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National Institutes of Health, U.S. Department of Health and Human Services, Bethesda, Maryland;
Metroplex Clinical Research Center and University of Texas Southwestern Medical Center, Dallas,
Texas; Tampa Medical Group, Tampa, and Arthritis Center, Fort Lauderdale, Florida; Arthritis Clinic
of Northern Virginia, Arlington, Virginia, Altoona Center for Clinical Research, Duncanville,
Pennsylvania; and Leiden University Medical Center, Leiden, the Netherlands

Abstract
Background—Extracts of the medicinal plant Tripterygium wilfordii Hook F (TwHF) have been
used in China for centuries to treat a spectrum of inflammatory diseases.

Objective—To compare the benefits and side effects of TwHF extract with those of sulfasalazine
for the treatment of active rheumatoid arthritis.

Design—Randomized, controlled trial. A computer-generated code with random, permuted blocks
was used to assign treatment.

Setting—2 U.S. academic centers (National Institutes of Health, Bethesda, Maryland, and
University of Texas, Dallas, Texas) and 9 rheumatology subspecialty clinics (in Dallas and Austin,
Texas; Tampa and Fort Lauderdale, Florida; Arlington, Virginia; Duncanville, Pennsylvania;
Wheaton and Greenbelt, Maryland; and Lansing, Michigan).

Patients—121 patients with active rheumatoid arthritis and 6 or more painful and swollen joints.

Intervention—TwHF extract, 60 mg 3 times daily, or sulfasalazine, 1 g twice daily. Patients could
continue stable doses of oral prednisone or nonsteroidal anti-inflammatory drugs but had to stop
taking disease-modifying antirheumatic drugs at least 28 days before randomization.

Measurements—The primary outcome was the rate of achievement of 20% improvement in the
American College of Rheumatology criteria (ACR 20) at 24 weeks. Secondary end points were
safety; radiographic scores of joint damage; and serum levels of interleukin-6, cholesterol, cortisol,
and adrenocorticotropic hormone.

Results—Outcome data were available for only 62 patients at 24 weeks. In a mixed-model analysis
that imputed data for patients who dropped out, 65.0% (95% CI, 51.6% to 76.9%) of the TwHF group
and 32.8% (CI, 21.3% to 46.0%) of the sulfasalazine group met the ACR 20 response criteria (P =
0.001). Patients receiving TwHF also had significantly higher response rates for ACR 50 and ACR
70 in mixed-model analyses. Analyses of only completers showed similar significant differences
between the treatment groups. Significant improvement was demonstrated in all individual
components of the ACR response, including the Health Assessment Questionnaire disability score.
Interleukin-6 levels rapidly and significantly decreased in the TwHF group. Although not statistically
significant, radiographic progression was lower in the TwHF group. The frequency of adverse events
was similar in both groups.

Limitations—Only 62% and 41% of patients continued receiving TwHF extract and sulfasalazine,
respectively, during the 24 weeks of the study. Long-term outcome data were not collected on
participants who discontinued treatment.

Conclusion—In patients who continued treatment for 24 weeks and could also use stable oral
prednisone and nonsteroidal anti-inflammatory drugs, attainment of the ACR 20 response criteria
was significantly greater with TwHF extract than with sulfasalazine.

Primary Funding Source—National Institute of Arthritis and Musculoskeletal and Skin Diseases.

Rheumatoid arthritis is characterized by chronic inflammation of the joint lining (synovial
membrane) (1), which causes pain and swelling of diarthrodial joints. Over time, uncontrolled
disease results in progressive joint damage, disability, and increased mortality (2). The
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evolving understanding of the immune mechanisms that perpetuate the inflammatory response
has led to effective targeted therapies, including inhibitors of inflammatory cytokines (tumor
necrosis factor, interleukin-1, and interleukin-6), modulators of activation of CD4+ T cells and
dendritic cells, and agents that deplete B cells (3,4). Despite the clinical efficacy of these
therapies, many patients have no clinically meaningful response or discontinue treatment
because of adverse events. Furthermore, the limited availability of effective biologics in
developing countries, the need for parenteral administration of the biologics, and the relatively
high cost all restrict access to these therapies in many patients with rheumatoid arthritis around
the world (5).

In traditional Chinese medicine, extracts of the roots of the medicinal vine Tripterygium
wilfordii Hook F (TwHF) (known in China as “lei gong teng” or “thunder god vine”) have
shown therapeutic promise in treating autoimmune and inflammatory conditions as well as
cancer (6–8). More recently, different extracts of TwHF have been used in Chinese allopathic
medicine for the treatment of autoimmune and inflammatory diseases, and small controlled
trials reported good responses with TwHF extracts in patients with cadaveric kidney transplants
(9,10) and Crohn disease (11).

