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Objective: Randomized trials testing the effect of antibiotics for chronic low back pain (LBP) with vertebral bone marrow changes on 
MRI (Modic changes) report inconsistent results. A proposed explanation is subgroups with low grade discitis where antibiotics are 
effective, but there is currently no method to identify such subgroups. The objective of the present study was to evaluate whether 
distinct patterns of serum cytokine levels predict any treatment effect of oral amoxicillin at one-year follow-up in patients with chronic 
low back pain and Modic changes at the level of a previous lumbar disc herniation.
Design: We used data from an overpowered, randomized, placebo-controlled trial (the AIM study) that tested 100 days of oral 750 mg 
amoxicillin vs placebo three times daily in hospital outpatients with chronic (>6 months) LBP with pain intensity ≥5 on a 0–10 
numerical rating scale and Modic changes type 1 (oedema type) or 2 (fatty type). We measured serum levels of 40 inflammatory 
cytokines at baseline and analysed six predefined potential predictors of treatment effect based on cytokine patterns in 78 randomized 
patients; three analyses with recursive partitioning, one based on cluster analysis and two based on principal component analyses. The 
primary outcome was the Roland–Morris Disability Questionnaire score at one-year follow-up in the intention to treat population. The 
methodology and overall results of the AIM study were published previously.
Results: The 78 patients were 25–62 years old and 47 (60%) were women. None of the three recursive partitioning analyses resulted 
in any suggested subgroups. Of all main analyses, the largest effect estimate (mean difference between antibiotic and placebo groups) 
was seen in a subgroup not predefined as of main interest (Cluster category 3+4; −2.0, 95% CI: −5.2–1.3, RMDQ points; p-value for 
interaction 0.54).
Conclusion: Patterns of inflammatory serum cytokine levels did not predict treatment effect of amoxicillin in patients with chronic 
LBP and Modic changes.
Clinical Trial Registration Number: ClinicalTrials.gov (identifier: NCT02323412).
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Plain Language Summary
A suggested subgroup of patients with chronic low back pain that could benefit from specific treatments comprises those with vertebral 
endplate changes visible on MRI (Modic changes). One theory of Modic changes suggests that the etiology is a low-grade discitis, but 
no biomarker exists that could identify patients with infection that would benefit from antibiotic treatment. This article is the first to 
assess multiple serum biomarkers linked to infection as predictors of antibiotic treatment effect in patients with chronic low back pain 
and Modic changes. These results could guide further research that seeks to identify patients with chronic low back pain and infection.

Introduction
A suggested subgroup of patients with chronic low back pain (cLBP) have signal changes in the vertebral bone marrow 
that extend from the endplate (Modic changes, MCs) on magnetic resonance imaging. These are classified as type 1 
(oedema type), 2 (fatty type) and 3 (sclerotic type) based on standard T1- and T2-weighted sequences.1

There are three main theories on the etiology of MCs – mechanic, autoimmunity and infection – which all have 
support in basic scientific research.2–12 While all these theories could be true on a population level, a single main etiology 
would be more likely for the individual patient. The infection theory, mainly implicating C.acnes in the intervertebral 
disc adjacent to MCs, has been assessed in several studies of local tissue samples, with conflicting results.10,13,14 Possible 
explanations for these conflicting results include colonization, contamination (suggesting a false-positive finding) or 
microbiologically inadequate techniques (suggesting a false-negative finding).15 Recent studies with microbiological 
techniques better suited to rule out contamination (ie fluorescence in situ hybridization) suggest that C.acnes could be 
present in a smaller subset of patients.8,16 Hence, an effect of antibiotic treatment, if any, would only be expected to occur 
in a subset of patients with cLBP and MCs.

