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ABSTRACT

Background: Inflammation of unknown origin (IUQ) is a challenging situation in internal medicine.

Objectives: To describe the final diagnoses in IUO and assess “*F-FluoroDesoxyGlucose Positron-
Emission-Tomography with Computerized Tomography (*®F-FDG-PET/CT) helpfulness in the diagnosis

strategy.



Results: 317 IUO patients with ®F-FDG-PET/CT were enrolled. A diagnosis was reached in 228
patients: non-infectious inflammatory diseases (NIID) (37.5%), infectious diseases (18.6%),
malignancies (7.9%) and non-systemic-inflammatory miscellaneous diseases (7.9%). The two leading
causes of NIID were polymyalgia rheumatica and giant cell arteritis. ‘*F-FDG-PET/CT results were
classified as True Positive in 49.8% patients, and contributory in 75.1% of overall IUO patients (after
the complete investigation set and a prolonged follow-up). In multivariate analysis, only CRP

minimum level (250mg/l) was associated with the contributory status of **F-FDG-PET/CT.

Conclusion: Within the wide spectrum of IUO underlying diseases, **F-FDG-PET/CT is helpful to make
a diagnosis, and to eliminate inflammatory diseases. Obese patients constitute a specific group

needing further studies.
Keywords:
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INTRODUCTION

Internists manage a wide variety of clinical issues, including fever of unknown origin (FUO) and
inflammation of unknown origin (IUO). *®F-FluoroDesoxyGlucose Positron Emission Tomography with
Computerized Tomography (*®F-FDG-PET/CT) appears to be a high-performance [1,2] and cost-
effective tool for diagnosing FUO [3]. IUO is defined as a prolonged and unexplained inflammatory
syndrome, for which final diagnoses are heterogeneous [4-6]. Currently, ‘®F-FDG-PET/CT is widely

used in the diagnosis strategy for investigating IUO, but it is not yet clearly validated [3,5,6].

The aim of this study was to describe the final diagnoses made in patients with IUO after a diagnosis
strategy involving ' F-FDG-PET/CT, and to assess the diagnostic performance of this investigation

(sensitivity, specificity, predictive values).

METHODS

Study design and data collection
This retrospective observational study included adult patients with IUO and a *®F-FDG-PET/CT

performed in our tertiary university hospital for an “inflammatory” reason. IUO was defined by a C-
reactive protein (CRP) blood level >5mg/I, measured at least twice, lasting >3 weeks, and remaining

unexplained. *®F-FDG-PET/CTs performed for exploring a mass or tumour or in case of a previously



suspected diagnosis were excluded. Fever was not an exclusion criterion, except when fulfilling FUO

criteria: lasting 23 weeks or recurrent.

Outcomes
The final diagnosis was the one retained by the referring clinician. Final diagnoses were classified

into four categories: (i) non-infectious inflammatory diseases (NIID), including vasculitides and
inflammatory joint diseases; (ii) infectious diseases; (iii) neoplasms; and (iv) non-systemic-
inflammatory miscellaneous (NSIM) diseases. In disputed cases, medical files were reviewed by two
independent experts, blinded to the suspected diagnosis, and we contacted the general practitioner
or the patient to ascertain the diagnosis. In some cases, no diagnosis was made. The validity of “no

diagnosis” was enhanced by a prolonged follow-up.

According to the final diagnosis, the result of the ®F-FDG-PET/CT was classified as true positive (TP),
true negative (TN), false positive (FP) or false negative (FN) (definitions in Supplementary e-method
and Figure 2A). *®*F-FDG-PET/CT results classified as TP or TN were defined as contributory. A detailed

8E_FDG-PET/CT technical procedure is available as Supplementary e-method.

Statistical analyses
Description of general characteristics of the population, and subgroups analyses involved classical

statistical tests. To describe ®F-FDG-PET/CT performance, we calculated the positive predictive value

(PPV), the negative predictive value (NPV), the sensitivity and the specificity.

