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Abstract
Background: Spontaneous remission is common in patients with undiagnosed classic fever of unknown origin (FUO). Although \
identifying reliable predictors of spontaneous remission in such diagnostically challenging cases could improve their management
strategies, few studies have assessed such clinical factors. Recently, studies have reported that 'F-fluorodeoxyglucose positron
emission tomography ('®F-FDG PET) alone and integrated with computed tomography (PET/CT) were useful in localizing the source
of FUQ. In this systematic review and meta-analysis, we assessed the association of results of these imaging modalities with
spontaneous remission in patients with classic FUO.

Methods: We searched PubMed and Scopus from inception until June 30, 2018, and studies that evaluated the PET or PET/CT
results of >10 adult or adolescent patients with classic FUO who were followed up for at least 3 months were included. At least 2
investigators extracted data and rated quality using the QUIPS-2 tool. We used a random-effects meta-analysis to calculate summary
risk ratios (RRs) with 95% confidence intervals (Cls).

Results: Nine studies of PET/CT results (418 patients) and 4 studies of standalone PET results (128 patients) were eligible. None
explicitly specified the incidence of spontaneous remission as the primary or secondary outcomes of interest. The risk of bias was
considered high in all studies because patients received subsequent diagnostic workup based on imaging results. Patients with
negative PET/CT results were significantly more likely to present with spontaneous regression than those with positive results
(summary RR=5.6; 95% Cl: 3.4-9.2; P<.001; /2=O%). In contrast, no significant association was found between standalone PET
results and spontaneous remission. The random-effects study-level meta-regression found that PET/CT results [relative RR (rRR)=
7.4;95% Cl: 2.5-21.3; P=.002], compared with standalone PET results, and publication year (fRR=1.2 per 1 year; 95% Cl: 1.0-1.3;
P=.013) were significantly associated with spontaneous remission.

Conclusion: Limited data suggest that undiagnosed classic FUO patients with negative PET/CT results had a high likelihood of
spontaneous remission after a series of unsuccessful investigations for fever workup. Prospective studies should validate these
results.

Abbreviations: '8F-FDG = '®F-fluorodeoxyglucose, Cl = confidence interval, CT = computed tomography, FUO = fever of
unknown origin, NIID = non-infectious inflammatory disease, PET = positron emission tomography, RR = risk ratio, rRR = relative risk
ratio.
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1. Introduction

Classic fever of unknown origin (FUO) is defined as community-
acquired fever of >38.3°C (101°F) lasting >3 weeks in
immunocompetent individuals and explicitly excludes fever
among hospitalized patients or patients with human immunode-
ficiency virus infection or neutropenia.!'! In developed countries,
with advances in diagnostic technology, including sophisticated
imaging tests, improved culture techniques, and molecular
diagnostics, there has been a decrease in cases of infectious
and malignant diseases, the 2 most common classic causes, and
cases remaining undiagnosed after extensive diagnostic workup
have become more prevalent.'** In such diagnostically challeng-
ing cases, up to 75% are reported to remit spontaneously during
clinical follow-up, and watchful waiting is a common approach
for clinically stable patients.*! However, how clinicians identify
patients with a high likelihood of spontaneous remission and
manage such patients remains unclear. Therefore, identifying
reliable predictors of spontaneous remission may improve
management strategies, which can potentially reduce unnecessary
invasive investigations, such as tissue biopsy or empiric treat-
ments with antibiotics or steroids.

18F-fluorodeoxyglucose positron emission tomography (**F-
FDG PET) and its combined modality with computed tomogra-
phy (PET/CT) are established functional imaging tests used in
the clinical management of malignant tumors.”! Because the
common causes of classic FUO, such as infectious diseases,
noninfectious inflammatory diseases (NIIDs), and neoplasms, are
often FGD-avid, several studies have investigated the clinical role
of PET or PET/CT in patients with classic FUO, and a recent
meta-analysis has reported that PET and PET/CT successfully
localized the source of fever in 44% and 58% of the patients with
classic FUO, respectively, after a series of unsuccessful inves-
tigations for fever workup.[®l However, these primary studies did
not specifically focus on whether PET or PET/CT is also useful in
identifying cases of subsequent spontaneous remission. On the
basis of the high diagnostic yield attributable to FDG-avidity in
several life-threatening causes of classic FUO,!®! we formulated a
clinical hypothesis that an absence of abnormal FDG uptakes in
standalone PET or PET/CT, in contrast, is a good predictor of
spontaneous remission. To test this hypothesis, we conducted a
systematic review and meta-analysis to evaluate the associations
between PET and PET/CT results and spontaneous remission in
diagnostically challenging cases of classic FUO.

