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ABSTRACT

Infliximab, a chimeric anti-TNFo anti-
body, showed in two double-blind pla-
cebo-controlled trials efficacy in com-
bination with methotrexate (MTX) in pa-
tients with severe rheumatoid arthritis
(RA). Whereasin thefirst trial low-dose
MTX or placebo was compared to inflix-
imab alone and in combination, the sec-
ond trial compared infliximab to placebo
in patients with active RA despite maxi-
mal tolerated MTX treatment. Infliximab
showed synergistic effects in combina-
tion with MTX. The immunogenicity of
infliximab was reduced by the combina-
tion. Infliximab in combination with
high-dose MTX is effective and safe in
long-term treatment up to 54 weeks.

Introduction

The chimeric monoclonal anti-tumor
necrosis factora (TNFa) antibody (CA2,
infliximab; Remicade®) has been proven
efficaciousin reducing signs and symp-
toms in two open-label trials and one
double-blind placebo-controlled trial in
patients with active rheumatoid arthritis
(RA) (1-3). Inthese trials, no other dis-
ease-modifying antirheumatic drugs
(DMARDs) were alowed for combina-
tion treatment. The results of two recent
trials testing the combination of inflix-
imab and methotrexate (MTX) have
been published (4, 5), and follow-up data
through week 54 from the ATTRACT tri-
al (Anti-TNF Trid in RA with Concomi-
tant Therapy) has been presented at the
EULAR (European League Against
Rheumatism) 1999 meeting (6).
Patients treated with a single infusion of
infliximab showed a significant response
4 weeks after treatment versus placebo
according to the Paulus criteria (7), a
combination of six clinical, observation-
al, and laboratory variables. The Paulus
20% response rates at week 4 were 8%
in the placebo group, 44% in the 1 mg/
kg infliximab group, and 79% in the 10
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mg/kg infliximab group. The more strin-
gent Paulus 50% criteria were met by
8%, 28%, and 58% of the patients, re-
spectively (3). Together with the open-
label re-treatment study (2), these data
indicated that blockade of TNFa with
infliximab was highly effective, safe, and
could be administered for up to 4 cycles.
MTX, an analog of folic acid, has been
documented to be an effective and safe
DMARD in long-term studies of the ma-
nagement of RA (8-10). In combination
studies with cyclosporin (11, 12), and in
triple therapy with sulfasalazine and
hydroxychloroquine (13), or leflunomide
(14), or etanercept (15), synergistic ef-
fects have been observed without an in-
crease of toxicity.

Rationale for combination treatment
of infliximab and MTX

To investigate whether the combination
of infliximab with MTX is superior to
one of the monotherapies and whether
the addition of MTX influences the im-
munogenicity of the chimeric antibody,
adouble-blind trial comparing three dif-
ferent doses of infliximab with low-dose
MTX was designed (4). Because of the
guidelinesfor clinical practicein Europe
prevailing at the time the protocol was
written, and to minimize potential tox-
icity, afixed MTX dosage of 7.5 mg/
week was chosen.

Sudy design

A total of 101 patients with active RA
who had an incomplete response or flare
of disease activity while receiving low-
dose MTX were enrolled in amulticen-
ter, double-blind, placebo-controlled, 26-
week trial. Patients received an infusion
of either placebo or 1, 3 or 10 mg/kg in-
fliximab at weeks 0, 2, 6, 10 and 14, and
were monitored through week 26. Pa-
tients who received infliximab were ran-
domly assigned to receive MTX tablets
7.5 mg/week or placebo tablets (Fig.1).
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Fig. 1. Multicenter, double-blind, placebo-controlled 26-week trial in 101 rheumatoid arthritis patients
not responsive to low-dose (7.5 mg/week) methotrexate (MTX). Patients were randomly assigned to
receive either placebo or infliximab infusions at week 0, 2, 6, 10 and 14, in combination with MTX or
placebo tablets. Both placebo groups were not combined.