Context

In Chinese medicine, extracts of Tripterygium wilfordii Hook F (TwHF, known as “lei gong
teng” or “thunder god vine”) are used to treat autoimmune and inflammatory conditions.
Small clinical trials suggest that TwHF may benefit patients with rheumatoid arthritis.

Contribution

This trial compared TwHF extract with sulfasalazine in 121 patients with active rheumatoid
arthritis who could continue oral prednisone and nonsteroidal anti-inflammatory drugs but
not disease-modifying antirheumatic drugs. Among patients who continued treatment for
24 weeks, achievement of 20% improvement in American College of Rheumatology criteria
was greater with TwHF than with sulfasalazine. Adverse event rates were similar.

Caution

Only 62% and 41% of patients continued TwHF and sulfasalazine treatment, respectively,
and provided 24 weeks of data.

—The Editors

Of the approximately 380 metabolites isolated from the plant, 95% are terpenoids (12,13).
Three diterpenoids—triptolide, tripdiolide, and triptonide (13)—are the most abundant and
account for the immunosuppressive and anti-inflammatory effects observed with the root
extracts in both in vitro and in vivo studies (6). In 2 previous single-center trials of patients
with rheumatoid arthritis, the extract was standardized by the content of triptolide and
tripdiolide (14). This made it possible to use optimal doses identified in an open-label trial
(15) for the design of a subsequent small placebo-controlled study (16). Although the number
of patients was small, the apparent clinical impact and experimental results indicating potent
inhibition of the expression of proinflammatory genes both in vitro and in vivo in animal models
(17–21) provided the rationale for our multicenter, double-blind, active comparator trial of a
standardized TwHF extract in patients with active rheumatoid arthritis.
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METHODS
Design Overview

This randomized, controlled, 24-week study was conducted between March 2004 and October
2005. All participants provided written informed consent to enter the trial, and the institutional
review boards at the participating sites approved the protocol. All investigators and outcome
assessors were blinded to group assignment of the patients. Our objective was to determine
whether therapy with TwHF extract, 180 mg/d, was statistically significantly better than
therapy with sulfasalazine, 2 g/d, over 24 weeks in patients with rheumatoid arthritis by using
standard outcome measures.

Setting and Participants
Our study was conducted at 11 U.S. centers: 2 academic centers (National Institutes of Health,
Bethesda, Maryland, and University of Texas, Dallas, Texas) and 9 rheumatology subspecialty
clinics (1 each in Dallas and Austin, Texas; Tampa and Fort Lauderdale, Florida; Arlington,
Virginia; Duncanville, Pennsylvania; Wheaton and Greenbelt, Maryland; and Lansing,
Michigan). Eligible patients had to be at least 18 years of age and have established rheumatoid
arthritis, defined by the American College of Rheumatology (ACR) classification criteria
(22) as rheumatoid arthritis lasting longer than 6 months. Eligible patients had active disease,
defined as 6 or more painful and swollen joints, a visual analogue scale score for pain of at
least 3 (on a scale of 1 to 10, with 1 being mild), and a C-reactive protein (CRP) level of 57.14
nmol/L or greater (≥0.6 mg/dL) or an erythrocyte sedimentation rate (ESR) greater than 25
mm/h. Patients who were taking any disease-modifying antirheumatic drug at screening
underwent a 28-day washout period. The use of oral prednisone, at stable doses up to 7.5 mg/
d, and nonsteroidal anti-inflammatory drugs were allowed as long as the dose was not changed
for 28 days before randomization and the patient agreed to continue to take the medication
during the study. Table 1 lists baseline patient characteristics.

Randomization and Interventions
We used a computer-generated, pseudo-random code (with random, permuted blocks) to assign
patients to treatment groups across all centers. We assigned eligible patients at a 1:1 ratio to
receive either TwHF extract, 180 mg/d, or sulfasalazine, 2 g/d. In the event of gastrointestinal
intolerance, the protocol allowed for temporary dose reduction of 50%. As described elsewhere
(15,16), the triptolide and tripdiolide content of the ethanol and ethyl-acetate extract (measured
by high-performance liquid chromatography [22]) was used to standardize the drug preparation
for this study. On the basis of data on in vitro activity and in vivo toxicity, 30 mg of TwHF
extract were formulated per capsule. Our study was conducted under the U.S Food and Drug
Administration–approved Investigational New Drug application 39191.

Outcomes and Measurements
Patients were evaluated clinically and by laboratory measures at baseline, 2 weeks, and every
4 weeks for a total of 24 weeks. A rheumatologist or trained staff member masked to treatment
allocation assessed the patients. Serum or plasma specimens were obtained from the patients
at baseline, 4 weeks, and 24 weeks and stored at −80 °C until analysis. Radiographs of hands
and feet were obtained at baseline and 24 weeks or at study discontinuation.