2. Materials and methods

This study is a systematic review and meta-analysis of data from
already published studies; thus, it was exempted from ethical review.

2.1. Data sources and search strategy

We performed an in-depth extended systematic review and meta-
analysis based on our previous research and literature searches.
We searched PubMed and Scopus from inception until June 30,
2018, with no language restrictions. We used search terms for the
target condition (e.g., “fever of unknown origin” or “FUO”) and
the tests of interest (e.g., “PET,” or “PET/CT”) and their
synonyms. The exact search strategies can be found in the
Appendix (Supplemental Table 1, http:/links.lww.com/MD/
C560). We then perused the reference lists of eligible primary
studies, relevant reviews, and meta-analyses. We also tracked
citations of eligible papers through Scopus, Web of Science, and
Google Scholar.
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2.2. Study selection

Two reviewers independently screened abstracts and examined
the full-text of potentially eligible citations. We included studies
that evaluated PET or PET/CT for >10 adult patients (>18 years
of age) with classic FUO and experienced at least 1 case of
spontaneous remission. After retrieving full-text articles, we
operationally expanded the original inclusion criterion from
“adult patients (>18 years of age)” to “adult and adolescent
patients (>16 years of age)” because the studies adopted different
age cutoffs. The eligible studies had to have followed up the
patients for >3 months after PET or PET/CT scans and report
whether a patient remitted spontaneously or not along with the
scan results.

We contacted the authors of potentially eligible studies to
obtain unpublished data when relevant information, including
whether the symptoms of FUO in undiagnosed patients
spontaneously remitted during follow-up after PET or PET/CT
and subsequent diagnostic interventions that were provided to
the patients based on the scan results, was not explicitly reported.
We excluded studies that exclusively evaluated patients
<15 years old and studies that jointly analyzed both pediatric
and adult patients but did not report separate data on patients
>16 years old. We also excluded studies that jointly analyzed
the results for PET and PET/CT or classic FUO and FUO in
nonclassic settings because from these studies, separate data on
PET or PET/CT for classic FUO only were not extractable.

2.3. Data extraction

One investigator (MT) extracted descriptive information, and at
least 1 of the senior investigators (TN, TT) confirmed all of the
data. Discrepancies were resolved by consensus. We extracted
study design characteristics, including pre-imaging workup
strategies and follow-up methods and durations after imaging;
patient characteristics, such as age and causes of FUO identified
through additional tests and follow-up; and test characteristics,
such as PET or PET/CT protocols, diagnostic criteria of positive
results, and details on the interpreters. Two reviewers (MT, TT)
independently extracted quantitative data for the numbers of
total patients, and patients who remitted spontaneously during
follow-up by scan results (i.e., either positive or negative). We
defined a patient with spontaneous remission as a patient in
whom FUO symptoms were reported to have regressed
spontaneously without a therapeutic intervention before reaching
a diagnosis during the clinical follow-up. We only considered the
continuous disappearance of symptoms during the follow-up as
spontaneous remission and excluded patients with recurrent FUO
or those who had relapsing fever even if spontaneous remission
was temporarily observed. Moreover, we did not specify the
required diagnostic tests for the workup of individuals with FUO
or the minimum follow-up duration after spontaneous remission
was observed. We counted patients for whom a cause of fever was
diagnosed (regardless of FUO causes), deaths from any causes,
and losses to follow-up as zero events. We explicitly excluded
from spontaneous remission the patients who remitted after they
were administered any cause-specific therapeutic intervention,
including empirical treatments with antibiotics or corticosteroids.
We contacted the authors by e-mail or postal mail to obtain
unpublished data when information on spontaneous remission
was not explicitly described. We considered the request to be
rejected when there was no response after 2 e-mail correspond-
ences that were sent 2 weeks apart.
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2.4. Assessments of risk of bias

Two independent reviewers assessed the risk of bias for each
eligible study by using a revised version of the Quality in
Prognosis Studies tool (the QUIPS-2),” which is an established
tool to address 6 important domains that pertain to validity and
bias in studies of prognostic factors: study participation, study
attrition, prognostic factor measurement, outcome measurement,
confounding measurement and account, and analysis and
reporting. We did not evaluate domains 5 and 6 because no
studies accounted for confounding factors or performed statisti-
cal adjustments for spontaneous remission. Discrepancies were
resolved by discussion to arrive at a consensus. At least 1 of the 3
senior authors (NT, MI, TT) adjudicated the unresolved results.