In 2013, a randomized controlled trial testing the effect of antibiotics in patients with cLBP and MC type 1 reported 
a large treatment effect.17 The AIM study, intending to replicate the 2013 trial while also including patients with type 2 
(but not type 1) MCs, found a statistically significant, but not clinically important, effect of amoxicillin.18 Subgroup 
analyses suggested better effects in patients aged <40 years19 and in a small subgroup with abundant MC-related oedema 
on MRI.20 Due to the potential of antibiotics to improve back pain but also to increase antibiotic resistance, it is essential 
to avoid both under- and overtreatment. There is still no currently available clinical test or investigation for individual 
patients to establish an underlying cause of MCs or to guide treatment. However, in vitro transcriptomic analyses of bone 
marrow aspirates/biopsies in patients with MCs suggest that the local immunological response from C.acnes infection is 
different from autoinflammation.21 Immunological parameters might therefore act as predictors of antibiotic treatment 
effect in our population of interest.

Cytokines are crucial signal molecules of the immune system produced by various cells and tissues,22 including disc 
cells,23 and are involved in the pathophysiology of disc degeneration and MCs.24,25 They play a role in orchestrating the 
host response to infection and trauma as well as in immune-mediated diseases.26 We have previously reported an increase 
in serum inflammatory cytokine levels in patients with cLBP with MCs, but the underlying mechanism is uncertain.27 

The relationship between disease pathophysiology and cytokines is often complex due to a cascade of downstream 
signalling events for many cytokines and dynamic immune responses that can be influenced by various internal and 
external factors.28 Single cytokines may consequently be unspecific, and the relationship between pathophysiological 
processes and cytokines may better be understood by looking at patterns of multiple cytokines. In other populations 
a distinct cytokine pattern or cytokine-associated gene signature may distinguish between infection, and other inflam-
matory etiologies in conditions like encephalitis,29–31 systemic lupus erythematosus32 and diabetes.33 Serum cytokine 
levels differentiated patients with vertebral osteomyelitis (6 out of 16 patients with low virulent bacteria) from patients 
with disc degeneration/erosive osteochondrosis.34 Further, cytokine levels in mononuclear cells in the peripheral blood 
may discriminate pathogenic from commensal C.acnes phylotypes in skin.35 Local infection with C.acnes can induce 
increased cytokine levels in the intervertebral disc6,36–38 and serum39–42 (see Table 1 in the statistical analysis plan 
(SAP))43 A possible infectious etiology of MCs could therefore be associated with increased levels of certain cytokines 
and/or a distinct serum cytokine pattern. There are to our knowledge no previous studies that have assessed cytokines as 
predictors of amoxicillin effect in patients with chronic low back pain.
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The objective of the present study was to evaluate whether distinct patterns of serum cytokine levels predict any 
treatment effect of 100 days of oral amoxicillin at one-year follow-up in patients with cLBP and type 1 or type 2 MCs at 
the level of a previous lumbar disc herniation. Our hypothesis was that patients in the antibiotic group with a certain 
pattern of serum cytokine levels at baseline report a significantly lower RMDQ score at one-year follow-up than patients 
in the placebo group with the same cytokine pattern. If this hypothesis is true, the clinical significance would be that 
amoxicillin is a possible treatment option for a subgroup of patients with cLBP.

Methods
We used data from the AIM study that included 180 patients from six Norwegian hospital outpatient clinics.18 Patients 
were included by medical doctors from June 2015 to September 2017. The inclusion criteria were age 18–65 years, LBP 
for more than 6 months with a mean intensity ≥5 of three 0–10 numerical rating scales (NRS), lumbar disc herniation on 
MRI in the preceding 2 years, and type 1 or type 2 MCs (with height ≥10% of vertebral body height and diameter >5 
millimeters) at the previously herniated disc level (defined as index level). Patients with any specific diagnosis that could 
explain the patient’s low back symptom were excluded. Further details of the eligibility criteria and trial methods were 
published previously.18 Patients were centrally randomized to receive oral amoxicillin 750 mg or placebo (maize starch) 
three times daily for 100 days. The study medication had identical encapsulation, labels and containers. Patients were 
classified as MC type 1 group if they had type 1 present (even if another type was more extensive) and as MC type 2 
group if they had type 2 MCs, but not any type 1 MCs, at index level. Allocation was computer-generated, concealed and 
stratified by prior disc surgery and MC type (1:1:1:1 allocation and block sizes of four and six). Patients received 
a prescription from their care providers with an allocation number to be used at dedicated pharmacies. All patients, care 
providers, research staff and statisticians were blinded to treatment allocation during the trial.