I nfliximab with or without MTX
20% Paulusresponse at week 16

Placebo
OMtx

1 mg/kg

3 mg/kg

10 mg/kg Infliximab

Fig. 2. The 3 and 10 mg/kg infliximab groups showed a good clinical response at week 16 with or
without MTX. Only the 1 mg/kg infliximab group showed a better response rate in the combination with
7.5 mg/week MTX.

I nfliximab with or without MTX
20% Paulusresponse at week 26, 12 weeks after lagt infusion
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Fig. 3. At week 26 (12 weeks after the last infliximal/placebo infusion) patients with MTX showed
synergistic effects prolonging the response. Up to 30% of patients without MTX still showed aclinical
response 3 months after the last infliximab infusion.
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Patients who took MTX with placebo in-
fusion showed no significant additional
clinical response at any time. In contrast,
60% of the patients who took 3 mg/kg
or 10 mg/kg infliximab showed arapid
Paulus 20% response lasting through
week 16 (Fig. 2). No statistically signifi-
cant difference was seen between those
who received or did not receive MTX.
Twelve weeks after the last infusion (at
week 26), the response rate in the com-
bination group was similar to that at
week 16.

In the patients who received 3 mg/kg
infliximab without MTX the response
rate at week 26 dropped to 20%, and in
the 10 mg/kg group the rate dropped to
approximately 30% (Fig. 3). Unlike the
3 mg/kg and 10 mg/kg groups, the 1 mg/
kg group showed a 60% Paulus 20% re-
sponse after 2 weeks, which dropped rap-
idly to placebo levels despite the subse-
guent infusions.

The co-administration of MTX showed
asynergistic effect in the 1 mg/kg inflix-
imab group which consisted of: (i) pro-
longing the duration of the response in
> 60% of the patientsto amedian of 16.5
weeks (P < 0.001 versus placebo, P <
0.006 versus no MTX); and (ii) prolong-
ing the Paulus 50% response to 12.6
weeks (P < 0.001 versus placebo P <
0.002 versus MTX). In dl of the groups
except the MTX/placebo and the 1 mg/
kg infliximab/placebo groups, C-reactive
protein levels dropped within one week
to normal values. The dropout rate due
to lack of efficacy was higher in the
MTX /placebo group (57%) and in the 1
mg/kg infliximab/placebo group (33%)
than for those receiving 1 mg/kg (0%),
3 mg/kg (0%), or 10 mg/kg (7%) com-
bination treatment.

Synergistic effect of infliximab and
MTX

There was no response at any timein
patients who took the combination MTX
and placebo. In contrast, the median re-
sponse timein the group receiving 1 mg/
kg infliximab and placebo tablets was 2.6
weeks, and 16.5 weeks in those who re-
ceived the combination. In the higher-
dose groups, the difference between
MTX and non-MTX treatment became
apparent only after the last infusionsin
the follow-up period. In thistrial, the



combination of MTX and infliximab
showed a synergistic effect in the low-
dose infliximab group, and a prolonged
Paulus response rate after the last infu-
sion using the combination therapy.

Conclusions

Inthisfirst trial of low-dose MTX and
infliximab, the combination of both had
greater efficacy in the low-dose inflixi-
mab group, and resulted in longer re-
sponsesin all dosage groups versus mo-
notherapy with infliximab. Low doses of
MTX aone resulted in no significantly
increased response in comparison to pre-
vious MTX therapy. The data suggest
that the observed synergistic effect could
be due partialy to areduction in theim-
munogenicity of the chimeric antibody.
This raises the possibility of using simi-
lar combinations of MTX with other
biologicals such as the anti-CD4 mono-
clonal antibodies to reduce immuno-
genicity. However, the relatively short
duration of thistria of MTX plusinflix-
imab leaves open the question asto whe-
ther long-term combination therapy may
lead to sustained immunosuppression
with an increased risk of infection. In
addition, two points open to criticismin
thistrial were the low dose of MTX used
and the small sample size (14 - 15 pa-
tients) of each group. Therefore alarger
combination trial was initiated, the
ATTRACT study (Anti-TNF Trial in RA
with Concomitant Therapy).