2.5. Data synthesis

Our primary outcome of interest was the association of negative
PET or PET/CT with spontaneous remission. For each study, we
calculated the risk ratio (RR) of spontaneous remission and its
95% confidence interval (95% CI) by dividing the cumulative
incidence in patients with a negative scan result (defined as the
negative scan group) by the cumulative incidence in those with a
positive scan result (defined as the positive scan group). We then
performed the Knapp-Hartung-corrected restricted maximiza-
tion likelihood random-effects meta-analysis to obtain the
summary RRs ®); random-effects model was selected because
of the possibility of a cross-study clinical and methodological
heterogeneity.””! In the main analysis, we applied the standard
continuity corrections by adding 0.5 for each cell in the 2 by 2
contingency table for studies that reported zero spontaneous
remission events in either of the 2 groups. To test the effects of the
zero-cell corrections, we performed stability analysis by meta-
analyzing only studies with at least 1 spontaneous remission
event in both (i.e., the positive and negative scan) groups. We
estimated the I? statistic as a measure of statistical heterogeneity
and considered I? to be suggestive of intermediate or high
heterogeneity when it was>50% or>70%, respectively./'’
Moreover, we indirectly compared the associations of scan
results with spontaneous remission between PET and PET/CT by
calculating the relative RR (rRR) by modeling RRs and the
imaging modality (i.e., either PET or PET/CT as 0 or 1,
respectively) in each study as a covariate in the random-effects
study-level meta-regression analysis. We also performed uni-
variable study-level meta-regressions on publication year as the
surrogate for improvement of technologies and incidence of
spontaneous remission as the surrogate for disease spectrum of
the assessed cases. We did not perform tests for funnel plot
asymmetry because no recommended approach was established
to provide an appropriate test statistic with adequate power for
assessing the extent and impact of missing data for the systematic
reviews of diagnostic and prognostic accuracy studies.['!)
Several causes of FUO spontaneously regress and thus can be
considered “benign.” Examples include viral infections; acute
crystal arthritis, such as gout or pseudogout; subacute thyroiditis;
and drug-induced fever (in the case of successful cessation).
However, the extent to which these studies have investigated
these “benign” causes or whether the studies rigorously
differentiated the successfully diagnosed “benign” causes from
bona fide spontaneous remissions with no diagnosable cause was
not explicitly reported. For example, viral infections that were
accurately diagnosed could have been categorized as “diag-
nosed” disease in some studies because they were specifically
investigated and thus successfully diagnosed, whereas similar

www.md-journal.com

cases could have been considered as patients with “undiagnosed
FUO” who experienced spontaneous remission because of
unsuccessful diagnosis (or simply classified so because diagnos-
able “benign” causes were not even investigated). In the latter
case, a patient categorized as “undiagnosed FUO” could have
been reported as spontaneous remission if the clinical course was
eventually benign. To perform a uniform assessment for stability
analysis, we considered the cases of diagnosed “benign” causes as
spontaneous remissions in addition to the reported cases of
spontaneous remission based on the operational criteria that
were previously reported (Supplemental Table 2, http://links.
Iww.com/MD/C560).1°) We again excluded the patients from
spontaneous remission who remitted after receiving any cause-
specific therapeutic interventions as long as the pertinent
information was explicit.

3. Results

3.1. Selection of eligible studies

We screened 9384 abstracts and evaluated 93 full-text articles.
Unpublished data from 5 studies were provided by the authors.
Finally, after excluding 84 citations, a total of 13 publications met
our eligibility criteria,"** including 4 studies (128 patients) on
PET results and 9 studies (418 patients) evaluating PET/CT results
(Fig. 1). A full list of the excluded publications with their reasons
can be found in the Appendix, http:/links.lww.com/MD/C560.

3.2. Study and patient characteristics

The 13 eligible studies were conducted in Europe (9 studies), the
Middle East (3 studies), and North Africa (1 study). Studies of
PET were conducted between 1996 and 2003, whereas PET/CT
was conducted after 2005 (Table 1). The sample size was small;
the number of study participants ranged from 10 to 112 (mean:
45; median: 35). Only 4 studies (2 for PET and 2 for PET/CT) had
a prospective design. Nine (69%) of 13 studies retrospectively
reviewed data obtained from clinical practice and used nonuni-
form pre-imaging workup strategies and follow-up methods. The
minimum follow-up duration after PET or PET/CT assessment
for undiagnosed FUO ranged from 3 to 16 months. No study
explicitly specified primary outcomes, and the 2 most commonly
reported outcomes were “diagnostic accuracy” (n=7) and
“diagnostic contribution” (n=6), the latter of which described
how often the study authors considered PET or PET/CT results
contributory to identifying the FUO causes. None explicitly
specified the incidence of spontaneous remission as the primary
or secondary outcomes of interest.

