsen, P.F.; Gerke, O. 18F-FDG PET/CT for detection of the primary tumor in adults with

extracervical metastases from cancer of unknown primary: A systematic review and meta-analysis. Medicine 2017, 96, e6713.
[CrossRef] [PubMed]

7. Pavlidis, N.; Khaled, H.; Gaafar, R. A mini review on cancer of unknown primary site: A clinical puzzle for the oncologists. J. Adv.
Res. 2015, 6, 375–382. [CrossRef] [PubMed]

8. Hemminki, K.; Bevier, M.; Hemminki, A.; Sundquist, J. Survival in cancer of unknown primary site: Population-based analysis by
site and histology. Ann. Oncol. 2012, 23, 1854–1863. [CrossRef]

9. Kim, K.W.; Krajewski, K.M.; Jagannathan, J.P.; Nishino, M.; Shinagare, A.B.; Hornick, J.L.; Ramaiya, N.H. Cancer of unknown
primary sites: What radiologists need to know and what oncologists want to know. AJR Am. J. Roentgenol. 2013, 200, 484–492.
[CrossRef]

10. Pavlidis, N.; Briasoulis, E.; Hainsworth, J.; Greco, F.A. Diagnostic and therapeutic management of cancer of an unknown primary.
Eur. J. Cancer 2003, 39, 1990–2005. [CrossRef]

11. Møller, A.K.; Loft, A.; Berthelsen, A.K.; Pedersen, K.D.; Graff, J.; Christensen, C.B.; Costa, J.C.; Skovgaard, L.T.; Perell, K.;
Petersen, B.L.; et al. A prospective comparison of 18F-FDG PET/CT and CT as diagnostic tools to identify the primary tumor site
in patients with extracervical carcinoma of unknown primary site. Oncologist 2012, 17, 1146–1154. [CrossRef]

12. Gutzeit, A.; Antoch, G.; Kühl, H.; Egelhof, T.; Fischer, M.; Hauth, E.; Goehde, S.; Bockisch, A.; Debatin, J.; Freudenberg, L.
Unknown primary tumors: Detection with dual-modality PET/CT—Initial experience. Radiology 2005, 234, 227–234. [CrossRef]
[PubMed]

13. Fatima, N.; Zaman, M.U.; Zaman, A.; Zaman, U.; Zaman, S.; Tahseen, R. Detection efficiency of (18)F-flourodeoxyglucose positron
emission tomography/computed tomography for primary tumors in patients with carcinoma of unknown primary. World J. Nucl.
Med. 2020, 19, 47–51. [CrossRef] [PubMed]

14. Liu, Y. FDG PET/CT for metastatic squamous cell carcinoma of unknown primary of the head and neck. Oral Oncol. 2019, 92,
46–51. [CrossRef] [PubMed]

15. Park, S.B.; Park, J.M.; Moon, S.H.; Cho, Y.S.; Sun, J.M.; Kim, B.T.; Lee, K.H. Role of 18F-FDG PET/CT in patients without known
primary malignancy with skeletal lesions suspicious for cancer metastasis. PLoS ONE 2018, 13, e0196808. [CrossRef]

16. Li, Y.; Li, F.; Li, X.; Qu, L.; Han, J. Value of 18F-FDG PET/CT in patients with hepatic metastatic carcinoma of unknown primary.
Medicine 2020, 99, e23210. [CrossRef] [PubMed]

17. Krämer, A.; Bochtler, T.; Pauli, C.; Baciarello, G.; Delorme, S.; Hemminki, K.; Mileshkin, L.; Moch, H.; Oien, K.; Olivier, T.; et al.
Cancer of unknown primary: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2023, 34,
228–246. [CrossRef] [PubMed]

18. Dale, E.; Moan, J.M.; Osnes, T.A.; Bogsrud, T.V. Cervical lymph node metastases of squamous cell carcinoma of unknown origin:
The diagnostic value of FDG PET/CT and clinical outcome. Eur. Arch. Otorhinolaryngol. 2017, 274, 1015–1019. [CrossRef]

19. Benchimol, E.I.; Smeeth, L.; Guttmann, A.; Harron, K.; Moher, D.; Petersen, I.; Sørensen, H.T.; von Elm, E.; Langan, S.M. The
REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) statement. PLoS Med. 2015,
12, e1001885. [CrossRef]