ATTRACT Phaselll combination
trial

Inaphaselll ATTRACT combination
trial, 428 patients with active RA who
were being treated with MTX at the high-
est tolerated level (12.5 - 25 mg/week
oral and parenteral) were randomly as-
signed to 5 treatment groups (81 - 88 pa-
tients per group), each of which received
one of the following: placebo infusions,
3 mg/kg infliximab every 4 weeks, 3 mg/
kg infliximab every 8 weeks, 10 mg/kg
infliximab every 4 weeks, or 10 mg/kg
infliximab every 8 weeks. Co-medica-
tion with stable doses of corticosteroids
and non-steroidal antiinflammatory
drugs was allowed. The double-blind
trial is still ongoing; an interim analysis
of the data from weeks 30 and 54 has
been published (5, 6). The patientsin-
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cluded in thistrial had longstanding se-
vere disease with amean MTX dosage
of 15 mg/week. The primary endpoint
was the ACR 20% criteria of improve-
ment (16).

At week 30, all groupsin which patients
were randomly assigned to infliximab
showed statistically significant ACR
20% responses versus placebo (5). The
response rate was 20% for the placebo
and MTX group, versus between 50%
and 58% for all of the infliximab and
MTX combination groups (P < 0.001 for
all treatment groups versus placebo). A
rapid ACR 20% response within 6 weeks
was seen in more than 40% of inflix-
imab-treated patients; the number of re-
sponder patients continued to rise until
week 30. At week 30, al infliximab-
treated patient groups showed a signifi-
cant improvement in each of the re-
sponse parameters (P < 0.001).

The response rate was maintained at
week 54 in al of theinfliximab groups
(6). Most intriguing compared with other
long-term studies was the fact that the
overall efficacy increased from 50% up
to approximately 60% for ACR 20% re-
sponsesin all treatment groups.

I mmunogenicity

In earlier trials, immune responses to hu-
man anti-chimeric A2 antibody (HACA)
were reported in up to 50% of treated
patients (2). However, the devel opment
of HACA, the clinical response, and the
duration of the response were not corre-
lated significantly (2). In the combina-
tion trial, the HACA response was clear-
ly dose-related, with 53%, 21%, and 7%
of the patients in the cohorts receiving 1
mg/kg, 3 mg/kg, or 10 mg/kg, respective-
ly, of infliximab. Concomitant MTX
therapy reduced the rate of HACA for-
mation to 15%, 7%, and 0%, respec-
tively. Thefinding that most patients who
received high dose infliximab did not de-
velop HACA suggests the induction of
a phenomenon resembling tolerance. The
actual mechanism underlying this phe-
nomenon, however, remains unknown.

The HACA response and the clinical re-
sponse are reflected in the pharmaco-
kinetic data from thistrial. In the 1 mg/
kg infliximab group without MTX, plas-
ma levels of infliximab dropped below
the detection limit of 0.1 pg/ml after the
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second and following infusions. By con-
trast, plasmalevelsin patients receiving
concomitant MTX remained around 10
pg/ml. In the 3 mg/kg group, plasmalev-
els of infliximab rose from 10 pg/ml pre-
infusion to 100 pg/ml after infusion. In
the 10 mg/kg group, levels remained ap-
proximately 40-300 pg/ml. Inal groups,
repeated infusions did not result in any
change in the pharmacokinetic pattern.
The addition of MTX to 3 mg/kg or 10
mg/kg infliximab did not change the
pharmacokinetics during the infusion pe-
riod. After week 14, the declinein plasma
levels was slower in the combination
groups (4).