Overall, the studies evaluated relatively young patients (min—
max average age: 42-60 vyears). Infections, NIIDs, and
malignancies were the 3 most commonly diagnosed causes of
fever (Table 2). The average proportions of these causes were
similar between studies of PET (infections: 21%; NIID: 26%;
malignancies: 9%; and miscellaneous: 7%) and PET/CT
(infections: 31%; NIID: 25 %; malignancies: 14%; and miscella-
neous: 3%). The average spontaneous remission rate in the
studies was 20% (min-max: 6-45%).

3.3. Assessment of risk of bias

Reporting in general lacked adequate details on key methodolo-
gies in prognostic studies, including consecutive sampling of all
eligible patients, reasons for exclusions and losses to follow-up,
and explicit diagnostic criteria used for negative results (Table 3).
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Records identified through Records identified through
PubMed search (n=6215) Scopus search ( n=3169)

|

(n=93)

Full text articles retrieved for detailed evaluation

v

Articles excluded on the basis of detailed review (n=57)
+ Non-primary studies: 6

* Review articles: 4

- Studies targeting non-FUQ patients: 6

« Studies of pediatric patients: 2

+ Studies including patients with HIV infection: 3
- Studies of patients receiving dialysis: 1

« Studies of irrelevant imaging tests: 26

- Studies including <10 patients: 2

- Data not extractable: 1

+ Not relevant: 6

Additional articles identified through other sourcesr{ = 4)
« Google Scholar: 4

* Scopus: 0
+ Web of Science: 0
+ References: 0

Potentially eligible articles

(n=40)

Articles excluded after correspondences with the study
authors (n=27)

+ No data on spontaneous remission: 22
+ Follow-up duration after PET or PET/CT <3 months: 4
+ Separate data on each modality not extractable: 1

Articles included in meta-analysis

(n=13)

Figure 1. PRISMA flow diagram. CT=computed tomography, FUO =fever of unknown origin, HIV=human immunodeficiency virus, PET =positron emission

tomography.

These limitations precluded reliable assessment of the study
validity. Further, the risk of bias due to differential verification
was deemed high in all studies because investigators selected
more specific add-on diagnostic investigations targeting at PET or
PET/CT-positive sites, and patients with a negative result were
clinically less aggressively followed.

3.4. Incidence of spontaneous remission

The cumulative incidence of spontaneous remission ranged from
20% to 78% in patients with negative PET/CT results and from
0% to 48% in those with positive results. Overall, patients with
negative PET/CT results had a significantly higher probability of
spontaneous regression than those with positive results (summary



www.md-journal.com

43

Takeuchi et al. Medicine (2018) 97

"Bliefew 1o} Jeaws [esayduad
pUe ‘uofeuILLeXs [e2160j0UredoIsIy (HIN +10 ‘DN ‘SASNUIA ) pue ‘g ‘Y Siieday pue sadiay ‘ejjaan ‘ewsedoxo] 11suing e|jaixo) ‘Bj[aonig ‘e[|auowles SniiA Lieg-uisisd3 ‘6| Snino[eBawioio Joj S1se} 0160]0J8S ‘auLIN PUB POO|Q UBYY JALIO SAINYND XJN XJd ‘4Y “VONV YNV -Jeaws
poojq [eJayduad :uoireunn|bBe fepip—lagnio uoireunn|Bbe agny Wnias e|j8anig SNV ‘dXD ‘SISAULN HAT MdD ‘SA[01109]8 ‘S1S8} uopauny aeday pue [euss ‘YS3 :0go :S1Sal Buimolio) aus 0} Uoppe Ul Ao sjusied pejasjes ul dn-yiom On4 Jo Led se pawiopad sem |9/134-9504