20. Boellaard, R.; Delgado-Bolton, R.; Oyen, W.J.; Giammarile, F.; Tatsch, K.; Eschner, W.; Verzijlbergen, F.J.; Barrington, S.F.; Pike,
L.C.; Weber, W.A.; et al. FDG PET/CT: EANM procedure guidelines for tumour imaging: Version 2.0. Eur. J. Nucl. Med. Mol.
Imaging 2015, 42, 328–354. [CrossRef]

21. Newcombe, R.G. Interval estimation for the difference between independent proportions: Comparison of eleven methods. Stat.
Med. 1998, 17, 873–890. [CrossRef]

22. Altman, D.G.; Bland, J.M. How to obtain the P value from a confidence interval. BMJ 2011, 343, d2304. [CrossRef]
23. Thygesen, L.C.; Ersbøll, A.K. When the entire population is the sample: Strengths and limitations in register-based epidemiology.

Eur. J. Epidemiol. 2014, 29, 551–558. [CrossRef] [PubMed]

https://doi.org/10.1016/s0140-6736(11)61178-1
https://www.ncbi.nlm.nih.gov/pubmed/22414598
https://doi.org/10.1016/j.clinimag.2021.06.022
https://www.ncbi.nlm.nih.gov/pubmed/34174653
https://doi.org/10.1007/s13139-018-0544-7
https://doi.org/10.1097/MD.0000000000006713
https://www.ncbi.nlm.nih.gov/pubmed/28422888
https://doi.org/10.1016/j.jare.2014.11.007
https://www.ncbi.nlm.nih.gov/pubmed/26257935
https://doi.org/10.1093/annonc/mdr536
https://doi.org/10.2214/ajr.12.9363
https://doi.org/10.1016/s0959-8049(03)00547-1
https://doi.org/10.1634/theoncologist.2011-0449
https://doi.org/10.1148/radiol.2341031554
https://www.ncbi.nlm.nih.gov/pubmed/15564390
https://doi.org/10.4103/wjnm.WJNM_93_18
https://www.ncbi.nlm.nih.gov/pubmed/32190022
https://doi.org/10.1016/j.oraloncology.2019.03.014
https://www.ncbi.nlm.nih.gov/pubmed/31010622
https://doi.org/10.1371/journal.pone.0196808
https://doi.org/10.1097/MD.0000000000023210
https://www.ncbi.nlm.nih.gov/pubmed/33327238
https://doi.org/10.1016/j.annonc.2022.11.013
https://www.ncbi.nlm.nih.gov/pubmed/36563965
https://doi.org/10.1007/s00405-016-4318-5
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3C873::AID-SIM779%3E3.0.CO;2-I
https://doi.org/10.1136/bmj.d2304
https://doi.org/10.1007/s10654-013-9873-0
https://www.ncbi.nlm.nih.gov/pubmed/24407880


J. Imaging 2023, 9, 178 13 of 13

24. Fizazi, K.; Greco, F.A.; Pavlidis, N.; Daugaard, G.; Oien, K.; Pentheroudakis, G. Cancers of unknown primary site: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2015, 26 (Suppl. S5), v133–v138. [CrossRef] [PubMed]

25. Mannelli, C. Tissue vs Liquid Biopsies for Cancer Detection: Ethical Issues. J. Bioeth. Inq. 2019, 16, 551–557. [CrossRef] [PubMed]
26. Breuer, N.; Behrendt, F.F.; Heinzel, A.; Mottaghy, F.M.; Palmowski, M.; Verburg, F.A. Prognostic relevance of (18)F-FDG PET/CT

in carcinoma of unknown primary. Clin. Nucl. Med. 2014, 39, 131–135. [CrossRef]
27. Deonarine, P.; Han, S.; Poon, F.W.; de Wet, C. The role of 18F-fluoro-2-deoxyglucose positron emission tomography/computed

tomography in the management of patients with carcinoma of unknown primary. Scott. Med. J. 2013, 58, 154–162. [CrossRef]
28. Han, A.; Xue, J.; Hu, M.; Zheng, J.; Wang, X. Clinical value of 18F-FDG PET-CT in detecting primary tumor for patients with

carcinoma of unknown primary. Cancer Epidemiol. 2012, 36, 470–475. [CrossRef]
29. Yu, X.; Li, X.; Song, X.; Dai, D.; Zhu, L.; Zhu, Y.; Wang, J.; Zhao, H.; Xu, W. Advantages and disadvantages of F-18 fluorodeoxyglu-

cose positron emission tomography/computed tomography in carcinoma of unknown primary. Oncol. Lett. 2016, 12, 3785–3792.
[CrossRef]