The primary outcome in the AIM study was pain-related disability measured by the Norwegian validated version of 
the Roland–Morris Disability Questionnaire (RMDQ, score range 0–24) at one-year follow-up.44,45 The minimal 
clinically important between-group difference in mean RMDQ score was defined as 4 points. Pain-related disability 
measured by the Oswestry Disability Index (ODI, score range 0–100)46 and LBP intensity NRS (score range 0–10)47 

were secondary outcomes. RMDQ, ODI and LBP intensity NRS are all part of the recommended core outcome 
measurement set for clinical trials in nonspecific low back pain due to their measurement properties.45

Table 1 Cytokines Analyzed in the Present Study

Description Cytokines with a Biological 
Rationale for a Possible 
Association with C.acnes 
Infection in Disc

Cytokines with No Biological Rationale for 
a Possible Association with C.acnes Infection 
in Disc

Cytokines TNF 
IFN-γa 

IL-1β 
IL-6a 

IL-8 

IL-10 

CCL2 
CCL3a

IL-2a CCL15a CXCL1
IL-4a CCL17a CXCL2

IL-16a CCL19a CXCL5b

GM-CSF CCL20a CXCL6a

MIFa CCL21a CXCL9

CCL1 CCL22a CXCL10
CCL7a CCL 23a CXCL11

CCL8 CCL24 CXCL12

CCL11a CCL25a CXCL13a

CCL13a CCL26a CXCL16a

CCL27a CX3CL1a

Notes: aCytokines with levels that were significantly different from healthy controls. bCytokine excluded from further 
analyses due to levels below the limit of quantification for more than half of the samples. 
Abbreviations: TNF, Tumour necrosis factor; IFN-γ, interferon gamma; IL, Interleukin; GM-CSF, Granulocyte-macrophage 
colony-stimulating factor; MIF, Macrophage migration inhibitor factor; CCL, C-C motif ligand; CXCL, Chemokine 
C-X-C motif ligand; CX3CL, Chemokine C-X3-C Motif Ligand.
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The Clinical Trial Unit at Oslo University Hospital monitored the trial. The AIM study and statistical analysis plan 
(SAP) of the present analyses are registered at ClinicalTrials.gov (identifier: NCT02323412). The trial was approved by 
the Regional Committees for Medical Research Ethics South East Norway (project 2014/158/REK sør-øst C) and was 
performed in accordance with the Helsinki Declaration.

Patients
For the present study we measured serum cytokine levels in a selected group of patients in the AIM study with as “pure” MC 
type as possible; type 1 MCs had to be the most extensive MC type at two or more endplates at index level (MC1), or type 2 but 
not type 1 had to be present at the index level (MC2). The justification for this selection of patients was published previously.27 

Out of 83 patients with measured cytokine levels at screening, 78 patients (43 MC1, 35 MC2) had been randomized and were 
included in the current analyses (Figure 1). All patients provided written informed consent.

Cytokine Measurements and Profiling
Blood was collected at screening, a median 40 (interquartile range, 34–42) days before randomization, by using BD 
vacutainer tubes with no additives. We stored the samples at room temperature for 45 minutes before centrifugation at 

582 Assessed for eligibility in the AIM-study

310 Failed to meet 
inclusion/exclusion 
criteria (5 measured 
cytokine levels)180 Underwent randomisation

78 measured cytokine levels

89 Allocated to amoxicillin and started study 
medication
46 measured cytokine levels
46 measured cytokine levels and reported 
RMDQ at baseline

91 Allocated to placebo and started study 
medication
32 measured cytokine levels
31 measured cytokine levels and reported 
RMDQ at baseline

Treatment non-completion:
1 stopped study medication due to an adverse event 
related to protocol deviationa