“dn-ylom QN4 Jo Ved se pawopad siam sise} asay m H
"papiodal Ajyolidxe Jou sem poLiopiad Biam S)S8} 8SLY UBUM
“Auo sjuaiyed anooleS g
"Bumas Jualiedino 1o [eydsoy uj SuoeBSeAUl Jo Yeam | Jole SYeam £< 10} D,£'8¢ < JO Janed .
'sloyine Apnis ou Aq peLulljuod uoissiwiel snosuejuods yim sjusiied 1o} 9 1ses| Iy,
"V PUB ‘HA1 ‘NdD ‘Seifjon08[e ‘S1se) Uopouny oieday pue [eual papnjoul Sise} Aiojeloge| diseq 8y L
‘punosesn =g ‘eInyna suun=yx7 ‘AydeiBolpsed punosenn=1non 18} UMs Ulnasagn) = HwH
*10}B} ployewnays = 4y ‘sisaioydonasje uisjold = 434 ‘Buibew soueuosal dnsubew = [\ ‘aseusboipAuap ayejoe] =Hd ‘@buel ajienbisiul = Yo| ‘[eunsauIonsed = (9 ‘UIBLo umousun Jo Jana} = On4 ‘8509n|BAX03p0ION|} =114 ‘aJel UOIeIUSUIPAS 81A20JUMI8 = YST ‘Ael-X 1S8Ud = YX)
‘AydelBowioy pandwoo = 19 ‘uigiold aAoBal-) = dy) ‘aseunjoydsoyd suiesld =ydo unod poojq a1e|dwiod =9g) ‘Asdoiq=yxg ‘8In|na poojq=yxJg ‘punoseyn [euiwopge = gny ‘Apogiue ojwsedoifo iydosnau-iue=yINy ‘Usbiue Jesjonuiue =\yNy ‘eseleydsoyd suieye=d1v

4 “(Blosnw e
auoq) Xg ‘Adoasoyauoiq
{(uojoa |9 Jaddn)
fdoasopus :(urelq

‘18840 ‘UsWIopae) 19 ‘HIN VA Va < aN aN (1) "dsoy Aysieniun  eAnoadsonay 0002 JeN-866 1 84 funquiey ‘Aueuisy [vz)lB ¥ UszZUsI0]
payodai JoN < Jopsialed  8Alnassuodu| (1) dsoy Ausismun  8Aosdsold €002 UNP—L00Z BN uabeyuado) “ylewuaq el 19 Joely
£Bojoles , , , Vi , , Vi 193 199N1G-)0BING  BARN2ASUO)  (]) 'dsoy Ausienun  eapdsdsold 8661 190-9661 JBIN usAna ‘wnibjag [zll® 10 SUBWHDOIG
ABojoses , , , , Va / , 13d enebau oy 9< Jiopsialad aN (1) “dsoy Ausieniun  eAnoadsonay  Z00Z 990-6661 Uer UaBoWIIN ‘SpUelBUIoN B 10 SIenoy-Ievenlg
134-904
LN v Va v Va Va Va v Va ¢l Hiopsialed aN - (1) "dsoy Ayunwwog  anjosdsoley ¢10¢-800¢ Inquess| ‘Aaxn]. [0z)le 18 dewol
sise) Aojebligo uwo elep O —  — —  — — — — — — — — Sv—/1 ‘ol ‘0 uespy 18911G-)0BING  BARNJASUOdY|  (]) "dsoy Ausienun  eAoadsonay 010z Jdy—G00g Aei usbeyuado) “Spewusaq
sisoubelp ou
1 LO [euiwopay Va / Va Va / / / / 40 880 Ul 96—¢ | Hopsigled  BAIN0BSUOY (1) "dsoy Aunwio)  oA0adsold aN BjleH ‘joels|
198.1S-%0BINg
VA v v s, Va v / Va v Va 9l uesiy PaYIPo - BAIINJ8SU0Y ON enjosdsoslay  €10¢ deS—010g Jeln Blineg ‘Uleds |, B 18 ZoWo9-elomey
opsiajad
115900 510 1SN ABojoses , , , 9%  1esls-yoeIng ON (1) "dsoy Auunwiod  snBsdsosY 2102 - 8002 eML Uelad ‘jeess| (ou® 30 1N9-Joyen
(Ajuo syuaied Jo %g6)
10 [BUIWIOPGROJIBIOYL £ £ A L L L , , , , W9< Amisny  8nInoesuoou| (1) “dsoy Aysienun  enpoadsosiey 9002 AINP-G00g uer funogsexns ‘aueld (o[B8 10l1apad
VA Va Va VA v Va v [4RS 18811S-4oeInQ aN (1) "dsoy fysienun  eAjosdsoney 6002 ABN-2002 uer SOWIN ‘90ueld [1)[€ 18 18zZno1)
sise) Mogebygo uwo egp o —  — 00—  —  —  — — — — — — — 2 0y dn aN anN (1) dsoy Ayunwwo) eandadsoney 8002 190-G00Z UNM  UBpJemnas ‘SpuepaylaN feue 39 MUleg
sise) Mogebygo uwo egp o —  — 00— —  — — — — — — — — [ Jopsialed  amnassuoy (1) “dsoy Ausiemun  8AI0adsold aN one A6 (e 30 UBLIYeIBPAY
19/134-904
sieuo 1SL SNV HXO XON X08 did umied dJH/WNY siskleuun  Ansiway) 989 dyo/ds3  ow ‘uoneinp ond jo Juawijjoud (1oquinu) jusuinioal fao “Rnunog al fipms
dn-mojjo4 uonuyaq aned S191Ua9 J0 adAL 10 pouad

