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Detection of the primary tumor has a key role in the manage-
ment of patients with unknown primary tumors (UPT). The aim of
this study was to perform a meta-analysis of the literature to
evaluate the accuracy of 18F-FDG PET in primary tumor detec-
tion in patients with UPT. Methods: Systematic methods were
used to identify, select, and evaluate the methodologic quality
of the studies as well as to summarize the overall findings of
sensitivity, specificity, and detection capacity of the primary
tumor. The search strategy consisted of identifying studies pub-
lished between January 1994 and May 2001 indexed in MED-
LINE and CANCERLIT. Studies identified by manually searching
reference lists of retrieved studies or by reviewing abstracts
from recent conference proceedings were also included. Inclu-
sion criteria were studies that evaluated primary tumor detec-
tion with 18F-FDG PET in patients with UPT. Exclusion criteria
were duplicated studies or those outdated by subsequent ones.
The statistical analysis included 95% confidence intervals (CI) of
sensitivity and specificity, both in the pooled data and in the
types of studies found. Variation in accuracy between studies
was analyzed calculating the natural logarithm of the odds ratio
(ln OR) due to study characteristics. Funnel plots of sensitivity
and specificity and the summary receiver-operating-character-
istic (ROC) curve were also represented. Results: Fifteen stud-
ies met the inclusion criteria and were analyzed. Although sam-
ple sizes were small, compliance with the methodologic quality
criteria was adequate. Heterogeneity analysis showed that dif-
ferences in the study quality did not correlate with differences in
study results. The 95% CI of sensitivity and specificity pre-
sented global homogeneity, estimating the sensitivity at 0.87
(95% CI, 0.81–0.92) and the specificity at 0.71 (95% CI, 0.64–
0.78). The summary ROC curve showed a good relationship
between sensitivity and specificity. The ln OR presented signif-
icant values in �75% of the studies. Conclusion: 18F-FDG PET
could be useful in patients with UPT for the detection of the
primary tumor. 18F-FDG PET has intermediate specificity and
high sensitivity, indicating the existence of few false-negative
results, an important feature in the management of oncologic
patients that could suggest its utility in the initial stages of the
management process.
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The incidence of unknown primary tumors (UPT) in
oncologic patients is 0.5%–7% at the time of the initial
diagnosis (1,2), and its prevalence is between 3% and 15%
(3). The mean survival from the time of the initial diagnosis
is �6 mo and the survival at 3 and 5 y is 11% and 6%,
respectively (2). UPT presents metastatic dissemination pat-
terns that are different from those observed in oncologic
conditions with known primary tumors (2,4): (a) Short
symptomatic prediagnostic intervals and clinically fast tu-
mor growth have often been observed in UPT; (b) UPT
becomes symptomatic at the time of metastatic dissemina-
tion, whereas their primary sites remain symptomatically
silent; and (c) the most frequent primary sites in patients
with UPT do not include several of the common primary
tumors in the general population, such as breast and prostate
cancer. Moreover, no specific metastatic location or combi-
nation of locations has been consistently associated with a
specific primary tumor site (4). These aspects make it dif-
ficult to locate the primary tumor, which is one of the most
important factors for establishing the most effective treat-
ment.

The primary tumor is detected in�40% of the patients by
conventional diagnostic procedures, frequently after having
performed many examinations in all patients. These exam-
inations are often nonconclusive and generate discomfort
for the patient as well as a high economic cost (2,3).

In 1994, studies that evaluated the usefulness of PET with
18F-FDG in detecting the primary tumor in patients with
UPT began to be published (5). The reason was the tech-
nique’s capacity to detect different tumor types in all of the
body noninvasively and in a single examination (6). Most
studies ensure that18F-FDG PET detects the primary tumor
in around 40% of patients with negative results in the
conventional diagnostic procedures. When18F-FDG PET
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does not locate the primary tumor, it is not detected
during follow-up in most cases either, due to high sen-
sitivity and specificity of 18F-FDG PET for primary tumor
detection (6 – 8).

However, the reduced number of patients in most of the
studies (9–11), the inclusion of patients from specific pop-
ulations in some cases (12–14), and the existence of con-
flicting or nonconclusive results (6,15,16) make it impossi-
ble to draw conclusions on the utility of 18F-FDG PET in
this disease. Thus, a meta-analysis needs to be performed to
increase statistical power and to estimate the overall accu-
racy, to resolve uncertainties when studies disagree, and to
examine the variation in the accuracy due to different study
characteristics (17–21). The aim of this study was to per-
form a meta-analysis to evaluate the accuracy of 18F-FDG
PET in UPT in the detection of the primary tumor. Assess-
ment of methodologic quality was performed to determine
the influence of study quality on reported results. The ho-
mogeneity between the different types of studies detected
was analyzed to integrate the results and increase the sta-
tistical power and estimation of accuracy.

MATERIALS AND METHODS

Study Identification
Two investigators performed a systematic search of the litera-

ture to identify relevant studies published between January 1994
and May 2001 in the MEDLINE and CANCERLIT databases (22).
The search strategies developed in MEDLINE are presented in
Table 1. One investigator also manually reviewed the reference
lists of retrieved articles and abstracts from recent conference
proceedings. We included studies published in any language
(22,23) as well as published abstracts presented at congresses (24).

Study Selection
Two investigators independently evaluated the titles, abstracts,

and complete articles (if available) of �300 studies identified in
the search for inclusion. Disagreements were resolved by discus-

sion with the participation of a third investigator. Reviewers were
not blinded to the journal, author, institution, or date of publica-
tion. We included studies published in any language that (a)
evaluated 18F-FDG PET in patients with UPT for primary tumor
detection, (b) included at least 4 patients with UPT, and (c)
reported primary data sufficient to allow calculation of both sen-
sitivity and specificity for primary tumor detection. Those studies
that fulfilled these inclusion criteria were examined to exclude
duplicated studies or those that were out-dated by other more
recent ones when the patients presented overlapped. Abstracts
from MEDLINE or from congresses were only included when the
aims, methods, and results of sensitivity and specificity of the
study were clear. These studies were included in the sensitivity
analysis but not in the analysis of the methodologic quality. In
studies that included patients with different diseases, only those
patients with UPT were included. Fifteen eligible studies were
selected from �300 potentially relevant studies (Table 2).

Study Quality
The selection criteria were designed to identify studies that

fulfilled the minimum requirements. To assign a quality score to
each study we performed a methodologic quality assessment.
Second, the grade of the evidence and the contribution to the
patients’ management were evaluated. Reviewers were not blinded
to the study title, results, authors, institution, or journal in which
the study results were published.