2 stopped study medication due to an adverse eventb

4 non-compliers

45 patients evaluated at 1-year follow-up
45 reported RMDQ at 1 year
41 included in the complier population

Treatment non-completion (n=5)

46 Included in the intention-to-treat population

28 patients evaluated at 1-year follow-up
28 reported RMDQ at 1year
24 included in the complier population

End of Study before 3 months (n=1)
Treatment non-completion (n=6) 
Given both amoxicillin+placebo (n=1)d

32 Included in the intention-to-treat population

Treatment non-completion:
2 voluntarily discontinued study medicationc

4 non-compliers 

End of study during treatment 
phase (0-3 months):
none

End of study during treatment 
phase (0-3 months):
1 lost to follow-up

Healthy controls
50 measured 
cytokine levels

Figure 1 Flow chart (with numbers relevant for cytokine measurements in red). aOne patient in the amoxicillin group became pregnant (protocol deviation as all patients 
were instructed to use contraception), not included in the complier population. bTwo patients in the amoxicillin group stopped study medication due to adverse events and 
were included in the complier population. cTwo patients in the placebo group discontinued because they started three-month treatment with amoxicillin/clavulanic acid due 
to chronic low back pain. dDue to a mistake at pharmacy, the patient was given a mix of bottles containing amoxicillin and placebo.
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2000g for 10 minutes at room temperature. Serum was immediately withdrawn and stored at −80°C prior to cytokine 
analysis. We measured a standard panel of inflammatory cytokines (see Table 1) in serum using a Pro Human Chemokine 
multi-bead assay (Bio-Rad, Norway). Data was recorded with a Luminex IS 100 instrument (Bio-Rad, Hercules, CA, 
USA) and protein concentrations were finalized using recombinant standard curves. One cytokine (CXCL5) was not 
detected in the measurements of most patients and was excluded from the statistical analyses.

In order to identify subsets of subjects based on cytokine patterns, we performed cluster analyses that identified four 
categories of patients, from category 1 with the highest cytokine levels to category 4 with the lowest.27 These were 
further dichotomized into two categories (1+2 vs 3+4) in the present analyses. The cluster analysis was performed 
without post-randomization variables and done prior to any analyses in the present paper.

Statistical Analyses
We predefined six main analyses, each testing a potential predictor subgroup defined by patterns of cytokines (or using 
information from all or several cytokines), in accordance with the PROGRESS (PROGnosis RESearch Strategy) 
framework on statistical analyses of predictors of treatment effect.48 The rationale for each analysis (1A, 1B, 1C, 2A, 
3A, 3B) is listed in Table 2. A detailed description of the algorithm parameters for analyses 1A, 1B and 1C are listed in 
Table S1 in the Supplementary Appendix. All six analyses used linear regression with RMDQ score at one year as the 
dependent variable and the interaction term (predictor*treatment group) as the independent variable adjusted for baseline 
RMDQ score, the potential predictor, the treatment group, the randomization stratification variables (MC type [1/2] and 
for former disc herniation surgery (yes/no]). The focus of our analyses was assessing the effect of assignment to 
amoxicillin treatment, and all analyses were of the intention-to-treat population. Missing values in RMDQ were imputed 
using multiple imputation. We assessed normality distribution of the residuals in these six linear regression analyses by 
QQ-plots and homogeneity of variance by Levene’s test. The subgroups were all based on data available at the time of 
randomization and the analyses were ranked from most to least likely predictors. We consider all analyses hypothesis- 
generating as they are not previously described in the literature and accordingly we do not adjust for multiple testing.

