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COMPARISON OF AURANOFIN, GOLD SODIUM 
THIOMALATE, AND PLACEBO IN THE TREATMENT 

OF RHEUMATOID ARTHRITIS 

A Controlled Clinical Trial 

JOHN R. WARD, H. JAMES WILLIAMS, MARLENE J.  EGGER, JAMES C. READING, 
ERIC BOYCE, MARY ALTZ-SMITH, CECIL 0. SAMUELSON, JR., ROBERT F. WILLKENS, 

MARILYN A. SOLSKY, STANLEY P. HAYES, KENNETH L .  BLOCKA, ARTHUR WEINSTEIN, 
ROBERT F. MEENAN, MARIA GUTTADAURIA, STANLEY B. KAPLAN, and JOHN KLIPPEL 

A prospective controlled, double-Wind multi- 
center trial compared placebo, auranofin (an orally 
administered gold camplex), and parenteral gold sodi- 
um thiomalate (GST) in patients with active rheumatoid 
arthritis (RA). Of 193 patients who received any treat- 
ment, the only important improvement identified for 
either auranofin or GST was for paidtenderness scores. 
When 161 patients who completed 20 weeks of treatment 
were examined, both auranofin and GST treatments 
were superior to placebo as measured by improvement 
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iq number of painful andlor tender joints, jbint pa id  
tenderness scores, physician’s assessment of disease 
activity, and decrease in erythrocyte seaimentation rate 
when elevated at entry. GST was superior to placebo in 
improvement of joint swelling scores, anemia, thrombo- 
cytosls, and rheumatoid factor. No drug-related remis- 
sions were obserkd. The only statistically significant 
advantages of GST over auranofin for efficacy were an 
increase in hemoglobin concentration and decrease of 
thrombocytosis with GST. Withdrawals for adverse 
effects werC 5 times more frequent with GST treatment. 
Thrombacytopenia, proteinuria, elevated liver enzymes, 
“nitritoid” reactions, and “gold pneumonitis” were 
observed only in the GST treatment group. These 
results confirm that bbth parenteral and oral gold may 
be effective for the treatment of RA, that GST tends to 
show greater efficacy than auranofin, and that aurano- 
fin has fewer significant adverse effects than GST. 
However, long-term benefits, tolerability, and safety 
cannot be inferred from this study. 

Auranofin (2,3,4,6-tetra-O-acetyl-l-thio-b-D- 
glucopyranosato-S-[triethylphosphine] gold), desig- 
nated SK&F-39162 by Smith Kline and French, is an 
alkylphosphine gold coordination complex which con- 
tains both a phosphorous and sulfur ligand and has a 
high degree of lipid solubility (1,2). Sutton et  a1 (1)  
demonstrated that oral gold complexes suppressed 
adjuvant-induced arthritis of rats. Subsequently, Walz 
et a1 (2) used auranofin in doses of 5 and 10 mg/kg/day 
and demonstrated decreased swelling in the adjuvant- 
injected rat paw. 

Recently, auranofin has been evaluated as a 
therapeutic agent for rheumatoid arthritis (RA) (3-12). 
While the majority of these studies were uncontrolled, 
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auranofin appeared to be effective in improving the 
clinical and laboratory abnormalities of RA. An effec- 
tive dose which is well tolerated is apparently 3 mg 
twice daily, and clinical improvement is reported to 
occur as early as 6-8 weeks. Two prospective con- 
trolled double-blind studies have been conducted with 
auranofin. One trial compared 6 mg auranofin daily 
with gold sodium thiomalate (GST) (12); the other 
compared 6 mg auranofin daily with placebo (1 1). 

In order to further evaluate auranofin, a multi- 
center study was initiated to compare 6 mg auranofin 
daily, conventional GST treatment, and placebo in 
patients with definite or classic RA. The objectives of 
the trial were as follows: 1) to compare the efficacy of 
the 3 treatments as measured by clinical and labora- 
tory variables, and 2) to compare the incidence and 
severity of side effects and/or complications among the 
3 treatment groups. This is a rdport of 208 patients who 
fulfilled the criteria for entry into the trial. 

PATIENTS AND METHODS 
Participating clinics. The Cooperative Systematic 

Studies of Rheumatic Diseases (CSSRD) is funded under a 
National Institute of Arthritis, Diabetes, Digestive and Kid- 
ney Diseases contract with the Coordinating Center (CC) at 
the University of Utah in Salt Lake City. Protocols are 
developed at the CC with assistance and approval of the 
member clinics and under the direction and guidance of an 
Advisory Committee. All protocols are approved by each 
participating clinic Institutional Review Board or Human 
Rights Committee.* 

Data are collected at each clinic and sent to the CC, 
where they are monitored for completeness and adherence 
to the protocol, and stored for analysis. 

Study design. This was a 21-week double-blind paral- 
lel trial comparing placebo, auranofin, and GST in patients 
with active rheumatoid arthritis. The randomization for each 
clink was performed by the CC. Patients were assigned to 
each participating clinic in blocks of 20 with the proportions 
of placebo, auranofin, and GST in the ratio of 2: 3 : 3. If more 
than 20 patients were treated at a clinic, additional random- 
ization was done by the CC in blocks of 10. Patients were 
entered mto the study after the CC had reviewed the entry 
database to insure that protocol entry criteria were fulfilled 

* The participating clinics and their directors represent 10 
university-based centers and the National Institutes of Health as 
follows: University of Alabama, Birmingham, Graciela S .  Alarcon, 
MD; University of California. Los Angeles. Harold E. Paulus, MD; 
University of Conriecticut, Arthur Weinstein, MD; National Insti- 
tute of Arthritis, Diabetes, Digestive and Kidney Diseases, Arthritis 
and Rheumatism Branch, John Klippel, MD; Boston University, 
Robert F. Meenan, MD: University of Michigan, William Mikkel- 
sen, MD; University of Missouri, Columbia, Gordon Sharp, MD; 
State University of New York, Downstate Medical Center, David 
Kaplan, MD; University of Tennessee, Stanley B. Kaplan, MD; 
University of Utah, Cecil 0. Samuelson. Jr.,  MD; University of 
Washington, Harborview Medical Center, Robert F. Willkens, MD. 

and the signed patient consent form had been received. 
Entry criteria were revalidated when first visit forms were 
received at the CC. 