To assess the methodologic quality we modified previously
developed criteria by Huebner et al. (25) and Gould et al. (26).
Quality assessment was only possible in the studies in which the
complete published article could be accessed. One investigator
evaluated the fulfillment of the methodologic quality criteria, as-
sessing the exhaustiveness of the description and the adherence to
the guidelines formulated. The criteria evaluated covered 7 dimen-
sions: description of study design, description of the study popu-
lation, indications leading to 18F-FDG PET use, technical and
image interpretation issues, final confirmation, sensitivity and
specificity data, and change in management information. Table 3
presents the items analyzed in each guideline. Adherence to each
item in the 7 guidelines was considered adequate (A), partial (P),

TABLE 1
Detailed Literature Search

Search strategy no. Literature search strategies (combination of terms)

Results (no. of references)

Identified* Complied with inclusion criteria†

1 Unknown primary tumor and PET 39 13
2 Unknown primary tumor and FDG 24 13
3 Occult primary tumor and PET 39 9
4 Occult primary tumor and FDG 22 9
5 Unknown primary and PET 80 16
6 Unknown primary and FDG 43 16
7 FDG and PET and metastatic tumors 5 1
8 Neoplasm and unknown primary and FDG and PET 9 3
9 Carcinoma of unknown primary and FDG and PET 1 1

10 Primary tumor and FDG PET and detection 28 9

Total no. of references 290 90

*No. of references identified that were published between January 1994 and May 2001.
†No. of references that complied with inclusion criteria. Following stage was to apply exclusion criteria.
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TABLE 2
Studies Included in Meta-Analysis, Participant Characteristics, Types of Studies, and Results

Study Year
Information

analyzed

UPT patient characteristics Study type Results:
primary
tumor

detection¶
n*

[NC] M/F†

Mean age �
SD (y)

[range]‡
UPT

characteristics
Type
I/II

Timing of
18F-FDG PET§

Type
A/B

Region
studied�

Rege et al.
(5)

1994 Published
article

4 3/1 51.2 � 2.06
[49–53]

Extracranial head
and neck
cancers from
UPT

Type II MRI Type B PET: base of
cerebellum
to larynx

PET: 2/4
MRI: 0/4

Schipper et
al. (11)

1996 MEDLINE
abstract

16 NS NS Cervical lymph
nodes from
UPT

Type I Negative CI Type A PET: WB PET: 4/16

Kole et al.
(16)

1998 Published
article

29 20/9 56.4 � 11.59
[37–77]

UPT Type I Negative CI Type A PET: WB PET: 7/29

Shinohara et
al. (10)

1999 MEDLINE
abstract

4 NS NS UPT Type I Negative CI Type A PET: WB PET: 2/4

Hanasono et
al. (13)

1999 Published
article

20 NS NS SCC metastatic
to cervical
lymph nodes
from UPT

Type II PET�CT�MRI:
2 Pt

PET�CT: 7 Pt
PET�MRI: 9 Pt
Only PET: 2 Pt

Type A PET: WB PET: 7/20
CT: 2/9
MRI: 4/11

Greven et al.
(15)

1999 Published
article

13 NS NS SCC metastatic
to cervical
lymph nodes
from UPT

Type II PET�CT: 8 Pt
PET�MRI: 5 Pt
DPB: 13 Pt

Type B PET:
midcranium
down to
midchest

PET: 1/13
CT: 0/13
MRI: 0/13
DPB: 0/13

Lassen et al.
(8)

1999 Published
article

20 9/11 52.7 � 14.25
[18–75]

UPT Type I Negative CI Type A PET: WB PET: 9/20

Safa et al.
(14)

1999 MEDLINE
abstract

14 NS NS SCC metastatic
to cervical
lymph nodes
from UPT

Type I Negative CI Type A PET: WB PET: 3/14

Gupta et al.
(12)

1999 Published
article

31 NS 67 � 14.00
[45–81]

Intracranial#

metastatic
disease

Type II PET�CT: 22 Pt
(double-
blinded)

Type A PET: WB PET: 20/31
CT: 6/31

Aassar et al.
(35)

1999 Published
article

17 13/2** 58.6 � 15.40
[39–87]

Cervical lymph
nodes from
UPT

Type II CT or MRI Type B PET: skull base
to thoracic
inlet

PET: 9/17
CT or MRI:

5/17
Lonneux and

Reffad (7)
2000 Published

article
24 15/9 59 � 10.00

[35–79]
UPT Type I Negative CI Type A PET: WB PET: 13/24

Trampal et
al. (9)

2000 Congress
abstract

9 [3] NS NS UPT Type I Negative CI Type A PET: WB PET: 4/9

Bohuslavizki
et al. (6)

2000 Published
article

52 [1] 33/19 59.5 � 10.04
[38–82]

UPT Type I Negative CI Type A PET: WB PET: 20/52

Jungehülsing
et al. (36)

2000 Published
article

27 22/5 60.1 � 10.53
[36–74]

UPT Type I Negative CI Type B PET: head to
diaphragm

PET: 7/27

Cheng et al.
(34)

2000 Congress
abstract

18 16/2 61
[31–88]

Cervical lymph
nodes from
UPT

Type II CT or MRI Type B PET: head to
chest

PET: 9/18
CT or MRI:

2/18

*n � number of patients included in meta-analysis; NC � no. of patients with 18F-FDG PET results that were not confirmed and who were excluded
from meta-analysis.

†Sex of patients included in meta-analysis.
‡Mean age � SD and range of age (in years) of patients included in meta-analysis.
§Moment of management process in which 18F-FDG PET study was performed. Type I � 18F-FDG PET was performed when all diagnostic

procedures carried out did not detect primary tumor; Type II � 18F-FDG PET was compared with CT or MRI in double-blinded study that included
UPT patients with negative results in other tests.

�Region included in 18F-FDG PET study. Type A � whole-body 18F-FDG PET study was carried out; Type B � 18F-FDG PET study only included
head-neck-thorax region (as shown in this column).

¶Proportion of patients analyzed in study in whom primary tumor is correctly identified by 18F-FDG PET, CT, MRI, or other.
#Thirty-one patients with intracranial metastatic disease suspected with CT or MRI and confirmed in 22 of them (12).
**Two patients in whom 18F-FDG PET correctly detected lung cancer were included in meta-analysis, although they had not been included in

original study as it focused on detection with 18F-FDG PET of head and neck primary tumors from UPT (35). Age and sex of both patients were not
specified in article.

NS � not specified; CI � conventional imaging; WB � whole-body 18F-FDG PET; SCC � squamous cell carcinoma; Pt � patients; DPB � direct
panendoscopy with biopsy.
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TABLE 3
Methodologic Quality Criteria Guidelines*

Guideline Criteria for adherence evaluation

Guideline 1: description of study design and patient selection criteria
1. Study design Type of study conducted must be clearly presented.
2. Patient selection criteria Inclusion criteria, especially particular specifications, should be explained.
3. Exclusion of patients from

study’s final analysis
Exclusion of patients from study’s final analysis should be explained, as this can affect study results.

Guideline 2: characteristics of patient population finally studied
1. Mean age with range and

sex
Ideally, age and sex of all patients included must be described, as this will allow comparisons of

patient populations of different studies.
2. Comorbid conditions Presence or absence should be stated, as this can affect interpretation.
3. Diabetes mellitus Patient description should include presence or absence of diabetes mellitus.†
4. Localization of metastasis of

UPT
Localization of metastasis of UPT should be clearly stated for every patient included in study,

together with histopathologic findings.
5. Special institution

characteristics
Institution characteristics should be described or stated in published article, as it can be useful for

defining study population.

