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Jl!ed1.cal Grand Hounds 

May 13, 1971 

IHMUNOSUPPR.ESSIV'E . TdERAPY OF ARTHRITIS 

In spite of cpt1m.9.l m!lnagenent of pa tient.s wl th rheu.,'"!.a told 
arthritis (RA). a small fraction re~nln clinically refractory 
to therapy. The relentless progression of the d.1sease contlm1•:!S 
unab:1.ted to the point tr.st it thre.9.te ns Yital function o::- e'ren 
life. Before that timo arrives the physician must •;ei,;;:h the 
relative risks of the uncontrolled d isease a~ainst the notent1al 
danger of the us e of steroids and/or inmunosuppresslve d.ru~s. 

The same mny be sa1.d of the patient with active syste:nic 
lupus erythernatos_is (SLE), particularly if progressive renal 
disease is present. 

CASE I.     This 54 W.1 develoned iritis at a~e 
JO anci-generallzed . polyarthritis e t age 33. Synovial prol1fe;::a­
t1on e.nd. joint destruction pro g:::-essed slowly in spite of aspirin, 
phenylbutazone, sold and /1CTH ther2.py. /, t ages 33 and. 47, he 
underwent synoYectorn.ies of the left k:1ee and right elbo>t with 
improvement in ea ch lasting several yea rs. · After surgery at 
age 47, he was .b-egun on 7.5 mg of prednisone/ day. Seven months 
later, he develope·1 ep1scleri tis, superficial corneal ulcerations 
and scleromalacia perforans, s.nd 11 months later, he devP.loped 
several areas of superficial gangrene of the fingertips and toes 
compatible with the arteritis of 11 mal1 gnant" rhet.W.atoid a::-thritis. 
He had a ri ght cervical sy r:1pa thee to!:'..y , the prednisone Has tapered, 
and he was again given ACTH and topical ophthalmic steroids with 
some improvement. At t~t time  1965) &~ latex fixation 
test w-as J+ pos1 t1 ve, Sensi t1zed Sheep Call Agglutillil tion ~"8.3 
positive at 1:224 dilution . and an upper GI series sho'i."ed a lesser 
curvature gastric ulcer. The latter healed on antacid ther9.py. 

By one year later (  1966), his arthritis was so severe 
that he could not walk alone, and he again experienced superfi­
cial gangrene of several toes. He ~~der~ent a lumbar sympathec­
tomy with improvement. He simultaneously developed periorbital 
edema and pain of the riEht eye. This proved to be severe epi­
scler1tis and inferior serous retinal detachment without retinal 
breaks in the right eye. The retin9.l detachment and episclerltis 
soon spread to the left eye, and was accompanied by crops of 
numerous subcutaneous nodules over pressure points. He resumed 
10 mg/ day of prednisolone without significant improvem~nt. 

In  1966, after he was legally blind (20/200 bilat.), 
he was begun on cyclophosphamide (Cytoxan) 100 mg alternating with 
50 mg/day, and prednisolone uas increased to 60 mg/C!.ay. The latter 
was sloifly tapered to 27.5 mg/day over the next 6 weeks and the 
cyclophosphamide increased to 150 mg/day, then to 200 ~nd later 
to 250 mg/day. The improvement in arthritis, P.ye findings an~ 
subcutaneous nodules was dramatic over the next 6 weeks. The 
retinae reatt9.ched spontaneously, uveal effusions cleared and 
the episcleritis ~nd pain improved greatly. Prednisolone dosage 
was gradually cut ' to 7.5 ng/d.ay. During the next 4! years, his 
subc~taneous nod uies completely disappeared, he has b0en fully 
ambulatory with only occasional joint pain, and althou,2:h mild 
scleritis has persisted, vision has returned to near no~mal. 
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FIGURE 1. 

ll\tiMUN E ASPECTS OF .RI-IE Uiv1ATOID ART I--I R ITIS 
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TABLE I. MEC HA NI SES OF INFLl11'1i1ATION IN RHEUMATOID ART:-IRITIS 