Patient selection criteria. All patients were 18 years of 
age or older and had definite or classic RA of mofe than 6 
months’ duration with onset after age 16. Despite individual- 
ized doses of salicylates or nonsteroidal antiinflammatory 
drugs (NSAID), the patient’s RA was incompletely con- 
trolled. For entry, treatment with salicylates was defined as 
a minimum dose of 3,600 mg aspiridday, with toxic signs or 
symptoms, and/or a serum salicylate level of 15 mg/dl or 
greater obtained 4,hours after the last dose or immediately 
before the next dose. If intolerant or nonresponsive to 
salicylates, at least 1 other NSAID wks tried. Minimal daily 
doses of the individual NSAIDs were defined as: fenoprofen 
1,800 mg, ibuprofen 1,600 mg, indomethacin 75 mg, na- 
proxeh 500 mg, oxyphenbutazone or phenylbutazone 300 
mg, sulindac 300 mg, and tolmetin 1,200 mg. Patients had not 
received an,timalarials or D-penicillamine for the preceding 3 
modths or pyrazalones for 1 morith. Women had no child- 
bearing potential or were practicing successful contraception 
for at least 3 months before entry into the study. 

All patients had 6 or more swollen joints considered 
capable of responding to drug therapy and 2 of the following: 
1) 9 or more joints tender on pressure; 2 )  45 minutes or more 
of morning stiffness: and 3) Westergren erythrocyte sedi- 
mentation rate (ESR) of 28 mm/hour or greater. 

Patients were excluded from the study for any of the 
following: 1) American Rheumatism Association (ARA) ex- 
clusion criteria for RA (13); 2) presence of seronegative 
spondylarthropathy , mixed connective tissue disease (14), or 
psoriasis; 3) functional class IV patients; 4) concomitant 
therapy with another experimental drug; 5) previous treat- 
ment with gold; 6) previous treatment with cytotoxic drugs; 
7) chronic dermatitis, except for benign disorders such as 
acne or limited seborrheic dermatitis; 8) any acute or chronic 
illness which would jeopardize the patient’s,ability to partici- 
pate in the study, such as uncontrolled congestive heart 
failure, diabetes mellitus, active peptic ulcer disease, or 
significant hepatic, renal, or hematologic disease. Patients 
manifesting proteinuria, thrombocytbpenia (platelet count 
less than 150,000/mm3) or leukopehia (total white blood cell 
count less than 3,500 cells/mm3 or polymorphonuclekr cell 
count of less than 1,500 cells/mm3) at visit 1 were excluded. 

Drug administration. All patients received weekly 
supplies of tablets to be taken orally and were given weekly 
intramuscular injections. Those in the auranbfin group re- 
ceived 3.0 mg auranofin twice daily and placebo hjections. 
Those in the GST group received a placebo tablet twice daily 
and weekly injections of GST, 10 mg initially, 25 mg the 
second week, and 50 mg during the 19 subsequent weeks. 
The placebo treatment group received weekly placebo injec- 
tions and daily placebo tablets. Double-blinding was accom- 
plished uSing auranofin tablets and physically indistinguish- 
able placebo tablets, with similar provisions for GST and the 
placebo injectable solution. The patients were seen weekly 
and injections were withheld until the results of a current 
complete blood count and urinalysis were reviewed. 

Every patient was receiving an optimal and stable 
dose of aspirin and/or NSAID which was kept constant for 
the duration of the 21-week double-blind study. Phenylbuta- 
zone, oxyphenbutazone, and intraarticular steroid injections 
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were not pevitted.  A patient could be taking prednisone, 
not to exceed 10 mgtday, that had 'been a stable dose for 1 
month before study entry and remained constant throughout 
the trial. The only regular analgesics allowed during the trial 
were acetaminophen, propoxyphene, or codeine, and a 
record of their use was maintained. 

'Methods for evalqation. Clinical assessments of dis- 
ease activity were performed at study entry and at 4. 8, 12, 
16, and 21 weeks. The same physician examined each patient 
throughout the trial. Physicians' assessments included: 1) 
joint count for tenderness on pressure and/or pain on motion 
for 68 didrthrodial joints, graded on a scale of 0 = none, 1 = 
positive response on questioning, 2 = spontaneous response 
elicited, and 3 = withdrawal by patient on examination; 2) 
joint swelling for 66 joints graded on a scale of 0 = none, I = 
detectable synovial thickening without loss of bony con- 
tours, 2 = loss of distinctness of bony contours, and 3 = 
bulging synovial proliferation with cystic characteristics; 3) 
joint tendernesdpajn and joint swelling scores were derived 
by summing the severity scores for each joint; 4) grip 
strength using a mercury column sphygmomanometer with a 
standard grip bag (15); 5) physician assessment of disease 
activity on a scale of 1 = asymptomatic, 2 = mild, 3 = 
moderate, 4 = severe, or 5 = very severe; and 6) functional 
class (16). 

Patient assessment included: 1) duration of morning 
stiffness on the day before the visit; 2) overall assessment of 
arthritis activity graded as I = very good, 2 = good, 3 = fair, 
4 = poor, or 5 = very poor. 

An important question to ask about any therapy is 
what proportion of patients started on treatment obtained 
benefit. A major dilemma to such an analysis is defining 
response. The following definitions were developed for what 
we considered important or significant improvement for 
several variables including joint counts and patient and 
physician assessment of disease severity. 

1. Therapeutic remissions (17). This definition required 5 
or more of the following for at least 2 consecutive 
months: morning stiffness of less than 15 minutes, no 
fatigue, no joint pain by history, no joint tenderness, no 
joint swelling, and Westergren ESR of less than 20 mm/ 
hour in men and less than 30 mm/hour in women. 

2. Important joint improvement for joint swelling or joint 
pain/tenderness. This is defined as improvement of 
50% or more in the number of swollen (tender) joints, 
e.g., the patient showed swollen joint improvement if 
the number of joints improved exceeded the number of 
joints worsened by at least 50% of the joints initially 
involved and capable of response. Improved is defined 
as change in swelling (tenderness) to none or improve- 
ment from severe to mild. Worsening is defined as 
involvement of a previously Lininvolved joint or a 
change in swelling (or tenderness) to severe in a 
previously involved joint that was moderate or less. 
For example, a patient with 10 moderately swollen 
joints with 8 joints improved and 3 joints worsened 
during the trial would have significant joint improve- 
ment, but if 4 joints improved and 2 joints worsened, 
significant joint improvement would not have occurred. 

3. Improvement in patient assessment by at least 2 
grades. 

4. Improvement in physician assessment by at least 2 
grades. 

Laboratory studies. A urinalysis and complete blood 
count which included hematocrit. red blood cell count, 
hemoglobin, white blood cell count, differential cell count, 
and platelet count were performed weekly. If the white 
blood cell count fell below 3,500 cells/mm3, the absolute 
polymorphonuclear leukocyte count was less than 1,500 
cells/mm3, the platelet count was below 100,000/mm3. or 
proteinuria exceeded 0.5 gm124 hours, the drug was discon- 
tinued and the results confirmed by a repeat test. If the 
repeated results were normal, therapy was reinstituted. 