Statistical analyses were performed in Stata 16 and RStudio (version 1.4.1717). More details on the analyses that 
defined the potential predictor subgroups, the imputation model and other statistical methods used are described in the 
SAP published at ClinicalTrials.gov.43

Sample Size and Power
The main trial (the AIM study) was overpowered (n=180) nearly three times as it was powered for both MC types (1 
and 2) and power analyses suggested 66 analyzed patients were needed in each MC type group.18 We are unaware of 
methods to calculate power for our post-defined subgroups (analyses 1). For the cytokine categories (analysis 2) our 
sample size (n=78) will provide a power of 0.72 to detect an effect size of 6 RMDQ points in the interaction test (see 
details in the SAP).43 The number of participants in the subgroup of interest (cytokine category 1+2, n=24 vs n=13) will 
provide the power to detect a difference in mean RMDQ scores of 5 (α=0.05, β=0.2, SD=5) in the stratified analysis 
(assessing treatment effect within the subgroup category of interest, ie cytokine category 1+2).

Results
The 78 patients were 25–62 years old (mean 44 and standard deviation 8.9 years) and 47 (60%) were women. Forty-six 
patients were randomized to amoxicillin and 32 to placebo. The distribution of plate number used for cytokine analyses 
and baseline cytokine categories (based on cluster analysis) according to treatment group is presented in Table 3. 
Baseline clinical characteristics according to treatment group for each of the cytokine categories (category 1+2 and 3+4) 
are shown in Table S2 in the Supplementary Appendix. A visual summary of cytokine levels in each cytokine category, 
including information about treatment group and improvement of RMDQ, is presented in Figure 2.

We found no evidence of clinically relevant or statistically significant interaction between subgroup and treatment groups 
in the main analyses (Table 4). None of the three recursive partitioning analyses resulted in any suggested subgroups that could 
be examined in analyses 1. For analyses 2, there were neither clinically relevant nor statistically significant differences 
between the treatment groups within each cytokine category (1+2 and 3+4). For analyses 3, neither of the principal component 
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analyses resulted in any clinically relevant or statistically significant effect (Table 4 and Figure S1). Of all main analyses, the 
largest effect estimate (mean difference between antibiotic and placebo group) was seen in a subgroup not predefined as of 
main interest (cluster category 3+4; −2.0, 95% CI: −5.2 to 1.3, RMDQ points; p-value for interaction 0.54). Recursive 
partitioning with the secondary outcomes ODI and LBP intensity did not present in suggested subgroups. Sensitivity analyses 
(not predefined) using fractional polynomial interaction models for analysis 3 to assess the non-linear relationship of the 
interaction between principal components 1 and treatment group were negative (Figure S2A and S2B in the Appendix).

Discussion
The present study found no evidence that serum cytokine levels using a panel of 40 proinflammatory cytokines predict 
antibiotic treatment response in patients with cLBP and Modic changes.

Table 2 Main Analyses of Cytokine-Defined Predictors of Treatment Effect

Hypothesis: Patients with a certain pattern of serum cytokine levels at baseline in the antibiotic group report a significantly lower RMDQ score at 

one-year follow-up than patients in the placebo group.

Variables and Subgroups Analysis Rationale

Post-defined subgroups  
Subgroups defined based on (predefined) data-mining 

statistical analyses with recursive partitioning (stage 1 of 
analysis 1). The three recursive partitioning models differ 

only in terms of variables included:

Patterns of cytokines relevant for subgroups might be defined by 

combinations of individual cytokines. Recursive partitioning 

analyses search for subgroups by directly testing the interaction of 
combinations of individual cytokines and treatment group, with no 

assumption of cut-off values for cytokines. We used an adaptive 

SIDEScreen method as it screens for biomarker-by-treatment 
interactions in a more flexible way and also handles multiplicity in 

complex subgroup search problems.49 

An infection of the intervertebral disc (discitis) could be 
associated with a distinct serum cytokine pattern that is different 

from the pattern in a patient without such infection. We have 

ranked the post-defined (data-driven) subgroup analysis first as 
there is limited knowledge about C.acnes intervertebral discitis 

and serum cytokine levels, and relevant classifications and cut-offs 

might go unnoticed in analysis of pre-defined subgroups.49

i. Cytokines with a biological rationale for a possible association 
with C.acnes infection in disc (IL-1β, IL-8, TNF-α, IL-6, IFN-γ, IL- 

10, CCL3, CCL2)