Guideline 3: patient indications leading to use of 18F-FDG PET
1. Reasons for use of 18F-FDG

PET
Results of previous diagnostic procedures and clinical situations used to refer patient for further

evaluation with 18F-FDG PET must be clearly explained.
2. Reasons for use of 18F-FDG

PET correlated with specific
18F-FDG PET findings

Reasons for patient referral to 18F-FDG PET and results of 18F-FDG PET scan should be stated for
every patient included in study analysis.

3. Extent of metastatic disease
in every patient

If patients present several metastatic lesions from UPT, localization and extent of every lesion should
be clearly stated.

Guideline 4: details of technologies used during study and image-interpretation issues
1. Imaging techniques used in

study and resolution
All imaging techniques used, together with their resolutions, should be stated.

2. Patient preparation Patient preparation should follow Society Nuclear Medicine guidelines (27).
3. Minimum 4-h fasting before

18F-FDG injection
Minimum 4-h fasting before 18F-FDG administration should be carried out in every patient and clearly

stated.
4. Blood glucose level checked

before 18F-FDG injection
Blood glucose level should be checked before 18F-FDG administration in every patient and clearly

stated.
5. Attenuation correction (AC) If AC is performed, it is scored A. If AC is not performed, but this is correctly stated, it is scored P.

N score is given when this issue is not addressed.
6. Explanation of special

characteristics of interpreters
No. of interpreters and their experience in reading 18F-FDG PET scans should be clearly stated.

7. Definition of positive and
negative 18F-FDG PET
findings

Characteristics that defined imaging findings as positive or negative should be clearly explained, as
these aspects represent study’s threshold.

8. Additional scans Additional imaging procedures performed in patients should be stated.

Guideline 5: final diagnostic confirmation
1. Final confirmation Diagnostic procedures used as reference standards must be described.
2. Association between specific

18F-FDG PET finding and final
confirmation technique used

If different confirmation methods are used, correspondence between each specific imaging finding
and specific confirmation method used should be clearly described.

3. Histopathologic confirmation Although histopathologic confirmation is considered the gold standard, technique used (surgery,
biopsy, fine-needle aspiration cytology) must be stated, as diagnostic accuracy can vary between
techniques.

4. Nonhistopathologic
confirmation

When histopathologic confirmation is not possible, other techniques used for confirmation should be
explained and amount of time of follow-up stated.

5. Patients lost to clinical
follow-up confirmation

Patients lost to clinical follow-up confirmation should be described together with clear statement of
their inclusion (or not) in study’s final analysis.

Guideline 6: sensitivity and specificity data
1. Description of TP, FP, TN,

and FN
True-positive (TP), false-positive (FP), true-negative (TN), and false-negative (FN) values should be

quantitatively described for all imaging methods analyzed in study and clearly presented.
2. Qualitative explanation of FP

and FN
Errors made by imaging modality (FP, FN) need to be explained.

3. Specific region studied by
18F-FDG PET

When study performs whole-body 18F-FDG PET scans and this is clearly stated, score is A. When
18F-FDG PET scan includes only 1 region of body and it is clearly stated, score is P. When region
studied by 18F-FDG PET is not clearly stated, score is N.

4. Location and no. of primary
tumors and other metastatic
lesions detected by 18F-FDG
PET

All lesions detected by 18F-FDG PET must be described in every patient. Localization of primary
tumors and metastatic lesions detected by PET must be clearly presented.

5. Confidence intervals Confidence intervals of values reported should be included.
6. Equivocal 18F-FDG PET

findings
When equivocal 18F-FDG PET findings exist, it should be clear how findings were defined in final

analysis of study.
7. Data reported in patients and

in corresponding lesions
Studies should report data both for patients and for lesions detected.
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not addressed (N), or not applicable (N/A) depending on compli-
ance with the established guidelines and the amount of information
presented. An A score was assigned when an item was described
exhaustively and complied with the methodologic guidelines. A P
score signified that an item was not described sufficiently or that it
only partially complied with the methodologic guidelines. When
an item in our guidelines was not described at all in the article or
did not comply with the guidelines, an N score was awarded. An
N/A score was assigned to all items included in those guidelines
that were not applicable to the study’s analysis. The guidelines and
scoring system described are designed to assess the methodologic
rigor and scientific quality of the articles included. The guidelines
published by the Society of Nuclear Medicine (27) were used as a
reference for the assessment of the technical quality of 18F-FDG
PET. Fulfillment of the methodologic quality criteria for each
article was considered high, acceptable, or low, when the percent-
age of A scores of adherence for each article was �70%, 50%–
70%, or �50%, respectively. Quality levels for each article were
statistically analyzed to assess the existence of correlation with
differences in study results.

Next, 2 investigators independently assessed the validity, grade
of the evidence, generalizability, and contribution to the patients’
management in all studies included in the meta-analysis (28,29).
Methodologic aspects such as the selection of the study population
and the application of the reference tests were analyzed (30), and
their combined assessment made it possible to assign a grade of
evidence and generalizability (28). Four grades of evidence have
been defined: A, B, C, and D, with grade A and B being defined as
high-quality evidence and a wide or moderate spectrum of gener-
alizability; grade C as weak evidence in studies with several
methodologic defects, small sample sizes, or incomplete descrip-
tion; and grade D as nonconclusive studies with multiple method-
ologic defects (28). Finally, the contribution of 18F-FDG PET to

the patient management process according to the model described
by Fryback and Thornbury was assessed (29). This model consists
in a hierarchic model of efficacy with 6 levels of efficacy: technical
efficacy (level 1), diagnostic accuracy efficacy (level 2), diagnostic
thinking efficacy (level 3), therapeutic efficacy (level 4), patient
outcome efficacy (level 5), and societal efficacy (level 6). Reach-
ing a higher level in the hierarchy means that its efficacy is
demonstrated at lower levels, but the reverse is not true. Disagree-
ments between the 2 investigators were resolved by discussion.

Data Abstraction
One investigator abstracted the following data from each eligi-

ble study: number, demographic characteristics, and inclusion cri-
teria of the patients; study design; and UPT characteristics. Those
patients in whom the 18F-FDG PET result was not confirmed were
not included in the meta-analysis. On the basis of their design, 2
types of studies were differentiated; in some, 18F-FDG PET was
performed when all diagnostic procedures performed did not de-
tect the primary tumor (type I); whereas, in others (type II),
18F-FDG PET was compared with CT or MRI in a double-blind
study that included UPT patients who had presented negative
results for primary tumor detection in all of the following diag-
nostic procedures (if performed in each particular patient): (a)
careful clinical history and complete physical examination; (b)
laboratory analysis; (c) endoscopic evaluations; (d) radiologic or
isotopic procedures except 18F-FDG PET, CT, and MRI; or even
(e) surgical exploration, biopsy, or fine-needle aspiration cytology
of suspicious lesions. On the basis of the region studied by 18F-
FDG PET, whole-body studies (type A) were differentiated from
head-neck-thorax studies (type B).

To calculate sensitivity and specificity, true-positive (TP) was
considered when 18F-FDG PET suggested the location of the
primary tumor and was subsequently confirmed, whereas false-

TABLE 3 (Continued)

Guideline Criteria for adherence evaluation

Guideline 7: change-in-management information
1. 18F-FDG PET-directed

change in management
Management changes that are consequence of 18F-FDG PET should be clearly stated. When study

does not analyze change-in-management information, an N/A score is assigned (to most or all
items in guideline 7).

