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Abstract
Purpose The aim of this study was to quantify the contribu-
tion of FDG PET to the diagnostic assessment of fever of
unknown origin (FUO), taking into account the diagnostic
limitations resulting from the composite nature of this entity.
Methods The PubMed/MEDLINE database was searched
from 2000 to September 2015. Original articles fulfilling the
following criteria were included: (1) FUO as the initial diag-
nosis, (2) no immunosuppressed or nosocomial condition, (3)
final diagnosis not based on PET, (4) a follow-up period spec-
ified, (5) adult population, and (6) availability of adapted data
for calculation of odds ratios (ORs). ORs were computed for
each study and then pooled using a random effects model.
Stratification-based sensitivity analyses were finally per-
formed using the following prespecified criteria: (a) study
design, (b) PET device, (c) geographic area, and (d) follow-
up period.
Results A meta-analysis of the 14 included studies showed
that normal PET findings led to an increase in the absolute
final diagnostic rate of 36 % abnormal PET findings to an
increase of 83 %, corresponding to a pooled OR of 8.94
(95 % CI 4.18–19.12, Z=5.65; p<0.00001). The design of

the studies influenced the results (OR 2.92, 95 % CI 1.00–
8.53 for prospective studies; OR 18,57, 95 % CI 7.57–45.59
for retrospective studies; p=0.01), whereas devices (dedicated
or hybrid), geographic area and follow-up period did not.
Conclusion Abnormal PET findings are associated with a
substantially increased final diagnostic rate in FUO.
Consequently, FDG PET could be considered for inclusion
in the first-line diagnostic work-up of FUO. Further random-
ized prospective studies with standardized FDG PET proce-
dures are warranted to confirm this first-line position.
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Introduction

High glucose consumption through aerobic glycolysis
(the so-called Warburg effect) is characteristic of tumour
cells [1, 2]. However, inflammatory cells (e.g. neutro-
phils and monocytes) have also been shown to be high
glucose consumers [3–6]. As a nonspecific glucose ana-
logue, 18F-fluorodeoxyglucose (FDG) may thus identify
both malignancy and inflammatory processes. FDG PET
is now a reference standard in cancer imaging [7].
Recently, interest in FDG PET has been rapidly increas-
ing, particularly in the field of inflammation and infec-
tion [8]. Fever of unknown origin (FUO) is currently
defined as a fever higher than 38.3 °C lasting more than
3 weeks and remaining undiagnosed after appropriate
inpatient and outpatient investigations [9]. FUO is typical-
ly classified as classical, nosocomial, immunocompromised
or HIV-related [10]. In clinical practice, the accurate identifi-
cation of one of the aetiological categories of FUO, i.e. infec-
tion, neoplasm, noninfectious inflammatory disease (NIID)
and Bmiscellaneous^, affects the management of patients.
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Such a heterogeneous composite entity often requires an
extensive diagnostic work-up. The first-line strategy includes
clinical, biological and radiological standard tests. The use of
FDG PET has thus instead been proposed in the second phase
of the diagnostic process after failure of the first-line strategy.
Several qualitative reviews highlight the potential value of
FDG PET in the diagnostic work-up of FUO [11–13]. Two
quantitative reviews have also been performed [14, 15].
However, the classical statistical approach used is unsuitable
in FUO, a composite entity without a diagnostic gold standard
and with a high rate of undiagnosed cases [16–18] that lead to
artificial definitions of true-negative and false-negative cases.

In the absence of a structured diagnostic work-up, the use-
fulness of FDG PET in FUO remains quantitatively undeter-
mined. Our aim was to quantify the contribution of FDG PET
in the diagnostic assessment of FUO, taking into account the
diagnostic limitations resulting from the composite nature of
this entity.

Materials and methods

The study was conducted in accordance with the Preferred
Reported Items for Systematic Reviews and Meta-Analyses
guidelines [19].

Study objective and outcome definition

The objective of this meta-analysis was to quantify the impact
of FDG PET in the diagnostic work-up of FUO. The outcome
measure was the final diagnosis established during the follow-
up period.

