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Abstract Rheumatoid arthritis is a disease of unknown aetiology characterised by per-

sistent joint swelling, functional disability and increased mortality. No curative
therapy exists at present but some therapeutic agents, commonly referred to as
disease-modifying drugs, offer the potential for suppression of the inflammatory
activity and attenuation of the disease process.

Since the precise mechanism of action of most disease modifying drugs is
uncertain, the selection of a particular therapy must at present be based on the
pharmacologic properties of each available agent, appropriately individualised
for each clinical setting. The toxicity of disease-modifying agents often limits the
dose and/or duration of therapy and makes careful monitoring mandatory.

No consensus exists as to the order in which disease-modifying agents should
be employed. Less toxic disease-modifying drugs such as auranofin, hydroxy-
chloroquine, minocycline, and sulfasalazine are usually used in early and mild
disease. Azathioprine, penicillamine (D-penicillamine), methotrexate and paren-
teral gold are usually considered to be more toxic and are most often used in the
setting of progressive disease while the most toxic agents, such as chlorambucil
and cyclophosphamide, are reserved for life-threatening manifestations such as
vasculitis.



338 Jackson & Williams

Newer therapeutic approaches presently under study include the use of exist-
ing drugs in combination and novel biologic agents which selectively inhibit
lymphocyte and cytokine activity. These strategies offer the hope of more effica-
cious and less toxic therapy in the future.

Despite an increasing understanding of the im+in (acetylsalicylic acid), nonsteroidal anti-inflam-
mune and inflammatory mechanisms which undermatory drugs (NSAIDs) and corticosteroids] and
lie its clinical manifestations, the aetiology and the other being those agents which may affect dis-
precise pathogenesis of rheumatoid arthritis (RA)ease modification. This latter group are also re-
remain unknown. Delineation of the influence of ferred to as ‘slow-acting’ antirheumatic drugs be-
genetic background on susceptibility, and thecause of their relatively protracted onset of action.
host/environment interactions which permit auto-Some prefer to call them ‘second-line’ agents, feel-
immune stimuli to endlessly trigger the inflamma- ing that actual disease modification has yet to be
tory cascade, continues to be the major thrusts afinequivocally demonstrated. While an agent that
present research. The clinical hallmark of RA isprovides symptomatic relief alone may be suffi-
persistent synovial inflammation of diarthrodial cient for early or mild disease, a disease-modifying
joints which results in some degree of irreversibleagent or regimen will give most benefit in associ-
joint damage in the majority of patients. The courseation with concurrent symptomatic therapy unless
of the disease in each individual patient, howevera contraindication to their combined use exists.
is highly variable, ranging from spontaneous re-
mission in some to relentless progression in others,
resulting in joint deformity, functional disability
and increased mortalit}l.

There is as yet neither a cure for RA nor anyy,
preventive strategies which reduce the risk of conyig
tracting the diseas_e. Lacking the capacity to termi-of the most likely prognosis. The clinical manifes-
nate the pathological process, present therapy “Ytions of early RA can be extremely subtle and no
_or_lly attempt to reduce_ symptoms and attgn_uatgingle clinical finding or laboratory abnormality
Joint damage by controlling inflammatory activity. by itself is diagnostic. A firm diagnosis becomes

AIII Cut.rrentfttrr?atmer:t IS emp'lr;cetlhln O”g'tr.] gntd possible only when a sufficient number of clinical
selection ot the most appropriate therapeutic in erT}indings have appeared and established diagnostic
vention is determined by the activity and stage o

the disease as well as the pharmacological rofile(::riteria are satisfied.
P 9 P Adistinctive pattern of joint erosion can be seen

of each agent and treatment regimen. The varying_ .. . .
. . . Yadiographically but such a pattern is rarely present
nature of the disease, both from patient to patien . ; :
in early disease and is, therefore, of little help

and longitudinally within the same patient, to- . . : :
. i diagnostically. Because these erosive changes in
gether with the wide array of unrelated but con- f .
- reality represent the very damage that disease-

comitant medical problems, requires that the clini- o L 2 .
T : . modifying therapy is intended to limit, uniformly
cian individualise therapy for each patient and ; C . .
L . delaying the institution of second-line therapy until
clinical setting. L .
characteristic x-ray changes appear is conceptually
a self-defeating approach. Nevertheless, the clini-
cal appearance of RA does become more distinc-
The currently available treatments for RA aretive as the disease evolves and initiation of a sec-
usually divided into 2 categories, one being thoseond-line agent should ordinarily be delayed until
agents which afford only symptomatic relief [aspi- the diagnosis is no longer in doubt.