A chemical survey which included serum glutamic 
qxalocetic transaminase (SCOT), serum glutamic pyruvic 
transaminase (SGPT), lactic dehydrogenase (LDH), alkaline 
phosphatase, bilirubin, blood urea nitrogen (BUN), creati- 
nine, total serum proteins, albumin, and uric acid was 
performed at entry and at 4-week intervals. If liver function 
test results were equal to or exceeded twice the upper limit of 
the normal range, weekly repeat tests were done. If an 
abnonrplity of more than 1 test persisted, or persistent eleva- 
tion of the SGOT or S G R  alone occurred, the patient was 
withdrawn from the study. In addition, a Westergren eryth- 
rocyte sedimentation rate test was performed every 4 weeks. 
Rheumatoid factor and antinuclear antibodies were tested at 
entry and at completion of or at time of withdrawal from the 
study. 

Blood gold levels were studied by atomic absorption 
spectrometry (18,19) at entry and every 4 weeks at a central 
laboratory. For the auranofin group, no control for time of 
phlebotomy was incorporated in the study protocol, while all 
GST patients had blood drawn before injection. 

Roentgenograms of the hands were taken on entry 
and completion of the trial on all patients. Because standard 
methodology and criteria for change have not been estab- 
lished, the results of their analysis will be presented in a 
separate and detailed report. 

Adverse reactions. Patients were interviewed every 
week for new symptoms, presence of rash, mouth ulcers, 
gastrointestinal reactions, or other possible side effects. The 
physician was asked to express an opinion concerning the 
relationship of any complaint to the test medications. Only 
those reactions considered as probably or definitely drug- 
related and which were present on more than 1 visit are 
reported. All patients who were withdrawn for adverse 
reactions were followed until resolution of the reaction to 
ascertain the persistence and severity of the untoward effect. 

Compliance. Every patient was questioned at each 
visit concerning adherence to their medication dose for 
NSAIDs, glucocorticoids, analgesics, and test medication. 

Statistical analysis. Since much of the quantitative 
data did not have a Gaussian distribution, it was analyzed by 
the Kruskal-Wallis test using the difference between the first 
and last visits. This test deals with medians rather than 
means. In order to investigate differences between pairs of 
treatments when there was a statistically significant differ- 
ence among all 3 treatments, pairwise comparisons of treat- 
ments were carried out using Mann-Whitney rank-sum tests 
when the P values from the Kruskal-Wallis test were less 
than 0.05. Pearson x' tests were used to compare differences 
of proportions. 
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Parametric analogs of these tests were also per- 
formed. They included: one-way analysis of variance (AN- 
OVA], pairwise comparisons by Tukey’s method of least 
significant differences at an overall 5% significance level, 
and the more conservative Neuman-Keuls multiple compari- 
sons. 

To control for possible differences at entry among 
treatment groups, efficacy analyses were repeated using an 
analysis of covariance (ANCOVA) or the Generalized Coch- 
ran-Mantel-Haen:zel x2 mean score test (20) using the initial 
data values as a covariate. 

The initial sample size for each treatment group was 
calculated based on the following assumptions: GST would 
show a 50% improvement and auranofin would have to 
produce an 80% improvement to be “better” than GST. It 
was also assumed that placebo would show a 15% improve- 
ment. In order to test at the a = 0.05 level with 90% power 
and assunling a uniform dropout rate of 30%, 85 patients 
receiving auranofin, 85 receiving GST, and 50 receiving 
placebo, for a total of 220 patients, were planned for entry 
into the study. 

To control fot clinically meaningful Type I1 or beta 
error, post hoc hypothetical sample sizes which would be 
needed to detect a 40 percentage point difference in efficacy 
between placebo and either gold group, or a 30 percentage 
point difference between auranofin and GST were calculat- 
ed. These sample sizes were calculated for joint count 

variables allowing for 90% power at the 5% significance 
level, based on the variability which was actually observed. 
They were then inflated by 7d3 to account for the relative 
efficiency of Wilcoxon rank-sum tests versus t-tests. The 
sample sizes rieeded to detect the observed differendes 
among groups, accounting for the variability actually ob- 
served, were also calculated for the other response varia- 
bles. 

RESULTS 
Patients studied. Two hundred eight patients 

fulfilled the entry criteria. One hundred ninety-three 
were considered acceptable study patients after 15 
were withdrawn for non-drug related reasons such as 
lack of cooperation, incorrect diagnosis, moved from 
clinic area, or intercurrent illness. There were 4 pa- 
tients receiving placebo, 5 receiving auranofin, and 6 
receiving GST who were excluded for the above 
reasons. There were no significant differences at entry 
in patients assigned to the treatment groups (Table 1). 
Measurement variables were comparable at entry 
(data available on request). 

Two separate populations of patients were used 
for evaluation. For  the first analysis, the question is 

Table 1. Characteristics at entry for patients by treatment group 

Placebo Auranofin GST* P 
Variable In = 46) (n = 72) (n = 75) value 

Age 

Sex 

Mean 
Range 

Male 
Female 

Mild 
Moderate 
Severe 

White 
Other 

Mean 
Range 

I 
2 
3 
4 

Steroids 
Yes 
No 

> 1 :40 
51:40 

Disease severity 

Race 

Disease duration (months) 

Anatomic stage§ 

Rheumatoid factor§ 

49 
22-73 

12 (26%) 
34 (74%) 

3 (7%) 
34 (74%) 
9 (20%) 

33 (72%) 
13 (28%) 

64 
5-338 

12 (27%) 
19 (42%) 
13 (29%) 

1 (2%) 

8 (17%) 
38 (83%) 

36 (82%) 
8 (18%) 

52 
22-76 

22 (310/0) 
50 (69%) 

7 (10%) 
52 (72%) 
13 (18%) 

56 (78%) 
16 (22%) 

76 
5-366 

I 1  (15%) 
32 (45%) 
25 (35%) 

3 (4%) 

9 (13%) 
63 (88%) 

52 (85%) 
9 (15%) 

51 
21-74 

23 (31%) 
52 (69%) 

9 (12%) 
55 (7376) 
1 1  (15%) 

55 (73%) 
20 (27%) 

76 
6-427 

18 (24%) 
38 (51%) 
17 (23%) 
1(1%) 

7 (9%) 
68 (91%) 

50 (8 1%) 
12 (19%) 

0.53t 

0.841 

0.851 

0.721 

0.70t 

0.271 

0.43$ 

0.791 

* Gold sodium thiomalate. 
t One-way analysis of variance. 
$ Chi-square analysis. 
8 At visit 1. 
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what proportion of patients will benefit from each 
treatment when it is initiated. This analysis of 193 
patients includes all patients who started treatment, 
and incorporates patients who withdrew at any time 
for drug-related reasons. 