1 A

ii. Cytokines with a biological rationale for a possible association 
with C.acnes infection in disc (IL-1β, IL-8, TNF-α, IL-6, IFN-γ, IL- 

12, IL-10, CCL3, CCL2) + age and abundance of MC oedema 

(STIR composite variable)20

1 B

iii. All 39 cytokines 1 C

Pre-defined subgroups   
Cytokine categories: Prespecified classification based on 
cluster analysis (Figure 2). To identify grouping of patients 

based on serum cytokine levels, we split the heatmap using 

k-means partitioning of patients and hierarchical clustering of 
cytokines. We used Pearson correlation for cytokines and 

complete linkage of Euclidean distance for individuals, giving 

four categories of patients.

Patients with similar pathophysiology could arguably have more 

similar cytokine patterns than patients with different 
pathophysiology. Relevant subgroups might hence be defined by 

clustering patients based on how similar their cytokine patterns 

are. 
We used unsupervised clustering analysis as we wanted an analysis 

with minimal assumptions about the relationship within the data. 

We hypothesize that categories 1 and 2 are the most likely 
category of patients with treatment effect, due to increased levels 

of TNF-α, IFN-γ and IL-10 (and correlated cytokines).

iv. Classification group dichotomized into category 1+2 

(hypothesized group with treatment effect) vs category 3+4.

2 A

Principal component 1 (continuous variable, the one that 

explains the most variance) of principal component analyses 

calculated for the correlation matrix (Figure S1 in 
Supplementary Appendix) of:

The information from all cytokine levels that is relevant for 

predicting treatment effect might be better contained using 

a continuous variable, as suggested by the PROGRESS 
framework.48 

We used principal component analyses as we wanted to preserve 

the maximum amount of information from the cytokines into one 
single variable.

v. Cytokines with levels that were known from previous literature 
to be significantly different from the healthy controls:27 (CCL11, 

CCL22, CCL21, IL4, CCL26, IL6, CXCL13, CX3CL1, CCL27, 

CXCL6, CCL20, IFNγ, CCL19, IL2, CCL17, IL16, CCL25, 
CCL7, CCL13, MIF, CCL3, CCL15, CCL23, CXCL16)

3 A

vi. All 39 cytokines 3 B
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Interpretation
A possible explanation for our negative findings is that back pain related to MCs is not caused by bacterial disc infection 
and, hence, there is no treatment effect of oral amoxicillin in subgroups (or the whole population) of cLBP with MCs. 
Alternatively, serum cytokine levels could be too unspecific to identify patients with a local disc infection. Although our 
panel of cytokines are known to be increased in infection, it was selected based on the cytokines’ known association with 
inflammation, and their ability to distinguish infection from inflammation locally in discs is uncertain. Recent evidence 
suggests that for many cytokines (eg IL-1β, TNF, CCL20), but not all (eg IL-6), serum levels will not be correlated to 
disc level.50 A previous small study found no differences in serum cytokine levels in LBP patients with or without type 1 
MCs, questioning the relevance of serum cytokines in patients with MCs.51

It has been suggested that only MCs type 1 (oedema type) are relevant when assessing predictors of antibiotic 
effects.52 However, our findings were also negative in the analyses that endorsed subgroups of patients with abundant 
MC oedema (analyses 1B).

Recent microbiological studies of tissue samples from lumbar disc herniations suggest that bacteria other than C. 
acnes might be present, which typically would not be sensitive to amoxicillin treatment.53 In the present study, the choice 
of antibiotic was based on the theory that MCs and LBP are related to a low grade discitis with C.acnes. We investigated 
whether patterns of serum cytokines would predict treatment effect of amoxicillin, and not whether patterns of serum 
cytokines are associated with any bacterial disc infection per se.

Limitations
A main limitation of our study might be insufficient power to detect minimally important differences in the interaction 
terms, ie small differences in treatment effects between those who did and those who did not belong to a subgroup. Thus, 
we cannot entirely exclude the possibility of subgroups based on cytokine patterns with small treatment effects. In 
particular, the recursive partitioning analyses would only be able to detect large effects.

