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Objective. Articular erosions correlate with dis-
ability in rheumatoid arthritis (RA). Biologic agents
reduce erosion progression in RA, but erosion healing
occurs infrequently. This study was undertaken to
assess the effects of the anabolic agent teriparatide on
joint erosion volume in RA patients treated with a
tumor necrosis factor inhibitor (TNFi).

Methods. We conducted a randomized controlled
trial in 24 patients with erosive RA, osteopenia, and dis-
ease activity controlled by TNFi treatment for at least 3
months. Half were randomized to receive teriparatide
for 1 year and the others constituted a wait-list control
group. Subjects and primary rheumatologists were
not blinded with regard to treatment assignment, but
all outcomes were assessed in a blinded manner. The

primary outcome measure was change in erosion
volume determined by computed tomography at 6 ana-
tomic sites. Significance within each hand and anatomic
site was based on a 2-tailed test, with P values less than
0.05 considered significant.

Results. Baseline characteristics of the treatment
groups were well balanced. After 52 weeks, the median
change in erosion volume in the teriparatide group was
20.4 mm3 (interquartile range [IQR] 234.5, 29.6) and
did not differ significantly from that in controls (median
change 19.1 mm3 [IQR 229.6, 26.4]) (P 5 0.28). No sig-
nificant difference in change in erosion volume was noted
at the radius, ulna, or metacarpophalangeal joints. Bone
mineral density improved at the femoral neck and lum-
bar spine in the teriparatide group.

Conclusion. Our findings indicate that teripara-
tide treatment for 1 year does not significantly reduce
erosion volume in the hands or wrists of patients with
established RA with disease activity controlled by TNFi
treatment.

Rheumatoid arthritis (RA) is the most common
type of inflammatory arthritis, affecting 1% of the adult
population and 2% of those 60 years of age or older in
the US (1,2). Patients with RA experience substantial
disability and pain and have an increased risk of periar-
ticular demineralization, articular erosions, and general-
ized osteoporosis (3,4). Joint erosions are recognized as
correlating strongly with disability (5) and are included
in the US Food and Drug Administration’s core out-
comes for this disease (6).

To date, studies assessing healing of erosions
with RA treatment have demonstrated limited erosion
repair, although it has clearly been shown that repair
can occur (7). Targeting osteoclastic resorption of
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articular bone has slowed or arrested the progression
of articular erosions, but has been unsuccessful in
promoting erosion healing. In a randomized controlled
trial comparing the bisphosphonate pamidronate with
placebo in patients with RA, those taking pamidronate
experienced improvement in bone mineral density (BMD)
and required less frequent switching of RA treatment
(8). However, there was no significant decrease in joint
erosion scores among patients taking pamidronate. A
second bisphosphonate trial using zoledronic acid
showed slowing of erosion progression, but the changes
in Sharp scores observed were small (9). Subsequently, a
randomized controlled trial comparing denosumab, an
antagonist of RANKL, with placebo in patients with RA
demonstrated a statistically significant decrease in the
number of joint erosions (10); however, patients in the
denosumab treatment group had an average of only 1
fewer erosion 52 weeks after treatment compared to
baseline. In a followup study comparing the effect of den-
osumab on healing of erosions in the second metacarpal
head in RA patients with that of alendronate, partial
repair of erosions was demonstrated in the denosumab-
treated group only (11).

Targeted anticytokine treatments for RA, includ-
ing inhibitors of tumor necrosis factor (TNFi), exhibit
evidence of halting progression of articular erosions;
however, even when these agents are used in combina-
tion with methotrexate (MTX), healing of joint erosions
remains uncommon (12,13). In contrast, intermittent
parathyroid hormone (PTH), an anabolic agent for
bone, used in combination with TNFi, resulted in signif-
icant repair of joint erosions in the TNF-transgenic
murine model of RA (14).

