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Abstract
Objective

The objective of this study was to examine the tissue degradation in response to anti-IL6 receptor treatment in 
rheumatoid arthritis (RA) patients which are anti-TNF-α inadequate responders.

Methods
RADIATE was a randomised, double-blinded, placebo-controlled, parallel-group, phase III trial. RA patients with 

previous inadequate response to anti-TNFα therapy (n=299) were randomly assigned to tocilizumab 4 or 8 mg/kg with 
methotrexate (10–25 mg weekly) or placebo with methotrexate. Type III collagen degradation (C3M) and CRP 

degradation (CRPM) were analysed in serum samples at baseline and 16 weeks. 

Results
Treatment with 4 and 8 mg/kg tocilizumab significantly decreased C3M (p=0.0001 and p=0.0007) and CRPM (p<0.0001) 

levels after 16 weeks. Changes in C3M and CRPM levels after 16 weeks correlated well with the changes in disease 
activity score 28 (DAS28). Change in CRPM levels furthermore correlated moderately with the change in patient pain 

(VAS) (rpartial of 0.20) and Health assessment questionnaire disability index (HAQ-DI) (rpartial of 0.24). Changes in 
biomarker levels above median change led to an odds ratio of 1.95 (C3M) and 3.00 (CRPM) for achieving the American 

College of Rheumatology 20% improvement criteria (ACR20).

Conclusion
This study shows that a decrease in inflammation leads to a decrease in excessive extracellular matrix degradation. 

It furthermore supports earlier shown evidence that tocilizumab works in the treatment of RA patients, although there is 
a clear need for identifying and selecting patients who are more likely to respond to treatment.
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Introduction
Rheumatoid arthritis (RA) is a chronic, 
inflammatory disease characterised by 
severe joint pain, extensive inflamma-
tion of the synovial membrane (synovi-
tis) and elevated tissue turnover. RA pa-
tients are treated with disease-modify-
ing anti-rheumatic drugs (DMARDs). 
Tocilizumab (TCZ) is a biological 
DMARD targeting the interleukin 6 
(IL-6) receptor. TCZ inhibits both solu-
ble and membrane-bound IL-6R, thus, 
blocking IL-6 binding and thereby lim-
iting its pro-inflammatory activities and 
decreasing prothrombotic biomarkers 
(1, 2). IL-6 works as part of a complex 
network of pro-inflammatory cytokines 
including TNF-α, which together pro-
motes tissue degradation (3). IL-6 regu-
lates a variety of cells such as leuko-
cytes and hepatocytes and furthermore 
have systemic effects (4). In the liver, 
it stimulates the hepatocytes to increase 
production of acute-phase proteins 
such as C-reactive proteins (CRP) (4). 
IL-6 is also shown to play an important 
role in the regulation of tissue turnover 

(4-6); amongst other through the up-
regulation of matrix metalloproteinases 
(MMP) (7). In high tissue turnover dis-
eases, such as RA, CRP is deposited in 
the inflamed tissue, where it is suscep-
tible to degradation by MMPs. CRPM 
is an MMP-degraded fragment of CRP, 
which is released to the circulation and 
can be measured as a biomarker of tis-
sue inflammation (8). The biomarker 
CRPM provides information on tissue 
inflammation and proteolytic degrada-
tion compared to only providing infor-
mation on the presence of inflammation 

(8). As CRP is up-regulated with in-
flammation, infection and tissue injury, 
it is considered a non-specific biomark-
er of general inflammation (9), whereas 
CRPM is a specific biomarker of tissue 
inflammation .
The extracellular matrix (ECM) is an 
important dynamic structure present in 
all tissues and is of great importance 
for tissue function and helps control cell 
phenotype and function (10). Healthy 
tissue continuously undergoes con-
trolled remodelling mediated by proteas-
es. Altered architecture and composition 
of tissues are pathological hallmarks of 
RA (11); the fine balance between for-

mation and degradation of ECM has 
shifted. This can be seen as excessive 
tissue turnover of the synovial joints 