Search strategy

We conducted a comprehensive literature search of the
PubMed/MEDLINE database from 2000 to September 2015
for studies in English using FDG PET in the diagnostic work-
up of FUO. We used the search terms Bfever of unknown
origin^ and Bpositron emission tomography .̂ Reference lists
of original complete studies or reviews were carefully checked
to identify articles missed by the database searches. Studies by
the same single author were carefully checked to ensure that
there were no overlapping data.

Study selection and data extraction

All original articles with patients fulfilling the following
criteria were included: (1) FUO as the initial diagnosis, ac-
cording to the standard criteria [9]; (2) no immunosuppression
or nosocomial conditions; (3) a final diagnosis that was not
based on PET data; (4) the follow-up period for the final
diagnostic assessment reported; (5) adult population; and (6)

availability of adapted quantitative data for calculation of odds
ratios (ORs). Case reports and original studies with fewer than
ten participants were excluded from this meta-analysis, as well
as studies that were not written in English.

Two reviewers (F.B. and M.P.) independently extract-
ed the following data from all included studies: first au-
thor, year of publication, inclusion period to avoid po-
tential overlapping data, country, study design, popula-
tion characteristics (sample size, gender, age, follow-up
period, aetiological category and number of final diagno-
ses obtained, number of undiagnosed cases), and PET
technical characteristics (device, number of patients with
abnormal PET findings). Discrepancies were resolved by
consensus between the two reviewers.

Data synthesis and statistical analysis

For each study, two subgroups of patients were defined
based on the PET findings: an Babnormal PET^ subgroup
and a Bnormal PET^ subgroup based on the visual dis-
tribution of the 18F-FDG radiopharmaceutical. A PET
finding related to nonphysiological uptake was consid-
ered abnormal. Other findings were considered normal.
For each subgroup, the number of events (e.g. definitive
diagnosis) and the total number of PET scans in the
subgroup of interest allowed computation of study-
related ORs. ORs from all individual studies were then
pooled to globally quantify the strength of association
between the outcome measure (final diagnosis) and the
PET data. The results are presented as forest plots with
study-specific ORs, their 95 % confidence intervals
(CIs), and the relative weighted contribution of each
study, as well as the estimated OR pooled across all
studies.

We used a Mantel-Haenszel random-effects model,
which is indicated when variations in sampling schemes
could introduce heterogeneity in the results. Statistical
significance was set at the two-tailed 0.05 level.
Publication bias was assessed visually by examination
of funnel plots. Between-study heterogeneity was
assessed with chi-squared and I2 statistics. Significant
heterogeneity was set at the level of p < 0.10 and
I2 > 50 %.

A stratification-based sensitivity analysis was finally
performed to investigate discrepancies among studies.
Sensitivity analyses were performed using the following
prespecified criteria: (a) study design, (b) PET device
(dedicated or hybrid), (c) geographic area, and (d)
follow-up period. All statistical computations were per-
formed with Review Manager (RevMan) software, ver-
sion 5.2 (The Cochrane Collaboration, 2012; The
Nordic Cochrane Centre, Copenhagen).
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Results

Literature search

Figure 1 shows the selection process in detail. The literature
search found 241 references. Among them, 127 records not
directly related to FUOwere excluded. Of the remaining stud-
ies, 71 were excluded because they were case reports, small
sample studies (fewer than ten patients), reviews, editorials or
comments, and 43 full-text articles were assessed for eligibil-
ity. Of these 43 articles, 29 did not fulfil the selection criteria.
Thus, 14 full-text articles were retained for the meta-analysis.

Included studies: main characteristics

Among the 14 included studies, ten patients were excluded
from the analysis because they did not fulfil our inclusion
criteria: one 5-year-old patient [20], seven HIV patients [21],
and two patients who died before the end of the diagnostic
work-up [22].

Tables 1 and 2 summarize the characteristics of the 712
included patients. Among them, 446 had abnormal PET find-
ings (mean 63.5 %, range between studies 43–84 %), and
11–69 % (mean 48 %) of the PET findings were considered
to have contributed to the final diagnosis. The follow-up pe-
riods ranged from 3 to 29 months. At the end of follow-up,
466 patients had a final diagnosis, including infections (198
patients, 42 %), NIID (153 patients, 33 %), malignancy (80

patients, 17 %), and Bmiscellaneous^ (35 patients, 8 %). The
majority of studies (9 of the 14) were retrospective [20–28],
and in 7 of the 14 PET/CTwas used [20–22, 25–29], including
a PET and PET/CT case-mixed study [21].