Prompted by this observation, we conducted this
randomized controlled trial of teriparatide (intermittent
PTH) in patients with RA who had baseline joint
erosions, osteopenia, and well-controlled disease activity
treated with a stable dose of TNFi for at least 3 months.
The primary end point was the change in joint erosion
volume, comparing RA patients who received daily teri-
paratide for 1 year to a control group of RA patients
who continued to receive TNFi without teriparatide.
Secondary end points included changes in lumbar and
femoral neck BMD, as measured by dual x-ray absorpti-
ometry (DXA), and changes in the Disease Activity
Score in 28 joints using the C-reactive protein level
(DAS28-CRP) (15). We hypothesized that erosion vol-
ume would be reduced in patients receiving daily teri-
paratide compared to controls because of augmented
osteoblast-mediated bone formation at sites of articular
erosion.

PATIENTS AND METHODS

Study design and population. The Teriparatide to
Treat Erosions in RA (TERA) trial was a randomized con-
trolled open-label trial of 12 months’ duration in men and
women with RA. Subjects were randomized to receive daily
subcutaneous teriparatide 20 mg (treatment group) or to not
receive teriparatide (control group). Subjects randomized to
the control group underwent the same testing as those in the
treatment group. All patients received 1,000 mg of calcium cit-
rate and 800 international units of vitamin D daily.

The study population included men and women 45
years of age or older with RA who had at least 3 joint erosions
on plain radiographs of the hands and wrists. RA was defined
according to the 2010 American College of Rheumatology/
European League Against Rheumatism classification criteria
(16). All subjects were also required to have osteopenia,
defined as a T score between 21.0 and 22.5 on a DXA of
either the lumbar spine, femoral neck, or total hip. All subjects
had to have been treated with a TNFi for at least 3 months
prior to the beginning of the study. Glucocorticoids were per-
mitted at dosages of #5 mg (prednisone equivalent) per day.

Subjects who met the above criteria and could give
informed consent were further assessed for the following
exclusion criteria: unstable RA disease activity, a clear indica-
tion for or use of an osteoporosis treatment in the prior 12
months, current use of a drug with recognized effects on bone
metabolism (anti-osteoporosis drugs, hormone replacement
therapy, or anticonvulsants), a medical condition other than
RA with recognized effects on bone metabolism, or a contrain-
dication to teriparatide. Further details can be found in the
Supplementary Methods, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.40156/abstract.

Ethics review and registration. The study protocol
was reviewed and approved by the Partners HealthCare and
University of Massachusetts Memorial Medical Center Institu-
tional Review Boards. The study and the statistical analysis
plan were registered with the National Clinical Trials Registry
(NCT01400516).

Study outcome measures. Primary outcome
measure. The primary outcome measure was change in ero-
sion volume at 6 anatomic sites in each hand or wrist. Detailed
erosion assessment methods are described in the Supplemen-
tary Methods, which include a figure demonstrating the
method, and in a prior publication (17). Briefly, both hands
were scanned using a Siemens Somatom Definition AS com-
puted tomography (CT) scanner. Each subject was placed
prone on the scanner table, with one arm held above the head
with the wrist in a straight position. A semiautomated software
tool was used to segment the erosion margins in 3 dimensions;
this method has been demonstrated to be reliable and valid
(17). The total erosion volume was calculated for each hand
and wrist and for each of the 6 subregions: radius, ulna, proxi-
mal carpal bones (scaphoid, lunate, triquetrum, and pisiform),
distal carpal bones (capitate, hamate, trapezium, trapezoid,
and the carpal metacarpal joints), metacarpophalangeal joints,
and proximal interphalangeal joints. The hand-level analysis
was performed with each individual hand as the study unit.

Secondary outcome measures. The secondary outcome
measures included change in BMD, measured by DXA (using
a Hologic 5000 bone densitometer) at the lumbar spine and
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femoral neck. Change in BMD at each anatomic site was ana-
lyzed as a continuous variable using the nontransformed val-
ues. We assessed the actual change in BMD from baseline to
12-month follow-up, as well as the percent change. Plain
radiographs of the hands and wrists were all scored by a single
experienced musculoskeletal radiologist (RH) using the van
der Heijde modification of the total Sharp score (SHS)
(18,19). All images were de-identified and read in a blinded
manner. Each subject’s radiographs were read in pairs without
knowledge of sequence.