2. Diagnostic tool used to make
initial treatment decision

Diagnostic tool used and its results that were used to make initial treatment decision must be clearly
described, allowing comparisons with results of 18F-FDG PET scan.

3. Diagnostic tool used to make
final treatment decision

Diagnostic tool used and its results that were used to make final treatment decision must be clearly
described.

4. Medical treatment made both
initially and after 18F-FDG
PET

Changes in medical treatment must be stated, allowing evaluation of management changes induced
by 18F-FDG PET.

5. Correct or incorrect 18F-FDG
PET-directed management
change

Clear statement of correct or incorrect 18F-FDG PET-directed management change must be
presented.

6. Upstaging and downstaging Extent of disease diagnosed before and after 18F-FDG PET scan must be presented.
7. 18F-FDG PET in management

algorithm
Management data presented in study must be discussed and conclusion on benefits of 18F-FDG

PET and moment of management algorithm in which to perform 18F-FDG PET scan must be
clearly presented.

*Methodologic quality criteria guidelines formulated by Huebner et al. (25) and adapted for review of studies of patients with UPT in which 18F-FDG
PET is performed to detect primary tumor.

†Patients with diabetes mellitus (DM) can present high levels of blood glucose, especially when DM is poorly controlled with treatment. During
hyperglycemic states, uptake of 18F-FDG by tumor can be reduced due to competitive effect between excess plasma glucose and 18F-FDG. As a
consequence, 18F-FDG PET image quality is reduced and sensitivity decreases. Studies should describe in all patients: presence or absence of DM
and blood glucose level during 18F-FDG administration.

A � adequate adherence; P � partial adherence; N � not addressed; N/A � not applicable; TP � true-positive; FP � false-positive; TN �
true-negative; FN � false-negative.
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positive (FP) was considered when this location was not con-
firmed. The sites suggested by 18F-FDG PET were confirmed by
histopathologic analysis of tissue obtained by biopsy or surgery,
considered as the gold standard; however, imaging procedures or
clinical follow- up were accepted if no histopathologic proof could
be obtained. Even if other lesions were detected, when 18F-FDG
PET did not suggest the location of the primary tumor, it was
considered to be true-negative (TN) if the primary tumor remained
unknown in the follow-up. It was considered false-negative (FN) if
the primary tumor was identified subsequently to negative 18F-
FDG PET.

Statistical Analysis
To evaluate agreement between investigators for the assessment

of the grade of the evidence and change-in-management informa-
tion, the weighted � index, considering a discordant ordinal
weight, was calculated.

To perform a subgroup analysis we estimated the 95% confi-
dence intervals (CI) of sensitivity and specificity in type I, type II,
type A, and type B studies. Homogeneity in the 95% CI of
sensitivity and specificity was analyzed to assess the possibility of
obtaining global values (31).

The natural logarithm of the odds ratio (ln OR) was calculated
for each study. The ln OR is a measurement of the performance of
a diagnostic test, based on the positive correlation between the
presence of disease and a positive result of the diagnostic test.

To characterize the performance of a diagnostic test based on
the results of multiple studies, we developed summary receiver-
operating-characteristic (ROC) curves as described by Moses et al.
(32). The estimates of sensitivity and specificity from the included
studies were combined to construct the summary ROC curve,
which illustrates the trade-off between sensitivity and specificity as
the threshold for defining a positive test is changed. The summary
ROC curve is characterized by the point of maximum joint sensi-
tivity and specificity. This point is defined by the intersection of
the summary ROC curve with a diagonal line that runs from the
top left corner to the bottom right corner of the diagram, along
which sensitivity and specificity are equal. This point is the max-
imum attainable common value for sensitivity and specificity of a
test and is a global measure of test accuracy. The maximum joint
sensitivity and specificity of a perfect test is 1.0, and the maximum
joint sensitivity and specificity of a test that has no diagnostic
value is 0.5 (26,32).

To assess the variation of sensitivity and specificity due to study
characteristics we used a multiple linear regression model (33).
This model allows the combination of data from independent
diagnostic test studies and provides a method of assessing the
association between test accuracy and study characteristics. Vari-
ation in accuracy was measured by the ln OR depending on study
characteristics, whether type I or type II, type A or type B, using
the formula ln OR � � � �1 (type I or type II) � � (type A or type
B). The adjusted � values and their 95% CI were calculated.

The positive and negative likelihood ratios (LR) were calculated
to assess changes in pretest probability induced by the diagnostic
test result.

Sensitivity Analysis
To determine if study quality affected diagnostic accuracy we

compared high-quality studies (overall A adherence score � 70%)
with acceptable or low-quality studies (overall A adherence
score � 70%). Study quality and study results were correlated to
assess the influence of study quality on the results (21,26). Study

quality rating was used to weight the individual study results when
pooling the results (21).

To assess the presence of publication bias we created funnel
plots of sensitivity and specificity plotted against sample size. A
symmetric plot would provide reassuring evidence that no study
had been left out, whereas an asymmetric plot would suggest the
presence of publication bias (26,31).

RESULTS

Study Identification and Eligibility
Our search identified 290 potentially relevant studies in

MEDLINE (Table 1). There were 90 eligible studies that
met all inclusion criteria. We excluded 76 of the 90 studies
because they were duplicated or were outdated by other
more recent ones when the patients presented overlapped.
Those studies in which only the abstract was available were
included in the sensitivity analysis but not in the analysis of
the methodologic quality. Search strategies similar to those
described above were applied to CANCERLIT, identifying
only 1 study that had not been detected in the MEDLINE
search. This study was excluded as it was outdated by
Lassen et al. (8). Our manual search of the reference lists of
retrieved articles and the review of abstracts from recent
conference proceedings identified several studies that had
not been previously detected. Only 2 congress abstracts met
all inclusion criteria. One of them was outdated by Kole et
al. (16), whereas the other was included (34). Therefore, 15
studies were finally included in the meta-analysis.

Study Description
The 15 studies selected for the meta-analysis are summa-

rized in Table 2 (5–16,34–36). These studies analyzed 302
patients with UPT, 298 of whom were included in the
meta-analysis, whereas 4 patients without confirmation of
18F-FDG PET were excluded. The complete article was
available in 10 of the studies (5–8,12,13,15,16,35,36),
which included 237 patients (79.53%). Only the abstract
was available in the remaining 5 studies (9–11,14,34),
which included the remaining 61 patients (20.47%). The
mean age of the patients ranged from 51.25 to 67 y, and the
proportion of males to females ranged from 45% to 89%.
The average proportion of males per study was 71%, and the
male-to-female ratio was 2.2. The localization of the meta-
static lesions from UPT is described in Table 4. The histo-
pathology of the metastatic lesions from UPT is shown in
Figure 1. The localization of the primary tumors detected by
18F-FDG PET or by clinical follow-up is shown in Figure 2.