A. Immunolo ~i c~l ~ ~e~or.~~~ 
1. Clrc ufat i r~.;tantTbody (Ref. 1, 2) 

(Lymphocyt es a n1 plasma cells) 

2. Delayed hypersensitivity (Ref. 6) 
(Lymphocytes) 

B. Seconda r y pheno mena 
1. Pannus for mg t1on (Macrophages, 

fibroblasts a nd granulation 
tissue) 

2~ Interruption or normal joint 
meta bol1sn ( Eef. 11) 

~-Globulin a~~re~ te s 
Complem~nt fixation 

(Ref. 3, 4, 5) 
Lymphocytotoxlc f ac tors 
(Ref. ?), Macropha~e 
m1~rat1on inhibitory 
factors (Ref. 8) 

Lysosomal enzymes 
(Ref. 9) 

Collagenase (Ref. 10) 

Decreased hyaluronate 
and cartilage synthesis 

(Ref. 12) 
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CASE II.     T.h13 29 NP' was entirely llell until 
 1970 • li'hen she developect 1.-,~adaches follo>~e ri 2 weeks l a tsr by 

bilateral ankle edesa, arthritis of her left n:-ist and dar~en1n3 
or her urine. When she also notei periorbital ede~~ and puffy 
swelling of her hands as well a3 oliguria, she >>~'as hospitsliz~d. 
(  1970). Blood press~e on a dmission ~~s 220/120, she was 
edema to us and x-re.y confirmed rn1n17:1tl l c!:".rdior!:egaly. A s tenos lng 
tenosynovl tis tms found to be the basis for her left wr1s t pain. 

·, 

'WBC= 5900, Hg(:::-::. 11.0, urine protein"' 1000 mg%, t;ith 2-5 WBC 
and 5-10 RBC/HPF, Buti= 26 mg;~ , Creat ,=l.9 mg~, ASO= less th.J.n 50, 
RA la. tex fi:xa tlon= negative, C}= 55 mg,%, MiF and LE preps= pos i tl ve 
x2, EKG= norrr.al, protein electrophoresis shoNed al bum1n= 2. 2 g:'l;t;, 
t-globulin= 1.0 gm,~ . 24-hour u:rin?.ry protein= 5 gro , seru:n chole­
sterol= normal, serQ~ cryoglobulin~ 6 mg,% (IgG and complement only}. 

A k_idney biopsy was done and sho',</'ed crtanges compatible with 
lupus nephritis. She -r,.ras treated with furosemide, bedrest, salt 
and water restriction a.nd begun on 60 ::J g/ day of prednisolone with 
a satisfactory diuresis with loss of edema and decrease in blocd 
pressure. However, proteinuria and microscopic he:!'Atu.ria persisted, 
and she was dis·charged to be follo wed in Medicine Clinic. 

On -70 when CJ re~~ined at 53 mg% , she was begun on , 
cyclophosphamide 100 mg/day and. pre'inlsolone stopped. She ;;;as 
continued on this dose Q~til -70, at which time her WBC = 
)800 and 24-hour urine proteinhad dropped to 1.8 gm. Because of 
a laboratory error, tZ'le cyclophosphamide T"ras stopped. Ho•~ever, 
th~ patient continuad to i mprove and h!ls done well since thE>.t t i me . 
She now t akes 25 mg of ~;toxan every other day, While on cyclophos­
phamide. her antlnucl ec:.r anti body test became nega t1ve and re!!l.ains 
negative ns of -71. 

TABLE II. IMMUNE ASPECTS OF SYSTE~IC LUPUS ERYTHE1<1ATOSUS 

1. Diffuse hyperglobulinemia with a variety of autoantibodies 
against DN<\ , other cell co:..1ponents, and circulating blood 
elements (Ref. 1 3, 14, 15}. 

2. Immune complexes circulating in the blood an:i deposited in 
the walls of blood vessels and along the basement membrane 
of the renal glomerulus. skin, brain, lung and other tissues 
(Ref. 16, 17, 18, 19). 