Sample size considerations. We used estimates derived
from the pretrial replication study (17) to determine the sam-
ple size for this trial. We considered analyses both at the level
of the subject and at the level of the individual hand. Assessing
individual hands provided twice as many observations (2 hands
for each patient), but these observations were not indepen-
dent. In the pilot analysis that evaluated 5 patients (10 hands),
log transformation was applied to total volumes to achieve an
approximately normal distribution. The average value of log-
transformed total volume was 5.32, with a standard deviation

Figure 1. Diagram of subject allocation. Details are given according to the Consolidated Standards of Reporting Trials (CONSORT) statement
for reporting randomized controlled trials. In the erosion volume analyses, each hand was considered separately. However, 1 subject in the teri-
paratide group had follow-up imaging that was not according to the imaging protocol and could not be interpreted; this subject was excluded,
leaving 22 hands. One subject in the control group had 1 hand with too much hardware, preventing interpretation, leaving 23 hands. One subject
in the control group had uninterpretable lumbar spine bone mineral density due to extensive osteoarthritis with osteophytes.
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of 1.34. Assuming a moderate intracluster correlation between
the 2 hands and wrists from the same person of 0.5, we esti-
mated a required sample size of 24 hands per group (12
patients) to achieve 80% power, given a 2-sided significance
level (alpha) of 0.05 (see Supplementary Table 1, available on
the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40156/abstract).

Statistical analysis. Relevant baseline subject charac-
teristics were compared between the 2 groups using 2-sample
t-tests, chi-square tests, or nonparametric tests when applica-
ble. Data are presented as the mean 6 SD or median (inter-
quartile range [IQR]).

The outcome for the primary analysis compared the
changes in erosion volume from baseline to follow-up for the
subjects receiving teriparatide versus controls. Achievement of
the primary outcome was defined as a significantly better
change in erosion volume in the whole hand (i.e., either less
erosion volume or less increase in erosion volume) for teripar-
atide users than for controls. We also assessed whether change
in erosion volume in 3 or more of the 6 subregions was better
among teriparatide users than controls. Significance at the
subregion level and the whole hand level was based on a
2-tailed test of significance with a P value of less than 0.05 con-
sidered statistically significant.

For all analyses, we analyzed the data at the level of
the hand, adjusting for within-subject correlation between the
2 hands using a linear mixed model, also called a random-
effects model. Use of a linear mixed model is a common way
to handle correlated continuous data such as repeated mea-
sures or clustered data, allowing variation from cluster to clus-
ter (20). We planned to include baseline patient characteristics
found to be imbalanced across groups (unadjusted P , 0.10),
but there were none. We analyzed the data on all subjects with
interpretable scans from baseline and 12 months. Of note, one
subject decided after 7 months of treatment with teriparatide
to withdraw from the study because of personal reasons. She
agreed to return for a repeat set of radiographs, CT scans, and
DXA, and these values were included in the primary analysis.
Also, one hand of one control subject contained hardware,
which rendered the CT image uninterpretable, and one inter-
vention subject had follow-up CT scans that were performed
using an incorrect imaging protocol. These CT scans were
excluded from the analysis. Finally, one subject in the control
group had a lumbar spine BMD that was uninterpretable due
to extensive osteoarthritis with osteophytes; therefore a lum-
bar T score was not reported for this subject.

Several exploratory subgroup analyses were per-
formed. These included analyses of patients grouped based on

Table 1. Baseline characteristics of subjects by treatment group in the TERA trial*

Control subjects
(n 5 12)

Subjects receiving
teriparatide

(n 5 12)

Female 9 (75) 9 (75)
Age, median (IQR) years 61 (56, 65) 63 (56, 69)
RA disease duration, median (IQR) years 18 (6, 33) 19 (13, 24)
Oral glucocorticoid use† 0 (0) 3 (25)
Rheumatoid factor or anti-CCP positive 9 (75) 11 (92)
TNF antagonist use 12 (100) 12 (100)

Etanercept 8 (67) 5 (42)
Adalimumab 1 (8) 4 (33)
Infliximab 3 (25) 2 (17)
Golimumab 0 (0) 1 (8)

Nonbiologic DMARD use 6 (50) 8 (67)
SHS, mean 6 SD 80 6 48 55 6 37

Erosion score 45 6 26 31 6 16
Joint space narrowing 35 6 24 24 6 22

Total erosion volume, median (IQR) mm3 571.4 (160.0, 1,341.6) 369.8 (171.0, 1,163.9)
DAS28-CRP, median (IQR) 3.0 (1.7, 3.6) 2.0 (1.6, 3.6)
Modified Stanford Health Assessment