The 15 studies analyzed included UPT patients. Although
7 studies included patients that fulfill this definition (6–
10,16,36), 3 studies only included those with cervical ade-
nopathies (11,34,35), 3 studies only included those with
cervical adenopathies of squamous cell carcinoma (13–15),
1 study included only those with extracranial metastases
from UPT (5), and 1 study included patients with intracra-
nial metastatic disease suspected with CT or MRI (12). With
regard to the types of studies described in the methods, 9
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studies (195/298 [65.44%] patients) were type I
(6–11,14,16,36), 6 studies (103/298 [34.56%] patients)
were type II (5,12,13,15,34,35), 10 studies (219/298
[73.49%] patients) were type A (6–14,16), and 5 studies
(79/298 [26.51%] patients) were type B (5,15,34–36). At-
tenuation correction was performed in 9 studies (5,7,12–
15,34–36), in 3 studies attenuation correction was not per-
formed (6,8,16), and in the remaining 3 studies the abstract
did not describe this detail (9–11). 18F-FDG PET image
interpretation was performed by using qualitative methods
in 14 studies (5–16,35,36), and only 1 study used qualitative
and semiquantitative methods (34).

Study Quality
Table 5 presents the scores assigned to each quality item

for the 9 complete articles (5,6,8,12,13,15,16,35,36) that

were included in the methodologic quality analysis. Per-
centages of A, P, and N scores for each article were calcu-
lated. The range of A adherence scores for each article was
51.61% (16/31) (13) to 81.58% (31/38) (36), with a mean of
68.44% and a SD of 10.73. The mean percentage for P items
for each article was 13.86%, with a range of 5.26% (2/38)
(36) to 28.95% (11/38) (12); SD was 7.10. The N adherence
scores for each article had a mean of 17.7% and a SD of
8.62, with a range from 7.89% (3/38) (8) to 32.26% (10/31)
(5,13). Six of the 9 articles analyzed (66.67%) received a
percentage of A adherence score of �70% (6,8,15,16,35,36),
considered as high quality. The 3 remaining articles (5,12,13)
presented a percentage of A scores between 50% and 70%,
considered as acceptable quality. Five of the 9 articles analyzed
(55.55%) had more N items than P items (5,13,15,16,36).
Heterogeneity analysis showed that differences in study quality
did not correlate with differences in study results.

Apart from the summary of adherence scores for each
article across all items, we determined the combined scores
of all articles for each guideline (Table 5). Guidelines 1, 3,
5, and 7 received an overall A adherence score of �70%,
indicating adequate fulfillment of these guidelines. The re-
maining guidelines presented between 50% and 70% of A
items. Guidelines 2, 4, and 5 scored more N items than P
items.

Table 6 presents the consensus scores of the 2 investiga-
tors in the assessment of study validity, grade of the evi-
dence, and contribution to the patients’ management for all
studies included in the meta-analysis. Nonweighted interra-
ter agreement between the 2 investigators for the assessment
of these aspects was 0.80 (95% CI, 0.66–0.94), indicating
good agreement. No study included a control group free of
the disease analyzed among its patients. In the 6 type II
studies, 18F-FDG PET is compared with other techniques
(5,12,13,15,34,35), but there is no control group. All studies
used appropriate and objective reference tests: histopatho-
logic confirmation and clinical follow-up. 18F-FDG PET
was performed and interpreted blinded to both reference
tests in all studies. However, histopathologic confirmation is

TABLE 4
Localization of Metastasis from UPT

Localization

Patients

No. %

Cervical and supraclavicular lymph nodes 199 66.78
Axillary lymph nodes 9 3.02
Other lymph nodes 6 2.01
Bone 11 3.69
Brain 42 14.09
Lung 6 2.01
Hepatic 4 1.34
Skin 5 1.68
Other localizations 11 3.69
Several metastases 5 1.68
Total number of patients described* 298

*Localization of metastasis of UPT was described in all patients
included in meta-analysis.

FIGURE 1. Histopathology of metastasis from UPT as de-
scribed by Daugaard (2) compared with meta-analysis pooled-
data and restricted data. Meta-analysis restricted data excluded
studies that only included patients with cervical lymphadenop-
athies (11,34,35) and patients with cervical lymphadenopathies
of squamous cell carcinoma (13–15). Squamous cell Ca. �
squamous cell carcinoma; Adenoca. � adenocarcinoma; Undif-
ferentiated Ca. � undifferentiated carcinoma.

FIGURE 2. Localization of primary tumors detected by 18F-
FDG PET or by clinical follow-up in patients with UPT included
in meta-analysis.
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TABLE 5
Study Quality Assessment with Methodologic Quality Criteria Guidelines*

Guideline

Study

Guideline
(%)

Rege
et al.
(5)

Kole
et al.
(16)

Hanasono
et al. (13)

Greven
et al.
(15)

Lassen
et al.
(8)

Gupta
et al.
(12)

Aassar
et al.
(35)

Bohuslavizki
et al. (6)

Jungehülsing
et al. (36)

Guideline 1: description of study design and patient selection criteria
1. Study design A A A A A P A A A A � 70.37

P � 25.93
N � 3.85

2. Patient selection criteria P A P P A P P A A
3. Exclusion of patients from study’s final analysis A A A A A N P A A

Guideline 2: characteristics of patient population finally studied
1. Mean age with range and sex A A N N A P A A A

A � 55.55
P � 4.44
N � 40.00

2. Comorbid conditions N N N N N N N N N
3. Diabetes mellitus N N N N N N N P N
4. Localization of metastasis of UPT A A A A A A A A A
5. Special institution characteristics A A A A A A A A A

Guideline 3: patient indications leading to use of 18F-FDG PET
1. Reasons for use of 18F-FDG PET A A A A A A A A A

A � 100.00
2. Reasons for use of 18F-FDG PET correlated

with specific 18F-FDG PET findings A A A A A A A A A
3. Extent of metastatic disease in every patient A A A A A A A A A

Guideline 4: details of technologies used during study and image-interpretation issues
1. Imaging techniques used in study and

resolution A A P A P A A A A

A � 62.50
P � 16.67
N � 20.83

2. Patient preparation N A N A A A A A A
3. Minimum 4-h fasting before 18F-FDG injection N A N A A A A A A
4. Blood glucose level checked before 18F-FDG

injection N N N N P N N N A
5. Attenuation correction A P A A P A A P A
6. Explanation of special characteristics of

interpreters A N A A A P A N N
7. Definition of positive and negative 18F-FDG

PET findings A A A A A P P P N
8. Additional scans A A A A P A A P A

Guideline 5: final diagnostic confirmation
1. Final confirmation A A A A A A A A A

A � 82.22
P � 6.67
N � 11.11

2. Association between specific 18F-FDG PET
finding and final confirmation technique used A A P A A A A A A

3. Histopathologic confirmation A A A A A A A A A
4. Nonhistopathologic confirmation N A A A P A A A A
5. Patients lost to clinical follow-up confirmation N N N A A N P A A

Guideline 6: sensitivity and specificity data
1. Description of TP, FP, TN, and FN P P A A A P A A P

A � 57.14
P � 22.22
N � 20.63

2. Qualitative explanation of FP and FN N A N A P P A P A
3. Specific region studied by 18F-FDG PET P A A P A A P A P
4. Location and no. of primary tumors and other

metastatic lesions detected by 18F-FDG PET A A P A A A A A A
5. Confidence intervals N N N N N N N N N
6. Equivocal 18F-FDG PET findings N A N A A P A A A
7. Data reported in patients and in corresponding

lesions A A P A A A A A A

Guideline 7: change-in-management information
1. 18F-FDG PET-directed change in management N/A A N/A N/A A P N/A A A