). Lowered serum complement levels (Clq,C),2,4} which corre­
lates directly with the intensity of disease activity 
(Ref. 20, 21). 

4. Immunoglobulin synthesis by circulating peripheral blood 
lymphocytes (Ref. 22} several times · greater than normal. 

5. Decreased circulating antit~dy response to some antigens 
(Ref. 23) and increased responses to others (Ref. 24). 

6~ Improvement following development of Hodgkin's disea.se(Ref. 25). 
(Suggesting a major role or delayed hypersensitivity in 
pathogenesis?) · 

. .., 
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TABLE III. Cli!INGES I :H TEE K!Dr18Y GLOMERULUS IN SLE 
(frcn Heptihs t all, Ref. 26) 

__E!!-f,:Jng Co m!:'.ent 

*1. Localized area s of cellular 
prol1fernt1on u~u~lly wi th so::Je 
tmderlylng n0eros1s. ~!esl01~l8 ial 
depos1 tfr on elec t ron nicros copy . 

*2. Bo.se:ncmt t:.cmb:rnne th1c1cenins­
cap1lla r y 11lre l eaps . Irreg'..l.la r 
subendothel ial depos its on EH. 

*J. Intracapillnry r~aline thr ombi. 

4. Crescent for::m t ion by prolifer a ­
tion of cells lining l.xn;man 1 s 
capsule. 

5. Glomerular scarring. 

*Very fr equ·ent 

Early lesion, often reversible 
Y.ith appropria t e steroid or 
i nmtmosuppre ss i ve therapy . 

May be found e.s an isola t ed 
lesion. Me y be only partia l­
ly rever s ible ~J thers py. 
Fibrin with occas i onal nu~lear 
material (he ffia toxy lin bod i es). 
Infrequent. 

Irreversible , end-stage 
obliteration of glo meruli. 

---::s~t-e-roldsancli'""rn&unos'upp"r G"Ss_i ye drugs exer t sign!. f i cz•nt an tl ­
inflalllillr?. tory eff e c ts by a ltering the r el ease, the coll ular ftu"'1c tion, 
and the ra te of cell division of r;:A. crophages and polymorphonuclea r 
leukocytes ( Ref' . 27 , 28 , 29). SOL'1e of thls a nti-infl allll!'.e. tory action 
is unrel a t ed to the ir direct eff ect s on the lymphocyte or lymphoid. 
organs. Eom~ ver . sor!le of the c ells res pons l ble for delay ed hyp~r­
sensi tiv1 t y and the for:~-£l tion of circula ting anti body are suscepti­
ble to the action of t hese agents. 

FIGURE 2. CELLULAR BASIS OF THE I ~l ~IUNE RESPONSE 
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TABLE IV. EVIDENCE ?OR THE T;W-CELL SYSTEM OF THE HiHUNE RESPONSE 

1. NeonB.tally thT:"ll 3Ctor~1zed a:!ld 1rr.s.cl1.atecl mlce may be selectively 
repopulated. ~' i th inb:!·~:i tr.y!J.U:> or t0ne rr.e.rro-,.; ly ::J.phocytes or 
both. Or1 v thvse c.ni;;1.~ls recei Yine; both types of lynphocytes 
t1 l'e c ~a·, - sisnificant anti body forrr.a tion after antigen 
stimu _a t L- th sheep red blood cells (Ref. 29). 

2. Genet1cally-tag;3d cone marrow lymphocyt es may be shah~ to 
contribute the antibody forming plasma. cells even though these 
cells require tl"lJ'"~Us lymp1'l.ocytes for recogni ticn of the 
antigen (Ref. JO). 

Thymus lymphocytes only carry the ability to cause delayed 
hypersensitivity e nd h'Ono;;raft rejection as illustrated. by 
the defect in children with thymic aplasia --D1Jorge syndrome--

5. 