The primary end point was a 20% improvement at 24 weeks, as defined by ACR criteria (ACR
20) (23). To meet criteria, a patient must have 20% or greater improvement in both tender and
swollen joints (68 tender and 66 swollen joints were assessed) and 20% or greater improvement
in 3 or more of the following: the physician’s or patient’s assessment of global health status,
the patient’s assessment of pain on a visual analogue scale, the patient’s assessment of function
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(using a modified version of the Health Assessment Questionnaire [HAQ]), and the serum CRP
level.

Secondary end points included the efficacy of TwHF in achieving ACR 50 and ACR 70
responses at 24 weeks, the improvement in the European League Against Rheumatism Disease
Activity Score 28 (DAS 28) measure, and a change in the Sharp–van der Heijde score of the
hand and foot radiographs (24). Radiographs were obtained at baseline and at the end of the
study and were scored by 2 independent readers who were blinded to the randomization
schedule and the radiograph sequence. Drug adherence was assessed by using a daily diary
and by pill counts. Body weight, blood pressure, and serum glucose level were measured at
each visit.

Laboratory assessments included ESR (Westergren method); high-sensitivity CRP with normal
levels up to 38.1 nmol/L (0.4 mg/dL), which was analyzed in a central laboratory; and
interleukin-6 levels, which were measured at baseline, 4 weeks, and 24 weeks by using high-
sensitivity enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, Minnesota).
Rheumatoid factor was measured by immunonephelometry with a BNII analyzer (Siemens
Medical Solutions Diagnostics, Newark, Delaware), cortisol and adrenocorticotropic hormone
levels by immunochemiluminescence methods with an Immulite 2500 (Siemens Medical
Solutions Diagnostics, Los Angeles, California), and plasma lipids by Synchron LX-20
automated analyzers (Beckman Coulter, Brea, California).

Safety assessments consisted of all patients marking adverse events in their drug diaries, which
were reviewed on each visit. Vital signs and safety laboratory measures, including a complete
blood count and a chemistry profile (electrolyte and liver and kidney function tests), were
recorded at each visit. Adverse events were graded by severity according to the National Cancer
Institute Common Toxicity Criteria guidelines. An electrocardiogram (ECG) was obtained
from all patients at baseline, 2 weeks, and the end of study. After 24 weeks, no follow-up was
conducted.

Statistical Analysis
We designed our study to detect differences in the primary end point with greater than 90%
power at a 2-sided level of significance of 0.05. To properly account for missing end point data
due to dropouts, we used mixed-effects analyses to predict each patient’s ACR response at the
end of study visit and to properly account for uncertainty in that prediction. The response was
categorized according to the ACR 20, ACR 50, and ACR 70 criteria. In a similar manner, we
compared changes in DAS 28 from baseline visit between treatment groups. We modeled the
treatment group, visit number (2 random-effect terms for visit number and visit number
squared), and their interaction as fixed effects. We added linear and quadratic random-effect
terms to more realistically model patient efficacy trajectories and patient as a random intercept.
We did not add a quadratic term for visit number in the fixed-effects model specification
because visit was already modeled there more flexibly than as a linear or quadratic functional
specification. For the fixed effect, we specified visit number as a categorical variable. In all
models, the random effect was highly statistically significant, indicating the importance of
including it (25). The treatment groups were compared with respect to the primary end point,
the proportion of ACR 20 responders at the end of the study, and the secondary efficacy
variables of ACR 50 response, ACR 70 response, and moderate or good improvement of the
DAS 28 using the exact test for stratified 2 × 2 tables, stratifying for study center. For inter-
or intragroup comparisons of continuous variables, including erosion data, the 2-sample t test
or t test for paired data, respectively, were used, except where noted otherwise.

For the safety evaluation, summary statistics were used to compare adverse events in the 2
treatment groups. All analyses were computed by using Stata, version 10 (Stata-Corp, College
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Station, Texas), or StatXact, version 6.0 (Cytel, Cambridge, Massachusetts), for the exact
stratified contingency table analyses. All reported P values are 2-sided and have not been
adjusted for multiple comparisons.

A protocol-specified, last-observation-carried-forward approach for handling missing data was
also done.

Role of the Funding Source
This study was funded by the intramural research program of the National Institute of Arthritis
and Musculoskeletal and Skin Diseases (NIAMS), which was responsible for design of the
study, analysis of the data, and preparation of the manuscript and also served as 1 of the patient
recruiting centers, and Phytomedics, which provided funds to support the costs of the contract
research organization that monitored the sites. Staff at NIAMS identified and purchased the
TwHF roots in Fujian and Hunan provinces, China, and Phytomedics provided funds to make
the extract and formulate the study medication under the supervision of NIAMS investigators.
NIAMS investigators analyzed the extract for content of diterpenoids and biological activity,
and Phytomedics provided funds to test the extract for toxins and adulterants.