Questionnaire, mean 6 SD
0.14 6 0.25 0.18 6 0.34

EQ-5D, mean 6 SD 0.84 6 0.21 0.84 6 0.12
hsCRP, median (IQR) mg/liter 1.1 (0.4, 2.1) 1.3 (1.0, 2.6)
Bone mineral density, mean 6 SD gm/cm2

Spine, anteroposterior 0.93 6 0.11 0.91 6 0.09
Femoral neck 0.73 6 0.09 0.68 6 0.06

* Except where indicated otherwise, values are the number (%). P values were calculated using
Student’s t-test for continuous variables and chi-square tests for categorical variables, except for the P
value for total erosion volume, which was calculated using Wilcoxon’s rank sum test, and the P value
for oral glucocorticoid use, which was calculated using Fisher’s exact test. No significant differences
were observed between the control and teriparatide groups (all P . 0.10). TERA 5 Teriparatide to Treat
Erosions in Rheumatoid Arthritis; IQR 5 interquartile range; RA 5 rheumatoid arthritis; anti-CCP 5 anti–
cyclic citrullinated peptide; TNF 5 tumor necrosis factor; DMARD 5 disease-modifying antirheumatic drug;
SHS 5 modified Sharp/van der Heijde score; DAS28-CRP 5 Disease Activity Score using the C-reactive pro-
tein level; EQ-5D 5 EuroQol 5-domain instrument; hsCRP 5 high-sensitivity CRP.
† Dosage was measured in prednisone equivalents. The 3 subjects in the teriparatide group who were
receiving glucocorticoids all received 5 mg per day.
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corticosteroid use at baseline, RA remission (using the most
inclusive criteria, as defined by a DAS28-CRP of #2.6), high-
sensitivity CRP level of ,3 mg/liter, and a total erosion vol-
ume less than the median for the total study population (based
on SHS). The secondary analyses were all considered explor-
atory and followed the same analytic strategy as the primary
analyses. Due to small sample sizes, unadjusted linear mixed
models were used in subgroup analyses. We did not account
for potential multiple testing for these exploratory analyses.
All analyses were conducted using SAS 9.4.

RESULTS

We randomized 26 subjects; 14 initially received
teriparatide but 2 dropped out prematurely and could
not be rescanned. This left 12 subjects in the teripara-
tide group and 12 in the control group who could be
analyzed (see Figure 1). All but 1 subject in the teripara-
tide group, who withdrew for personal reasons, com-
pleted the 12-month protocol. By design, all subjects
were receiving a stable dose of a TNFi, with most receiv-
ing etanercept or adalimumab. The 2 treatment groups

were well balanced with respect to baseline characteris-
tics (Table 1). The median age of all study subjects was
62 years, and 75% of the subjects in each group were
women. Subjects had established RA with a median dis-
ease duration of 18 years, and 83% tested positive for
either rheumatoid factor or IgG anti–cyclic citrullinated
peptide antibodies. At baseline 3 subjects in the teripar-
atide group were taking a stable daily glucocorticoid
dose equivalent to prednisone 5 mg at baseline; no sub-
jects in the control group were receiving glucocorticoids.
The median DAS28-CRP was 3.0 in the control group and
2.0 in the teriparatide group, with about half of all subjects
being in remission based on a DAS28-CRP of #2.6. The
mean modified Health Assessment Questionnaire score
(21) was 0.16, and the mean SHS at baseline was 67.

The median total erosion volume per hand/wrist
at baseline was 571.4 mm3 (IQR 160.0, 1,341.6) in
control subjects and 369.8 mm3 (IQR 171.0, 1,163.9)
in subjects randomized to receive teriparatide; while
numerically different, these values were not significantly
different (P 5 0.94). The change in total erosion volume

Figure 2. Left, Median total erosion volume at baseline and 1-year follow-up in the control and teriparatide (TPTD) groups. The interquartile
range (IQR) for the erosion volume at baseline was 160.0, 1,341.6 for controls and 171.0, 1,163.9 for teriparatide-treated patients. The IQR for
the erosion volume at follow-up was 167.8, 1,110.7 for controls and 181.0, 971.9 for teriparatide-treated patients. P values were determined by
Wilcoxon’s rank sum test. Right, Median change in total erosion volume from baseline to 1 year in the control and teriparatide groups. The
IQR for the change in erosion volume was 229.6, 26.4 for controls and 234.5, 29.6 for teriparatide-treated patients. The P value was determined
in a linear mixed model.