(Ref -:t1 -- ·· 

... 
Both .. ;J.'· · . 0 S carry receptors on their surfaces, prorobly 
a portio ... or the cor!tplete antlbody molecule specific for 
the antigen to which that cell can respond (Ref. 33, J4). 
Hoi'rever, tha thymus population recognizo.s one portion of a 
complex: antigen molecule -- c"arrl.er portion-~, and the bone 
ruarrou-derlved lymphocyte, a completely different portion 
-- haptenic portion -- (Ref. 35). · 

The senai tized thymus-derived ( T··cell) lymphocyte is stlmu .. 
lated to divide by contact \'T1 th antigen, but the sensitized 
bone ma.rrow .. derived (B-cell) lymphocyte does not divide 

·after a· ... .m exposure (Ref . 35). Presu:r.ably tha B-cell 
merely t . __ ... erentiates to a plasr.a cell at the local site of 
the antigen. Antigen-induced stimuli to the bone r..a1crow 
continuo to release lymphocytes to the circulation as long 
as free antigen is available. 

6. B-cells also form non-specific rosettes (surface aggregation) 
with particulate antigens which have been coated uith speci­
fic antibody and complement (C3), while T-cells do not 
possess the C3-receptors necessary for rosette formation 
(Ref. 36). 

?~ · .. ·.A au · : . > :_·. ·,, · .-;;~r: tigen (theta) specific forT-cells has been 
···· ··'demon s l . ·: · '"!' C:. 1n mice and is lacking or present in much 

lOiter B\..:.iJ.c..::: e density on B-cells from the same an1T:;l8.ls 
(Ref. 37). Similar surface antigens unique for either T-cells 
or B-cells have also been described in man although the 
theta system is the best studied example clearly differen-
tiating the two types of lymphocytes. ' 

a. Macr'nnha f e alteration of antigen to produce a processed 
frag ,. rt nhich can then stimulate the T- or B-lymphocyte 
populatl ~ ns may be necessary for some antigens such as 
red blood cells (Ref. }8, 39), but may not be necessary 
for smaller soluble antigens • 

. • .· · 
.-; · . 
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TABLE V. IMNU.:·l'OSUPPRES3IVE l~GEln'S US ED IN HUaAN DISEAS E 
(Modified from F~rr1s & Sinkovica, Ref. 40) 

Nitrogen mu3t a rd ( mechloreth~nlne) 
Cyclophos phamide (Ref. 41, 42) 
Chloranbucil 

~ntabolites 

Purine ar..alcgues 
6-nercaptopurine (Ref. 43, 44) 
Azathioprine 
Th1oglli.'.nlr .. e 
Cytosine ara binoside 

Pyrimidin-e ems. logues 
5-Pluoroura cil 

Folic acid ar~lo~ues 
Methotrexate (A;ethopterin)(Hef. 45) 

Adren~l §tero~ds 

Prednisolone (Ref. 46) 

Plant alk.;"l.loids --
V1ncale~~oblast1ne 
Vincristine 

Antibiotics 

Chloramphenicol 
Actinomycin D 

Amino ~ antagon~ 

Glutamine 
Da.uzomyc1n A 

Asparagine 
L-Asparag1nase (Ref. 47) 

Anti-lyo:ohoc;vte glo l::ulin (Ref. 48) 

• 
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CYCLOPHOSP11\NIDE ( CYTOY....AN ) THEP..APY OF RHEUi'L'\TOID ARTHRITIS 

A thorough, long-te:r.rn study of the effect of cyclopho sph.s. :::ide 
treatment of JB patients with severe , otherwise medically resis­
tant rheumatoid arthritis ~~s carried out by Fosdick et al (Ref. 49). 
Their excellent results publL~n8:.l in 1968 shN;ed. 7 ) ;t of thei t' 
patients ha.d improved significa ntly, a nd encolL""t.'t g~ :i t~e Ar:-.a ri 2an 
Rheuma.tism Associa t ion t o sponso 1~ a double~blind t:·i n l utilizing 
a high dose ( 100-150 mg/da y) and a lOif dose ( 2 rug/day) groups 
(Ref. 50). This trial involving 59 patients comple t ely confir~ed 
Fosdick and his co~'~o:::-k ers 1 r8 s t:l ts. Tf:-3 details of th9 ll ?J\ study 
are presented below in tabula r form. 

