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Intramuscular gold therapy is a widely accepted form of treat-
ment for active rheumatoid arthritis which fails to respond to 
salicylates or nonsteroidal anti-inflammatory agents. However, 
logistical concerns, uncommon but potentially serious renal and 
hematologic toxicity, and the relatively high long-term dropout 
rate mitigate against this form of therapy. Auranofin is an orally 
absorbed gold compound which differs significantly from intra-
muscular gold in terms of both pharmacokinetics and potential 
mechanisms of action. Clinical experience with auranofin is re-
viewed both at the Cleveland Clinic and worldwide. Therapeutic 
efficacy compares favorably with intramuscular gold and D-peni-
cillamine, while significantly fewer patients are withdrawn from 
therapy due to toxicity (most commonly, diarrhea) than with intra-
muscular gold. Proteinuria and thrombocytopenia are consider-
ably less common. Auranofin may prove to be valuable in the 
management of severe rheumatoid arthritis and offers several 
potential advantages over intramuscular gold therapy. 
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According to Rodnan and Benedek,1 the use of gold 
compounds in the management of rheumatic disease prob-
ably has its roots in the work of Koch, who suggested in 
1890 that gold cyanide compounds inhibit the growth of 

1 Department of Rheumatic Disease, The Cleve- tubercle bacilli in vitro. In 1927, believing gold tO be an 
land Clinic Foundation. Submitted for publication antiseptic agent, Lande2 extended the use of gold therapy 
Nov 1984; accepted Feb 1985. sjh t o nontuberculous conditions such as subacute bacterial 
0009-8787/85/02/0123/06/$2.50/0 endocarditis and rheumatic fever. He was impressed by the 
Copyright© 1985, The Cleveland Clinic Foun- relief of joint pain afforded by aurothioglucose and be-
dation lieved that gold was worthwhile in chronically febrile cases 
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of painful arthritis resistant to usual treatment. 
Forestier3 began using gold as gold-thiopropanol 
sodium sulfonate in rheumatoid arthritis in 1928 
and by 1935 had treated more than 550 patients. 
A prospective trial of aurothioglucose was re-
ported by Ellman and Lawrence in 1940,4 using 
weekly dosage schedules of 200-300 and 100 
mg. Patients given the higher dose responded 
best, but also experienced more adverse reac-
tions. More than two thirds of the control pa-
tients responded upon being given a placebo. 

In 1961, the Empire Rheumatism Council 
(ERC) of Great Britain published the final results 
of a multicenter trial in which modern intramus-
cular gold therapy was validated as having signif-
icant therapeutic benefit in patients with rheu-
matoid arthritis.5 In 1974, Sigler et al6 suggested 
that such treatment significantly retarded pro-
gression of rheumatoid arthritis as seen on radi-
ographs. 

Intramuscular gold therapy 
Currently, therapeutic gold is available in two 

forms, both of which are administered intramus-
cularly: gold sodium thiomalate (Myochrysine, 
MSD), a water-soluble compound, and aurothio-
glucose (Solganal), an oil suspension. Both com-
pounds are 50% gold by weight. Initially, they 
are administered on a weekly basis for approxi-
mately 20 weeks to a total dose of approximately 
1 g; at that point, if no toxicity has occurred and 
treatment seems beneficial, the interval between 
injections is lengthened and therapy is continued 
indefinitely. 

In the ERC trial, gold sodium thiomalate was 
administered over five months to a total dose of 
1 g. Grip strength, joint count, and sedimentation 
rate improved significantly over 18 months of 
follow-up; however, 35% of patients had at least 
one toxic reaction, including dermatitis, stoma-
titis, mucositis, and corneal ulceration, and 14% 
were forced to discontinue therapy because of 
toxicity. A similar controlled trial by the Coop-
erating Clinics Committee of the American 
Rheumatism Association resulted in comparable 
findings: one third of the gold-treated patients 
were withdrawn from treatment due to toxicity.7 

Thus there is a relatively high dropout rate with 
intramuscular gold therapy due to toxicity within 
the initial five-month course. As many as 50% of 
patients who initially benefit from intramuscular 
gold therapy are withdrawn from treatment 
within five years due to toxicity or relapse.8 In 

addition, the need for a weekly intramuscular 
injection preceded by four to five months of 
laboratory work has discouraged patient and phy-
sician alike. These and other concerns led to the 
search for an effective and possibly less toxic 
agent which could be absorbed orally. 