To answer the question of response in those 
patients who tolerated an adequate period of treatment 
as defined for conventional parenteral gold therapy, 
161 patients who completed at least 20 weeks of 
treatment were included in a separate analysis. Pa- 
tients who were withdrawn for adverse effects are 
discussed separately and are not included in this 
efficacy analysis except for 3 patients who were with- 
drawn after 20 weeks of treatment. Patients assigned 
to this group were comparable (data available on 
request). 

Compliance. Based on pill counts, there were 
no significant violations except for 1 patient receiving 
GST, who failed to take the placebo tablets as pre- 
scribed. 

Response to treatment. For the 193 valid study 
patients, the subjects who achieved important im- 
provement in paidtenderness scores, joint swelling 
scores, improvement by 2 categories in patient assess- 
ment and by 2 categories of physician assessment of 
disease activity were tested separately for differences 
among groups. Nine percent of placebo patients, 
31% of auranofin patients, and 35% of GST patients 
showed important improvement in paidtenderness 
scores (Figure 1). Both gold treatments were statisti- 
cally better than placebo with no statistical difference 
between auranofin and GST. 

For important improvement in joint swelling 
scores, 11% of placebo patients, 25% of auranofin 
patients, and 27% of GST patients achieved this de- 
gree of improvement but without statistically signifi- 
cant differences. There were no statistically significant 
differences for physician or patient assessments. 

A separate analysis of the 161 patients who 
completed 20 weeks of therapy showed there was 
statistically significant improvement in median num- 
ber of tender joints, joint paidtenderness score, and 
physician assessment of disease activity for both aur- 
anofin and GST treatment groups as compared with 
placebtreated patients. The median number of tender 
joints decreased from 28 to 20 in the auranofin-treated 
patients and from 28 to 17 in the GST-treated patients, 
while there was an increase from 24 to 27 in the 
placebo-treated patients (Table 2). There were no 
statistically significant differences between the 2 gold 
treatment regimens. 

Swelling scores were improved for auranofin 
( P  = 0.06) and achieved statistical significance for 
GST (P = 0.004) compared with placebo. There was 
no statistically significant difference between aurano- 
fin and GST. 

Duration of morning stiffness, grip strength, 
number of swollen joints, patient assessment of dis- 
ease activity, and ARA functional class showed no 
statistically significant differences among the treat- 
ment groups. No patient in any of the treatment groups 
developed a remission by the proposed ARA criteria 
(17). When analyzed for a subset of responders as 
defined by 50% or greater decrease in number of 
swollen joints, 12% of placebo, 28% of auranofin, and 
37% of GST-treated patients achieved this degree of 
improvement. 

Effects of treatment on extraarticular features 
including subcutaneous nodules, salivary gland en- 
largement, vasculitis, episcleritis and scleromalacia, 
keratoconjunctivitis sicca syndrome, pleuritis, pulmo- 
nary lesions, and pericarditis were studied. Because 
the number of patients with these features was small, 
no formal presentation or analysis is provided. How- 
ever, no effect of either gold treatment was identified. 

Changes in hemoglobin, platelet count, and 
ESR were evaluated for all patients who completed the 
trial. There were no significant differences among 
the groups for change in hemoglobin. A median in- 

100 

80 

W 70 
n 
> 

L 40-l ** 

PLACEBO ( P I  

A U R A N O F I N  ( A )  

0 GST 

10 

0 
IMPORTANT IMPORTANT PAT I E NT PHYS I C I AN 

IMPROVEMENT IMPROVEMENT ASSESSMENT ASSESSMENT 
PAIN/TENDERNESS SWELLING 

*P VS A p=.Ol;**P VS GST p =  ,003; ALL OTHER 
COMPARISONS NON - SIGNIFICANT 

Figure 1. Proportion of patients who obtained important improve- 
ment of selected measurements by treatment group (193 patients). 
GST = gold sodium thiomalate. 



Table 2. Differences in measurement variables for patients completing the trial by treatment group, between conclusion and start of trial 

Placebot Auranofin Gold sodium thiomalate 

Difference Difference Difference 
Variable* Vl v22  (V22-VI) v 1  v22 (V22-VI) VI V22 (V22-Vl) P values 

Morning stiffness 
(minutes)$ 

Median 
Mean 
SD 
Range 
No. 

Mean grip strength 
(right) mm Hg 

Median 
Mean 
SD 
Range 
No. 

Mean grip strength 
(left) mm Hg 

Median 
Mean 
SD 
Range 
No. 

Median 
Mean 

SD 
Range 
No. 

No. tender joints 

Painhenderness 
score 

Median 
Mean 

SD 
Range 
No. 

Median 
Mean 
SD 
Range 
No. 

Median 
Mean 
SD 
Range 
No. 

Median 
Mean 
SD 
Range 
No. 

Physician 

Median 
Mean 
SD 
Range 
No. 

Median 
Mean 
SD 
Range 
No. 