Table 3 Distribution of Baseline Cytokine Categories by Treatment Group

Subgroups Amoxicillin Group (N = 46) Placebo Group (N = 32)

n % n %

Kit no of cytokine analyses

1 6 19 8 17

2 7 22 7 15

3 4 13 10 22

4 6 19 8 17

5 4 13 10 22

6 5 16 3 7

Cytokine categorya

Category 1 5 11 3 9

Category 2 19 41 10 31

Category 3 13 28 7 22

Category 4 9 20 12 38

Sum 46 100 32 100

Note: aCytokine categories based on cluster analysis as described in the main text, used for 
analysis 2.
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However, we believe the power was acceptable in the stratified analyses (assessing treatment effect within the subgroup 
category of interest). Although the effect size in our power calculation (5 RMDQ points on a 0–24-point scale) was higher than 
the 4 RMDQ points we regarded as the minimally clinically important difference in the main trial, it is still less than 50% of the 
mean baseline value and small compared to the reported treatment effect (8.3 RMDQ points on a 0–23-point scale) in the 2013 
trial. Also, the covariates we added probably increased power.54 For our cytokine categories of interest (1+2) the confidence 
interval of the treatment effect suggests that clinically relevant differences are unlikely. With no clinically relevant differences 
in the stratified analyses, it is arguably of little interest to test significance of the interaction terms. Furthermore, such small 
treatment effects would be unlikely given the theory that pain was due to an infection.

Another limitation is that we did not measure cytokines potentially relevant for discitis such as vascular endothelial 
growth factor (VEGF) and IL-12(p70).34 We did however measure a broad panel of cytokines which we believe covers 
the most important related to disc pathology.

A further limitation was due to two patients who guessed (correctly) that they were in the placebo group and decided 
to stop study medication. Both patients received antibiotics for their back pain from physicians outside the study but were 
still included in the placebo group for our intention to treat analysis.

Figure 2 Heatmap showing serum cytokine levels of patients grouped by cluster analysis. Rows representing cytokine levels (log-transformed values) and columns 
representing individuals divided into four cytokine categories based on cluster analysis (analysis 2). Cells are color scaled according to cytokine concentration (blue=low, 
red=high). 
Notes: At the bottom of the figure, green (placebo) and blue (amoxicillin) color shades represent change (improvement) between baseline and one-year follow-up (in 
percentage of baseline value), with darker color meaning more improvement. White represents missing values. A visual inspection of the heatmap does not provide any clear 
pattern of cytokines that seem to trend towards any treatment effect. 
Abbreviation: RMDQ, Roland–Morris Disability Questionnaire (measure of patient-reported pain-related physical disability).
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The eligibility criteria of our trial, ie requiring previous disc herniation within two years or excluding specific 
diseases, might reduce the generalizability of our findings. Our results could possibly be different in other back pain 
populations, ie with sciatica. Minocycline (an antibiotic belonging to the tetracycline group) had a small, but not 
clinically relevant, effect on leg pain (1.5, CI: 0.2–2.8, on a 0–10 NRS) compared to placebo in a population with 
subacute lumbar radicular pain, but the study did not record whether the patients had MCs.55

Further Studies
Ideally, identification of individuals who could benefit from amoxicillin treatment would be by documenting evidence of 
C.acnes infection of the intervertebral disc or adjacent vertebral bone marrow. However, identifying C.acnes in such 
tissue is known to be challenging for several reasons, eg difficulties with collecting relevant and sufficient sample 
material and challenges with microbiological methods.56 Further studies intending to examine systemic biomarkers of C. 
acnes disc infection should be based on recognized microbiological methods that are specific to C.acnes virulence.

Conclusion
Patterns of serum inflammatory cytokine levels did not predict treatment effects of amoxicillin on back pain outcomes at 
one-year follow-up in patients with cLBP and type 1 or type 2 MCs at the level of a previous lumbar disc herniation.

Data Sharing Statement
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