RESULTS
Patient Characteristics

Table 1 summarizes the baseline demographic and clinical characteristics, by treatment group.
All patients had active disease, as reflected by the number of tender and swollen joints, ESR
and CRP values, and high DAS 28 scores. Of patients receiving TwHF extract, 62% completed
24 weeks of evaluation, compared with 41% of patients who received sulfasalazine (P = 0.029).
Significantly more patients in the sulfasalazine group discontinued study participation because
of adverse events or lack of efficacy than patients in the TwHF group (P < 0.001) (Figures 1
and 2). During the study, participants in the TwHF group took 92.5% of their pills and
participants in the sulfasalazine group took 87.9% of their pills (Appendix Table 1, available
at www.annals.org).

Clinical Efficacy
After 24 weeks of treatment, 67.57% (95% CI, 50.2% to 82.0%) of patients who received
TwHF and completed the study and 36.00% (CI, 18.0% to 57.5%) of patients who received
sulfasalazine and completed the study achieved at least a 20% improvement in disease activity
as determined by the ACR 20 response. A similar improvement in the ACR 50 and ACR 70
responses was observed. In the TwHF group, ACR 50 responses were observed in 54.05% (CI,
39.9% to 70.5%) and ACR 70 responses in 37.84% (CI, 22.5% to 55.2%). In the sulfasalazine
group, both ACR 50 and ACR 70 responses were observed in 4% (CI, 0.1% to 20.4%). P values
were 0.02 for the ACR 20 comparison, less than 0.001 for the ACR 50 comparison, and 0.002
for the ACR 70 comparison (Figure 3). Figure 3 also shows the ACR 20, ACR 50, and ACR
70 responses for all patients in the study at the respective visits.

In an intention-to-treat, mixed-model analysis that accounted for all randomly assigned
patients, ACR 20 responses were modeled to be as high as 65.0% (CI, 51.6% to 76.9%) in
patients who received TwHF and 32.8% (CI, 21.3% to 46.0%) in patients who received
sulfasalazine (P = 0.001). ACR 50 responses were modeled to be 33.3% (CI, 21.7% to 46.7%),
and ACR 70 responses were modeled to be 16.7% (CI, 8.3% to 28.5%) in patients receiving
TwHF. In patients receiving sulfasalazine, these responses were modeled to be 4.9% (CI, 1.0%
to 13.7%; P < 0.001) and 1.6% (CI, 0.04% to 8.8%; P = 0.004), respectively. Similar differences
were noted when the protocol-specified, last-observation-carried-forward analysis was used
(Appendix Figure 1, available at www.annals.org). The mean improvement in the DAS 28 was
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2.40 points (CI, 2.07 to 2.73 points) in the TwHF group and 1.50 points (CI, 1.16 to 1.85 points)
in the sulfasalazine group (P < 0.001). The individual objective and subjective measures of
disease activity rapidly changed from baseline after administration of the TwHF extract.
Significant differences from baseline and significantly larger improvements in the TwHF group
compared with the sulfasalazine group were apparent at 2 weeks of therapy and persisted
throughout the study for HAQ disability assessment, pain, the patient’s and physician’s global
assessment of health, ESR, and CRP level. Improvements in number of swollen and tender
joints were statistically significantly greater in the TwHF group than in the sulfasalazine group
starting from 8 weeks of therapy (Figure 4). The largest improvement in CRP and ESR occurred
within the first 2 weeks of treatment with TwHF.

Appendix Table 2 (available at www.annals.org) shows a worst-case scenario analysis. Even
in the setting of the most extreme (and implausible) assumptions, which put bounds on the
relative effectiveness, the TwHF response is better than the sulfasalazine response (ACR 20,
41.7% vs. 24.6%; P = 0.055).

The mean improvement in patient function, as assessed by a decrease in HAQ score at 6 months,
was 0.60 (SD, 0.69) in the TwHF group versus 0.22 (SD, 0.42) in the sulfasalazine group (P
< 0.001). An improvement greater than 0.3 points on the HAQ (considered clinically
meaningful [26]) was observed in 58% of patients receiving TwHF and 29% of patients
receiving sulfasalazine (P = 0.002), whereas an improvement of 0.6 points was observed in
47% of patients receiving TwHF and 18% of patients receiving sulfasalazine (P = 0.001).

Radiographic assessment indicated that patients receiving TwHF extract had no progression
of mean joint space narrowing and erosion scores, compared with respective progression scores
of 1.65 (SD, 0.84) and 2.17 (SD, 1.47) in the sulfasalazine group (Table 2 and Appendix Figure
2, available at www.annals.org); this finding was not statistically significant.