Statistical analysis

The random-effects model revealed an increases in the
absolute final diagnosis rate of 36 % if the PET find-
ings were normal and 83 % if the PET findings were
abnormal. This corresponds to an overall pooled OR of
8.94 (95 % CI 4.18 – 19.12; Fig. 2). Although the over-
all effect was highly significant (Z= 5.65; p< 0.00001),
heterogeneity across studies was high (p = 0.0002,
I2 = 67 %), justifying the use of a random-effects model.
Funnel plots were relatively symmetrical, indicating the
absence of major publication bias (Fig. 3).

Sensitivity analyses

The sensitivity analysis showed a significant difference
between prospective and retrospective studies (p= 0.01;
Fig. 4). Retrospective designs led to a significantly
higher final diagnostic rate if the PET findings were
abnormal (OR 18.57, 95 % CI 7.57 – 45.59) compared
with prospective designs (OR 2.92, 95 % CI 1.00 –
8.53). The effect was as much as four times higher
for hybrid PET/CT studies (OR 18.17, 95 % CI 5.86 –

Fig. 1 The selection process
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56.34) compared with dedicated PET studies (OR 4.52,
95 % CI 1.33 – 15.36). However, the difference was not
significant (p= 0.1; Fig. 5). Finally, the sensitivity anal-
yses based on geographic area (Fig. 6) and follow-up

period (Fig. 7) criteria showed no significant difference
in pooled ORs between the groups (p = 0.59 and
p= 0.70, respectively), revealing no impact of these fac-
tors on the results.

Table 1 Details of the 14
included studies Reference Inclusion period Country Design Follow-up

(months)
Sex ratio
(M/F)

Age of patients
(years), mean
(SD)

[23] 1998 – 2000 Germany Retrospective 3 9/7 44 (17 – 78)a

[24] 1999 – 2002 Netherlands Retrospective 22 15/20 50.5 (18 – 82)b

[17] 1999 – 2001 Belgium Prospective 29 40/34 53.5 (34 – 68)b

[37] 2001 – 2003 Denmark Prospective 4 12/7 49 (27 – 82)

[18] 2003 – 2005 Netherlands Prospective 22 32/38 53 (26 – 87)

[25] 2005 – 2008 Netherlands Retrospective 4 – 24 33/35 NA (23 – 91)

[20] NA Turkey Retrospective 3 17/6 54 (18 – 77)a

[21] 2006 – 2007 Japan Retrospective 3 NA NA

[29] 2007 – 2009 China Prospective 10 34/14 57 (24 – 82)

[22] 2005 – 2010 Denmark Retrospective >12 11/11 53 (17 – 87)a

[34] 2007 – 2010 UK Prospective 6 17/6 NA (33 – 83)

[26] NA India Retrospective 6 NA NA

[28] 2008 – 2012 Turkey Retrospective 12 11/14 59 (16 – 88)a

[27] 2008 – 2012 Israel Retrospective 6 57/55 58 (19 – 94)b

NA not available
a Recomputed
b Estimated from median and range values [38]

Table 2 Contribution of PET to the final diagnosis in the 14 included studies

Reference No. of patients
undergoing PET

Abnormal PET
findings, n (%)

PET contribution
(%)