A � 77.14
P � 17.14
N � 5.71

2. Diagnostic tool used to make initial treatment
decision N/A P N/A N/A A P N/A P A

3. Diagnostic tool used to make final treatment
decision N/A A N/A N/A A P N/A A A

4. Medical treatment made both initially and after
18F-FDG PET N/A P N/A N/A A N N/A N A

5. Correct or incorrect 18F-FDG PET-directed
management change N/A A N/A N/A A A N/A A A

6. Upstaging and downstaging N/A A N/A N/A A A N/A A A
7. 18F-FDG PET in management algorithm N/A A N/A N/A A A N/A A A

Percentage of scores for each article
A (%) 58.06 73.68 51.61 77.42 76.31 55.26 70.97 71.05 81.58
P (%) 9.68 10.53 16.13 6.45 15.79 28.95 16.13 15.79 5.26
N (%) 32.26 15.79 32.26 16.13 7.89 15.79 12.90 13.16 13.16

*Methodologic quality criteria guidelines formulated by Huebner et al. (25) and adapted for review of studies of patients with UPT in which 18F-FDG
PET is performed to detect primary tumor.

A � adequate adherence; P � partial adherence; N � not addressed; N/A � not applicable; TP � true-positive; FP � false-positive; TN �
true-negative; FN � false-negative.
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a nonindependent reference test because it is based in part
on imaging results with 18F-FDG PET. Clinical follow-up
information is an independent reference test that was cor-
rectly applied in all studies, although follow-up times were
too short. Only 1 study reported a follow-up of �12 mo
(12), the minimum required to consider the reference test as
unbiased. Other studies described the mean or range of
follow-up times (6,15,16,35). Therefore, application of ref-
erence tests was considered partially inadequate. Eight stud-
ies (53.33%) collected data prospectively (5,8,11,12,14–
16,36), whereas 4 studies are retrospective (6,7,13,35); in 3
studies, this information is not described (9,10,34). All
studies included fewer than 35 patients, except for 1 study
(6). Assessment of the validity and quality of the research
methods classified all studies in grade of evidence C. Grade
C is considered weak evidence and includes studies with
several flaws in research methods, small sample sizes, or
incomplete reporting; these studies present a narrow spec-
trum of generalizability (28). With regard to the assessment
of the contribution to the patients’ management according to
the efficacy model described by Fryback and Thornbury
(29), 8 studies (53%) reached level 2 (diagnostic accuracy
efficacy) (5,10,11,13–15,34,35), 6 studies (40%) reached

level 4 (therapeutic efficacy) (6–9,12,36), and only 1 study
reached level 5 (patient outcome efficacy) (16).

Diagnostic Accuracy
Of 298 patients with UPT, 18F-FDG PET detected the

primary tumor in 43% of the patients (95% CI, 0.35–0.49),
with a range of 7.69% (15) to 64.52% (12). Sensitivity of
18F-FDG PET was 0.87 (95% CI, 0.81–0.92), with a range
of 0.50 (15) to 1.00 (5,7,9,11,34,35). Specificity was 0.71
(95% CI, 0.64–0.78), with a range of 0.45 (7,15) to 1.00
(5,10,12,16,36). 18F-FDG PET’s sensitivity, specificity, di-
agnostic accuracy, and proportion of primary tumor detec-
tion for each of the studies are presented in Table 7.

Our subgroup analysis is presented in Figure 3, where
95% CI and estimated values of sensitivity and specificity in
type I, type II, type A, and type B studies are shown. The
95% CI presented a Q test of heterogeneity with P � 0.65
for both sensitivity and specificity of the different types of
studies. This indicated that there was global homogeneity
between the types of studies, because the differences were
not significant, and study results could be pooled to obtain
a global estimation of sensitivity and specificity. Sensitivity
of type I studies was 0.87 (95% CI, 0.78–0.93); type II,

TABLE 6
Assessment of Study Validity, Grade of Evidence, and Level of Efficacy

Study Year

Study validity criteria*

Grade of
evidence†

of Kent
and

Larson
(28)

Level of
efficacy‡

of
Fryback

and
Thornbury

(29)

Control
group
clearly

identified
and �1
free of
disease

Adequate
reference

test

Interpretation
of diagnostic
test blinded
to reference
test results

Interpretation
of reference
test blinded
to diagnostic
test results

Reference
test

Other
diagnostic

procedures
directly

compared
with 18F-
FDG PET

Rege et al. (5) 1994 No Yes Yes No

H
is

to
p

at
ho

lo
gi

c
co

nfi
rm

at
io

n
or

fo
llo

w
-u

p MRI C 2
Schipper et al. (11) 1996 No Yes Yes No — C 2
Kole et al. (16) 1998 No Yes Yes No — C 5
Shinohara et al. (10) 1999 No Yes Yes No — C 2
Hanasono et al. (13) 1999 No Yes Yes No CT or MRI C 2

Greven et al. (15) 1999 No Yes Yes No
CT, MRI,
or DPB C 2

Lassen et al. (8) 1999 No Yes Yes No — C 4
Safa et al. (14) 1999 No Yes Yes No — C 2
Gupta et al. (12) 1999 No Yes Yes No CT or MRI C 4
Aassar et al. (35) 1999 No Yes Yes No CT or MRI C 2
Lonneux and Reffad (7) 2000 No Yes Yes No — C 4
Trampal et al. (9) 2000 No Yes Yes No — C 4
Bohuslavizky et al. (6) 2000 No Yes Yes No — C 4
Jungehülsing et al. (36) 2000 No Yes Yes No — C 4
Cheng et al. (34) 2000 No Yes Yes No CT or MRI C 2

*Study validity criteria were adapted from Kent and Larson (28).
†Four grades of evidence were described by Kent and Larson (28): A and B grades � high-quality evidence; C grade � weak evidence;

D grade � noncontributory.
‡Efficacy is assessed using hierarchic model of efficacy described by Fryback and Thornbury (29), where contribution to patients’

management is analyzed: 1 � technical efficacy; 2 � diagnostic accuracy efficacy; 3 � diagnostic thinking efficacy; 4 � therapeutic
efficacy; 5 � patient outcome efficacy; 6 � societal efficacy.

Assessment scores presented here were obtained by discussion of 2 investigators. DPB � direct panendoscopy with biopsy.
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0.89 (95% CI, 0.77–0.95); type A, 0.87 (95% CI, 0.80–
0.92); and type B, 0.92 (95% CI, 0.62–1.00). Estimated
values of sensitivity were similar between the different
types of studies and there was little dispersion in all 95% CI.
Specificity of type I studies was 0.77 (95% CI, 0.69–0.84);
type II, 0.58 (95% CI, 0.44–0.71); type A, 0.73 (95% CI,
0.65–0.80); and type B, 0.57 (95% CI, 0.34–0.77). Esti-
mated values of specificity were lower in type II and type B
studies. These also presented a greater dispersion of the
95% CI in comparison with type I and type A studies.