T1
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between baseline and 1-year measurements did not dif-
fer between treatment groups, with a difference in
change of 9.5 mm3 (P 5 0.28) (Figure 2). Several outlier
values (extremely high total erosion volumes) were
noted when examining each observation separately (see
Supplementary Figure 1, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40156/abstract). The results did not
change after 1 outlier was excluded from each group.

Erosion volume was assessed in each of the 6
subregions. None of the changes in erosion volume in
any of the subregions differed significantly by treatment
group (see Table 2), and none of the prespecified sub-
group analyses demonstrated significant differences
(see Table 3). Based on the clinical observation that
the second and third metacarpophalangeal and proxi-
mal interphalangeal joints are most likely to develop
erosions, we also explored change in erosion volume
at these joints and found no significant differences
between the teriparatide and control groups (see Sup-
plementary Figures 2 and 3 and Supplementary Table 2,
available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/
abstract).

BMD increased significantly in the teriparatide
group, compared to the control group, at the lumbar
spine (difference in change 0.07 6 0.08 gm/cm2; P 5 0.01)
and femoral neck (difference in change 0.05 6 0.06 gm/

cm2; P 5 0.01) (Figure 3). The control subjects exhibited
small reductions in BMD. In addition, there were no
differences between treatment and control groups in
the change from baseline to 1 year in SHS (difference
in change 20.75 6 3.47; P 5 0.39) (see Supplementary
Table 3, available on the Arthritis & Rheumatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40156/
abstract).

DISCUSSION

In RA, inflamed synovial tissues migrate into the
bone microenvironment and promote the generation of
osteoclasts that resorb bone (3). This results in the artic-
ular erosions that are commonly observed in RA and
that are associated with substantial disability. Inflamma-
tion in the bone microenvironment in RA also sup-
presses bone formation and erosion repair (22–24). We
hypothesized that, in addition to controlling inflamma-
tion at sites of erosion, promoting osteoblast differentia-
tion and function through the use of an anabolic agent
would affect significant erosion repair. In fact, in the
TNF-transgenic mouse model of RA, the addition of
PTH allowed for the healing of articular erosions in
young mice in which inflammation was well controlled
using TNFi (14). Based on this observation, we designed
a randomized controlled trial to test whether the ana-
bolic agent teriparatide would repair erosions in RA

Table 2. Subregion erosion volume (mm3) by treatment group in the TERA trial*

Control subjects
(n 5 23)

Subjects receiving
teriparatide

(n 5 22)

Radius†
Baseline 7.7 (0, 52.8) 43.7 (0, 162)
Follow-up 9.8 (0, 75.1) 55.2 (0, 177.4)
Change from baseline to follow-up 0 (–2.9, 0.4) 0 (–7.1, 1)

Ulna
Baseline 3.9 (0, 39.1) 4.7 (0, 77.6)
Follow-up 2.5 (0, 42.4) 8.9 (0, 63)
Change from baseline to follow-up 0 (–1.1, 0.6) 0 (–2.6, 4.7)

Metacarpophalangeal joints
Baseline 122 (12.3, 186.1) 67.8 (20.4, 192.6)
Follow-up 127.1 (8.5, 203.1) 72.3 (20.5, 194.4)
Change from baseline to follow-up 22 (–20, 3.2) 20.7 (–21.2, 0.7)

Proximal interphalangeal joints
Baseline 2 (0, 22.3) 3.9 (0, 14.8)
Follow-up 1.4 (0, 15.2) 5 (0, 10.3)
Change from baseline to follow-up 0 (–2.5, 0) 0 (0, 2)

* Values are the median (interquartile range). The n values are the number of hands/wrists included in
the analysis. Imaging could not be interpreted for selected anatomic sites in some subjects. Proximal
and distal carpal bones were not included because too many of the computed tomography images did
not allow separation of erosions into separate subregions. P values were calculated using a linear mixed
model. There were no significant differences between groups. TERA 5 Teriparatide to Treat Erosions
in Rheumatoid Arthritis.
† The n values were 18 in the control group and 19 in the teriparatide group, due to the fact that the radius
could not be separated from the proximal carpal bones on the computed tomography scan assessment.