After testing the association between baseline characteristics and the final diagnoses or the
contributory status of 8E_FDG-PET/CT, we selected relevant characteristics for multivariate analyses
(multivariate logistic binary regression). All analyses were performed using SAS software (SAS® 9.4;

SAS institute inc., Cary, NC, USA).

Ethical issues
Our study was conducted in accordance with the ethical committee of the University Hospital of

Nimes (institutional review board number 19.09.03).

RESULTS

Baseline characteristics
The selection of the study population is presented in Supplementary Figure 1. Among the 317

patients included, 48.9% were female, with a mean age of 66.4 years, and a mean duration of IUO of

5.2 months. The characteristics of the population are listed in Table 1. No investigation was



performed after the ®F-FDG-PET/CT in 135 (43%) patients. We recorded 30 deaths (10.5%). The

mean follow-up was 19 + 23 months (457 person-years).

Diagnoses
A diagnosis was made in 228 patients (71.9%) (Figure 1): NIID (37.5%), infectious diseases (18.6%),

malignancies (7.9%) and non-systemic-inflammatory miscellaneous (NSIM) diseases (7.9%).
Polymyalgia rheumatica (PMR) and giant cell arteritis (GCA) concerned, respectively, 13.6% and
14.0% of all diagnoses. No diagnosis was reached in 89 (28.1%) patients. Baseline characteristics
according to the presence of a final diagnosis and according to the diagnostic groups are shown in

Supplementary Tables 1 and 2.

In multivariate binary analysis integrating age, sex, fever, obesity, and CRP minimum level, we found
that age >50 years, presence of fever, absence of obesity, and a CRP minimum level >50mg/I
increased the likelihood of a final diagnosis (respectively, HR=2.03, 95% Cl [1.06-3.87]; HR=2.01, 95%
Cl [1.01-4.04], HR=2.19, 95% Cl [1.05-4.54], and HR=2.14, 95% Cl [1.18-3.90]) (Figure 2B).

Thirty-nine IUO patients were obese (female in 72%, mean age of 57.1 years). In comparison with
the other patients, they were younger, showed less fever and had a lower mean CRP level, but a
longer duration of increased CRP. Of these 39 patients, 51.3% received no diagnosis. The diagnosis

rate was poor (39%) for obese patients with a CRP minimum level <50 mg/I (no cancer).

®F_FDG-PET/CT contribution
®E_FDG-PET/CT results were classified as TP in 158 patients (49.8%), TN in 80 (25.2%), FP in 48

(15.1%) and FN in 31 (9.9%) (Figure 2A). Thus, *F-FDG-PET/CT had a sensitivity of 83.6%, a specificity
of 62.5%, a PPV of 76.7%, and a NPV of 72.1%. ®F-FDG-PET/CT was classified as contributory in
75.1% of global IUO patients, and 78.9% of patients with a final diagnosis.

¥E_FDG-PET/CT was contributory for each diagnosis subcategory, including the group without
diagnosis (Supplementary Table 2 and 3). In a multivariate binary analysis integrating age, sex,
obesity, fever, and CRP minimum level, the CRP minimum level >50mg/L was an independent factor

associated with the contribution of **F-FDG-PET/CT (HR=2.11, 95% ClI [1.17-3.83], p=0.014).

DISCUSSION

Case-mix in IUO patients

The repartition of diagnoses is similar to literature data [4-6]. We confirm previous data identifying

GCA and PMR as the two leading causes of NIID among IUO patients [4—-7]. A high proportion of



patients with NIID did not have further investigation after the '®F-FDG-PET/CT, highlighting the

potential impact of ®*F-FDG-PET/CT on health consumption in these diseases.

Among rarer causes of NIID, we found one case of relapsing polychondritis and one case of IgG4
related disease (IgG4RD), in accordance with a previous study [8]. Compared to us, Schonau et al.
found a higher prevalence of IgG4RD. This might be explained by the different patient populations
(younger patients in a referring department for immune-inflammatory diseases) [6]. Moreover,

IgGARD rarely presents as an isolated inflammatory syndrome [9].