The ATTRACT tria isstill ongoing. A

complete evaluation of the HACA re-
sponse is not yet available. Only one pa-
tient among 32 who discontinued treat-

ment was found to be HACA positive.
Theinfusion reaction rate was constant -
approximately 5% in all groupsinclu-
ding those receiving placebo infusions.
The infusion reaction rate and the re-
sponse rate showed no significant change
with increasing treatment cycles. The
absent HACA levelsin the patient who
discontinued treatment and the constant
low level of infusion reactions with con-
stant efficacy in the treatment groups,
may provide indirect evidence that there
isno clinically significant HACA re-
sponse during combination treatment
with infliximab and methotrexate (17).

Adverse events

The first reports from open-label and
double-blind infliximab trials showed
that repeated infusion with the antibody
did not lead to significant infusion reac-
tions or severe infections (1-3). Infec-
tions were the most commonly reported
adverse events, with 1 in the placebo
group, 5inthe 1 mg/kg group, and 1in
the 10 mg/kg group.

In the first trial with the combination of
infliximab and MTX, 32.2% of patients
who received infliximab with or with-
out MTX were reported to develop in-
fections, compared with 21.4% in the
MTX /placebo group (P=0.541) (4). In
thistria involving 101 patients, one pa-
tient who received five infusions of 3 mg/
kg infliximab plus 7.5 MTX developed
abacterial enoptha mitisfollowing acat-
aract surgery 9 weeks after the last infu-
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sion. One patient withdrew from the
study after the third infusion of 10 mg/
kg infliximab plus MTX because of lack
of efficacy. Fifteen weeks later, this pa-
tient developed septicemic shock with
blood culture positive for Staphylococ-
cus and died within 24 hours of hospi-
talization. A relationship between the
infliximab dose and the co-medication
with MTX could not be shown for the
adverse events (4).

Inthe ATTRACT trial dataat 54 weeks,
arelatively constant dropout rate of
about 8% was seen for adverse eventsin
the placebo group and in all infliximab
groups (17). Seriousinfections were dis-
tributed equally with 7 (8%) in the pla-
cebo group and 21 (6%) in the inflixi-
mab groups. The rate of infusion reac-
tions remained | ess than 5% and was not
different from placebo. After 54 weeks,
four patients have been reported to have
malignanciesinthe ATTRACT trid (17),
including one with a B-cell lymphoma,
one with recurrent breast cancer, one
with both squamous cell cancer and me-
lanoma, and one with recurrent basal cell
cancer. At week 30, the expected tumor
rate from the NIH SEER database was
0.6 for the placebo group; observed 0 and
2.8 for infliximab groups; observed at
that time point 3 (17). The data do not
address whether the combination of
MTX inlow or high doses with inflix-
imab increases the risk of a malignancy
compared with monotherapy with MTX
or infliximab. From databases by Wolfe
and Klareskog it is known that the risk
of lymphoproliferative diseasesis 8
times higher in patients with RA, and
that the incidence of lymphomais cor-
related with disease activity rather than
with the immunosuppressive medication
7).

Laboratory monitoring of the patientsdid
not indicate any significant abnormali-
tiesin the groups treated with combina-
tions. In thefirst trials, up to 8% of the
patients devel oped anti-dsDNA antibo-
dies (4) and one patient developed anti-
cardiolipin antibodies during treatment
with infliximab (2). When 100 random-
ly and blindly selected patients equally
distributed between treatment groups
were evaluated (19), anti-dsDNA antibo-
dies were detected in 5% of infliximab-
treated patientsand in 1 of 20 patientsin

the placebo group. Ten percent of inflixi-
mab-treated patients had become sero-
positive for anti-nuclear antibodies
(ANA) at the conclusion of the study
compared with study entry. In the group
treated with MTX and placebo, the ANA
status did not change; 33% of placebo-
treated patients and 35% of infliximab-
treated patients were ANA negative at
study entry and positive at some time
during the study.