1.1 Diagnosis

The process of determining when second-line
ug therapy is appropriate begins with the estab-
hment of an accurate diagnosis and assessment

1. Current Treatment Options

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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1.2 Prognosis therapy in the patient with more advanced RAwho
has some degree of mechanical joint abnormality,
Determining the most likely clinical course for the clinician must be sure that a reasonable po-
patients with early RAis difficult and requires careful tential for favourable response to treatment exists,
longitudinal observation combined with thought- j e. a reduction in synovial inflamrian will only
ful integration of clinical, laboratory and radio- result in significantly improved joint function if

graphic data. Three broad patterns of clinical disthe mechanical integrity of the joint is sufficiently
ease activity, often referred to as ‘long clinical jntact.

remissions’, ‘intermittent disease’ and ‘progressive
dise_ase’, genera}lly emerge early on in the RApop- 5 Criteria for Drug Selection
ulation. It is patients who develop the pattern of
‘progressive disease’ as well as those with more With present therapies, the most important
severe ‘intermittent disease’ who require the effi-pharmacological consideration in selecting a par-
cacy of disease-modifying drug therapy angtiom ticular disease-modifying agent is an analysis of
their associated toxicities can best be justified. the probable efficacy versus possible toxicity. A
Demographic features which portend a worseselection based on the mechanism of action of a
prognosis in early RA include a younger age at thearticular agent is regrettably not possible at pres-
time of onset and the patient’s sex, women generent because neither the pathogenesis of the disease
ally having a poorer prognosis than men of companor the actual biological effect of most agents is
rable agé?! The actual significance of the individ- well enough understood. It is hoped that continued
ual’'s genetic makeup remains unclear but certaimesearch will allow this to become the basis of
HLA alleles, most notably DR-4, have been assoselection in the not too distant future.
ciated with more serious dised¥eThe presence The efficacy and toxicity of current disease-
of rheumatoid factor and the appearance of rheumodifying regimens are roughly equivalent, less
matoid nodules are also associated with a pooresfficacious agents being generally less toxic while
outcome, as is the presence of thrombocytosis anghore efficacious agents are usually more toxic.
an elevated acute phase reactant such as the erytfhis characteristic heightens the importance of an
rocyte sedimentation rate or the C-reactive pro-accurate clinical assessment so that the therapy
tein! No finding is more ominous, however, than instituted will have the needed potency but will not
the persistence and worsening of synovial proliferexpose the patient to unwarranted toxicity. For
ation (the increase in synovial tissue mass thaexample, the efficacy of an alkylating agent may
occurs with chronic inflammation due to the for- be needed if potentially life-threatening disease is
mation of synovial villi with dense cellular infil- present but its considerable toxicity renders it un-
trates), which underscores the importance of careacceptable in more mild disease. Conversely, the

ful longitudinal joint evaluation. safety of an antimalarial agent makes it appropriate
for mild disease but its relative lack of efficacy
1.3 Timing renders it insufficient in life-threatening disease.

Thus, the selection of any agent or regimen can
The optimal time to initiate disease-modifying only be considered appropriate if the anticipated
therapy is after a clinical pattern of aggressiveefficacy is sufficient to control the inflammatory
inflammation becomes evident but before irrevers-activity and the probable toxicity does not exceed
ible mechanical damage is inevitable. This may, inn severity the morbidity of the untreated disease.
fact, be a very small window in time and the early =~ While most rheumatologists prefer to use a less
identification of aggressive disease remains at pregexic agent initially and reserve agents with more
ent a very difficult and subjective determination. serious toxicity for patients who demonstrate re-
When initiating or changing disease-modifying fractory disease, there is certainly no consensus as

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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to which second-line agent (or agents) should bgeared to reduce the rate of bony erosieriBhe
used first or in what subsequent order. Furthertime to clinical response for auranofin ranges from
suboptimal clinical outcomes are sufficiently com- 3 to 6 months after initiation of therapy, somewhat
mon that more aggressive strategies which emplojonger than is typically seen with parenteral gold.
the early institution of more potent (and more Diarrhoea is not uncommon but generally responds
toxic) agents either singly or in combination haveto a reduction in dose. Mucosal ulcerations and
been proposed. The actual efficacy and toxicity ofskin rashes occur with a frequency similar to that
these regimens in early disease are not fully knowiseen with injectable gold while bone marrow dys-
and most would agree that their use should be corfunction and proteinuria are distinctly less com-
fined to formal clinical investigation for the present mon®! A monthly complete blood count (CBC)
time. and urinalysis are required for adequate monitor-
The available disease-modifying agents can beng. Institution of auranofin is most often consid-
divided into 3 categories on the basis of their po-ered in the patient with mild disease and a favour-
tential for toxicity, namely, those which are ‘more able prognosis who is not adequately controlled
safe’, those which are ‘more toxic’, and thedéch  with NSAIDs alone.
are ‘very toxic’. Combinations of existing second-

line agents as well as regimens which add new 22 Hydroxychloroguine
9 9 . Hydroxychloroquine is an antimalarial com-