1746 SOLOMON ET AL

http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40156/abstract


patients in whom disease activity was well controlled
with a TNFi. This was a proof-of-principle study for
repair of inflammation-induced bone damage, but the
trial did not meet its primary superiority end point.
Although improvements in BMD were observed in the
teriparatide-treated group, confirming that subjects
were compliant with taking study medication, there was
no improvement in overall hand/wrist erosion volume or
in erosion volume at specific anatomic sites.

Although many drugs approved to treat RA slow
or arrest progression of joint erosions, few treatments
have been shown to reduce erosion size or repair

articular bone damage. Occasional repair of erosions
has been seen using advanced imaging in patients in
whom inflammation was controlled with TNF inhibition
in combination with MTX (12). In addition, studies
using high-resolution CT demonstrated limited erosion
repair in patients treated with TNF inhibitors plus
MTX, with interleukin-6 receptor inhibition (13,25),
and with denosumab (11). In all of those studies, repair
of erosions was incomplete.

It is worthwhile to consider why teriparatide may
have failed to repair erosions in this study. In studies
using the serum-transfer model of arthritis in young

Table 3. Total erosion volume (mm3) in prespecified subgroups by treatment group in the TERA
trial*

Control subjects
Subjects receiving

teriparatide

Oral glucocorticoid use, no†
No. 23 16
Baseline 571.4 (160, 1,341.6) 440.7 (219.6, 1,055.3)
Follow-up 600.3 (167.8, 1,110.7) 479.1 (221.7, 943.9)
Change from baseline to follow-up 9.1 (–29.6, 26.4) 17 (–31.7, 54.3)

Rheumatoid arthritis remission, yes‡
No. 12 12
Baseline 775 (353.8, 1,170.8) 432.8 (194.1, 900.3)
Follow-up 728.5 (399.4, 1,078.6) 446.6 (182.1, 841.8)
Change from baseline to follow-up 5.4 (–57.3, 45) 216.2 (–58.3, 25.1)

Rheumatoid arthritis remission, no‡
No. 11 10
Baseline 242.4 (50, 1,652.8) 302.1 (121.7, 1,192.2)
Follow-up 263.3 (63.7, 1,530.6) 319.1 (181, 1,307.5)
Change from baseline to follow-up 9.1 (–2.8, 20.8) 17 (–31.8, 79)

hsCRP ,3 mg/liter
No. 21 16
Baseline 483.1 (160, 983) 221.9 (144.8, 791.8)
Follow-up 580.5 (167.8, 1,046.5) 221.7 (175.1, 739.3)
Change from baseline to follow-up 11.2 (–6.7, 26.4) 21 (–38.6, 22.8)

hsCRP $3 mg/liter
No. 2 6
Baseline 1,235.3 (999.9, 1,470.6) 989.3 (503.8, 10,796.9)
Follow-up 1,178 (970.3, 1,385.7) 1,066.8 (641.7, 10,263.1)
Change from baseline to follow-up 257.3 (–84.9, 229.6) 66.2 (–26.7, 160.8)

Erosion volume less than the median
No. 10 12
Baseline 105 (35, 242.4) 191.9 (117.2, 266.9)
Follow-up 115.7 (52.1, 244.1) 184.7 (158.5, 261.7)
Change from baseline to follow-up 12.4 (2.5, 17.8) 21 (–31.7, 19.1)

Erosion volume equal to or
greater than the median

No. 13 10
Baseline 999.9 (687.9, 1,470.6) 1,178 (636.7, 1,377.3)
Follow-up 1,046.5 (650.4, 1,385.7) 1,135.3 (767.7, 1,366)
Change from baseline to follow-up 26.7 (–84.9, 36.1) 9.7 (–78.5, 138)