Figure 4 shows the ln OR and its 95% CI for each of the
studies as well as in the pooled data. The ln OR in the
pooled data was 2.50 (95% CI, 1.97–3.03), indicating that
18F-FDG PET produced statistically significant changes be-
cause the 95% CI of the ln OR did not include the value 0
(ln 1 � 0). If the 95% CI of the ln OR had included ln OR �
0, then OR � 1 (the intermediate step is e0 � 1), it would
have indicated that 18F-FDG PET was not associated with
statistically significant changes. Ten studies (66.67%) also
presented 95% CI of the ln OR that did not include the value
0 (5–7,9,11,12,16,34–36); whereas, in the remaining 5 stud-
ies, the 95% CI of the ln OR included the value 0, indicating
that in these studies the diagnostic test did not produce
statistically significant changes (8,10,13–15).

The variation in 18F-FDG PET’s accuracy due to study
characteristics was assessed using a multiple linear regres-
sion model (33), as described previously. The ln OR was
calculated depending on study characteristics (type I or type
II and type A or type B) to evaluate the variation in accu-
racy. The formula used was ln OR � � � �1 (type I or type

II) � � (type A or type B). The partial regression coeffi-
cients (�) in the multiple regression model were �1 � 0.72
for type I or type II and � � 0.16 for type A or type B; after
replacing the � in the formula we obtained: ln OR � � �
0.72 (type I or type II) � 0.16 (type A or type B). The
coding used for the types of studies was for type I � 1, type
II � 0 and for type A � 1, type B � 0. After substituting
the coding values depending on the type of study, the
following adjusted � values and their 95% CI were ob-
tained: 	0.73 to �2.17 with P � 0.30 for timing of 18F-
FDG PET (type I or type II) and 	1.62 to �1.93 with P �
0.85 for the region studied by 18F-FDG PET (type A or type
B). This suggests that the variation in 18F-FDG PET’s
accuracy due to study characteristics is not statistically
significant in either characteristic.

The positive LR was 3.048 (95% CI, 2.39–3.88), indi-
cating that a positive result of 18F-FDG PET induced small
changes in the pretest probability. However, the negative
LR was 0.174 (95% CI, 0.11–0.27), indicating that when
18F-FDG PET was negative, it induced moderate changes in
the pretest probability.

Figure 5 shows the summary ROC curve that suggested a
correct trade-off between sensitivity and specificity. The
threshold used in most studies favored sensitivity against
specificity, as most of the studies are situated at the top of
the diagram.

Figure 6 shows the funnel plots of sensitivity and speci-
ficity. The funnel plot of sensitivity did not suggest the
existence of publication bias. On the other hand, the funnel
plot of specificity shows an asymmetric distribution of the

TABLE 7
Reported Sensitivity, Specificity, Accuracy, and Proportion of Primary Tumor Detection

Study Year

Study type

n*

Results

Type I/II Type A/B TP FP TN FN S Sp Acc % PD†

Rege et al. (5) 1994 II B 4 2 0 2 0 1.00 1.00 1.00 50.00
Schipper et al. (11) 1996 I A 16 4 3 9 0 1.00 0.75 0.81 25.00
Kole et al. (16) 1998 I A 29 7 0 19 3 0.70 1.00 0.90 24.14
Shinohara et al. (10) 1999 I A 4 2 0 1 1 0.67 1.00 0.75 50.00
Hanasono et al. (13) 1999 II A 20 7 4 6 3 0.70 0.60 0.65 35.00
Greven et al. (15) 1999 II B 13 1 6 5 1 0.50 0.45 0.46 7.69
Lassen et al. (8) 1999 I A 20 9 4 5 2 0.82 0.56 0.70 45.00
Safa et al. (14) 1999 I A 14 3 1 9 1 0.75 0.90 0.86 21.43
Gupta et al. (12) 1999 II A 31 20 0 9 2 0.91 1.00 0.93 64.52
Aassar et al. (35) 1999 II B 17 9 3 5 0 1.00 0.62 0.82 52.94
Lonneux and Reffad (7) 2000 I A 24 13 6 5 0 1.00 0.45 0.75 54.17
Trampal et al. (9) 2000 I A 9 4 1 4 0 1.00 0.80 0.89 44.44
Bohuslavizki et al. (6) 2000 I A 52 20 6 22 4 0.83 0.79 0.81 38.46
Jungehülsing et al. (36) 2000 I B 27 7 0 18 2 0.78 1.00 0.93 25.93
Cheng et al. (34) 2000 II B 18 9 4 5 0 1.00 0.56 0.78 50.00

*No. of patients included in meta-analysis (after excluding patients without confirmation of 18F-FDG PET study).
†Proportion of UPT patients in which 18F-FDG PET correctly detects primary tumor, presented in percentage.
Type I � 18F-FDG PET was performed when all diagnostic procedures carried out did not detect primary tumor; Type II � 18F-FDG PET

was compared with CT or MRI after negative results in conventional diagnostic procedures; Type A � whole-body 18F-FDG PET study was
carried out; Type B � 18F-FDG PET study only included head-neck-thorax region; TP � true-positive; FP � false-positive; TN �
true-negative; FN � false-negative; S � sensitivity; Sp � specificity; Acc � diagnostic accuracy.
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studies, suggesting the presence of publication bias. Several
studies presented specificities close to 1.00 because they
reported very few or no FP results. Apart from publication
bias, incorrect application of the reference tests (confirma-
tion bias) and inclusion of patients with high pretest prob-
ability of disease (inclusion bias) could be the cause of the
asymmetric appearance described.

DISCUSSION

The results of the literature review and meta-analysis
suggest that 18F-FDG PET could be useful in patients with
UPT for the detection of the primary tumor. 18F-FDG PET
presents intermediate specificity and high sensitivity, indi-
cating the existence of few false-negative results. This is
important in the management of oncologic patients and

suggests more benefits could be obtained if 18F-FDG PET
was performed in the initial stages of the management
process.

The relatively recent application of 18F-FDG PET to UPT
patients accounts for the small number of studies available
and the reason why some have been presented in congresses
but not yet published (9,34). These have been included in
the meta-analysis to avoid publication bias due to the
greater probability that studies with positive or statistically
significant results would be published than studies that do
not have these results (24,37–39) and the delay of up to 3 y
observed between congress presentations and complete pub-
lication of studies (24). On the other hand, studies published
in any language are included to prevent the so-called Tower
of Babel bias described by Grégoire et al. (23) and, thus,
increase accuracy and decrease systematic errors (40). This
bias refers to the fact that investigators working in a lan-
guage other than English could be sending studies with
positive results to international journals. When negative or
nonsignificant results are found, the authors could be less
confident about having it published in an international jour-
nal written in English and would, thus, only send it to a
national journal in their language. By only including studies
published in English, studies with negative results could
have been left out.

Although the funnel plot of sensitivity did not suggest
evidence of publication bias, the funnel plot of specificity
suggested the presence of bias. As mentioned above, pub-
lication bias, inclusion bias, or confirmation bias could
cause the asymmetric distribution. Inclusion bias could be
the consequence of the inclusion of patients with a high
pretest probability of disease and of the selection of those
patients who present negative findings in all other diagnos-
tic procedures. Confirmation bias of the negative results
could be related to the incorrect application of the reference
tests; they are considered TN after a relatively short clinical
follow-up and the use of diagnostic tools that do not present
100% diagnostic accuracy. To avoid these biases, 18F-FDG
PET could be performed at the onset of the diagnostic
algorithm, and the follow-up times of the negative results
could be lengthened, because the performance of invasive
procedures in patients with negative results is not justified.