(12, 13) partly mediated by MMPs (14). 
Type III collagen is the main structural 
collagen of the synovium. An increased 
turnover of this collagen have been re-
ported in RA (15-17), and is associated 
with disease activity (16, 18). C3M is 
an MMP-degraded fragment of type III 
collagen serving as a biomarker of tissue 
destruction (19). With this biomarker it 
is possible to quantify the tissue degra-
dation, aiding in the understanding of the 
magnitude of tissue degradation in RA.
TCZ has demonstrated efficacy in pa-
tients with moderate to severe RA with 
inadequate response to methotrexate 
and anti-TNF in the LITHE and RA-
DIATE studies (6, 20). A range of bio-
markers were analysed in both studies: 
In the RADIATE trial TCZ regulate the 
bone markers CTX-I (cathepsin K-me-
diated bone resorption), N-MID (osteo-
calcin) and ICTP (MMP-mediated type 
I collagen degradation). In the LITHE 
study TCZ modulated markers of con-
nective tissue turnover (21, 22). Here, 
it was found that TCZ decreased tissue 
degradation measured by biomarkers as 
C3M and CRPM (6) in the MTX inad-
equate responder population. However, 
patients do not always respond to the 
same treatments. The aim of this study 
was to examine the tissue degradation 
in response to anti-IL6R treatment in 
RA patients which are anti-TNF-α in-
adequate responders.

Patients and methods
Study design and serum samples
RADIATE (Clinical trial registry num-
ber: NCT00106522) was a randomised, 
double-blinded, placebo-controlled, par-
allel-group, phase 3 trial first described 
by Emery et al. (22). The RADIATE 
study was conducted throughout North 
America and Western Europe where pa-
tients (n=499) were randomly assigned 
to tocilizumab 8 mg/kg or 4 mg/kg or 
placebo intravenously every 4 weeks. 
In addition, all patient received metho-
trexate (10-25 mg weekly). Adults (>18 
years of age) with moderate to severe 
active RA and failure to respond to one 
or more anti-TNF-α within a year were 
included in the study. 
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For this sub-study, samples from 299 
consenting patients were collected for 
biochemical marker assays and meas-
ured blinded. Only patients with base-
line and follow-up samples at week 
16 were included. Samples without 
enough material were excluded.
All participants gave written, informed 
consent before inclusion in the study and 
was carried out in accordance with the 
principles of the declaration of Helsinki.

Biochemical marker assay
Serum from patients at baseline and af-
ter 16 weeks was examined in ELISAs 
measuring type III collagen degradation 
(C3M) and CRP degradation (CRPM). 
The C3M (19) and CRPM (23) assays 
are solid phase competitive ELISAs de-
veloped and produced by Nordic Bio-
science (Herlev, Denmark). The assay 
were run according to instructions from 
the manufacturer.
Samples below the lower limit of de-
tection were assigned the value of the 
lower limit of detection (C3M: 1.0 ng/
ml, CRPM: 0.5 ng/ml)

Statistical analyses
Summary statistics were used for base-
line demographics and baseline RA 
characteristics separated into treatment 
(Table I). As the data was not normally 
distributed, the data was transformed 
using the natural logarithm. Differ-
ence in biomarker levels over time was 
tested by paired t-test for each treat-
ment. The dose dependent difference 
between two treatment groups TCZ4 
and TCZ8, and PBO was examined by 
one-way ANOVA at baseline and week 
16. The correlation between baseline 
levels of biomarkers and demographics 
and clinical features were examined us-
ing spearman’s rank correlation while 
multiple linear regression were utilised 
to examine the correlation between bio-
markers levels (baseline and change in 
levels) and disease activity. Bonferroni 
correction was used to find the critical 
p-value, which was found to be <0.005 
with 10 parameters and <0.017 for 3 
parameters.
All statistics analyses were performed 
using MedCalc v. 14.8.1 and Prism 
Graphpad v. 7.0 and graphs were made 
using Prism Graphpad v. 7.0.

Results 
Baseline demographics
The full trial description has been previ-
ously described by Emery et al. (22) and 
Karsdal et al. (5). The RADIATE study 
had 499 patients separated into three 
treatment arms from which this sub-
study had similar distribution of gender, 
age, and disease duration. There were 
no significant difference between the 
three different treatment arms character-
istic, neither were there any significant 
difference in characteristics between the 
full trial and this sub-study (Table I). 
 