No. swollen joints 

Joint swelling score 

Functional class 

assessment 

Patient assessment 

150 
180 
1 I5 
0-420 

35 

109 
121 
58 

32-293 
43 

90 
113 
52 

49-268 
43 

24 
29 

15 
10-65 

43 

38 
44 

25 
12-104 

43 

20 
20 
9 

6-38 
43 

24 
27 
14 

8-65 
43 

2.0 
2.14 
0.47 
1-3 
43 

3.0 
2.86 
0.77 
2-5 

43 

3.0 
3.09 
0.68 
2-5 

43 

I05 
154 
171 
0-630 

35 

132 
139 
72 

35-300 
43 

112 
130 
74 

26-300 
43 

27 
30 

16 
2-68 

43 

39 
42 

25 
2-103 

43 

14 
18 
9 

4-38 
43 

22 
23 
12 

4-5 1 
43 

2.0 
2.07 
0.46 
1-3 
43 

3.0 
2.74 
0.69 
2 4  

43 

3.0 
2.77 
0.78 
2-5 

43 

-45 
- 25 
183 

-420-420 
35 

11  
18 
53 

43 
-95- 146 

3 
17 
43 

43 

0 
1 

13 

43 

-58-150 

-29-32 

-2 
-2 

23 

43 

-2 
-2 

9 

43 

-2 
-4 
13 

43 

0 
-0.07 

0.46 
- 1-1 

43 

-56-60 

- 22-23 

-36-23 

0 
-0.12 

0.85 
-2-1 

43 

0 
-0.33 

0.89 
-3-2 

43 

150 
184 
123 
0-575 

59 

109 
125 
64 

45-300 
63 

103 
116 
60 

35-300 
62 

28 
32 

16 
6-63 

64 

40 
47 

29 
9-143 
64 

24 
24 
12 

2-54 
64 

31 
32 
17 

64 

2.0 
2. I3 
0.45 
1-3 
64 

3-82 

3 .O 
2.95 
0.61 
2-5 

62 

3.0 
2.86 
0.83 
2-5 
64 

60 -75 
100 - 84 
1 I8 I55 
0-480 -390-300 

59 59 

125 13 
143 18 
74 50 

63 63 
15-357 -98-183 

113 16 
136 20 
74 50 

18-343 -90-190 
62 62 

20 -9 
23 -9 

16 13 

64 64 
1-60 -53-27 

24 - 14 
32 - I5 

29 23 
1-1 28 -82-83 
64 64 

17 -5 
20 -4 
14 12 

0-56 -30-39 
64 64 

22 - 10 
25 -7 
18 16 

0-79 -37-43 
64 64 

2.0 0 
1.95 -0.17 
0.49 0.52 
1-3 -2-1 
64 64 

2.0 0 
2.48 -0.47 
0.54 0.76 

62 62 
2-4 -3-1 

2.0 0 
2.42 -0.44 
0.66 1.02 
1-4 -3-1 
64 64 

120 
181 
132 

20-605 
48 

104 
I I6 
63 

23-300 
54 

104 
116 
64 

30-300 
54 

28 
30 

17 
3-67 

54 

35 
46 

32 
3-151 

54 

20 
22 
13 

5-62 
54 

25 
30 
22 

6-122 
54 

2.0 
2.17 
0.54 
1-3 
54 

3.0 
2.91 
0.77 
2-5 

53 

3.0 
2.80 
0.81 
2 4  

54 

30 -90 Vl  = 0.898 
61 -120 Difference = 0.098 
79 145 

48 48 
0-300 -605-150 

131 13 V1 = 0.668 
138 22 Difference = 0.838 
67 44 

30-300 -93-176 
54 54 

133 13 Vl  = 1.05 
138 22 Difference = 0.525 
71 51 

35-300 -73-173 
54 54 

17 -7 V1 = 0.758 
19 - 1 I Difference 

<0.0015 
15 13 P vs A <O.OOlTi 

0-64 -45-16 P vs GST <o.ooin 
54 54 A vs GST = 0 . m  

21 -17 VI = 0.815 
26 -20 Difference = 

0.0015 
26 24 P VS A = 0.003n 

54 54 A vs GST = 0.507 
0-128 -94-49 P vs GST <0.0017 

10 -7 VI = 0.235 
14 -7 Difference = 0.078 
13 11 

2-64 -44-14 
54 54 

I 1  -9 VI = 0.218 
18 - 11 Difference = 0.025 
20 13 P vs A = 0.06n 

54 54 A vs GST = 0.537 
2-1 14 -44-20 P vs GST = 0.0047 

2.0 0 V1 = 0.875 
1.98 -0.19 Difference = 0.401 
0.60 0.62 

1 - 4  - 1-2 
54 54 

2.0 -1.0 V1 = 0.695 
2.30 -0.60 Difference = 0.028 
0.61 0.82 P vs A = 0.038 
1-4 -3-1 P vs GST = 0.0067 
53 53 A vs GST = 0.347 

2.0 0 v1 = 0.115 
2.30 -0.50 Difference = 0.738 
0.63 0.86 
1-4 -3-1 
54 54 

~ 

* The median of the differences is not usually equal to the difference between medians, e.g., if 3 patients had joint swelling scores at Vl of 8.24, 
65 (median = 24) and at V22 of 4, 22,51 respectively (median = 22), the V22-VI differences are -4, -2, - 1 1  with a median of -4, not 22-24 = 
-2; differences of means might not equal mean differences because of rounding. SD = standard deviation. Differences in sample size (No.) are 
due to missing data. 
t VI = visit 1 or initial visit, V22 = visit 22 or last visit. 
$ If V1 or V22 2 45 minutes. This excludes patients with 2 12 hours at VI or V22. 
8 Kruskal-Wallis analysis. 
7 Mann-Whitney analysis. P = placebo, A = auranofin, GST = gold sodium thiomalate. 
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Table 3. Abnormal laboratory variables and response to treatment by group 

Placebot Auranofin Gold sodium thiomalate 

Difference Difference Difference 
Variable* v 1  v22 (V22-VI) VI v22 (V22-VI) VI V22 (V22-V I )  P values 

Hemoglobin (< 12 gmldl) 
Median 11.2 11.7 0.2 11.5 11.3 -0.1 11.6 12.1 1.7 VI = 0.792$ 
Mean 11.2 11.5 0.33 11.2 11.3 0.06 11.2 12.5 1.4 Diff. = 0.023$ 
SD 0.65 1.3 0.87 0.76 1 . 1  I .2 0.83 1 . 1  1.1 P vs A = 0.5009: 

No. 12 12 12 21 21 21 10 10 10 A vs GST = 0.01 19: 
Range 9.8-11.8 9.4-13.4 -0.9-1.6 9.1-11.9 9.3-13.2 -2.5-2.1 9.5-11.9 11.3-14.9 -0.3-3.2PvsGST =0.027§ 

Platelets 
(>450 x I03/mm3) 

Median 505 467 - 74 494 428 - 49 517 349 -180 VI =0.851$ 
Mean 521 SO3 - 24 511 432 - 80 525 345 -179 Diff. = 0.048$ 
SD 68 178 I67 51 99 I I3 55 91 115 P vs A = 0.8898 

No. 12 12 12 16 16 16 9 9 9 A vs GST = 0.0348 
Range 463-710 273-758 -235-279 453-602 200-592 -395-63 475-636 210496 -360-20 P vs GST = 0.0239 

ESR (>28 mm/hour) 
Median 51 48 0 55 39 - 20 so 30 -23 VI = 0.557$ 
Mean 55 51 -3 63 42 - 22 58 33 -24 Diff. <0.001$ 
SD 21 26 24 29 23 21 24 23 20 P vs A = 0.0029: 

No. 35 35 35 35 35 35 37 37 37 A vs GST = 0.6568 

* Laboratory variables measurements at VI.  ESR = erythrocyte sedimentation rate by Westergren method. Median of differences not equal to 
the difference of medians; difference of means might not equal mean of differences because of rounding (see Table 2 footnote). 
t V1 = visit 1. V22 = visit 22. 
$ Kruskal-Wallis analysis. 
5 Mann-Whitney analysis. P = placebo, A = auranofin, GST = gold sodium thiomalate. 

Range 30-1 10 11-121 -61-50 30-134 7-97 -65-16 30-122 5-93 -68-8 P vs GST <O.OOl§ 

crease of 20 x lo’ occurred in platelet count for the 
placebo group. Auranofin patients had a decrease of 23 
X 10’ and GST patients had a decrease of 43 x lo3, 
which was statistically significant from the placebo 
group (P < 0.05). ESR increased by a median of 2.5 
mm/hour in placebo patients and decreased by 9 
mdhour in auranofin (P < 0.05) and 16.5 mm/hour in 
GST patients (P < 0.05). 