15} Kiojebiiqo

*ON4 2ISSE[O Ul uoissiwaa snoauejuods YUM synsal 19/13d 40 13d-Hdd JO UOneIoosSE Jo solsiiaoeieyo Apnig



http://www.md-journal.com

Takeuchi et al. Medicine (2018) 97:43 Medicine

Patient characteristics and final diagnosis of patients in studies of association of FDG-PET or PET/CT results with spontaneous remission
in classic FUO.

Final diagnosis, n (%)

Study ID Patient, n Mean/median age (range), y Infection NIID  Neoplasm Miscellaneous No diagnosis Spontaneous remission

FDG-PET/CT
Abdelrahman et alt'? 27 44 (18-70) 622 933 9 (33) 1 (4) 2 (7) 2 (7)
Balink et al"® 68 ND (23-91) 25 (37) 14 (21) 2(3) 3 (4) 0(0) 24 (35)
Crouzet et al'¥ 79 54 (ND) 23(29) 20 (25 12 (15) 6 (8) 0(0) 18 (23)
Federici et all'® 10 53 (25-74) 4400 330 00 0(0) 2 (20) 1.(10)
Gafter-Gvili et all'® 112 60 (19-94) 49 (44 17 (15 15 (13) 22 6 (5) 23 (21)
Garcia-Gomez et all'”! 28 54 (23-85) 6@21) 725 10(36) 1(4) 2.(7) 2.(7)
Keidar et al'® 48 57 (24-88) 9(19 16 (33) 3 (6) 1) 0(0) 19 (40)
Pedersen et al'® 22 52 (17-87) 165 8(36)  3(14 0(0) 3(14) 732
Tokmak et al?” 25 59 (16-88) 8 (32 10 (40) 3(12) 0(0) 1(4) 3(12)

FDG-PET
Bleeker-Rovers et al®"! 35 51 (18-82) 6(17) 6(17) 4 (11) 39 12 (34) 4 (11)
Blockmans et al®? 58 ND 10 (17) 17 (29) 6 (10) 5 (9) 6 (10) 14 (24)
Kjaer et al>® 19 49 (27-82) 737 3(16) 1(5) 1(5) 0(0) 7 (37)
Lorenzen et al®” 16 42 (17-78) 425 8 (50) 1(6) 0(0) 2 (13) 1(6)

CT=computed tomography, FDG = fluorodeoxyglucose, FUO =fever of unknown origin, NIID = noninfectious inflammatory disease, PET = positron emission tomography.

Risk of bias assessment of studies of association of FDG-PET or PET/CT results with spontaneous remission in classic FUO.

Risk of bias
DOMAIN 3
Studv ID D%"t":‘dm L DOMAIN 2 Prognostic %?j':"cﬁ'n'::
’ artici aytion Study attrition factor measurement
P P measurement
FDG-PET/CT
Abdelrahman 2018("2!
Balink 200913
Crouzet 2012014

Federici 20100131
Gafter-Gvili 2014161
Garcia-Gomez 20150171
Keidar 200818l
Pedersen 2012011
Tokmak 20141201
FDG-PET
Bleeker-Rovers 2004211
Blockmans 20011221
Kjaer 2004231
Lorenzen 2001(24]

Key

Low risk of bias or concern about applicability
High risk of bias or concern about applicability
Unclear risk of bias or concern about applicability

CT=computed tomography, FDG = fluorodeoxyglucose, FUO =fever of unknown origin, PET = positron emission tomography.