We found that osteoarthritis was frequent among NSIM diseases associated with 1UO. This is
unsurprising considering that inflammatory pathways are active in osteoarthritis [10], the older age

of affected patients, and the interaction of osteoarthritis with obesity.
Factors associated with reaching a final diagnosis in IUO

Our study demonstrates that CRP level >250mg/l, age 250 years old, absence of obesity and presence

of fever are correlated with obtaining a diagnosis among patients with [UO.

Interestingly, the diagnosis rate in obese patients was poor, especially when minimum CRP level was
<50mg/I. These obese patients with IUO were younger female patients, with lower CRP mean levels,
and longer CRP duration, for whom *®F-FDG-PET/CT could be a good tool to eliminate inflammatory
diseases, and thus avoid invasive (and potentially dangerous) procedures. The link between obesity
and microinflammation is well known [11]. CRP level is often slightly elevated in obese patients, and
specific investigations are controversial [5,12]. However, we report here high levels of CRP (220mg/l)

related to obesity, which has not been frequently described [5,13].
Factors associated with ®F-FDG-PET/CT contribution in lUO

The '®F-FDG-PET/CT was contributory in 75% of IUO patients, highlighting its helpfulness in
investigating IUO [5,6]. This diagnostic contribution for the two leading causes of NIID in IUO, GCA
and PMR, supports the published literature [14-17].

We found that CRP level was a predictive factor to the contributory status of *F-FDG-PET/CT in
investigating IUO [5,18]. However, in contrast to Schénau et al., age and fever were not significantly
correlated with the ®F-FDG-PET/CT benefit, although their study also included FUO patients. We
decided to focus on pragmatic and easily identifiable markers; CRP minimum level was thus
preferred, rather than previously reported CRP level at acute phase [6] or CRP level closest to ‘®F-

FDG-PET/CT [5,18].



Strengths and limits

To our knowledge, this is the largest study involving IUO. We performed a “real-life” study based on
all the *®F-FDG-PET/CT performed in our area. The indication for ®F-FDG-PET/CT was decided by
physicians for a wide spectrum of clinical situations, while other studies focused on joint or
infectious diseases [3,16]. As all patients were referred to a single nuclear medicine department,
technical bias or misinterpretation were limited [6,8]. Our results are therefore highly transposable

to the general “real-life” population of IUO patients.

To better reflect the real **F-FDG-PET/CT performance, we decided to classify BE_FDG-PET/CT results
as TN not only when *®F-FDG-PET/CT was normal and no diagnosis was performed [6], but also when
a non-inflammatory diagnosis was made (with no expected ®F-FDG-PET/CT abnormal uptake).
Moreover, we considered that a TN *®F-FDG-PET/CT was as contributory as a TP result [5]. We
assumed that *®F-FDG-PET/CT TN results were helpful in making a diagnosis, or in eliminating a
potentially severe inflammatory disease, and thus limiting further investigations. However, **F-FDG-
PET/CTs classified as TP are not associated with less complementary investigations, since other tests

may be needed to confirm the suspected diagnosis.

Nevertheless, our study has some limitations. First, we did not include IUO patients without BEFDG-
PET/CT. Only one study has compared the efficiency of *®F-FDG-PET/CT in IUO, finding it to be cost-
effective and contributory for the diagnosis [19]. Larger studies did not have a comparative group
without '®F-FDG-PET/CT [6]. Moreover, in France, '®F-FDG-PET/CT is widely available and used,

despite not having been validated in IUO diagnosis strategy [3].

Secondly, we set a minimal CRP level threshold >5mg/l as an inclusion criterion, that could be
considered normal. However, the mean CRP minimum level was above 40mg/l, reflecting a
population of “true” IUO. We included patients with fever, except in the cases where fever fulfilled
the FUO criteria. Short-term fever may be present in NIID, and we thus could not exclude those

patients.