, - X : r[3ound which may exert its beneficial effect in RA

the very .tOX'C group unt.|I more cqmplete efficacy by suppression of lysosomal enzymes and inhibi-
gndtoxmlty data are avallablle.Whlle some second;[ion of interleukin (IL-1) release. It is generally
line ggents have yet to receive formal approval .forvery well tolerated, with the most worrisome tox-
use in the treatment of RAfrom regulatory agenc[eﬁcity being ophthalmological. The potential for
such as the FDA in the US, all t_he regimens c#'S'irreversible retinopathy appears to increase with the
cussed below have been shown in controlled trial

3ize of the daily dose and the duration of therapy.

:gx?gteﬂ'f;ﬁ'é’ssNaonr?ephae\igs?'rtlﬁ:ewr?gelén%e:to?:_Ophthalmological screening on an annual basis has
XICity protiies. ¢ ' . PPrO%06n recommended for those patients receiving a
priately individualise each therapeutic decision

cannot be overemphasised daily dose greater than 6.5 mg/kg or those with a
: duration of therapy longer than 10 yeBtsand

may not be necessary for patients who have normal
renal function, a daily dose less than 6.5 mg/kg, and

Those second-line agents usually included in th@ cumulative dose under 200Y.Hydroxy-
‘more safe’ group include auranofin, hydroxy- chloroquine is usually considered for patients with
chloroquine, minocycline, and sulfasalazine. more mild disease but should be used with caution
if a concurrent ophthalmological condition exists
which might obscure early retinal toxicity.

2.1 ‘More Safe’

2.1.1 Auranofin

Auranofin is the only gold-salt preparatiwhich
can be taken orally. Sulfhydryl-containing organic  2.1.3 Minocycline
gold compounds have been used in the treatment Minocycline is an antibiotic of the tetracycline
of RA with benefit since the 1920s. Gold metabo-class which was recently studied in a large, multi-
lism is complex and yields several metabolitescentre trial and appeared to be efficacious in a pa-
which vary in concentration in different tissues buttient population with very early and mild dise&e.
no specific site or mechanism of action has bee® mechanism of action in RA is not clear but, in
conclusively identified. Compared with parenteral addition to their well known antimicrobial proper-
gold, auranofin is less toxic but probably less effi-ties, the tetracyclines have demonstrated anti-
cacious as well, as evidenced by a comparativeollagenase activit§! Minocycline is generally well
study where injectable gold but not auranofin ap-tolerated although dizziness is not uncommon and

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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abnormal liver function tests have been observeddisrupting the incorporation of adenosine and gua-

Until this drug has been studied in a populationnine in DNA synthesis. Its efficacy in the treat-

with more severe disease, the use of minocyclinenent of RA is comparable with that of parenteral

should probably be restricted to patients with earlygold and penicillamine but with greater toxidisi

and mild RA. Nausea, vomiting and diarrhoea are not uncommon
and the potential for bone marrow suppression and

éﬁﬁ:ﬁ;ﬁﬁas specifically developed as anhemtiC inflammation make a CBC and transami-
; ) Pe y pea nase determinations necessary on a monthly basis.
antirheumatic drug but its actual mechanism of.

action is unknown and may well be different in RA The most serious toxicity concern, however, is
from that in inflammatory)k/)owel disease. It Com-the devglopme_nt of Iymphoproliferqtive cancers.
prises anti-inflammatory [mesalazine (é-amino- Uncertam}y exists as 'Fo the actgal rlsk_, as a recent

e ) ; : - and ongoing observation has failed to identify any
salicylic acid)] and antibacterial (sulfapyridine)

moieties with the antimicrobial portion probabl increase in malignancy — which contrasts with pre-
oleties € antimicrobial portion probably ;s gatd13.141 Most rheumatologists prefer at
responsible for the efficacy seen in RA. Sulfa-

salazine-induced changes in the faecal flora are (ﬁresent to reserve the use of azathioprine for pa-
R hang ents with progressive disease which has proven
uncertain clinical significance as are very modestr

effects on polymorphonuclear leukocyte (PMN) b?(far?)%ttc;rr)]/c? other second-line agents of compara
migration and lymphocyte response. '