Biomarker levels
C3M levels were significantly decreased 
at week 16 compared to baseline in pa-
tients receiving TCZ8 (p<0.0001) and 
TCZ4 (p=0.0007). After 16 weeks, 

a significant difference between the 
TCZ8 and placebo group was observed 
(p=0.0002) (Fig. 1a). 
TCZ8 and TCZ4 (p<0.0001) signifi-
cantly decreased CRPM levels at week 
16 compared to baseline. A dose de-
pendent decrease was observed for 
CRPM levels as the difference between 
TCZ8 and TCZ4 (p=0.0007) and TCZ8 
and placebo (p<0.0001) were signifi-
cant different (Fig. 1b). 

Correlation between baseline 
levels and clinical parameters
The relationship between tissue degrada-
tion and clinical parameters was exam-
ined using the natural logarithm to the 
biomarker baseline values (Table III). 
C3M and CRPM levels were moder-
ately correlated with disease activ-

Table I. Baseline demographics and disease activity shown as mean (SD). One way     
ANOVA was used to examine any significant difference between the treatment groups.

 MTX + Tocilizumab

Characteristic Placebo + MTX 4 mg/kg 8 mg/kg
 (n=65) (n=72) (n=80)

Age, years 54.1 (12.2) 51.6 (12.4) 53.1 (11.2)
Female, % 75.4  81.9  87.5 
Disease duration, years 11.9 (10.2) 11.7 (9.9) 13.4 (9.3)
BMI 28.0 (6.4) 28.5 (5.9) 26.8 (6.1)
Patient pain, VAS 61.8 (23.8) 68.2 (18.1) 65.3 (20.2)
HAQ-DI score 1.7 (0.6) 1.7 (0.5) 1.7 (0.6)
DAS28 6.9 (1.0) 6.9  (0.9) 6.7 (1.0)
CRP, mg/dL 4.0 (4.4) 3.7 (4.1) 3.2 (3.5)
ESR, mm/h 57.1 (32.6) 51.7 (28.2) 47.5 (29.2)
SJC 19.3 (10.4) 19.3 (9.6) 17.5 (9.3)
TJC 33.1 (14.6) 31.7 (14.5) 30.9 (15.6)

BMI: body mass idex; CRP: c-reactive protein; DAS28: disease activity score 28 joints; ESR: erythrocyte 
sedimentation rate; HAQ-DI: health assessment questionnaire disease idex; SJC: swollen joint count; 
TJC: tender joint count; VAS: visual analogue score.

Fig. 1. Dose dependent treatment profile. Serum biomarkers were measured at baseline and week 16 
in the three treatment groups and transformed using natural logarithm. Data are shown as mean with 
95% confidence interval and significance are shown as *for paired t-test (Wilcoxon test) and as #for one 
way ANOVA (Kruskal-Wallis test). */#: p=0.05, **/##: p=0.005, ***/###: p=0.0005, ****/####: p<0.0001. 
A: Type III collagen degradation (C3M). B: CRP degradation (CRPM).
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ity (patient pain (VAS), HAQ-DI and 
DAS28) with rho values ranging from 
0.26 to 0.42 (p≤0.0001). C3M and 
CRPM were highly correlated with 
CRP and ESR with rho values between 

0.37 and 0.66 (p<0.0001). Only CRPM 
correlated moderately with SJC (0.28, 
p<0.0001) while neither C3M nor 
CRPM at baseline correlated with age, 
disease duration, BMI, or TJC. 

To investigate the significance of tissue 
specific inflammation and tissue degra-
dation at baseline with the response to 
treatment, baseline levels were corre-
lated to the change in disease activity 
in the TCZ8 treated patients. Multiple 
linear regression models were applied 
on natural logarithmic transformed 
baseline levels with and without correc-
tion for gender, age, BMI, and disease 
duration (Table III). 
Baseline levels of C3M were not asso-
ciated with changes in disease activity. 
Baseline CRPM was associated with 
Δpatient pain (VAS), ΔHAQ-DI and 
ΔDAS28 both with and without adjust-
ment for gender, age, BMI, and disease 
duration with partial correlation coeffi-
cient of minimum 0.33 (p<0.0026).