Laboratory Response to Treatment With TwHF Extract
Plasma interleukin-6 levels were significantly lower after 4 weeks of treatment with TwHF
and remained low at 24 weeks. At 6 months, interleukin-6 levels in the TwHF group had
decreased by 24.81 pg/mL (SD, 6.31) compared with 4.63 pg/mL (SD, 6.82) in the sulfasalazine
group (P = 0.037). In addition, reductions in rheumatoid factor levels were more pronounced
at 4 and 24 weeks in patients who received TwHF (P < 0.001 for both comparisons) compared
with patients who received sulfasalazine, in whom a significant decrease was seen only at 24
weeks (P = 0.003) (Table 2). Pearson correlations were used to assess whether a relationship
existed between changes in interleukin-6 levels from baseline to week 24 and to assess the
corresponding changes in DAS 28 for each treatment. We did not observe a significant
relationship in either the TwHF group (R2 = 0.002; P = 0.84) or the sulfasalazine group (R2 =
0.072; P = 0.22). Because of the proposed binding of the major active components of the TwHF
extract, triptolide and tripdiolide, to the glucocorticoid receptor (13), we assessed metabolic
variables that would be expected to change with alterations in glucocorticoid metabolism.
However, body weight, systolic and diastolic blood pressure, and plasma levels of cortisol and
adrenocorticotropic hormone did not significantly change with treatment (Table 2). Of note,
total cholesterol levels increased significantly (P < 0.001) in the patients receiving TwHF, with
both high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol
levels increasing by 53% and 48%, respectively (Table 2). Nevertheless, the ratio of LDL
cholesterol to HDL cholesterol remained unchanged (data not shown).

Safety and Tolerability
While receiving the study drug, patients reported at least 1 adverse event with similar frequency
in both treatment groups (Table 3). Significantly more patients in the sulfasalazine group than
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the TwHF group experienced adverse events classified as moderate to severe by the investigator
(P = 0.039). Table 3 lists adverse events that occurred at a frequency of 5% or more, and these
adverse events were similar in both treatment groups. About 60% of all patients with adverse
events experienced gastrointestinal symptoms. Despite the high frequency of gastrointestinal
events, 59% of patients receiving TwHF and 49% of patients receiving sulfasalazine completed
the study, and gastrointestinal symptoms resolved in 69% of the TwHF group and 70% of the
sulfasalazine group.

Seventeen patients who received sulfasalazine and 8 patients who received TwHF discontinued
the study because of adverse events (P = 0.071). Adverse events that led to study
discontinuation in the TwHF group included gastrointestinal events in 6 patients,
thrombocytopenia in 1 patient, and 1 serious adverse event—a femoral fracture—in 1 patient.
In the sulfasalazine group, 4 patients who discontinued treatment experienced serious adverse
events (1 had cholecystitis with cholecystectomy, an incarcerated inguinal hernia, and
gastroparesis and partial small-bowl obstruction; 1 had atrial fibrillation and pancreatitis; 1 had
a viral infection; and 1 had exacerbation of asthma and hypertension), 5 patients had nausea,
and 8 patients had an allergic drug reaction.

Fifteen serious adverse events were observed in 10 patients (Appendix Table 3, available at
www.annals.org), 3 of whom received TwHF (3 events) and 7 of whom received sulfasalazine
(12 events). Of those, only 4 patients in the sulfasalazine group discontinued the study drug.
Despite consenting to effective birth control, 2 patients became pregnant while receiving TwHF
or sulfasalazine and subsequently delivered healthy babies. Mild prolongation of the corrected
QT interval on ECG was seen in patients receiving TwHF, without an increase in arrhythmias
on ECG or an increase in corrected QT intervals above the normal range (Appendix Table 4,
available at www.annals.org). Reversible amenorrhea was observed in 3 patients receiving
TwHF, and permanent amenorrhea was observed in 1 patient receiving sulfasalazine.

DISCUSSION
Our results indicate that patients with active rheumatoid arthritis can be effectively treated with
a standardized extract of the roots of TwHF, a medicinal plant that has been widely used in
Chinese traditional medicine (6–8). During the 6-month study, treatment with TwHF extract
resulted in rapid improvement in clinical signs and symptoms of rheumatoid arthritis, including
joint pain, joint swelling, and measures of overall well-being, and in markers of inflammation,
such as CRP, ESR, and the pro-inflammatory cytokine interleukin-6. Compared with
sulfasalazine, 2 g/d (an approved standard therapy for rheumatoid arthritis), TwHF led to
statistically significantly greater improvement in terms of patients achieving ACR 20, ACR
50, and ACR 70 responses and to moderate to good improvement in DAS 28. The improvement
in clinical and laboratory markers translated into clinically and statistically significant
improvement in patient function as measured by the HAQ disability score.