In addition, other studies of si~gle (Ref. 51) or multlple 
patients (Ref. 52) t ave obtained si~ila r i mpres sive resul ts i n 
persons with very s evere rhet~a toid a rthritis. Often an a s socia­
tion with depressed 1wnunoglobul1n l evels was seen in those patients 
showing the greatest clinical response (Ref. 51, 52). 

FIFT'i-NINE Pi\TIENTS ADHI.YrED 

High Dose (HD): 25 Low Dose (LD): J4. 
Males 17 Females 42 
Age of entry: f·1ed1an .,. 51 yrs ( 25-74 yrs) 
Disease duration: ~! edian 7.5 yrs (2-45 yrs) 
Rheumatoid Factor: SSCA Positive 95% 

TABLE VII. fiR..<i-CYTO/J,N TP.IAL HD-LD DIFFERENCES IN ;•EDIAN C:LiNGE 
IN MEASURES Of' DI33:t\SE AC TIVITY B:: 8 WEEK PERIODS 

Period 
1 2 3 4 

Morning Stiffness (hours) 0. 50 0.3J 0.25 o.o 
Grip Strength (mm Rg ) 11.2 4.4 0.6 2.6 
No. of Painful Joints 5.0 1.5 1.0 1.0 
No. of Swollen Joints 1.0 0.5 2.5 h.S 
50 foot l'f-a.lk (sees) 1.0 0.4* 0.1 0.6 
ESR - Westergren (-mm/hr) 8.0 3.0* 3 c* •..J 6.0 

* Negative difference, ie, LD better than P.D group. 

TABLE VIII. ARA-CYTO/U\N TRIAL BLINDFOLD HAND X-RliY Cot1P.liRISON 
( HE!:K 0 VS :E EK 12) 

• 

1 Total us. ~1 ents ' :' ; '3~'7 or '11ors e ;:; ~o s ions 
JllRL."'Gi)..~J,i!;:st~'GS).;"'a.::S~!t' IC!fUU!U"~~&tY.I:...-~L:J7·:~ 

I 
1 lio. of ; t·io. of 

· 1 Patientsj Lesions 
High Dose I 18 : 1 I 3 

Lfw Dose j 24 9 39 



( 
... 

( 

/ 
# 

-8-

TABLE IX. ARA - CYTOXAN TRBL SIGNIFICANT CHANGE OP TITER IN SSCA 

No. of Pati~nt.-:; 
SSCA Titer High Dose Low Dose 

Unchansej. 
Increased 
Decreased 

1 
_J.. 

Tota.l 19 

UNTOWARD EV'ENTS 

--------------------------------~H.leh_Dose 
Total Patients 

Hemorrhagic cystitis 
Dysuria & he na turia 
Herpes zoster 
Naus ea & vomiting 2x or 
Diarrhea 2x or more 

20 

2 
7 
1* 

more9 
3 
7 ~~jor hair loss 2x or more 

20 
4 
1 

27 

Lo'-'T :Jose 

28 

0 
0 
0 
9 
4 
2 

*An additional patient was also afflicted with 
Herpes zoster and withdrew from the study. 

TABLE XI. APJ\-CYTO XAN TRIAb! ELEVEN (OF 59) PATIENTS ~o/ITHD3Ji'JN 

Hi gh Dose L0w Dose 

Gastrointestinal Upset 3* 
Renal anzylo1:iosis recognized 1 
Herpes zoster 1 
Poor respons e to drug 0 

~--~~~T~o~t~a~l~~----~--~ _ 
*6ne~also had alopecia and stomatitis. 

