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AbstrAct. Background and aim: Small fiber neuropathy (SFN) may present as complication in sarcoidosis. SFN 
can potentially result into a large range of symptoms with a high impact on quality of life. Although  treatment of 
the underlying disease of SFN is paramount, little research has been performed to investigate SFN improvement 
as consequence of sarcoidosis treatment. This retrospective study investigates whether there is an association 
between the anti-inflammatory effects of infliximab and SFN-symptoms. Methods: The Small Fiber Neuropathy 
Screening List (SFNSL) was used to measure changes in SFN symptoms during infliximab  treatment. Maximal 
standardized uptake value (SUVmax) from Fluordeoxyglucose Positron Emission Tomography (FDG-PET) was 
used as a measure for inflammatory activity. Results: 36 sarcoidosis patients were eligible for analysis. SFNSL-
score showed a mean decrease of -1,9 points (p = 0.446). SUVmax did improve with a mean of -3.7 (p<0.001). 
No correlation between a decrease of SUVmax and SFNSL screening list could be found (p=0.610). Conclusions: 
Our data reveal no association between anti-inflammatory effect of infliximab and SFN-related symptoms in 
patients with sarcoidosis, which contradicts previous case-reports and case-series. Given the major negative im-
pact of SFN-related symptoms on the quality of life in patients with sarcoidosis, it is necessary that the possible 
beneficial effect of anti-inflammatory therapy will be further addressed in future prospective studies.
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Introduction

Sarcoidosis is a systemic granulomatous disease 
of unknown cause that most often affects the lungs 
and intrathoracic lymph nodes, but many other or-
gans and tissues can also be involved (1,2). Clinical 
presentation and treatment of sarcoidosis depends 

on the organs affected. Pharmacological treatment of 
sarcoidosis is mostly initiated to either prevent spe-
cific organ damage or alleviate symptoms and includes 
 corticosteroids, disease modifying anti rheumatic 
drugs (DMARDs) or anti-tumor necrosis factor alpha 
(anti-TNF-α) inhibitors like infliximab (3,4).

Many symptoms in patients with sarcoidosis, 
however, are not organ specific and include fatigue, 
cognitive failure or pain which can be caused by 
small fiber neuropathy (SFN) (5,6). Prevalence of 
SFN in patients suffering from sarcoidosis ranges 
between 60-86% (5,7) and may contribute to a poor 
health-related quality of life (HRQL) (5,8,9).

The pathogenesis of SFN in sarcoidosis is 
 unknown, but seems not related to direct granuloma-
tous inflammation of small nerve fibers. However, 
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some case reports demonstrate improvement of SFN 
related symptoms during anti-inflammatory treat-
ment (10,11). Furthermore, the positive effects of 
ARA290, which can mitigate inflammation via in-
nate immunity receptors, also suggest a possible rela-
tionship between sarcoidosis inflammation and SFN 
related symptoms (12). This prompted us to further 
investigate a possible relation between inflammatory 
activity in sarcoidosis and SFN-related symptoms. 
Our hypothesis was that decrease in inflammation 
results in improvement of SFN-related symptoms in 
patients with sarcoidosis. Compared to biomarkers 
such as angiotensin converting enzyme (ACE) and 
soluble interleukin 2 receptor (sIL-2R), FDG-PET 
has the highest sensitivity for demonstrating in-
flammatory activity in patients with sarcoidosis 
(13,14). In our local infliximab treatment protocol 
FDG-PET as well as the SFNSL are incorporated 
as baseline and during follow up. Therefore, it was 
possible to compare the course of SFN-related com-
plaints with the reduction of inflammation during 
treatment with infliximab in a well-defined cohort of 
patients with sarcoidosis.

Methods

All sarcoidosis patients treated with infliximab 
at the St. Antonius Hospital between January 2010 
– Oct 2021 were screened for inclusion. All patients 
signed informed consent (via Biobank informed 
consent, R05-08A). Sarcoidosis is diagnosed based 
on the criteria of the American Thoracic Society/
European Respiratory Society (15). From these pa-
tients, start and stop dates of infliximab treatment 
were noted. The maximal Standardized Uptake 
Value (SUVmax) from FDG-PET was used to de-
fine sarcoidosis activity. The Small Fiber Neuropa-
thy Screening List (SFNSL) was used to identify 
the amount and changes in SFN related symptoms 
during treatment.