Clinical pharmacology of auranofin 
Auranofin is a monomeric compound with a 

central gold atom stabilized by two ligands: tri-
ethylphosphine and thiolate. It is 29% gold by 
weight and highly soluble in lipids. Pharmacoki-
netically, it is quite different from intramuscular 
gold, a fact that may well account for the lower 
frequency of serious toxicity. Tepperman et al9 

have recently studied the absorption of auranofin 
in vitro using an everted intestinal sac as a model. 
Their studies suggest that auranofin is deacety-
lated by the intestinal mucosa prior to absorption. 
Approximately 25% of oral auranofin is ab-
sorbed, compared to less than 1% for gold so-
dium thiomalate. Based on an average daily dose 
of 6 mg of auranofin, this would result in absorp-
tion of approximately 3 mg of gold per week, 
compared with 25 mg of injected gold (assuming 
100% intramuscular absorption). This may ac-
count for the significantly lower serum gold levels 
(0.6 /¿g/ml) in auranofin-treated patients, com-
pared with gold injections (7 /tg/ml).10 Walz et 
a l u have noted that gold levels in rat kidneys are 
considerably lower after auranofin, compared 
with gold injections, which again may be related 
to the lower total dose of gold administered and 
may also be important in the lower incidence of 
nephrotoxicity seen with the oral preparation. 
Finally, 85% of a dose of auranofin is excreted 
per rectum, compared to 70% renal excretion of 
intramuscular gold. 

The precise mechanism of action of all gold 
compounds, including auranofin, is unknown. 
However, it does possess significant anti-inflam-
matory, anti-arthritic, and immunoregulating 
properties. Injection of Freund's adjuvant into 
the hind paw of a rat results in the development 
of generalized, highly inflammatory polyarthritis 
within two to three weeks, particularly in the 
distal small joints of the paws and tail. This "ad-
juvant arthritis" provides a model for the study 
of anti-rheumatic compounds. Auranofin is as 
effective as gold sodium thiomalate in suppress-
ing the inflammatory response as measured by 
hind leg volume.12 A second inflammatory model 
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Table 1. Comparative immunomodulating effects of auranofin and gold sodium thiomalate 

Auranofin 
Gold Sodium 
Thiomalate 

Arthritis models 
Adjuvant arthritis 
Carrageenan-induced edema of the paw 

Decrease 
Decrease 

Decrease 
No effect 

Inflammatory cells 
Lysosomal enzyme release 
Chemotaxis 
Superoxide radical generation 

Decrease 
Decrease 
Decrease 

Decrease or no effect 
Decrease 
No effect 

Cellular immunity 
Delayed hypersensitivity to oxalazone in mice 
Delayed hypersensitivity to DNCB in humans 

Increase 
Decrease 

Increase 
No effect 

Humoral immunity 
Polymorphonuclear antibody-dependent cellular cytotoxic-

ity 
Polymorphonuclear antibody-dependent complement lysis 

Decrease No effect 
Humoral immunity 

Polymorphonuclear antibody-dependent cellular cytotoxic-
ity 

Polymorphonuclear antibody-dependent complement lysis Decrease Increase 

involves injection of 1 % carrageenan suspension 
into the hind paw of a rat, which is followed 
within one to three hours by local swelling and 
erythema. In this model, auranofin is effective in 
inhibiting inflammation as measured by paw vol-
ume, whereas gold sodium thiomalate has no 
effect. 