A separate analysis for change in these labora- 
tory variables was used to assess response in patients 
who had definitely abnormal values. To qualify for this 
analysis, the hemoglobin had to be less than 12 gm/dl, 
platelet count greater than 450.000/mm3 (2 I ) ,  and ESR 
greater than 28 mm/hour at study entry. Hemoglobin 
increased by a median of 1.7 gm/dl in the GST-treated 
patients, which was significantly better than for the 
other treatment groups (Table 3). Similarly, thrombo- 
cytosis improved in the GST group. The ESR de- 
creased by a median of 20 mm/hour in the auranofin- 
treated patients and by 23 mm/hour in the GST-treated 
patients, which was significantly better than placebo 
but with no difference between the 2 gold treatments. 

Rheumatoid factor titers were also compared 
by treatment groups. Changes of 2 or more dilutions 
for either increase or decrease are summarized in 
Table 4. When compared with placebo, both auranofin 

and GST showed a decrease that was statistically 
significant only for GST. 

Patient withdrawal. Fifty (including 3 who com- 
pleted at least 20 weeks of therapy) of the 208 patients 
who entered the trial were withdrawn during the 
course of the study (Table 5 ) .  Twenty-eight patients 
(13%) were withdrawn for adverse reaction, 22 of 
whom were in the GST treatment group. 

Rashes were the major reason for withdrawal 
from GST treatment for 5 patients, and 3 additional 
patients with rash had a concomitant adverse reaction 
which included thrombocytopenia. stomatitis, and leu- 

Table 4. 
treatment group 

Summary of change in rheumatoid factor (RF) titers by 

Treatment group* 

Placebo Auranofin GST Y* P value 

Change in RF titert 
Decrease of 2 2  5 12 18 
Change of <2 26 30 19 
Increase of 2 2  5 2 0 

Placebo vs auranofin 3.691 0.158 
Placebo vs GST 13.426 0.001 
Auranofin vs GST 5.103 0.078 

* Number of patients. GST = gold sodium thiomalate. 
t Tube dilutions. 
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Table 5. Reason for withdrawal by treatment group 

Reason for withdrawal 

Rash 
Stomatitis 
Diarrhea 
Eosinophilia 
Leu kopenia 
Throm bocytopenia 
Proteinuria 
Elevated liver enzymes 
Nitritoid reaction 
Pneumonitis 

Total adverse reactions 
Lack of response 
Non-drug related 

Adverse drug reaction 

Intercurrent illness 
Lack of cooperation 
Others 

Total 

Placebo Auranofin 
Gold sodium 
thiomalate 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 

0 
3 
1 
7 

1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
5 
5 

2t 
1 
2 
I5 

8* 
4 
1 
0 
1 
2 
2 
3 
3 
1 

0 

2+ 
2 

25 (22 patients) 

L 
31 (28 patients) 

* Three patients were withdrawn for more than one reason: 1 patient 
for rash and thrombocytopenia at visit 16; 1 with rash and stomatitis 
at visit 12; 1 with rash and leukopenia at visit 4. 
t One patient for hysterectomy, 1 for hip surgery. 
$ One patient for gastrointestinal bleeding, I for pyelonephritis. 
§ One for pregnancy, 1 moved from area, 2 for lack of transporta- 
tion, 1 for incorrect diagnosis. 

kopenia. One patient in the placebo group and 1 in the 
auranofin group were withdrawn for rash. Stomatitis 
was more common in the GST-treated patients. Diar- 
rhea led to withdrawal of 1 auranofin patient and 1 
GST patient. Elevated liver enzymes and vasomotor 
reactions were observed only in the GST patients. 

While leukopenia was seen in 1 patient in both 
gold treatment groups, thrombocytopenia and protein- 
uria were observed only in the GST-treated patients. 
These adverse effects cleared on cessation of treat- 
ment. 

A 64-year-old black woman without prior symp- 
toms or signs of pulmonary disease developed cough 
and dyspnea after 18 weeks of treatment. Her lungs 
had been normal on the previous chest roentgeno- 
gram. On examination she had diffuse inspiratory rales 
and her chest roentgenogram showed bilateral reticu- 
lonodular changes interpreted as interstitial pneumoni- 
tis. Lung biopsy showed interstitial fibrosis, chronic 
inflammation, scattered giant cells, and focal intraal- 
veolar inflammation. The medication code revealed 
she was receiving GST. A diagnosis of “gold pneumo- 
nitis” was made and GST was discontinued. She 
responded promptly to 40 mg prednisone daily which 
was gradually tapered and then discontinued after 6 
months. The patient recovered without residual symp- 
toms of pulmonary disease. 

Two patients receiving placebo and 5 receiving 
auranofin were withdrawn between weeks 2-10 for 
lack of response. None were GST-treated patients. 
One patient in the auranofin-treated group became 
pregnant and was withdrawn. An additional 14 pa- 
tients were withdrawn for reasons unrelated to the 
treatment that included intercurrent illness, lack of 
cooperation, and moved from clinic area. 

Other untoward effects. Untoward effects not 
leading to withdrawal were only considered to be 
treatment-related if they were defined as probably or 
definitely related by the physician and occurred at 
more than 1 visit. Adverse reactions by treatment 
group are listed in Table 6 for all patients but exclude 
those adverse reactions leading to that patient’s with- 
drawal. “Nitritoid” reactions and stomatitis were only 
found in the GST patients, while rash occurred rarely 
in all 3 groups. Abdominal bloating, soft stools, and 
diarrhea were seen in both gold treatment groups but 
were more common in the auranofin-treated patients. 
A variety of other mild complaints are included in 
Table 6. 

Effects on laboratory variables. Except in the 
patients withdrawn (Table 5 ) ,  no other statistically 
significant or clinically important decreases in hemo- 
globin concentration, white blood cell and platelet 
counts, or change in urinalysis or chemical survey 
values were detected. 

Blood gold levels. There were wide variations in 
blood gold values for both gold treatment groups. 
Based on blood gold levels, a steady state was appar- 

Table 6.  Adverse reactions by treatment group* 

Treatment group 

Gold sodium 
Placebo Auranofin thiomalate 

Adverse reaction (n = 50) (n = 77) (n = 81) 

Flushing, “nitritoid” 
Rash 
Pruritis 
Altered taste 
Blurred vision 
Stomatitis 
Nausea 
Abdominal bloating 
“Soft stools” 
Diarrhea 
Other 

0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
3 
0 
0 
0 
1 
3 
2 
1 

5 
3 
1 
2 
3 
2 
1 
1 
1 
1 
7 

Totals 2 11 27 

* Of all patients who entered study, but excludes the adverse 
reactions which led to a patient’s withdrawal. See text for discussion 
of adverse reactions. 
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ently achieved for both groups by approximately 10 
weeks. Mean gold levels for the auranofin group at the 
steady state were about 0.7 pg/ml and for GST were 
about 2.28 pg/ml. 