Modality Final diagnosis assessed

Malignant NIID Infection Miscellaneous Total

[23] 16 12 (75) 69 PET 1 8 4 0 13

[24] 35 15 (43) 37 PET 4 6 6 3 19

[17] 74 53 (72) 26 PET 4 12 7 16 39

[37] 19 9 (47) 11 PET 1 5 6 0 12

[18] 70 33 (47) 33 PET 5 16 12 2 35

[25] 68 41 (60) 56 PET/CT 2 14 25 3 44

[20] 23a 18 (78) 52 PET/CT 5 3 3 2 13

[21] 74b 45 (61) 32 Mixed 2 25 25 3 55

[29] 48 40 (83) 67 PET/CT 12 9 15 0 36

[22] 22c 12 (55) 46 PET/CT 3 7 1 1 12

[34] 23 14 (61) 52 PET 1 8 6 0 15

[26] 103 63 (61) 60 PET/CT 22 13 31 3 69

[28] 25 21 (84) 60 PET/CT 3 10 8 0 21

[27] 112 69 (62) 67 PET/CT 15 17 49 2 83

aOne 5-year-old patient excluded
b Seven HIV patients excluded
c Recomputed because only 24 of the 52mentioned patients underwent FDGPET/CT, and two patients without a diagnosis died before the end of follow-
up
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Discussion

Summary of the results

We present here the first attempt to quantify the contribution
of PET findings to the diagnostic work-up of FUO, taking into
account the diagnostic limitations resulting from the compos-
ite nature of this entity. Abnormal PET findings, which repre-
sented two thirdsof the PET data, were strongly associated
with a higher rate of definitive diagnosis. Infections were the
most frequent diagnosis (42 %), and NIID the second most
frequent diagnosis (33 %), whereas malignancy was identified
in 17 % and miscellaneous diseases in 8 % of patients.
Sensitivity analyses failed to indicate the superiority of PET/
CTover dedicated PET (OR 18.17 vs. 4.52, p=0.1). Previous
studies have indicated that geographic area [30] and follow-up
period [31] are factors affecting the diagnostic variability in
FUO. In our stratified pooled analyses, these criteria had no

statistically significant impact and could not explain the het-
erogeneity of the results.

Performance and position of FDG PET in FUO

Two studies formally assessed the diagnostic performance of
FDG PET in FUO [14, 15]. In a meta-analysis by Dong et al.,
five FDG PET studies including 214 patients provided a
pooled sensitivity and specificity of 83 % (95 % CI 0.73–
0.90) and 58 % (95 % CI 0.49–0.67), respectively, and four
FDG PET/CT studies including 174 patients provided a
pooled sensitivity and specificity of 98 % (95 % CI 0.936–
0.998) and 86 % (95 % CI 0.750–0.934), respectively [14].
Hao et al. performed a sensitivity analysis of FDG PET/CT in
FUO including 595 patients (combining the results in adults
and children), and found a pooled sensitivity of 85% (95%CI
81–88 %, AUC=0.88) [15]. More than 200 aetiologies for
FUO have been described [16], and 10– 60 % of patients
remain undiagnosed despite follow-up [18, 31–33]. Such con-
siderations associated with the lack of reference standards
significantly affect the relevance of sensitivity and specificity
in FUO, as well as of their derived parameters (positive and
negative predictive values, likelihood ratios). Consequently,
these performance measures are potentially unsuitable for
use in FUO. For these reasons, we propose an original ap-
proach that does not depend on these diagnostic limitations.

Beyond a different methodological approach and a twofold
larger data sample, the findings of our study corroborated
those of Dong et al. [14] in failing to show significant differ-
ences between PET and PET/CT. This is surprising because
accurate attenuation correction, precise anatomical localiza-
tion and better characterization of metabolic foci make PET/
CTcurrently the best procedure. Interestingly, the recent study
of FUO by Gafter-Gvili et al. showed that contrast-enhanced

Fig. 2 The forest plot shows the strength of the association between PET findings (abnormal versus normal) and the final diagnostic assessment. The
pooled OR is 8.94. For Kubota et al. [21], grade 2 (uptake visually higher than background uptake) was considered positive

Fig. 3 The funnel plot (effect size of individual studies versus the OR
from each study) indicates absence of major publication bias
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Fig. 4 Sensitivity analysis: study design. The forest plot shows the strength of association of between PET findings (abnormal versus normal) and the
final diagnostic assessment with the analysis stratified based on the study design (prospective versus retrospective)

Fig. 5 Sensitivity analysis imaging device. The forest plot shows the
strength of association of between PET findings (abnormal versus
normal) and the final diagnostic assessment with the analysis stratified

based on the PET device (PET versus PET/CT). The study by Kubota
et al. [21] was excluded because it was a PET and PET/CT mixed case
study
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Fig. 6 Sensitivity analysis: geographic area. The forest plot shows the strength of association of between PET findings (abnormal versus normal) and the
final diagnostic assessment with the analysis stratified based on geographic area (Europe versus Asia)