* Values are the median (interquartile range). The number of hands/wrists included in the analysis are
shown. Imaging could not be interpreted for selected anatomic sites in some subjects. P values were cal-
culated using a linear mixed model. There were no significant differences between groups. TERA 5

Teriparatide to Treat Erosions in Rheumatoid Arthritis; hsCRP 5 high-sensitivity C-reactive protein.
† No subjects in the control group were receiving oral glucocorticoids, so only the subgroups of
nonusers could be analyzed separately.
‡ Rheumatoid arthritis remission was defined as a Disease Activity Score in 28 joints using the C-
reactive protein level of #2.6.
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mice in the setting of resolution of articular inflamma-
tion, it was demonstrated that eroded articular bone is
lined by immature cells of osteoblast lineage that differ-
entiate and form bone to repair erosions (22,23). Thus,
if inflammation is well controlled, repair of articular
bone damage can occur. This is consistent with findings
in RA patients demonstrating that erosion repair is seen
only in joints that are clinically inactive, without evi-
dence of swelling (24). It is possible that the patients
enrolled in this trial may still have had residual joint
inflammation, although magnetic resonance imaging or
ultrasound was not performed to address this possibility.
The mean DAS28-CRP of 2.0 suggests well controlled
disease, but it has been shown that even in the setting of
clinically controlled inflammation, residual synovitis can
exist (26). Thus, inflammation, if present, could con-
tinue to inhibit osteoblast differentiation and function.

It is also likely that animal models of RA are
imperfect representations of disease in humans. Many
of these models, including the serum-transfer model,
generate articular inflammation with rapid onset and
limited duration. The effects of this limited inflamma-
tion in the bone microenvironment may be different
from that which occurs in RA patients with a mean dis-
ease duration of 18 years, as in this trial. Longstanding
inflammation may permanently alter the bone marrow
niche, limiting the number of mesenchymal stem cells
available or their ability to differentiate to osteoblasts
(27). It is possible that if teraparitide had been used in
patients with RA of recent onset and/or in younger
patients, greater preservation of the bone marrow niche
might have yielded a different result. Alternatively, it
may be necessary to treat patients with teriparatide for

longer than the 1-year duration used in this study, since
trials of teriparatide in osteoporosis have demonstrated
significant benefit with a second year of treatment (28).

This study has some limitations. Although it was
conducted as a randomized controlled trial, control sub-
jects did not receive a daily placebo injection; thus, sub-
jects and their physicians were not blinded with regard
to treatment assignment. However, the imaging studies,
including plain radiographs, BMD measurements, and
3-dimensional CT scans, were evaluated using objective
measures, in a blinded manner. Statistical analyses were
also performed in a blinded manner. In addition, while
our sample size calculations suggested adequate statisti-
cal power, the sample size was small and the
assumptions for effect size may not have been as large
as predicted. A larger trial would have allowed for sub-
group analyses and a more robust conclusion.

In conclusion, addition of teriparatide to the
treatment regimen of patients with longstanding RA
and low disease activity on a stable dose of TNFi did not
reduce joint erosion volume in this study, despite clear
improvement in BMD. New anabolic agents are cur-
rently being developed for the treatment of osteoporosis
that have different mechanisms of action from teripara-
tide and that may induce erosion healing. These include
an antibody to sclerostin, an inhibitor of the Wnt signal-
ing pathway, that promotes osteoblast function (29).
However, an anti-sclerostin antibody was studied in
TNF-driven murine models of RA and was found to
promote TNF signaling and augment inflammation
(30), suggesting complex interactions of factors that act
on inflammation and bone at erosion sites (30). Further
studies in this area will be needed to better define the

A B

Figure 3. A, Left, Lumbar spine bone mineral density (BMD) at baseline and 1-year follow-up in the control and teriparatide (TPTD) groups.
Right, Change in lumbar spine BMD from baseline to 1 year in the control and teriparatide groups. B, Femoral neck (FN) BMD at baseline
and 1-year follow-up in the control and teriparatide groups. Right, Change in femoral neck BMD from baseline to 1 year in the control and teri-
paratide groups. Values are the mean 6 SD. P values were determined by Wilcoxon’s rank sum test.
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changes to the bone marrow niche in RA and the poten-
tial effects of teriparatide and other anabolic agents
over time on inflammation and articular erosion.
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