Sulfasalazine appears to be comparable with 2.2.2 Penicillamine (D-Penicillamine)
parenteral gold in efficacy but is much better tol-  Penicillamine is a chelator of divalent cations
erated!!] However, one-quarter of all patients still which is structurally similar to cysteine. While it
develop adverse reactions severe enough to digas been shown to impair antigen presentation, to
continue therapy, with gastrointestinal complaintsdiminish globulin synthesis and to inhibit PMN
being most common and leukopenia most seriougnyeloperoxidase, no certain mechanism of action
Recommended monitoring consists of a CBC ands known. Comparable with gold in efficacy, the
transaminase determinations every 2 to 4 weeks fdtse of penicillamine is often limited by toxicity!
the first 3 months of treatment and at least quar!n addition to immune complex—induced glomeru-
terly thereafter. Most rheumatologists prefer to usdonephritis and bone marrow suppression, a num-
sulfasalazine in mild to moderately severe diseaséer of autoimmune syndromes are also $&én.
and in Europe it has become the disease-modifyingylonthly monitoring is required and consists of a
agent most often prescribed in this clinical setting CBC, a urinalysis and careful clinical evaluation.
The relatively infrequent monitoring requirements The use of penicillamine has decreased consider-
make it particularly useful when logistical con- ably, particularly in the US, with the advent of
straints such as distance or restricted insurancagents such as methotrexate and sulfasalazine
coverage make access to healthcare difficult. ~ which have comparable potency with better toler-

ability.

2.2 *More Toxic 2.2.3 Methotrexate

The disease-modifying agents included in the .Melt:f;'g;rexatteh |s.anbant|metatt.1(_)ht? Whr:.cbht.'m'
‘more toxic’ group include azathioprine, penicill- Fall]rs id Sﬁnb el.s's écom;t)etl '(\j/.ey 'hn ol 'Tj%
amine (D-penicillamine), methotrexate and paren—.o IC acid metabolism. kecent studies have addi-
tionally demonstrated an anti-inflammatory action
teral gold. S . )
which is mediated through adenosine and appears
2.2.1 Azathioprine to decrease the secretion of proinflammatory cyto-
Azathioprine is an oral purine analogue whichkines such as tumour necrosis factor (TNF) while

inhibits lymphocyte proliferation, presumably by increasing the secretion of IL-18! Supporting

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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this putative mechanism of action in RA is the ob-the patient with progressive disease, especially when
servation that adenosine receptor antagonists amther second-line agents have not been beneficial.
pear to reverse the beneficial effect of both metho-

trexate and sulfasalazine in animal models of 2.3 ‘Most Toxic’

. s . .
inflammation: Those second-line agents considered to be ‘most

Low dose pulse administration of methotrexatetoxic, include cyclosporin and the alkylating agents
has proven to be extremely well tolerated, espezporambucil and cyclophosphamide. As noted

cially in comparison with other second-line agentsapove, combination therapy and biological agents
of similar potency:*l Stomatitis is not uncommon  4iso belong in this category until more complete

but often responds to folic acid supplementationgfficacy and toxicity data are available.

with no reduction in control of the joint disease. _

Bone marrow suppression is infrequent at the dos- ég'llcyc'os_po_”” cunaal pentide which impai

ages employed for RA. A hypersensitivity pneu-th fyc o?porlr;és a du_r;gia pipl fwb'c impairs

monitis has been well described and should be © 'Unction 0T & an ymphocyles by suppress-
. : . ing the synthesis and release of IL-1 and IB2D.

considered in any patient who develops cough o

dyspnoea. The toxicity of greatest concern, how—h appears to have efficacy comparable with that of

. . ) other second-line agents but is less well tolerated
ever, continues to be liver dysfunction but uncer-

due to hypertension and nephrotoxicity which are

tginty.remains asto the aptual frequengy of hepati(c\tommon and usually dose-related. For this reason,
fibrosis and the relative risk of cumulative metho- cyclosporin may have its greatest utility in combi-

trexate dose, obesity, alcohol (ethanol) intake ang\ation with other, better tolerated second-line ther-

diabetes mellitus. Published guidelines recom-y,ies where a smaller and less toxic dose of it can
mend that a CBC be obtained every 4 weeks anfle employed.

transaminase levels determined every 8 to 12
weeks20 |n the US and elsewhere, methotrexate 232 Chlorambucil and Cyclophosphamide
has become the agent most preferred by many rheu- Chlorambucil and cyclophosphamide interrupt

matologists for the treatment of patients with mod-D’\ijAdand RNAdmetabbollsm,fr;sult:jngT|In Cellhdea:h
erate to severe disease. and decreased numbers of B and T lymphocytes.