30. Wang, G.; Wu, Y.; Zhang, W.; Li, J.; Wu, P.; Xie, C. Clinical value of whole-body F-18 fluorodeoxyglucose positron emission
tomography/computed tomography in patients with carcinoma of unknown primary. J. Med. Imaging Radiat. Oncol. 2013, 57,
65–71. [CrossRef]

31. Kwee, T.C.; Kwee, R.M. Combined FDG-PET/CT for the detection of unknown primary tumors: Systematic review and
meta-analysis. Eur. Radiol. 2009, 19, 731–744. [CrossRef]

32. Kaya, A.O.; Coskun, U.; Unlu, M.; Akdemir, U.O.; Ozdemir, N.Y.; Zengin, N.; Benekli, M.; Yildiz, R.; Yaman, E.; Ozturk, B.; et al.
Whole body 18F-FDG PET/CT imaging in the detection of primary tumours in patients with a metastatic carcinoma of unknown
origin. Asian Pac. J. Cancer Prev. 2008, 9, 683–686.

33. Jain, A.; Srivastava, M.K.; Pawaskar, A.S.; Shelley, S.; Elangovan, I.; Jain, H.; Pandey, S.; Kalal, S.; Amalachandran, J. Contrast-
enhanced [18F] fluorodeoxyglucose-positron emission tomography-computed tomography as an initial imaging modality in
patients presenting with metastatic malignancy of undefined primary origin. Indian J. Nucl. Med. 2015, 30, 213–220. [CrossRef]
[PubMed]

34. Tamam, M.O.; Mulazimoglu, M.; Guveli, T.K.; Tamam, C.; Eker, O.; Ozpacaci, T. Prediction of survival and evaluation of
diagnostic accuracy whole body 18F-fluoro-2-deoxyglucose positron emission tomography/computed tomography in the
detection carcinoma of unknown primary origin. Eur. Rev. Med. Pharmacol. Sci. 2012, 16, 2120–2130. [PubMed]

35. Dong, M.J.; Zhao, K.; Lin, X.T.; Zhao, J.; Ruan, L.X.; Liu, Z.F. Role of fluorodeoxyglucose-PET versus fluorodeoxyglucose-
PET/computed tomography in detection of unknown primary tumor: A meta-analysis of the literature. Nucl. Med. Commun.
2008, 29, 791–802. [CrossRef] [PubMed]

36. Pelosi, E.; Pennone, M.; Deandreis, D.; Douroukas, A.; Mancini, M.; Bisi, G. Role of whole body positron emission tomogra-
phy/computed tomography scan with 18F-fluorodeoxyglucose in patients with biopsy proven tumor metastases from unknown
primary site. Q. J. Nucl. Med. Mol. Imaging 2006, 50, 15–22. [PubMed]

37. Hot, A.; Bossuyt, P.M.; Gerke, O.; Wahl, S.; Vach, W.; Zapf, A. Randomized test-treatment studies with an outlook on adaptive
designs. BMC Med. Res. Methodol. 2021, 21, 110. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/annonc/mdv305
https://www.ncbi.nlm.nih.gov/pubmed/26314775
https://doi.org/10.1007/s11673-019-09944-y
https://www.ncbi.nlm.nih.gov/pubmed/31729685
https://doi.org/10.1097/RLU.0000000000000304
https://doi.org/10.1177/0036933013496958
https://doi.org/10.1016/j.canep.2012.03.002
https://doi.org/10.3892/ol.2016.5203
https://doi.org/10.1111/j.1754-9485.2012.02441.x
https://doi.org/10.1007/s00330-008-1194-4
https://doi.org/10.4103/0972-3919.158529
https://www.ncbi.nlm.nih.gov/pubmed/26170563
https://www.ncbi.nlm.nih.gov/pubmed/23280029
https://doi.org/10.1097/MNM.0b013e328302cd26
https://www.ncbi.nlm.nih.gov/pubmed/18753817
https://www.ncbi.nlm.nih.gov/pubmed/16557200
https://doi.org/10.1186/s12874-021-01293-y

	Introduction 
	Materials and Methods 
	Participants 
	Imaging 
	Data 
	Endpoints 
	Definitions 
	Statistical Analysis 

	Results 
	Propensity Score 
	Detection Rate 
	Survival 

	Discussion 
	Main Findings 
	Strengths and Limitations of the Study 
	Significance and Other Studies 
	Perspectives 

	Conclusions 
	References