Takeuchi et al. Medicine (2018) 97:43

RR=5.6; 95% CI: 3.4-9.2; P<.001; I°=0%) (Fig. 2). The
results of the stability analysis were not materially different, in
which only 6 of 9 PET/CT studies that observed at least 1
spontaneous remission event in both groups were meta-analyzed
(summary RR=5.3; 95% CI: 3.0-9.4; P=.001; I?=0%). Sparse
data from only 4 studies precluded a reliable analysis on whether
the positive or negative result of standalone PET was associated
with a higher incidence of spontaneous remission (summary
RR=0.83 favoring positive result; 95% CI: 0.14-5.0; p=0.77;
I’=32%) (Fig. 2). The results were similar when only 3 of 4
standalone PET studies that observed at least 1 spontaneous
remission event in both groups were meta-analyzed (summary
RR=0.62; 95% CI: 0.09-4.3; P=.40; *=0%).

The random-effects study-level meta-regression analysis
found that PET/CT results (rRR=7.4; 95% CI: 2.5-21.3;
P=.002), compared with standalone PET results, and publica-
tion year (rRR=1.2 per 1 year; 95% CI: 1.0-1.3; P=.013) were
significantly associated with spontaneous remission. Similar
positive findings were obtained for the use of PET/CT compared
with standalone PET (rRR=8.5; 95% CI: 2.6-27.9; P=.004)
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and publication year (rRR=1.2 per 1 year; 95% CI: 1.0-1.4;
P=.031) when meta-analysis was performed in the stability
analysis for only studies that observed at least 1 spontaneous
remission event in both groups: The use of PET/CT remained
significant when both the assessed modality and publication
year were simultaneously modeled in the bivariate study-level
meta-regression analysis (rRR=7.0; 95% CI: 1.0-48.3; P
=.049 in the main analysis; rRR=12.1; 95% CI: 1.3-114.8;
P=.035 in the stability analysis), compared with standalone
PET.

Six studies of PET/CT and 3 studies of PET provided the
relevant data amenable to the stability analysis, where a total of 9
patients diagnosed as “benign” causes (4 in the negative PET/CT
group, 1 in the positive PET/CT group, 3 in the negative PET
group, and 1 in the positive PET group) were additionally
counted as spontaneous remissions. The summary results were
not materially different from those in the main analysis. The
summary RR for negative PET/CT results was 6.5 (95% CI: 3.1-
13.4; P <.001; I?=0%) and that for negative PET results was 1.1
(95% CI: 0.14-8.1; P=.91; I’=19%).

Study ID Risk ratio (95% ClI) Spontaneous
remission, n/n
Test(=) Test(+)

PET/CT ;

Keidar 2008 —.— 482(188-1239)  15/21 427

Balink 2009 + 10.63(351-32.19) 21727 3/41

Federici 2010
Crouzet 2012
Pedersen 2012

3.00 (0.15-59.89) 1/5 0/5
4.48 (1.78-11.30) 13/29  5/50

3.00(0.73-12.27) 5/10 2112

Gafter—Gvili 2014

14.00(1.76-111.32) 2/3 21

4.55(1.95-10.63) 17/43  6/69

Garcia-Gomez 2015

Tokmak 2014 L -
-
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]
Abdelrahman 2018 :
I
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+
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0.1 1 10
« Test (+) more Test () more —

|
100

Figure 2. Association of FDG-PET or PET/CT results with spontaneous remission in classic FUO. The diamond depicts the summary risk ratio and extending 95%
Cl. Each square and horizontal line indicates the risk ratio and corresponding 95% ClI, respectively, for each study. The size of the squares is proportional to the
weight of each study in the meta-analysis. Studies are ordered by publication year. Cl=confidence interval, CT=computed tomography, FDG=
fluorodeoxyglucose, FUO =fever of unknown origin, PET = positron emission tomography.
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4. Discussion

In the present study, we systematically reviewed the associations
of PET and PET/CT results with spontaneous remission in
approximately 550 patients with classic FUO from 13 studies.
Our meta-analysis found that after a series of unsuccessful
investigations for fever workup, patients with negative PET/CT
results have approximately 6 times higher average chance of
spontaneous remission than those with positive PET/CT results.
These findings were stable in the stability analysis, suggesting that
a negative PET/CT result can be a good predictor of favorable
prognosis in patients with undiagnosed classic FUO after a series
of unsuccessful investigations. Evidence was limited as to whether
standalone PET results were associated with spontaneous
remission. Our naive indirect comparison using study-level
meta-regression suggested that studies that evaluated PET/CT
reported an approximately 7 times higher average association
between negative scan results and spontaneous remission than
studies that evaluated standalone PET.