2 
1 
0 

+-
TABLE XII. GENERAL fiRTEUTIS CLINIC EXPERISNCE: WITH Ii1l1U!lOGL03ULIN 

CHANGES IN NINE PATI~TS WITH R.A TR:2;ATED liJ ITri GYTOXI\~i 
(Ref. 52) 

50% Fall in total joint score 
occurring at 2 to 6 weeks 8 

Decrease in Total Y-Globulin 6 
(pap~r electrophoresis) 

Decreas e in IgG* ? 
Decrease in I gM* 5 

• Decrease ln I~A* 1 
*Measured by radial diffusion in agar. 

i 
Other alkylating agents: thiotepa (Ref. 53) and nlt~o~en mustard 

(Ref. 5h) given 1ntra-articularly appear to be of limite:i value. 
Chlorambucil (Refl 55) produces clinical improvement similar to 
cyclophosphami de . Azathioprine end 6-mercnp to pur in~ h.::lve us u'3. lly 
produced dangerous bone marrow toxicity when used in RA (Ref. 56,5?). 

·I 
I 
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IHMUNOSUPPnESSIVE THEHl1PY IN SySTEiUC LUPUS ERYTH~1t'u\T03US 

Patients with SLE ;.;ho have progressive renal iisease should 
be treated initially "Yii th high doses of prednisolone, possibly 
on an altern~ te-iay schedule ( Ref. 58). Howe7er, those who prove 
refra ctory to steroid therapy or <~"~V:J d<:Jvelop un:.ue sid e 9f fects 
from their treatm <.mt ;.:hould be con::: ldered for SU?ple~ent.!ll 
immunosupprcss l'e th~rspy (Ref. 59). 

Unfortu:-:::tely no properly controlled evalu.CJ.tlon of the effect 
of im1:1.unosuppressive drugs has been :lone in SL2: in n:a!"l, and t!:e 
confusion about their therap~utlc 'iet lue present in the oed ic:;;.l 
literature i3 considerable. Ho:..ever, the analogous disease to SLE 
in the NZB/NZ W mouse has lden t lce.l r ena l cha nges to thos'3 fonn:i 
in SLS in m~n, and several e xcellent controlled studies of the se 
agents have been done in the mouse SLE ~is e~se (Ref. 60 , 61, 62). 
These all clee.rly C.e :Jons tra te the therapeutic va.l,J.e of cyclo­
phosphamide in arresting advance of the ren..<l.l disease and rever­
sing certain features of it to norrr.,'l l if the drug is g iven suffi­
ciently early in the cotttse of the disease . Uncontrolled hur::.an 
studies l'Ti th Cj~"C lophospn3.:n1de sup po:;:·t this r esult obt.'l ine:i in 
the controlled ani rr~l experi~~nts ( Raf. 63, 64). 

Results ,.;·i th azathioprine. 6-n:!rcapt-:>purine and chlorambucil 
are less 1~press 1ve, but these agents a re a lso felt to alter 
the course of SLE renal disease in some patients (Ref. 65-59), 
partie ularly ;rhen given a long ¥11th steroids. 

TABLE XIII. MECHANISMS BY WHICH STEROIDS AFFECT 

INFLA.t\L\lA TION 

1. Block "effector" phase of delayed hypersensi tivity (Cohen and 

Feldman -- 1970). 

2. Lyse lymphocytes. particul:lrly those of th ymic origin ( Wira 

and Munck - 1970). 

3. Alter intracellular effects of lysosomal enzymes on lysis of 

PMN's and macrophages. 

4. Alter arteriolar tone may decre:~se vasodilation and edema 

formation indirectly. 

S. Probably have · li ttlc effect on circulating antibody levels 

except at very high doses . 

• 
\ 
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.,ABLE XIV. SIDE EFFECTS Of STEROIDS IN MAN 

I . Enhance in vivo inactivation of vitamin D (Osteop(lrosis). 

2. Promote gluconeogenesis and block peripheral glucose 

utilization ( Diabett's ). 

3. Facilit:1te vasoconstriction (Hypertc;;sion). 

4. Inhibit gro wth hormone release (Dwarfism). 

5 . Decrc.ase killing of plt:!gacytoscd b:1cteria by P:vfN 's (Infection). 

6. Increase gastric acid secretion (Peptic uic:er). 

7. Lysis oftil}'ITI\15 -·Gerived lymphocytes (Lymphocytopenia). 

( 

• 

I , 
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