Another limitation is the determination of a subgroup of IUO patients with “no diagnosis”, as
classification is only possible after a prolonged follow-up with a complete set of investigations.
Nevertheless, compared to literature data, our mean follow-up of >19 months was sufficient as
compared to 12 months [4], >2 years [5], and =3 months [6], and the proportion of “no diagnosis”
was similar to previous studies (39% [4] and 26% [5]). We also suggest that this follow-up is long
enough to make the diagnosis of infection, cancer, or autoimmune disease. In 30% of these IUO

patients with “no diagnosis”, the inflammatory syndrome resolved spontaneously.



The high diagnostic performance of ®F-FDG-PET/CT has to be tempered by the 31 cases of FN (2
cancers, 3 GCA and 12 infections). These likely arose from the high frequency of glucocorticoid
treatment within this subgroup, thus negative ®F-FDG-PET/CT results in patients under
glucocorticoid therapy should be interpreted with caution. Nonetheless, we decided to include these
patients in the analyses because they had persistent inflammation despite this treatment, and
because our study was conceived to reflect everyday practice [6]. FP were also reported in 48 cases,
followed by colonoscopies. Indeed, the classification of digestive uptake as specific or non-specific
remains challenging, and can sometimes only be confirmed after colonoscopy results. Specific
guidelines to clarify the interpretation of digestive uptake will decrease unnecessary invasive exams

[20]. In our study, the prolonged follow-up confirmed the accuracy of those FP cases.

These FP and FN highlight that **F-FDG-PET/CT alone cannot replace a cautious diagnosis strategy
involving repeated examinations, and prolonged follow-up. We cannot provide here a guided
diagnosis strategy for IUO. A personalised combination of clinical, biological, and appropriate
imaging (sometimes including *®F-FDG-PET/CT) will always help to tailor the diagnosis strategy,

avoiding unnecessary, invasive, and costly tests.

CONCLUSION

This large study involving “real-life” patients with I[UO demonstrates that *F-FDG-PET/CT is a helpful
tool in the diagnosis strategy, ascertaining the diagnosis or eliminating systemic inflammatory
disease in 75% of patients. In patients with a CRP minimum level 250mg/I, the contribution of the
8E_FDG-PET/CT increases to 83%. The impact of *F-FDG-PET/CT in limiting investigations among

young obese patients with a low CRP level should be addressed in prospective studies.
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FIGURE LEGENDS

Figure 1: Repartition of the final 228 diagnoses assessed in 317 patients with inflammation of
unknown origin, after a complete set of investigations including®F-FDG-PET/CT.

NIID: non-infectious inflammatory diseases; NSIM, Non systemic-inflammatory miscellaneous
diseases

) . NSIM
Malignancies 75 (7.89%)
25 (7.89%)

NIID

119 (37.54%)

Non-systemic-inflammatory miscellaneous
diseases (n=25)

Osteoarthritis 7  28.0%
Pericarditis 3 12.0%
Aseptic osteonecrosis 2 8.0%
Arterial dissection 2 8.0%
Serous effusions 2 8.0%
Benign tumours 2 8.0%
Cardiac failure 1 4.0%
Glomerulonephritis 1 4.0%
Deep vein thrombosis 1 4.0%

Acute hepatitis 1 4.0%
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Non-infectious inflammatory diseases (n=119)

Inflammatory joint diseases (n=59)

Polymyalgia rheumatica 31 52.5%
Rheumatoid arthritis 15  25.4%

seronegative 9 15.3%

seropositive 6 10.2%
Spondyloarthropathies 10 17.0%

Psoriatic arthritis 3 5.1%
Pseudogout 3 5.1%

Vasculitides (n=37)
Giant cell arteritis 32 86.5%
Microscopic polyangiitis 2 5.4%
Granulomatous polyangiitis 1 2.7%
Relapsing polychondritis 1 2.7%
Other 1 2.7%
Other NIID (n=23)

Adult onset Still's disease 5 21.7%
Inflammatory bowel diseases 4  17.4%
Sarcoidosis 4  17.4%
Systemic lupus erythematosus 2 8.7%
Unclassified connective tissue disease 2 8.7%
IgG4-related disease 1 4.3%
Other 5 21.7%



Figure 2:

(A) ®F-FDG-PET/CT diagnostic performance according to the final diagnosis of each patient.