Effects of auranofin on inflammatory cell func-
tion have been studied in vitro using various 
systems. DiMartino and Walz13 demonstrated in-
hibition of lysosomal enzyme release by rat leu-
kocytes by auranofin as assessed by ^-glucuroni-
dase and lysozyme markers. Wolach et al14 eval-
uated inhibition of lysosomal enzyme release with 
auranofin in healthy volunteers and patients and 
confirmed DiMartino's in vitro findings. Simi-
larly, both in vitro and in vivo studies have dem-
onstrated inhibition of chemotaxis by both gold 
sodium thiomalate and auranofin, particularly 
with regard to mononuclear cells.15 Generation 
of superoxide radicals, which are products of the 
inactivated phagocyte and important inflamma-
tory mediators, is inhibited by auranofin, but not 
by gold sodium thiomalate.16 Both in vitro and 
in vivo studies suggest that auranofin may either 
suppress or enhance the cellular immune re-
sponse. In mice treated with auranofin, Walz and 
Griswold17 demonstrated enhancement of the de-
layed hypersensitivity response to oxazolone, and 
similar enhancement was seen in animals treated 
with gold sodium thiomalate. Lorber et al18 dem-
onstrated suppression of skin test sensitivity to 

dinitrochlorobenzine (DNCB) in patients treated 
with auranofin whereas those receiving gold so-
dium thiomalate tested normally. Auranofin also 
affects humoral immunity, as evidenced by 
suppression of polymorphonuclear-mediated an-
tibody-dependent cellular cytotoxicity19 which is 
not inhibited by other gold compounds. Anti-
body-dependent lysis of complement is also inhib-
ited by auranofin, whereas it is enhanced by gold 
sodium thiomalate. However, in vitro studies of 
the effects of auranofin must be interpreted with 
caution in view of the work of Tepperman et al,9 

suggesting that the drug is absorbed as the de-
acetylated metabolite. In vitro studies to date 
have employed the acetylated form of the drug. 
It is conceivable that effects on these various in 
vitro systems might be different with the deace-
tylated metabolite. 

Clearly, the biological effects of auranofin are 
in some respects quite different or even opposite 
from those of intramuscular gold (Table 1). This 
would suggest that auranofin is not simply an oral 
version of intramuscular gold, but an entirely 
different compound which perhaps exhibits a 
different mechanism of action. This may have 
clinical significance in therapeutic decisions in-
volving patients who have shown no improve-
ment with intramuscular gold. 

Cleveland Clinic experience 
Eleven adults with active classical or definite 

adult-onset rheumatoid arthritis meeting the di-
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Table 2. Cleveland Clinic experience: patients continuing auranofin 
Duration of Durtion of Functional 

Patient Age (yr) Disease Auranofin Gel (hrs) Class WESR* 
No. and Sex (yrs) Therapy (mos) Pre/Post Pre/Post Pre/Post Toxicity 

1 52F 5 27 4 /0 II/I 55 /42 None 
2 41F 5 27 l'/a/O II/I 38/19 None 
3 36F V/t 30 12/0 II/II 100/33 None 

* Westergren erythrocyte sedimentation rate. 

agnostic criteria of the American Rheumatism 
Association were studied. All patients had rheu-
matoid factor and had had active disease for at 
least six months, as defined by (a) a Westergren 
erythrocyte sedimentation rate (WESR) greater 
than 28 mm/hr., (b) more than six painful or 
tender joints, (c) more than three swollen joints, 
and (d) morning stiffness for more than 45 min-
utes. All patients were continued on a basic pro-
gram of aspirin or non-steroidal anti-inflamma-
tory medication (which was kept stable for at least 
six weeks) and a stable dose of corticosteroids 
(equivalent to no more than 10 mg of prednisone 
daily). No patient had been treated with intra-
muscular gold, penicillamine, hydroxychloro-
quine, azathioprine, or methotrexate during the 
six months prior to the study. One patient had 
been treated with intramuscular aurothioglucose, 
which was discontinued as ineffective. Patients 
with significant skin or kidney disease were ex-
cluded. 