The complete SFNSL questionnaire consists of 
21 questions, with a score per question ranging be-
tween 0 for no complaints and 4 for maximal com-
plaints. The SFNSL was correlated with temperature 
threshold testing (TTT) in an important reference 
paper by Hoitsma et al. (16). According to this pa-
per, an SFNSL score below 11 suggest the absence 
of SFN based on the fact that no abnormal TTT 
was found in those patients. A score above 48 sug-
gests the presence of SFN based on the fact that 

all patients with a score above 48 had an abnormal 
TTT. Eighty percent of the sarcoidosis patients with 
an SFNSL score between 11-48, showed an abnor-
mal TTT suggesting presence of SFN. Furthermore, 
according to the SFNSL validation study, it is very 
likely for the group with a score between 11-48 to 
develop SFN within 2 years.

Inclusion criteria:

 - Sarcoidosis with infliximab treatment for at 
least 3 months

 - At least two SFNSL scores with at least 
3 months in between

 - Two or more SFNSL-scores within one treat-
ment period

 - SFNSL score up to 14 days around start date 
of treatment

 - SUVmax data available 90 days before or 14 
days after treatment initiation

 - SFNSL-score ≥ 11

Exclusion criteria:

 - No infliximab treatment
 - Only one SFNSL-score within a treatment 

period
 - SFNSL-score at start < 11
 - PET-scan date difference of >90 days with 

SFNSL-score date

SFNSL questionnaires during treatment peri-
ods were collected. In case of multiple treatment pe-
riods, the longest period is used. In order to examine 
the effects of infliximab on SFN related symptoms, 
the SFNSL-score within 14 days around start and 
the most recent score were selected. The minimal 
important difference with clinical relevance on the 
SFNSL-score, is set on 3.5 points (17).

SUVmax was collected in order to investigate 
the response of sarcoidosis activity on infliximab 
treatment. Only values from the longest treatment 
period were included, within 90 days before or 14 
days after initiation and the most recent from that 
period. Moreover, SUVmax had to be available 90 
days around the most recent SFNSL-score.

Statistical analysis was performed with IBM 
SPSS 26.0 Statistics software. Since data was not 
normally distributed, Wilcoxon signed rank test was 
used to calculate significance of difference between 
first and last scores.
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Results

A cohort of 392 patients with sarcoidosis was 
screened. They all received infliximab treatment 
for at least 3 months at the St. Antonius Hospi-
tal. 261 sarcoidosis patients were excluded due to 
lack of a PET-scan in more than 14 days after or 
90 days before treatment initiation. Another 33 
sarcoidosis patients were excluded due to less than 
2 SFNSL-scores within one treatment period. 16 
patients were excluded due to an SFNSL-score be-
low 11 around treatment initiation. In addition, 46 
patients were excluded due to a gap of more than 
14 days between treatment initiation and SFNSL-
score. Finally, 36 sarcoidosis patients were eligible for 
analysis, depicted in Figure 1.

SFNSL scores were collected with a mean of 2 
days (±6.9) after treatment initiation and the most 
recent score with a mean of 832 days (±735). When 
analyzing the relation between time and SFNSL 
change, no correlation could be found (p=0.508; 

R=0.114). SUVmax data were collected with a mean 
of 31 days (±25) before treatment initiation and the 
most recent data with a mean of 878 days (±662) 
after treatment initiation. An overview of baseline 
characteristics of participants is displayed in Table 1.

In our study cohort, inflammatory activity de-
fined by SUVmax improved with a mean of -3.7 
(p=<0.001) during treatment, see Figure 2 A. When 
comparing SFNSL-scores at the start and the end 
of treatment, a difference in the mean of -1.9 points 
was found (p = 0.446), see Figure 2 B. The change of 
SFNSL-score seems not to correlate with the change 
in sarcoidosis activity measured by FDG-PET, as 
can be seen in figure 3. Only half of the population 
showed a decrease of more than 3.5 points on the 
SFNSL questionnaire.

Discussion

In this study a possible relationship between 
inflammatory activity and SFN-related symptoms 