Because rates of noncompletion were relatively high, especially in the sulfasalazine group, we
performed a sub-analysis on patients who completed the trial to assure that the effects of TwHF
were not overestimated. We observed a significantly greater benefit of TwHF compared with
sulfasalazine when we analyzed only patients who completed the study. Many other analyses,
including a modified worst-case scenario analysis, also confirmed that the unequal withdrawal
rate did not bias the study results in favor of TwHF. The sensitivity analyses, including patients
who completed the study; as-treated patients; worst-case scenario; and a mixed-models
repeated measures approach, which provides a sophisticated method of handling the problem
of missing data explicitly, also yielded treatment results strongly in favor of TwHF, with
estimated treatment effects often larger than those seen in these other approaches.
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The oral administration of TwHF, 3 times per day, required a study design with another daily
oral agent, such as sulfasalazine. Like TwHF, sulfasalazine is associated with gastrointestinal
side effects at treatment initiation and, therefore, blinding was maintained during our study.
Furthermore, because methotrexate is the most commonly used disease-modifying
antirheumatic drug in the United States, using this drug as the active comparator would have
made it likely that recruited participants in whom this therapy had failed might be randomly
assigned to receive the same treatment again in the study. Sulfasalazine has been used as an
active drug comparator in other studies (27–29) and has been reported to be similar to other
oral disease-modifying drugs.

The rapid improvement in HAQ disability measure in our trial may be because TwHF not only
has potent anti-inflammatory and immunomodulatory effects but also inhibits the transcription
of cyclooxygenase-2 (20), which may result in the reduced production of prostaglandin E2 at
inflammatory sites and therefore have a direct analgesic effect. This analgesic effect may have
contributed to the early and significant improvement in pain and HAQ scores that we observed
in patients who received TwHF.

Although our sample size was relatively small and the study was not powered to detect group
differences in radiographic joint damage scores, the TwHF group trended to slower progression
of radiographic joint damage than the sulfasalazine group. Because sulfasalazine has been
shown to limit radiographic progression (30), our result indicates that TwHF limits
radiographic progression at least as well. Because our patient population was similar to patients
in other recent studies in terms of joint damage and disease activity (31–35), our results are
encouraging but need to be verified in a larger cohort.

The withdrawal rates in our study were higher than the attrition rates of 19% to 28.5% in other
rheumatoid arthritis efficacy trials that compared monotherapies, including sulfasalazine
(36). This difference may reflect a lower current threshold in the United States for rheumatoid
arthritis study participants and physicians to exit an investigational study if a rapid clinical
benefit is not observed or if adverse events occur. However, similar to our study, a review of
placebo-controlled clinical trials in patients with rheumatoid arthritis (27) reported overall
attrition rates of 25% to 50% with sulfasalazine monotherapy. Furthermore, a second meta-
analysis of 71 trials and 88 observational studies reported that with long-term use, only 22%
of patients with rheumatoid arthritis continued sulfasalazine monotherapy compared with 36%
receiving methotrexate (37). Therefore, the withdrawal rate with sulfasalazine in our study
may be as expected.

Gastrointestinal symptoms were the most frequently reported adverse events, occurring early
in the course of treatment and leading to similar numbers of drug discontinuation in the TwHF
and sulfasalazine groups. The gastrointestinal side effects subsided in more patients who
continued receiving TwHF (59%) than in patients who continued receiving sulfasalazine
(49%). However, a lower drug dose at initiation of therapy or a gradual dose increase to full
levels may improve tolerability, and counseling patients on the improvement of the
gastrointestinal symptoms with continuation of therapy may further improve drug adherence.
Despite these limitations, the effect of TwHF in terms of HAQ improvement and the persistence
of this benefit, even when we analyzed only patients who completed the study (data not shown),
stress the magnitude of the benefit of this treatment.

Toxicities reported with the use of various nonstandardized preparations of TwHF are difficult
to compare with the adverse events that occurred in our study, because peeling the roots and
using a standardized extraction with ethanol followed by ethyl acetate partitioning (10,38)
seems to result in better tolerability and less toxicity. Adverse hematologic events included
reversible neutropenia in 1 patient and thrombocytopenia in 2 patients who received TwHF.
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Reversible amenorrhea, which has also been reported in other studies (39,40), occurred in 3
patients receiving TwHF; this effect may make this drug more attractive in the treatment of
postmenopausal women.

Anti-inflammatory therapies with anti–tumor necrosis factor and anti–interleukin-6 activity
have been associated with elevated serum levels of total cholesterol (31,41). Further studies
need to evaluate whether the increase in HDL and LDL cholesterol levels seen with
administration of TwHF is mediated through the reduction in interleukin-6 levels or through
unknown mechanisms and, more important, whether the effect on prostaglandins, the increase
in HDL and LDL cholesterol levels, and the decrease in CRP and interleukin-6 levels will result
in an increase or a decrease in atherosclerotic risk. Prolongation of the corrected QT interval
on ECG may warrant monitoring when other drugs with similar effects are used in combination
(42).