Following qualification for the study, each pa-
tient was started on 6 mg of auranofin daily, 
which was adjusted upward or downward de-
pending on efficacy and toxicity. Patients were 
examined monthly, with particular attention to 
the WESR, number of painful, tender, or swollen 
joints, duration of morning stiffness, grip 
strength, and walking time. Both the patient's 

and physician's assessment regarding the efficacy 
of the drug were also evaluated. 

Three patients are presently continuing in the 
study and have received the drug for 27 to 30 
months (Table 2). All noted marked improve-
ment in morning stiffness and joint pain, with a 
concomitant improvement in WESR. None ex-
perienced significant toxicity. Two patients re-
main on 6 mg daily and the third is currently 
receiving 9 mg. 

Reasons for terminating the study in the 8 
remaining patients are summarized (Table 3). 
Two patients appeared to show improvement, 
but left the area and were transferred to another 
investigator. In three cases, the study was termi-
nated due to lack of effectiveness; 1 of them was 
unable to take more than 3 mg daily because of 
persistent diarrhea. (Four additional patients ex-
perienced diarrhea, which was mild, intermittent, 
and readily managed.) Three patients had inter-
current illness which necessitated discontinuation 
of auranofin. One 51-year-old man who had re-
ceived the drug for 22 months was in clinical and 
laboratory remission at the time of the develop-
ment of metastases from an unknown primary 
site which the investigator believed to be unre-
lated to the drug. Another patient, a 56-year-old 
woman, had received auranofin for nine months 
when Coombs'-positive hemolytic anemia devel-

Table 3. Cleveland Clinic experience: patients discontinuing auranofin 

Patient No. Age (yr) and Sex 
Duration of 

Auranofin (mos) Reason for Withdrawal 

4 29F 9 Moved; transferred to another investigator 
5 54F 16 Moved; transferred to another investigator 
6 63F 6 Ineffective 
7 73F 23 Ineffective; patient unable to tolerate 6-mg dose because of diarrhea 
8 54M 13 Ineffective 
9 51M 22 Unrelated malignancy; drug effective 

10 56F 9 Possibly related hemolytic anemia; drug ineffective 
11 22F 3 Hematochezia; drug possibly effective 
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oped. Although she was taking several other 
medications, the investigator believed that the 
anemia could be related to the auranofin, and it 
was discontinued. The third patient, a 22-year-
old woman, had been on the drug for only three 
months and appeared to demonstrate significant 
early suppression of her arthritis, when hemato-
chezia developed. Upper GI and barium-enema 
examinations were normal. The investigator be-
lieved that the hematochezia may have been re-
lated to auranofin. Altogether, then, of the 9 
patients available for long-term study, 3 (33%) 
are still taking auranofin and responding well, 3 
(33%) were withdrawn after 6 to 23 months when 
the drug proved ineffective, 2 (22%) were with-
drawn because of possible drug toxicity, and 1 
(11%) was withdrawn because of the develop-
ment of presumably unrelated malignancy. 

Worldwide experience with auranofin 
To date, more than 4,000 patients have been 

treated with auranofin worldwide. Approxi-
mately 500 have taken it for more than three 
years. Wenger et al20 reported a six-month multi-
center double-blind study of 340 patients with 
adult-onset rheumatoid arthritis, comparing au-
ranofin with a placebo. All of the patients were 
taking a basic salicylate or newer nonsteroidal 
anti-inflammatory drug and were treated for six 
months. Auranofin was significantly better than 
the placebo in producing marked or moderate 
improvement as assessed by the treating physi-
cian; moreover, there was no significant differ-
ence between the placebo and auranofin groups 
with regard to dropouts due to toxicity, suggest-
ing that auranofin was tolerated well by the pa-
tients. 