Sensitivity 83.6%; Specificity 62.5%. Within our study population, the positive predictive value of **F-
FDG-PET was 76.7% and the negative predictive value was 72.1%.

8F_FDG-PET/CT, 18F-fluorodesoxyglucose positron emission tomography with computerized tomography. True
positive (TP): abnormal BrFDG uptake that lead to or was consistent with the final diagnosis of an
inflammatory disease. True negative (TN): no abnormal uptake in the cases where no inflammatory disease
was diagnosed or in the cases where no diagnosis was made. False positive (FP): abnormal uptake not
consistent with the final cause of IUO. False negative (FN): absence of abnormal uptake, while the final
diagnosis was supposed to be targeted by BE.FDG.

(B) Proportion of final diagnoses assessed after a complete investigation set including a **F-FDG-
PET/CT, in 317 patients with inflammation of unknown origin, according to baseline characteristics.

IUO, inflammation of unknown origin, CRP min: minimum level of C-reactive protein level; n, describes the
numbers of patients in each subcategory. Darker colours are associated with higher percentage of final
diagnosis.
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39% % 49% 70%

CRP min <50 mg/L (n=31) (n=180) (n=39) (n=172) CRP min <50 mg/L

75%

CRP min > 50 mg/L (n=12) CRP min > 50 mg/L




TABLES

Table 1: Demographical, clinical, biological characteristics and details of investigations for the 317
patients with inflammation of unknown origin, with a diagnosis strategy involving **F-FDG-PET/CT

Characteristics of the study population Available
data
Sex (female) (n, %) 317 155 (48.90%)
Age (years) (mean SD) 66.4 (£ 16.1)
Duration of the inflammatory syndrome (months) (mean £SD) 5.2(x12.7)
Referring departments 317
Internal medicine (n, %) 97 (30.6%)
Rheumatology (n, %) 60 (18.9%)
Infectious diseases (n, %) 46 (14.5%)
Other (n, %) 114 (36.0%)
Past medical history 317
Tobacco consumption (n, %) 91 (28.7%)
Alcohol abuse (n, %) 19 (6.0%)
Obesity (BMI > 30 kg/m?) (n, %) 39 (12.3%)
Non-infectious inflammatory diseases (n, %) 44 (13.9%)
Malignancies (n, %) 41 (12.9%)
Baseline clinical symptoms 317
Joint symptoms (n, %) 150 (47.3%)
Weight loss (n, %) 90 (28.4%)
Fever > 38.5°C (n, %) 74 (23.3%)
Patients with no clinical signs (n, %) 24 (7.6%)
Baseline biological characteristics 317
CRP mean level (mg/L) (mean * SD) 91 (£59)
CRP minimum level (mg/l) (mean % SD) 46 (+46)
Mean duration of increased CRP (mg/l) (months £SD) 5.2 (x12.7)

Patients under glucocorticoid treatment before PET/CT (n, %) 317 57 (18.0%)



Diagnosis strategy details

Positive antinuclear antibodies (n, % of all patients) 169 61 (19.2%)
Number of investigations before ‘*F-FDG-PET/CT (median, [IQR]) 317 4 [2-6]
Number of investigations after **F-FDG-PET/CT (median [IQR]) 317 1[0-2]
No investigation after **F-FDG-PET/CT (n, %) 317 135 (42.6%)
Deaths 286 30 (10.5%)

SD, Standard deviation; IQR, Interquartile range [25-75]; BMI, Bone Mass index. Death was collected
after a prolonged follow-up, when available.
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