The association of change in 
C3M and CRPM with response 
to treatment 
To examine if changes in tissue degra-
dation and tissue specific inflammation 
levels represented an overall improve-
ment in disease activity, the change in 
levels were correlated to the changes in 
disease activity scores after 16 weeks. 
Furthermore, the effect of gender, age, 
BMI and disease duration were investi-
gated by adjusting for these parameters 
(Table IV). 
ΔC3M and ΔCRPM levels corre-
lated well with ΔDAS28 (rpartial ≥0.27, 
p≤0.0001) with and without adjustment 
of gender, age, BMI and disease dura-
tion. ΔCRPM resulted in a partial cor-
relation coefficient of 0.38 (p<0.0001) 
with ΔDAS28, independent of adjust-
ment for gender, age, BMI, and disease 
duration. ΔCRPM levels furthermore 
correlated moderately with Δpatient 
pain (VAS) and ΔHAQ-DI having a 
partial correlation coefficient of 0.21 
and 0.26, respectively. When the mul-
tiple linear regression models were ad-
justed for gender, age, BMI and disease 
duration, the rpartial decreased to 0.20 and 
0.24, respectively.
The association between change in tis-
sue degradation levels and response to 
treatment was examined and depicted 
in Figure 2. Changes in C3M levels 
above median have an increased odds 
ratio of 1.95 for achieving ACR20 and 
of 2.31 for achieving ACR50 after 16 

Table II. Spearman’s rank correlation between the natural logarithm to baseline levels of 
C3M and CRPM and baseline levels of clinical parameters. 

  LN (C3M) LN (CRPM)

 ρ p ρ p

Age, years -0.04 NS -0.06 NS
Disease duration, years -0.07 NS -0.04 NS
BMI -0.08 NS -0.02 NS
Patient pain, VAS 0.30 <0.0001 0.34 <0.0001
HAQ-DI score 0.26 0.0001 0.33 <0.0001
DAS28 0.32 <0.0001 0.42 <0.0001
CRP, mg/dL 0.51 <0.0001 0.66 <0.0001
ESR, mm/h 0.37 <0.0001 0.54 <0.0001
SJC 0.18 NS 0.28 <0.0001
TJC 0.11 NS 0.16 NS

BMI: body mass index; CRP: c-reactive protein; DAS28: disease activity score 28 joints; ESR: eryth-
rocyte sedimentation rate; HAQ-DI: health assessment questionnaire disease index; SJC: swollen joint 
count; TJC: tender joint count; VAS: visual analogue score. Bonferroni correction was used and the criti-
cal p-value was <0.0005. 

Table III. The natural logarithm of C3M and CRPM at baseline was correlated by multiple 
linear regression with changes in diseases activity scores, with and without adjustment.
 
 LN (C3M) LN (CRPM)

 p rpartial p rpartial

ΔPatient pain, VAS NS 0.14 0.0026 0.33
ΔPatient pain, VAS adjusted for gender, age, BMI and NS 0.11 0.0021 0.35 
    disease duration 
ΔHAQ-DI NS 0.25 0.0013 0.36
ΔHAQ-DI adjusted for gender, age, BMI and disease duration NS 0.23 0.0021 0.35
ΔDAS28 NS 0.25 0.0004 0.39
ΔDAS28 adjusted for gender, age, BMI and disease duration NS 0.25 0.0010 0.38

Δ: change in; C3M: type III collagen degradation; CRP: C-reactive protein; CRPM: C-reactive protein 
degradation; DAS28: disease activity score 28 joints; HAQ-DI: health assessment questionnaire disease 
index; VAS: visual analogue score. Bonferroni correction was used and the critical p-value was <0.017.

Table IV. Multiple linear regression for changes in C3M and CRPM for all three treatment 
arms. The changes in CRP and type III collagen degradation levels were correlates with the 
changes in Patient pain (VAS), HAQ-DI and DAS28.
 