Our previous work found that positive PET/CT results helped
to identify sources of FUO by successfully localizing the vast
majority of infectious and malignant lesions.[®! PET/CT also
frequently failed to detect lesions caused by other noninfectious
or nonmalignant conditions, including NIIDs. Because infectious
diseases and malignancies are the 2 most life-threatening causes
of classic FUO, PET/CT should be useful in identifying cases with
lesions deemed to have worse prognoses. For this reason, it is
theoretically understandable that FUO patients unsuccessfully
screened with PET/CT would have a lower likelihood of having
infections or malignancies than those with positive results, and
thus be more likely to have a cause that remits spontaneously.

Anatomical information from a CT image is widely believed to
provide additional accuracy for localization of pathological
conditions visualized by a PET image alone, which has been
further strengthened by technological improvements in the
hybrid imaging system over the past 2 decades. In this line of
reasoning, one may speculate that the stronger associations
between scan results and spontaneous remission reported in the
PET/CT studies than those of the standalone PET studies could be
explained at least in part by the association between CT results
and spontaneous remission. Unfortunately, studies failed to
assess the CT findings of remitted patients systematically, which
precluded the pertinent exploration. Nevertheless, this compara-
tive information may no longer be clinically relevant at least
in developed countries, where PET/CT has almost replaced
standalone PET scanners, and thus is the only available
technology in routine clinical practice.

Our meta-analysis has several limitations. First, our results are
mostly based on retrospective observations that relied on the data
derived from clinical practice; the sample size of the included
studies was small and the follow-up period was short and based
on nonuniform methods. The definition of spontaneous remis-
sion was generally unclear and most likely nonstandardized
across studies. This is not surprising because published studies
focused on the diagnostic role of these imaging modalities,
typically whether the nuclear imaging tests helped localize the
cause of FUO. No study explicitly specified spontaneous
remission as the target outcome of interest. Although we did
not formally perform the pertinent assessment, including funnel
plot asymmetry testing, the possibility of bias from selective
reporting cannot be ruled out. Further, the risk of bias due to
differential verification can be substantial; patients with a positive
test would take immediate and perhaps aggressive and potentially
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more accurate diagnostic interventions, such as biopsy, whereas
those with a negative result might be less intensively worked-up
or even not investigated. Given the reported short follow-up
period, these differences in the intensiveness of succeeding
diagnostic managements would have further impaired the
accurate diagnosis of spontaneous remission in patients with
negative results. Our results should thus be viewed as a
retrospective exploration of available information, and the
quality of the data is limited.

Second, because of the designs adopted in the primary studies,
the imaging results had to be assessed as the standalone predictor,
which did not account for other factors. Identification of
predictors of good prognosis in diagnostically challenging cases
of FUO is, however, only an emerging clinical question. For
example, prognostic ability of other commonly performed tests in
clinical practice, such as white blood cell (WBC) counts, C-
reactive protein levels (CRP), or erythrocyte sedimentation rate
(ESR) test have not yet been systematically assessed.

PET/CT for predicting spontaneous remission is still under
investigation and should not be used by itself other than for
research purposes. The prognostic ability of PET/CT in clinically
challenging cases of classic FUO, together with its diagnostic
usefulness, should be rigorously assessed in prospective studies in
settings where pre-imaging workup and post-imaging manage-
ment strategies, including prophylactic therapies, are standard-
ized. Watchful waiting may be recommended for those with
negative PET/CT results, particularly if undiagnosed patients are
clinically stable.”) However, any test-based interventions,
including watchful waiting, should be protocol oriented; it
remains uncertain as to how often we can reliably expect
spontaneous remission as an intermediate outcome for those with
negative PET/CT, let alone more patient-relevant ultimate
outcomes, such as mortality from FUO. For example, our
previous meta-analysis found that PET/CT failed to localize
several important or potentially life-threatening causes, such as
adult onset Still disease, polymyalgia rheumatica, tuberculosis,
and several hematological malignancies.®! The impact of failure
to diagnose these conditions in a timely manner can be
substantial. Prospective studies of predictive markers of
spontaneous remission in undiagnosed classic FUO are necessary
to validate the prognostic ability of negative PET/CT scan results.
Future studies should evaluate other candidate predictors
simultaneously to build a more reliable predictive model of
spontaneous remission.
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