392 SARCOIDOSIS PATIENTS

131 SARCOIDOSIS PATIENTS

98 SARCOIDOSIS PATIENTS

82 SARCOIDOSIS PATIENTS

36 SARCOIDOSIS PATIENTS

+ INFLIXIMAB TREATMENT

261 SARCOIDOSIS PATIENTS
NO PET-SCAN WITHIN 90 DAYS BEFORE

START OR 14 DAYS AFTER START
INFLIXIMAB

33 SARCOIDOSIS PATIENTS

16 SARCOIDOSIS PATIENTS

46 SARCOIDOSIS PATIENTS

FIRST SFNSL<11

FIRST SFNSL>14 DAYS AFTER START
INFLIXIMAB

<2 SFNSL-SCORES WITHIN ONE INFLIXIMAB
PERIOD

+ INFLIXIMAB TREATMENT
+ 2 PET-SCANS AVAILABLE

+ INFLIXIMAB TREATMENT
+ 2 PET-SCANS AVAILABLE

+>1 SFNSL-SCORE WITHIN ONE INFLIXIMAB PERIOD

+ INFLIXIMAB TREATMENT
+ 2 PET-SCANS AVAILABLE

+ >1 SFNSL-SCORE WITHIN ONE INFLIXIMAB PERIOD
+ FIRST SFNSL-SCORE DURING INFLIXIMAB >10

+ INFLIXIMAB TREATMENT
+ 2 PET-SCANS AVAILABLE

+ >1 SFNSL-SCORE WITHIN ONE INFLIXIMAB PERIOD
+ FIRST SFNSL-SCORE DURING INFLIXIMAB >10

+ FIRST SFNSL WITHIN 14 DAYS AFTER INFLIXIMAB INITIATION

Figure 1. Results of exclusion criteria.
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investigate the relationship between the amount of 
inflammatory activity and SFN-related symptoms as 
accurately as possible. In concordance with previous 
studies, treatment with infliximab resulted in a sig-
nificant decrease of inflammatory activity in patients 
with sarcoidosis (13,20–22). However, we did not 

was investigated in patients with sarcoidosis. In our 
opinion, the data are of special interest due to the 
fact that inflammatory activity was measured both at 
baseline and during treatment with FDG-PET, the 
most sensitive biomarker for inflammatory activity 
of sarcoidosis at present (18,19). This enabled us to 

Table 1. Baseline characteristics.

SFNSL >11

Group size 36

Sex (male), n 58% (21)

Ethnicity (caucasian), n 94% (34)

Age (mean years, ±sd) 57 (±10)

Patients with suspected SFN by neurologist 19% (7)

Duration of sarcoidosis symptoms (years, ±sd) 15 (±4)

Duration of neurologic symptoms (years, ±sd) 9 (±3)

Duration of neurologic symptoms in suspected SFN (years, ±sd) 10 (±5)

Sarcoidosis diagnosis with biopsy, n (%) 83% (26)

Other risk factors for SFN Diabetes Mellitus
Hypothyroidism
Fibromyalgia
Vitamin B12 deficiency
Trauma

17% (6)
6% (2)
6% (2)
3% (1)
3% (1)

Smoking status, n (%) Never 44% (16)

Current 0% (0)

Former 39% (14)

Unknown 17% (6)

Scadding stage, n (%) stage 0 8% (3)

stage 1 31% (11)

stage 2 17% (6)

stage 3 8% (3)

stage 4 36% (13)

Main treatment indication, n (%) Pulmonary 44 % (16)

Cardiac 14% (5)

Neurologic Manifestations 11% (4)

Other 30% (11)

Medication use during Inflximab Corticosteroids 69% (25)

Methotrexate 83% (30)

Azathioprine 14% (5)

Hydroxychloroquine 8% (3)

Deceased 11% (4)
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after 6 months of treatment with infliximab (22). 
More recently, in cardiac sarcoidosis, a relationship 
between the burden of inflammatory activity in the 
myocardium measured by FDG-PET correlated 
with left ventricular recovery after treatment with 
immunosuppressive therapy (23). Based on the fact 
that the degree of inflammation has decreased sig-
nificantly in our patients, it is tempting to speculate 

find a relationship between decrease of inflammatory 
activity and improvement of SFN-related symptoms 
in patients with sarcoidosis. Therefore, we were not 
able to find support for our initial hypothesis.

Previous studies in pulmonary sarcoidosis dem-
onstrated a relationship between the burden of in-
flammatory activity present in the lungs at baseline 
and the amount of pulmonary function improvement 

Effects of Infliximab on SUV max
(n=36; p<0.001)

Start End

SU
V

 m
ax

15

10

5

0

A
Effects of Infliximab on SFNSL

(n=36; p=0.446)

Start End

SF
N

SL
 s

co
re

40

30

20

10

0

B

Figure 2. Effects of infliximab on SFNSL-score.
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Figure 3. Correlation between SUVmax change and SFNSL change during Infliximab treatment.
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Abbreviations: ACE: Angiotensin converting enzyme; 
Anti-TNF-α: Anti-tumor necrosis factor alpha; DMARDs: Dis-
ease modifying anti rheumatic drugs; FDG-PET: Fluordeoxy-
glucose Positron Emission Tomography; HRQL: Health related 
quality of life; SFN: Small fiber neuropathy; SFNSL: Small fiber 
neuropathy screening list; sIL-2R: Soluble interleukin 2 receptor; 
SUVmax: Maximal standardized uptake value; TTT: Temperature 
threshold test.
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ible damage to the small fibers and not malfunction 
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Our findings are not in line with other studies 
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