DISCUSSION 
Because the physician and patient are interest- 

ed in the benefits which may result from implementing 
therapy with parenteral or oral gold, we examined for 
the proportion of responder patients who started treat- 
ment. This number included patients who withdrew at 
any time for drug-related reasons. Thus, the benefit 
versus tolerability and safety can be defined. Thirty- 
five percent of GST-treated patients and 31% of auran- 
ofin patients had important improvement in their pain/ 
tenderness scores which were statistically better than 
placebo. There were no other significant differences 
identified. These results cannot be compared with 
other double-blind placebo controlled studies, because 
analyses were performed on patients who completed 
the course of treatment specified by the protocol. 
Thus, it appears that when either GST or auranofin is 
started, only minimal benefit can be expected when all 
patients who start treatment are examined. Nonethe- 
less, parenteral gold has been generally accepted as an 
effective slow-acting antirheumatic drug for the treat- 
ment of RA. Consequently, it is useful to ask what 
benefit might accrue if the patient is able to tolerate 
and complete a course of gold treatment. For this 
reason, a separate analysis was performed on the 161 
patients in our trial who completed 20 weeks of 
therapy. The subsequent discussion concerns these 
patients in relationship to other published prospective 
placebo controlled trials. 

GST versus placebo. Three prospective con- 
trolled clinical trials comparing GST with placebo 
have been reported and represent a total of 125 GST 
and 130 placebo-treated patients (22-24). The individ- 
ual trials used somewhat different efficacy variables, 
but reasonable comparisons of results between those 
trials and the current study can be made. In our study, 
medians were used for statistical comparisons of treat- 
ment groups. However, mean differences will be dis- 
cussed when indicated in order to relate our findings to 
the other trials which used means in their analyses. 

In the present study, the mean number of 
tender joints decreased by 1 1  in the GST-treated 
patients compared with an increase of 0.6 in the 
placebo patients, and the joint tenderness scores im- 
proved by 20 in the GST patients and by 2 in the 
placebo group. In the Empire Rheumatism Council 

(ERC) trial (22), a joint was considered affected if 2 of 
3 features of swelling, tenderness, and limitation of 
motion were present, so a direct comparison with our 
tenderness counts is difficult. Nonetheless, they ob- 
served a mean decrease of 9.5 joints in GST-treated 
patients and 6.6 in placebo patients. In both studies 
these changes were statistically significant in favor of 
GST. 

In our study the number of swollen joints 
decreased by a mean of 7 in the GST-treated patients 
and by 2 in placebo patients. These changes ap- 
proached statistical significance. When joint swelling 
scores were measured, the GST patients had a mean 
decrease of 1 1 ,  as opposed to 4 in the placebo patients, 
a change which was statistically significant. In the 
ARA Cooperating Clinic trial (ARACC) (23) there was 
a decrease of 13 joints with “active synovitis” pre- 
sumably representing swollen joints in GST patients as 
opposed to 7 in the placebo. Sigler et a1 (24) reported a 
decrease of 3.8 swollen joints in GST-treated patients 
and 2.3 in placebo patients. In neither of these studies 
was there a statistically significant difference. 

Duration of morning stiffness, grip strength, 
patient assessment of disease activity, and ARA func- 
tional class were not significantly changed by GST 
treatment when compared with placebo. In the ERC 
trial, grip strength increased by 40 mm in the right 
hand and 34 mm in the left hand, compared with 14 and 
12 mm, respectively, in the placebo-treated patients. 
These changes were statistically significant. In the 
study by Sigler et al, grip strength improved by 94 mm 
in GST patients as opposed to 28 mm in placebo 
patients. In the ARACC trial, there was minimal 
improvement in both treatment groups (GST 16 mm, 
placebo 13 mm). The ERC study evaluated patient 
assessment of fitness and showed improvement of 
19.3% in the GST patients versus l l S %  in placebo 
patients. Improvement in functional capacity for GST- 
treated patients as opposed to placebo was reported in 
the ERC trial, but improvement in functional class was 
not observed in the present trial. 

For improvement in hemoglobin concentration 
and decrease in thrombocytosis and elevated ESR, we 
analyzed the differences for those patients whose 
values were abnormal. On this basis there was a mean 
increase of 1.4 g d d l  of hemoglobin in GST-treated 
patients with only 0.3 gm/dl for placebo. In the ERC 
trial the increase for GST patients was 0.6 gm/dl for all 
patients as opposed to 0.3 gm/dl in placebo patients. 
Both studies show statistically significant improve- 
ment. For patients with ESR above 28 mm/hour, GST 
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treatment produced a fall of 24 mm/hour while placebo 
patients’ mean ESR decreased by 3 mm/hour. These 
findings are similar to those reported in both the ERC 
and ARACC trials. In the present trial, elevated plate- 
let counts fell by a mean of 24 x 10’/mrn3 in the 
placebo patients and 179 x 103/mm3 in the GST group, 
a highly significant difference. A greater number of our 
patients had a decrease in rheumatoid factor with GST 
treatment than with placebo, a finding which was also 
obseryed in the ERC trial. 

Post hoc power calculations indicated that, 
except for number of swollen joints, clinically mean- 
ingful Type I1 error probably did not occur for the 
above variables. 

In summary, the current study as well as the 
cited controlled clinical trials demonstrate GST to be 
superior to placebo and show similar degrees of im- 
provement with GST treatment. This study confirms 
that GST therapy is an effective treatment for rheuma- 
toid arthritis. 

Rash was the most common reason for with- 
drawal (lo%), followed by stomatitis (5%),  “nitritoid” 
reaction (4%), elevated liver enzymes (4%), thrombo- 
cytopenia (2%), proteinuria (2%), and 1 patient each 
for diarrhea, leukopenia, and “pneumonitis.” Three 
patients with rash had an additioual concomitant ad- 
verse reaction (thrombocytopenia, leukopenia, or sto- 
matitis). All reactions were reversible without treat- 
ment after stopping GST. except for the 
“pneumonitis” which required high-dose prednisone 
treatment for resolution. Except for I patient with 
rash, none of these side effects requiring withdrawal 
were seen in the placebo group. The incidence of rash 
in the present study and the ERC trial (10 of 99 
patients) was similar and considerably less than in the 
ARACC trial (18 of 36). Stomatitis, leukopenia, and 
proteinuria were similar to that reported for the ERC 
trial. Thrornbocytopenia, elevated liver enzymes, and 
“nitritoid” reactions were not reported in either the 
ERC or ARACC trial. However, 1 patient in the ERC 
trial with purpura and hepatitis was recorded, without 
further details. 