Sensitivity analysis revealed that differences in the meth-
odologic quality did not correlate with differences in study
results. However, application of the methodologic quality
guidelines was only possible in 9 studies (5,6,8,12,13,15,
16,35,36) because the complete article was not available in
the rest. Thus, the results obtained must be interpreted
cautiously, as the nonincluded studies could present differ-
ent results. Analysis of the results of the methodologic
quality guidelines suggest that the studies analyzed pre-
sented enough information overall and satisfied most of the
requirements established. However, some changes that
would improve the quality of the information described
could be performed. It must be mentioned that the criteria
adherence scores are not an indication of the validity of a

FIGURE 3. Estimated values and 95% CI of sensitivity (A) and
specificity (B) in different types of studies (type I, type II, type A,
and type B) and in pooled data (global). Global � pooled data;
type I � 18F-FDG PET was performed when all diagnostic pro-
cedures performed did not detect primary tumor; type II �
18F-FDG PET was compared with CT or MRI in double-blind
study after negative results for primary tumor detection with
other diagnostic procedures; type A � whole-body 18F-FDG
PET study was performed; type B � 18F-FDG PET study only
included head-neck-thorax region.
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study. What has been evaluated is the amount of informa-
tion supplied in the article and its compliance with estab-
lished guidelines or requirements. The analysis of the data
can show features that have not been described and that
could have a repercussion on the interpretation and results
of 18F-FDG PET—for example, the presence of comorbid
conditions, only described in 1 article (12), or the measure-
ment of glycemia before the administration of 18F-FDG,
only described in 2 articles (6,36).

The 15 studies included in the meta-analysis presented
methodologic defects in the grade of evidence analysis,
concerning reference test application, sample sizes, or in-
complete reporting, and, thus, were classified as weak evi-

FIGURE 4. ln OR in studies included in meta-analysis and in pooled data. Calculated values of ln OR and variance in all studies
are shown as well as ln OR and 95% CI in pooled data.

FIGURE 5. Summary ROC curve for primary tumor detection
with 18F-FDG PET in patients with UPT based on 15 studies
included in meta-analysis.

FIGURE 6. Funnel plots of sensitivity and specificity. (A) Fun-
nel plot of sensitivity shows no publication bias. (B) Funnel plot
of specificity suggests presence of bias.
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dence. Study populations were small and, in some cases,
selected by specific characteristics. Several studies focused
on cervical lymph nodes from UPT (11,13–15,34,35) and
some focused only on squamous cell carcinoma metastases
(13–15), the most frequent histopathology in this location
(2). This could justify the observation that the most frequent
histopathology in our meta-analysis was squamous cell car-
cinoma (59.73%), whereas adenocarcinoma has been de-
scribed as the most frequent (45%–61%) in a published
review on UPT (2). However, in the studies on UPT non-
selected by specific characteristics (5–10,16,36), the most
frequent is also squamous cell carcinoma (45.22%), so that
there could have been a reference bias of the patients even
in these studies (Fig. 1).

The application of the reference tests is an important
methodologic aspect. The availability of 2 reference tests—
one dependent on the image, the histopathologic confirma-
tion, and another independent one, the clinical follow-up—
makes it possible to evaluate the presence of verification
bias due to the incorporation of the imaging information
into the final diagnosis (30). The clinical follow-up is fre-
quently performed with times that are too short and with
diagnostic procedures whose diagnostic accuracy is
�100%, so that it never reaches the certainty level of the
histopathologic confirmation (30). However, this is not jus-
tified in patients in whom no alterations are observed in
18F-FDG PET.

The contribution of an imaging procedure to the manage-
ment of a patient is difficult to measure because many
variables and effects must be considered. The Fryback and
Thornbury model assigns each of these variables an efficacy
level that would indicate the contributions of this study (29).
The efficacy level 5, patient outcome efficacy, is reached by
only 1 study (16), which analyzes the survival of the pa-
tients on the basis of the contribution of the image, an
important aspect in the validation of expensive procedures
such as 18F-FDG PET. The study suggests that benefits are
obtained in survival, but in a limited number of patients. Six
studies (6–9,12,36) reach the level of therapeutic efficacy,
because they describe the changes in the treatments applied
as a consequence of the imaging results.

The homogeneity observed in the 95% CI of sensitivity
and specificity of the different types of studies makes it
possible to combine all information and obtain a combined
effect (31). The 95% CI of sensitivity show a similar esti-
mation and little dispersion of the 95% CI of the different
types of studies. However, the 95% CI of the specificity
show a lower estimation and greater dispersion of the 95%
CI in type II and type B studies. The greater dispersion of
the 95% CI could be due to the fact that the number of
patients from type II and type B studies is lower than that
from type I and type A, as is described in the Results. Three
type II and type B studies (15,34,35) and 1 type II and type
A study (13) present many FP results that correspond to a
high proportion of patients from these types of studies and
could explain the lower estimate of specificity. The authors

of these studies justify these results as inflammatory alter-
ations (35), elevations of the standardized uptake value
slightly above the cutoff level, which is reinterpreted as
normal after elevating the cutoff (34), or the small size of
the primary tumor associated with the elevated background
activity and benign uptakes (15).

The summary ROC curve shows a good tradeoff between
sensitivity and specificity, although the sensitivity values
predominate above the specificity ones. The ln OR places
most of the studies in values that indicate that the contribu-
tion of 18F-FDG PET is significant. The positive LR sug-
gests small changes, whereas the negative LR suggests
moderate changes.

CONCLUSION

The results obtained indicate that 18F-FDG PET could be
useful in patients with UPT for the detection of the primary
tumor. 18F-FDG PET has intermediate specificity and high
sensitivity, indicating the existence of few false-negative
results, an important feature in the management of onco-
logic patients that could suggest its utility in the initial
stages of the management process. However, more data are
needed to determine the clinical utility of 18F-FDG PET in
assessing patients with UPT. Evaluation of the role of
18F-FDG PET in UPT patients’ management has yet to be
properly assessed with methodologically rigorous studies.
In these studies, the incremental value of 18F-FDG PET over
other diagnostic tests must be demonstrated. If evidence of
favorable changes in management is finally reported, as the
preliminary data presented in this study suggest, a cost-
effectiveness study could be performed. Thus, analysis of
costs reduction, because of avoiding unnecessary proce-
dures, and improvement of accuracy in primary tumor de-
tection when 18F-FDG PET is used instead of other proce-
dures will be properly evaluated. This way the applicability
of 18F-FDG PET in this clinical situation could be assessed
and rational recommendations could be made for the use of
18F-FDG PET in UPT patients presented. On the other hand,
most of the studies analyzed were done using instrumenta-
tion that, at this time, may not be considered state of the art.
Finally, future studies will have to assess whether ROC
curves will be significantly improved by the introduction of
combined CT/PET systems and the introduction of new
software fusion approaches using techniques such as mutual
information theory. If the diagnostic performance improves
significantly in the future because of technical advances,
new studies will have to assess the role of 18F-FDG PET
in UPT.
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