Animal data (43) suggested modification of the pituitary axis when TwHF is administered to
rats, and initial in vitro results (13) suggested that triptolide may exert some of its anti-
inflammatory properties by binding to the glucocorticoid receptor. Nonetheless, we observed
no weight gain, increase in glucose intolerance, or alterations in adrenocorticotropic hormone
and cortisol in our patients, suggesting limited or no effect on the hypothalamic–pituitary–
adrenal axis. Triptolide, the major mediator of the anti-inflammatory effect of the extract, has
been reported (44) to bind to the calcium channel, PC-2, mediating calcium release in kidney
cells, which arrested the growth of kidney cysts (45). Additional investigation is needed to
determine whether all the clinical effects of this extract in the different tissues can be explained
by these mechanisms. However, several diterpenoids have been described to have potent anti-
inflammatory and analgesic properties and may serve as useful models of new drug
development (13).

In summary, our study demonstrates that treatment with a standardized extract from the peeled
roots of the Chinese herbal remedy TwHF administered over 24 weeks may be both effective
and safe in treating patients with active rheumatoid arthritis. The rapid improvement in function
and pain and the profound effect on inflammation may make this extract an attractive and
affordable alternative to currently available agents. The long-term effects and toxicities and
the potential combination of TwHF with other antirheumatic therapies need to be addressed in
further studies.
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Figure 1. Study flow diagram
TwHF = Tripterygium wilfordii Hook F.
* 62 patients were not included because disease activity was too low and 6 patients because of
health issues.
† Significant difference (P = 0.039) between the sulfasalazine group and the TwHF group.
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Figure 2. Time trajectory of withdrawals
Values below the trajectory are the numbers of patients in the TwHF and sulfasalazine groups
who discontinued treatment because of AEs, LOE, or other reasons. AE = adverse event; LOE
= lack of effect; TwHF = Tripterygium wilfordii Hook F.
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Figure 3. Clinical outcomes at 2 to 24 weeks
Group comparisons were made at each visit. Data are shown only for patients who had the
actual visit. Another analysis included all participants who were present at the respective visit.
The number of participants in each group at a given visit is stated at the bottom of Figure 4.
This analysis confirms the rapid onset of the clinical and laboratory response. A significant
group difference between treatment groups is already seen early in the study, at a time when
the withdrawal rate was much lower. ACR = American College of Rheumatology; TwHF =
Tripterygium wilfordii Hook F.
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Figure 4. Comparisons of clinical responses by American College of Rheumatology criteria
CRP = C-reative protein; ESR = erythrocyte sedimentation rate; HAQ = Health Assessment
Questionnaire; TwHF = Tripterygium wilfordii Hook F. Outcomes from all patients who were
evaluated on the respective visit are depicted. The actual number of patients evaluated at the
respective visit is listed at the bottom. The HAQ score; patient assessment of global disease
activity and pain and physician assessment of disease activity, both measured on a visual
analogue scale from 0 to 10 mm (with higher numbers indicating greater severity); the number
of painful and swollen joints on physical examination out of a total of 68 tender joints and 66
swollen joints (hips excluded); ESR; and CRP were assessed at each study visit.
* P < 0.05.
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† P < 0.01.
‡ P < 0.001.
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Appendix Figure 1. ACR responses based on last-observation-carried-forward analysis
Green bars represent the sulfasalazine group, and white bars represent the TwHF group. ACR
= American College of Rheumatology; TwHF = Tripterygium wilfordii Hook F. Top.
Percentages of patients achieving responses defined by the ACR 20, ACR 50, and ACR 70
criteria at 24 weeks. Bottom. Percentages of patients with moderate or good European League
Against Rheumatism responses at 24 weeks. A moderate European League Against
Rheumatism response is a decrease (improvement) of >0.6 and ≤1.2, and a good response is a
decrease of >1.2.
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Appendix Figure 2. Probability plot of change in radiographic score from baseline to end of study
The probability plot shows changes in total radiographic score from baseline to follow-up
ranked for magnitude of change and organized by treatment group of all participants with
available data. The graph shows that more patients in the sulfasalazine group than in the TwHF
group have an increase in radiographic scores and that the magnitude of the increase is also
larger in the sulfasalazine group than in the TwHF group. The graph also shows that most
patients in both treatment groups have no radiographic progression. All of these patients are
graphed at or around zero. TwHF = Tripterygium wilfordii Hook F.
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Table 1

Patient Characteristics at Baseline

Characteristic TwHF Group
(n = 60)

Sulfasalazine
Group
(n = 61)

Mean age (SD), y 54 (11) 52 (12)

Women, n (%) 44 (73) 54 (87)

Race, n (%)*

    White 35 (58) 31 (51)

    Black 9 (15) 15 (25)

    Latino 14 (23) 12 (20)

    Other 2 (4) 3 (4)

Medications at randomization, n (%)†

    Oral prednisone 17 (28) 17 (28)

    Methotrexate† 8 (13) 10 (16)

    Other DMARD† 7 (12) 6 (10)