Clinical improvement can be dramatic but chromo-

2.2.4 Parenteral Gold somal damage leads to an increased risk of malig-

Parenteral gold has been demonstrated to affectancy, especially haematological. Other toxicities
the activity of B and T lymphocytes as well as PMN seen with some frequency include bone marrow
function. Injectable gold was the first second-line suppression, increased risk of infection and disrup-
agent to have its benefit in RA established in a clintion of gonadal function. Most agree that the use of
ical trial 211 and still represents an important stand-alkylating agents can only be justified in the setting
ard for Comparing the efficacy of other Second_”neOf Iife-threatening disease such as vasculitis.
agents. However, newer therapies, namely metho-
trexate and sulfasalazine, are equally efficacious 3- Combination and Biological Therapy
but less toxic, making the current use of parenteral The notion that agents could be combined to
gold much less frequent. Bone marrow dysfunctiongchieve improved efficacy without a correspond-
and proteinuria from membranous glomerulonephing increase in toxicity has been present for some
ritis require that a CBC and urinalysis be obtainedime. Interest in this approach has continued to
before every injection. While these more seriousgrow with the recognition that present single-drug
toxicities as well as stomatitis and rash limit theregimens fail to induce a remission, or even accept-
number of patients who can tolerate parenteral goléble control, in a significant number of patients.
long term, gold salts should still be considered inThe rationale for which agents to use together and

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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for how long is empirical. Various combinations at present centres around the proinflammatory

have been reported but seldom have the trials beetytokines TNFet and IL-1. Several controlled tri-

of sufficient size or design to permit conclusive als which are currently under way are using antag-

evaluation. onists to these cytokines and/or their receptors ei-
A meta-analysis in 1994 of the published expe-ther as sole therapy or in addition to an established

rience with combination therapy suggested noagent such as methotrexate. No biological thera-

benefitin comparison with single-drug therdd?y.  pies have yet been released for use other than in an

A recent, randomised trial has evaluated the comapproved clinical trial.

bination of methotrexate-sulfasalazine-hydroxy-

chloroquine against the combination of sulfasalaz-

ine-hydroxychloroquine as well as methotrexate Continuing advances in both basic and clinical
alonel*4l After treatment for 2 years, statistically .ocoarch will. it is to be hoped, allow treatment
significant improvement was greater in the 3-drugye isions in the near future to be based on the
arm than in the 2-drug arm, and greater in the 23,5:h59enesis of RA and well understood mecha-
drug arm than with methotrexate alone. NO in-nismg of drug action rather than empiricism. In the
crease in withdrawals due to toxicity was seen Nnterim, however, the appropriate selection of a
the arms employing combination therapy. Howeverdisease-modifying regimen in RA must rely on a
further study is needed to corroborate these resuligy efy| efficacy/toxicity analysis of the available
and identify the most appropriate patient popula+reatment options individualised for each patient.
tion as well as the optimal time for initiation of Fyndamental and indispensable to this analysis is
therapy. athorough understanding and thoughtful consider-
Another approach to combination therapy em-ation of both the clinical setting and the pharmaco-

4. Conclusion

ploys the addition of a second agent when responsggical properties of each disease-modifying
to an initial single agent has been incomplete. In agent.

6-month trial of patients with active disease despite
therapeutic doses of methotrexate, the addition of
cyclosporin produced significant improvement 1.
versus placebo without incurring additional toxic-
ity.[251 While these results need to be confirmed and 2.
extended, the adjunctive use of low dose cyclo- 3
sporin in the patient with incomplete response to
methotrexate appears to be a promising approach.
A newer form of therapeutic intervention uses
biological agents which are specifically designed
to target elements important to the immune and
inflammatory responses. These agents seem to
offer the potential for greatly improved efficacy
with decreased toxicity. The initial experience with
monoclonal antibodies directed against lympho-
cyte subsets proved discouraging in that signifi-
cant lymphocyte depression was achieved but did
not produce meaningful clinical improvemétt.
However, recent pilot studies with agents directed
against cytokines and cytokine receptors have been®
somewhat more promisingfl Much of the interest

[ Adis International Limited. All rights reserved.
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