 Δ C3M Δ CRPM

 p rpartial
 p rpartial

ΔPatient pain, VAS NS 0.16 0.002 0.21
ΔPatient pain, VAS adjusted for gender, age,  NS 0.15 0.0038 0.20 
   BMI and disease duration 
ΔHAQ-DI 0.014 0.17 0.0002 0.26
ΔHAQ-DI adjusted for gender, age, BMI and NS 0.16 0.0004 0.24 
   disease duration 
ΔDAS28 0.0001 0.27 <0.0001 0.38
ΔDAS28 adjusted for gender, age, BMI and 0.0001 0.28 <0.0001 0.38 
   disease duration 

Δ: change in; CRP: C-reactive protein; DAS28: disease activity score 28 joints; HAQ-DI: health assess-
ment questionnaire disease index; VAS: visual analogue score. Bonferroni correction was used and the 
critical p-value was <0.017.
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weeks compared to changes in levels 
below median. 
A change in CRPM levels above me-
dian have an increased odds ratio of 
3.00 for achieving ACR20 and 3.46 for 
achieving ACR50 after 16 weeks com-
pared to patients with a CRPM level 
change below median.

Discussion
RA is a complex disease and the aeti-
ology is not fully elucidated, but it is 
clear that the heavy inflammation in 
joints leads to severe tissue degrada-
tion and joint deterioration. Patients are 
largely administered anti-inflammatory 
therapy and due to the side effects as-
sociated with this type of treatment as 
well as the cost, early selection of the 
patients benefitting from a specific 
treatment is important. Thus, there is 
a need to understand the degradation 
of tissue that takes place in the joints 
and assessing if a given treatment is ef-
ficacious. Furthermore, patients do not 
always respond to the same treatments. 
It is therefore necessary to understand 
which patients will benefit from a given 
treatment and in which way the tissue 
is affected. In this biomarker sub-study 
of RADIATE, the relationship between 
biomarkers of tissue degradation and 
anti-IL6R treatment was examined to 
gain an understanding of tissue remod-
elling during treatment and the relation-
ship between tissue remodelling and 
disease activity. We demonstrated that 
TCZ8 decreased C3M and CRPM, and 
there was a correlation between CRP 
degradation, disease activity and ACR 
responders. 
Biomarkers, associated with tissue 
turnover, provide tools for accurately 
describing ongoing processes in high 
tissue turnover diseases such as RA. 
These tools allow investigation into the 
mode of action of different treatments 
and may provide an understanding of 
the role of different cytokines in the 
disease. Biomarkers of bone turnover 
have previously been examined in this 
cohort, however an understanding of 
the synovial tissue turnover is affected 
by anti-IL-6 receptor treatment have 
not been fully investigated (5). 
Biomarkers of tissue turnover have 
great potential in quickly determining 

whether a treatment works on tissue in-
flammation. In this study the degrada-
tion of type III collagen and CRP were 
significantly diminished after treatment 
with TCZ8. Additionally, TCZ4 treat-
ment significantly diminished CRPM 
and showed a tendency to decrease 
C3M levels. TCZ appeared to reduce 
tissue degradation of type III collagen 
and CRP in a dose dependent manner. 
The biomarkers used in this study have 
previously been used in the LITHE 
study where they showed similar per-
centage reduction in CRPM levels at 
week 16 relative to baseline. However, 
in the LITHE study a larger percent-
age reduction in C3M was observed 
compared to this study (20). The main 
difference between the LITHE and 
RADIATE studies is the inclusion cri-
teria. Both studies enrolled moderate to 
severe RA patients, but in the LITHE 
study patients were MTX inadequate 
responder (21), while the RADIATE 
study enrolled anti-TNF-α inadequate 
responders (22). This suggest that pa-
tients who are anti-TNF-α inadequate 
responders might not be responding 

as well as MTX inadequate respond-
ers to TCZ. Further studies are needed 
to clarify if TCZ is more efficacious in 
patients who are only MTX inadequate 
responders. 
The degradation products are naturally 
occurring and part of healthy tissue 
remodelling. Increased levels  have, 
however, previously been associated 
with inflammation and fibrosis (19, 
24). Patients enrolled in this study have 
moderate to severe RA, likely associ-
ated with a high degree of inflamma-
tion and an increased tissue turnover 
in the affected joints. It is therefore not 
surprising that degradation products 
are correlated with disease activity at 
baseline but not with age, disease dura-
tion and BMI. The association between 
the degradation of type III collagen and 
CRP and inflammation are not fully 
elucidated. It is therefore not known if 
the degradation products have an influ-
ence on the duration of the inflamma-
tion and on the response to treatment. 
In for example osteoarthritis, degrada-
tion products, such as small aggrecan 
degradation products are shown to 