  Hydroxychloroquine 5 3

  Leflunomide 1 3

  Minocycline 1 0

  Adalimumab 0 1

Mean tender joints (SD), n ‡ 34 (16) 33 (17)

Mean swollen joints (SD), n ‡ 24 (12) 22 (13)

Mean pain score (SD)§ 71 (18) 72 (17)

Mean physical function score (SD)‖ 1.65 (0.58) 1.73 (0.63)

Mean global assessment score (SD)§

   Assessed by patient 67 (18) 69 (19)

   Assessed by physician 70 (18) 69 (17)

Mean DAS 28 (SD) 6.91 (1.01) 6.95 (1.00)

Mean total radiographic score at baseline (SD)¶ 27.3 (51.0) 21.4 (31.2)

Erosive disease, %¶ 67.4 60.5
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Characteristic TwHF Group
(n = 60)

Sulfasalazine
Group
(n = 61)

 Mean total radiographic score at baseline (SD)¶** 40.0 (59.6) 34.0 (34.7)

Mean ESR (SD), mm/h 49 (29) 51 (23)

Mean CRP level (SD)

    nmol/L 255.2 (307.6) 236.2 (272.4)

    mg/dL 2.68 (3.23) 2.48 (2.86)

CRP = C-reactive protein; DAS 28 = Disease Activity Score 28; DMARD = disease-modifying antirheumatic drug; ESR = erythrocyte sedimentation
rate; TwHF = Tripterygium wilfordii Hook F.

*
Self-reported.

†
Patients receiving methotrexate and other DMARDs underwent a 4-week washout before randomization.

‡
68 joints were assessed for tenderness, and 66 joints were assessed for swelling.

§
A 100-mm visual analogue scale was used, in which higher values indicate more severe pain or impairment of overall well-being.

‖
Scores on the modified Health Assessment Questionnaire range from 0 to 3, with higher scores indicating greater disease severity.

¶
Baseline erosions and radiographic scores were obtained from 43 participants in each group for whom 2 sets of radiographs were available. Values

range from 0 to 440, with higher scores indicating more articular damage on radiographic evaluation.

**
In patients with erosive disease only.
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Appendix Table 1

Study Adherence

Variable TwHF Group
(n = 60)

Sulfasalazine
Group
(n = 61)

P Value

Mean days of study (SE) 129.1 ± 7.5 98.2 ± 8.8 0.008

Mean pills taken (SE), %* 92.5 ± 1.7 87.9 ± 2.3 0.120

TwHF = Tripterygium wilfordii Hook F.

*
Calculated from the number of pills actually taken (per diary assessment) relative to the number of pills the patients were supposed to take while in

the study. By using a daily pill diary and blister card checks, the percentage of pills taken was corrected for time in the study. Although the time in
the study was longer in patients receiving TwHF, adherence to medication intake in both groups was good and not significantly different.
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Appendix Table 2

Worst-Case Scenario Analysis*

Outcome† Response Rate (95% CI),% P Value

TwHF Group Sulfasalazine
Group

ACR 20 41.7 (29.1–55.1) 24.6 (14.5–37.3) 0.055

ACR 50 33.3 (21.7–46.7) 11.5 (4.7–22.2) 0.005

ACR 70 23.3 (13.4–36.0) 11.5 (4.7–22.2) 0.098

ACR = American College of Rheumatology; TwHF = Tripterygium wilfordii Hook F.

*
A worst-case scenario analysis with regard to biasing against the superior effect of TwHF was performed. Each patient who withdrew from the TwHF

group for any reason was considered not to have achieved an ACR 20, ACR 50, or ACR 70 response. Patients in the sulfasalazine group who withdrew
were considered ACR responders except for those who withdrew for lack of efficacy and for adverse events; they were considered to have had no
ACR response. The results indicate that, even under these artificial assumptions, the TwHF response is better than the sulfasalazine response.

†
121 patients total.
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Appendix Table 3

Serious Adverse Events

Serious Adverse Events TwHF Group
(n = 3)

Sulfasalazine
Group
(n = 7)

Deep venous thrombosis 1 0

Femoral fracture 1 0

Cholecystitis with cholecystectomy 1 1*†

Atrial fibrillation and pancreatitis (2 separate events) 0 1†

Incarcerated inguinal hernia, gastroparesis, and partial small-bowel obstruction (3 separate events) 0 1*†

Incarcerated ventral hernia 0 1

Failure of knee prosthesis 0 1

Viral infection 0 1†

Exacerbation of asthma and hypertension (2 events) 0 1†

Patellar fracture 0 1

TwHF = Tripterygium wilfordii Hook F.

*
The same patient had cholecystitis and an incarcerated inguinal hernia, gastro-paresis, and partial small-bowel obstruction at the same time after

receiving sulfasalazine for 1 day (2 doses).

†
The patient permanently stopped receiving the study drug.
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