Auranofin versus placebo. Only one other study, 
by Katz et a1 ( l l ) ,  has compared 3.0 rng auranofin 
twice daily with placebo. Selection criteria and permit- 
ted concomitant antirheumatic drug therapy were sim- 
ilar to those in the present trial. In our study, auranofin 
showed improvement of 9 tender joints compared with 
worsening of 1 joint in the placebo patients. Katz et a1 
observed a decrease of 8 tender joints with auranofin 
and 6 with placebo. In both trials the changes were 

significant. The mean number of swollen joints which 
improved was modest in both trials. In our study 
auranofin had a decrease of 4 and placebo 2, while 
Katz et a1 reported a decrease of 6 for auranofin and 5 
for placebo. Type I1 error could have occurred in our 
study. Power calculations for percentage change in 
swollen joints indicated that to distinguish a 40 per- 
centage point difference between auranofin and place- 
bo at the 5% significance level with 90% power would 
have required 129 and 85 patients in each group for 
joint swelling count and swelling score, respectively. 

Physicians’ global assessment of disease activi- 
ty showed a statistical improvement for auranofin 
compared with placebo in both trials. In the present 
study, there were no significant differences between 
auranofin and placebo treatments for duration of 
morning stiffness, grip strength, ARA functional class, 
or patient global assessment of disease state, while 
Katz et a1 reported that grip strength was improved in 
auranofin-treated patients. Type 11 error of a clinically 
meaningful magnitude was not likely for these varia- 
bles in the present study. 

Of the laboratory variables used to assess effi- 
cacy, only the ESR showed a significant decrease of 22 
mm/hour compared with a decrease of 3 mm/hour for 
placebo-treated patients, while Katz et a1 reported a 
mean decrease of 11 mm/hour for auranofin-treated 
patients and 5 mm for placebo patients. Improvement 
in anemia, thrombocytosis. and decrease in rheuma- 
toid factor titers were not significantly different than 
for placebo. 

Withdrawals for adverse effects in auranofin- 
treated patients were 6% and included 1 patient each 
for rash, diarrhea, stomatitis, eosinophilia, and leuko- 
penia. In the Katz et a1 trial, withdrawals for adverse 
effects were 5% (7 of 139) patients, and included 2 for 
rash, 2 for diarrhea, and 1 each for proteinuria, throm- 
bocytopenia, and dysgeusia. All adverse reactions 
cleared without treatment when auranofin treatment 
was discontinued. 

On the basis of these studies, it can be conclud- 
ed that orally administered auranofin in a dose of 3 mg 
twice daily is superior to placebo when given to 
patients with active rheumatoid arthritis who are treat- 
ed with fast-acting antiinflammatory drugs. Further- 
more, the drug is well tolerated. 

GST versus auranofin. When auranofin was 
compared with GST, the present study showed GST to 
be superior to auranofin only for improvement in 
anemia and thrombocytosis. Both auranofin and GST 
were superior to placebo for improvement in number 
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of tender joints, joint paidtenderness score, physician 
overall assessment, and ESR. Preliminary reports 
comparing auranofin and GST have also suggested 
that auranofin and GST are similar in efficacy. Be- 
cause Schattenkirchner et a1 (12) only reported on 
preliminary results of their double-blind comparison of 
auranofin and GST and did not perform formal statisti- 
cal analysis, no further discussion is considered use- 
ful. Likewise Menard et a1 (10) studied the compara- 
tive efficacy, safety, and tolerability of the 2 
treatments in an uncontrolled fashion. 

However, the definition of a clinically meaning- 
ful difference between GST and auranofin is essential 
in this conclusion. Relative to improvement of joint 
pain/tenderness count [score], GST demonstrated a 10 
[ 121 percentage point advantage over auranofin. with a 
32 [28] percentage point advantage relative to joint 
swelling count [score]. Although these differences 
were not statistically significant, post hoc power cal- 
culations were done. Given the actual variability ob- 
served in our study, GST could have had as much as a 
35 percentage point advantage over auranofin in im- 
proving joint paidtenderness without being statistical- 
ly distinguishable by our sample sizes. Thus it is 
possible that some clinically meaningful Type I1 errors 
have occurred for joint count variables. This was not 
likely for other efficacy variables. 

Tolerability and safety. A major concern is 
tolerability and safety of chrysotherapy in rheumatoid 
arthritis. It has been suggested that the side effects of 
GST are so formidable that its use should be discour- 
aged (25). One of our patients had an acute pulmonary 
infiltrate associated with GST treatment, a syndrome 
which has only recently been recognized (26,27). 
Three patients on GST therapy developed elevated 
liver enzymes without jaundice, which resolved 
promptly when the drug was discontinued. No liver 
biopsies were performed, and there was no evidence 
that they exhibited the cholestatic type jaundice de- 
scribed by Favreau et al (28). Diarrhea was a cause for 
withdrawal of 1 patient in each gold treatment group 
and was rapidly reversible without treatment. It is 
known that parenteral gold treatment can cause a 
severe and serious colitis (29-3 l ) ,  and careful observa- 
tion of patients receiving auranofin will be required to 
assess its potential for similar toxicity. 

In our study, auranofin was better tolerated 
than GST. Similar findings have been reported by 
others (10,12). However, long-term observations will 
be needed to assess the full potential for toxicity of 
auranofin. The CSSRD is currently conducting a long- 

term unblinded trial with auranofin in the patients who 
completed the present trial. Patients are seen every 2 
weeks for side effects, and complete blood count, 
platelet count, and urinalysis are performed. This 
study should help to further define tolerability and 
safety of auranofin and provide insights into its long- 
term efficacy. 

The majority of studies have failed to demon- 
strate a correlation of toxicity or response to serum 
gold level in patients receiving parenteral gold (32-38). 
The absorption of auranofin is variable and blood gold 
levels were much lower than with GST. Finkelstein et 
a1 (6)  had observed that blood gold levels were con- 
tinuing to rise after 12 weeks of auranofin, which 
raises concerns about the long term accumulation of 
gold. The present study demonstrated wide variation 
in blood gold levels in the auranofin-treated patients 
but indicates that a steady state is achieved at 10 
weeks. 

We conclude that both auranofin and conven- 
tional GST may be useful treatments for rheumatoid 
arthritis. While GST appears to have some therapeutic 
advantage over auranofin, our short-term observations 
suggest that auranofin has significantly fewer adverse 
effects leading to cessation of treatment. However, no 
judgments concerning long-term benefits and/or toler- 
ability and safety can be inferred from this study. 
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