Fig. 2. Frequency of ACR20 and ACR50 responders and non-responders (week 16) with a change in 
type III collagen or CRP degradation above or below median. A) The frequency of ACR20 responders 
with a change in type III collagen degradation above median. B) The frequency of AC50 responders 
with a change in type III collagen degradation above median. C) The frequency of ACR20 responders 
with a change in CRP degradation above median. D) The frequency of AC50 responders with a change 
in CRP degradation above median.
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elicit inflammatory responses by bind-
ing to immune receptors in joint resi-
dent cells leading to upregulation of 
pro-inflammatory cytokines and tissue 
inflammation (25).
In this study, the baseline levels of 
CRPM correlated well with the changes 
in disease activity (patient pain (VAS), 
HAQ-DI and DAS28). Adjustment for 
gender, age, BMI and disease duration 
did not significantly change the correla-
tion between CRPM levels and change 
in disease activity indicating that these 
parameters are not the basis for the cor-
relation. Baseline levels of C3M did 
not correlate with the change in disease 
activity as a response to treatment, indi-
cating that C3M baseline levels are too 
homogeneous to differentiate patients 
and their disease activity response at 
baseline. 
The association between the change in 
tissue degradation and disease activity 
markers were examined together with 
the effect of gender, age, BMI and dis-
ease duration on this association. While 
the type III collagen degradation cor-
related with the disease activity, the 
degradation of CRP correlated better 
especially with the change in DAS28. 
An explanation might be that DAS28 
is calculated with CRP as one of the 
components. The treatment inhibits 
IL-6, which downstream inhibits CRP 
and further downstream CRPM. Thus, 
the treatment itself lowers DAS-CRP, 
even if the remainder of the DAS com-
ponents is not affected by the treatment. 
Thus, the correlation between these is 
bias of the treatment response. How-
ever, CRP and CRPM offers different 
information. CRP gives information on 
inflammation while CRPM gives infor-
mation on tissue turnover. Even though 
CRP correlates with CRPM, they are 
not measures of the same. By measur-
ing CRPM, it is possible to assess the 
treatments effect on the tissue and not 
just the systemic inflammation. 
Both changes in type III collagen and 
CRP degradation levels were associ-
ated with response to treatment based 
on ACR20 and ACR50 indicating that 
a change in inflammation level and 
thereby tissue degradation increases the 
chance of overall improvement. Over-
all, this supports the hypothesis of a 

close relationship between disease ac-
tivity, response to treatment and inflam-
mation in the tissue. 
One of the main limitations of this 
study was that it was not possible to 
measure serum samples at 24 or 52 
weeks assessing the long-term treat-
ment response. However, Kremer et al. 
have shown that improvements after 8 
weeks is maintained up to 5 years in 
the LITHE study (26). Another limita-
tion is that there are no radiographics to 
support the findings of improvements. 
However, radiographic scores is known 
not to be very sensitive to changes in 
joints evaluated for a short period of 
time (27). 
In conclusion: when patients receive 
anti-IL6R treatment for 16 weeks 
have a decrease in disease activity and 
achieves ACR20 or ACR50 it is the drug 
decreasing inflammation. The decrease 
in inflammation is believed to decrease 
the excessive degradation of extracellu-
lar matrix and other components in the 
tissue, which is further supported by the 
findings. This study clearly support that 
the serological markers of tissue turno-
ver C3M and CRPM can be used as dis-
ease markers in RA regarding disease 
activity and response to therapy. Thus, 
C3M and CRPM are candidate mark-
ers for stratification of RA patients into 
risk categories and thereby supporting 
ongoing efforts to develop precision 
medical treatments.
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