Fig. 7 Sensitivity analysis: follow-up period. The forest plot shows the
strength of association of between PET findings (abnormal versus
normal) and the final diagnostic assessment with the analysis stratified

based on the follow-up period ≤6 versus >6 months). The study by Balink
et al. [25] was excluded because the threshold at the 6-month follow-up
was unavailable
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PET/CT is more effective than PET/CT without contrast en-
hancement [27]. In our study, the majority of PET/CT proce-
dures were performed without contrast enhancement, and the
low BCT diagnostic quality^ of the PET/CT could partially
explain the lack of statistically significant superiority of
PET/CTover PET, despite higher ORs. Nevertheless, the ben-
efit of contrast-enhanced CT versus CT without contrast en-
hancement in PET/CT is still a matter of controversy, and this
point should be investigated in further prospective studies of
FUO. Additionally, it is important to note that currently there
are no structured guidelines for the diagnostic work-up of
FUO. The diagnostic strategy typically includes first-line pro-
cedures (general examination, laboratory tests and standard
conventional imaging modalities including CT) and second-
line procedures (advanced imaging techniques such as FDG
PET and invasive analyses such as tissue biopsy).

One major problem concerns the definition of Bhelpful^
FDG PET in the literature. In the majority of studies, only
positive PET foci that directly led to a final diagnosis were
considered Bhelpful^. Thus, the fact that abnormal FDG PET
findings may indirectly stimulate other diagnostic procedures
(imagingmethods, biology, biopsy or surgery) was rarely con-
sidered. In our meta-analysis, two studies explicitly consid-
ered negative PET findings as clinically Bhelpful^ when no
final diagnosis was obtained at the end of the follow-up period
[27, 34]. This discrepancy in the definition of the value of PET
can be explained by the fact that FDG PET, in the majority of
cases, arises as a part of the second-line strategy. Beyond these
considerations, limiting the number of useless imaging proce-
dures is of great interest in FUO. Recently, FDG PET/CT has
been shown to be cost effective in the diagnostic work-up of
inflammation of unknown origin by limiting the number of
diagnostic procedures [35]. In our study, two thirds of the PET
examinations were considered abnormal, and these findings
were significantly associated with a greatly increased rate of
agreement with the final diagnosis. All these results strongly
suggest the value of FDG PET as part of the first-line diag-
nostic strategy in FUO. These findings should be considered
in future prospective studies to improve the global strategy for
exploring FUO.

Potential limitations of the study

FUO is a composite entity that includes a wide variety of
heterogeneous conditions. We attempted to control for this
intrinsic heterogeneity by excluding HIV-related and nosoco-
mial FUO, as their management and prognosis are specific
[36]. The use of a random-effects model contributed to limit-
ing the impact of heterogeneity. Additionally, we performed
stratification-based analyses to incorporate the risk of bias
assessment. However, the lack of a structured diagnostic
work-up may have been led to the presence of selection
bias in the screened populations, but, to date, only in

one prospective study has the strategic integration of
PET/CT in a structured diagnostic work-up been pro-
posed [18]. Another point, as mentioned above, is that
the usefulness of FDG PET in FUO does not consider
as potentially helpful positive PET findings that are not
directly related to the final diagnosis. By quantifying
the strength of the association between PET findings
and final diagnosis, our approach integrated the poten-
tial contributions of both direct and indirect FDG PET.
Even if the notion of an indirect contribution is a lim-
itation of the study, this approach has the major advan-
tage that it does not suffer from a lack of reference
standards or unsuitable true-negative or false-negative
definitions.

Conclusion

Abnormal FDG PET findings are associated with a substantial
increase in the rate of agreement with the final diagnosis in
FUO. Regarding these results, FDG PET could be considered
for inclusion in the first-line diagnostic work-up of FUO.
Further randomized prospective studies with first-line versus
second-line standardized optimized FDG PET procedures are
warranted to confirm this position.
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