Several studies have compared auranofin and 
gold sodium thiomalate. Smith et al21 conducted 
an open, random study of 52 patients and found 
that those treated with gold sodium thiomalate 
responded more rapidly, though efficacy was ap-
proximately equal at 12 months. The sedimen-
tation rate was significantly reduced by intramus-
cular gold but not by auranofin. All patients 
withdrawn because of toxicity were in the thio-
malate group. In another prospective, controlled, 
double-blind multi-center trial, a placebo, auran-
ofin, and gold sodium thiomalate were compared 
in 193 patients with active rheumatoid arthritis.22 

A total of 161 patients completed at least 20 
weeks of treatment. Significant relief of pain and 
tenderness (compared to the placebo) was dem-

onstrated for both gold treatment groups, and 
physician assessment of disease activity improved 
as well. No statistical difference between the two 
gold groups was demonstrated in terms of clinical 
parameters, and the only statistically significant 
advantages of gold sodium thiomalate over au-
ranofin were increased hemoglobin concentra-
tion and decreased thrombocytosis. Withdrawals 
because of adverse effects were five times more 
frequent with gold sodium thiomalate, as has 
been observed in all studies comparing auranofin 
and intramuscular gold. 

An effect on radiographic progression of dis-
ease is an important characteristic of so-called 
"remittive" drugs. Gofton and O'Brien23 com-
pared the annual rate of erosions in patients on 
auranofin versus a placebo at 12 and 24 months 
of therapy, as well as to the rate of development 
of erosions before the introduction of auranofin. 
Auranofin significantly decreased the rate of ero-
sions in comparison to both the placebo and the 
rate prior to therapy. Auranofin and gold sodium 
thiomalate were roughly comparable in effect. 

Felix-Da vies et al24 compared auranofin (6 mg/ 
day) with D-penicillamine (500 mg/day) and dem-
onstrated equal clinical effectiveness. Reductions 
in the level of rheumatoid factor and the sedi-
mentation rate were significant only in the peni-
cillamine group. However, withdrawals from 
therapy were twice as common in the penicilla-
mine group. 

Experience is limited with regard to substitu-
tion of auranofin in patients who have been 
forced to discontinue intramuscular gold because 
of toxicity. Available data suggest that some pa-
tients who have had an adverse reaction to intra-
muscular gold may tolerate auranofin.25 How-
ever, toxicity with both agents may be the same. 
Experience in patients who have done well with 
intramuscular gold and subsequently been 
switched to auranofin is also limited, though in 
general no clinical deterioration has been ob-
served.26 

The most common site of auranofin toxicity is 
the gastrointestinal tract.10 Diarrhea is seen in 
approximately 40% of patients, most often dur-
ing the first three months of therapy, but is 
usually manageable and accounts for withdrawal 
in only 3% of cases. Thirty percent of patients 
experienced cutaneous side effects, including a 
rash, pruritis, or alopecia; again this is usually 
mild and has resulted in discontinuation of the 
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drug in only 4% of patients. Stomatitis may be 
seen in 10% to 12% of patients, resulting in a 1 % 
withdrawal rate. Proteinuria has been seen in 3% 
of patients treated with auranofin, and 0.5% have 
been withdrawn from therapy for this reason 
(significantly less than the 2% to 3% seen with 
intramuscular gold). The incidence of thrombo-
cytopenia in auranofin-treated patients is 0.5%, 
which again is less than the 2% to 3% seen with 
gold sodium thiomalate or the 8% reported with 
penicillamine in some series.27 

Conclusion 
Auranofin appears to be unique in terms of 

not only its structure and pharmacokinetics, but 
also its potential mechanisms of action. Clinically, 
it could offer several advantages over intramus-
cular gold for the management of rheumatoid 
arthritis, in terms of ease of administration, di-
minished dropout rate, and potentially less sig-
nificant toxicity despite comparable effective-
ness. Many patients currently receiving intramus-
cular gold could be switched to auranofin. 

Daniel J. Mazanec, M.D. 
Department of Rheumatic Disease 
The Cleveland Clinic Foundation 
9500 Euclid Ave. 
Cleveland OH 44106 
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