Conclusion

Thereis no doubt that anti-TNF block-
ing treatment provides a major advance
in the therapy of RA. However, some
rheumatol ogists are asking that - instead
of the 20% ACR response, which was
developed to distinguish between drugs
with efficacy and non-€efficacy (20), and
which is already hard to achieve - an
ACR 50% or 70% response be establish-
ed as amore appropriate goal. Double-
blind trials using infliximab in RA pa-
tients have shown anti-TNF blocking
agents to be effective and safe in the
treatment of active RA. In addition, a
rapid change in the gadolinium uptake
in magnetic resonance imaging studies
was demonstrated in the synovium of
treated RA patients, a change which was
correlated with 20% Paulus response
criteria(21). A phasell trial combining
different dosages of infliximab with
MTX showed that this combination
therapy is effective and safe and might
reduce immunogenicity of the chimeric
antibody (4). However, whether the ap-
pearance of HACA interferes with the
function of infliximab by neutralizing the
monoclonal antibody activity has not yet
been established beyond doubt. The
ATTRACT tria demonstrated the capac-
ity of repeated infusion of infliximab to
reduce active disease in patients with se-
vere RA of at least one year’s duration
(22). This combination therapy prolongs
the response rate, suggesting that it may
be the treatment of choice for RA. How-
ever, longer observation periods appear
necessary. Also of interest isthe fact that
the reported incidence of adverse events
inthe ATTRACT study was no higher
than that expected for single drugs.
Infliximab in combination with MTX
may be an optimal therapeutic regimen
for patients with severe RA. Data ad-
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dressing the question of when to begin
this combination therapy in RA, and con-
cerning the effect of infliximab on bone
and cartilage destruction, are urgently
needed. If it can be demonstrated that
bone and cartilage destruction may also
be prevented or significantly slowed
down by the monoclonal antibody, then
early combination therapy using inflix-
imab and MTX would appear to be ap-
propriate. Furthermore, additional infor-
mation is needed to help guide physi-
cians regarding consideration of a deci-
sion to start as early as possible with this
combination, and more information, pre-
ferably accumulated over a sustained
treatment period, must be obtained on
possible side effects.

References

1. ELLIOTT MJ, MAINI RN, FELDMANN M et al.:
Treatment of rheumatoid arthritis with chi-
meric monoclonal antibodies to tumor necro-
sisfactora. Arthritis Rheum1993; 36: 1681-90.

2. ELLIOTT MJ, MAINI RN, FELDMANN M,
LONG-FOX A, CHARLESP, BIJL H, WOODY JN:
Repeated therapy with monoclonal antibody
to tumor necrosis factor a. (CA2) in patients
with rheumatoid arthritis. Lancet 1994; 344:
1125-7.

3. ELLIOTT MJ, MAINI RN, FELDMANN M et al.:
Randomised double-blind comparison of chi-
meric monoclonal antibody to tumor necrosis
factor a. (cA2) versus placebo in rheumatoid
arthritis. Lancet 1994; 344: 1105-10.

4. MAINI RN, BREEDVELD FC, KALDEN JRet al.:
Therapeutic efficacy of multiple intravenous
infusions of anti-tumor necrosis factor a
monoclonal antibody combined with low-dose
weekly methotrexate in rheumatoid arthritis.
Arthritis Rheum 1998; 41: 1552-63.

5. LIPSKY PE, ST CLAIRW, KAVANAUGH A et al.:
Long-term control of signs and symptoms of
rheumatoid arthritis with chimeric monoclonal
anti-TNF a antibody (infliximab) in patients
with active disease on methotrexate. Arthritis
Rheum 1998; 41 (Suppl.).

6. MAINI RN, SMOLEN JS, BREEDVELD F et al .:
Long-term (1 year) results of a placebo-con-
trolled, randomized phase 11 trid of infliximab
(cA2, Remicade) combined with methotrex-
ate in rheumatoid arthritis. Ann Rheum Dis
1999; Abstract book of EULAR 1999: p. 216.

7. PAULUS HE, EGGER MJ, WARD JR et al .:
Analysis of improvement in individual rheu-
matoid arthritis patients treated with disease
modifying drugs, based on the findingsin pa-
tients treated with placebo. Arthritis Rheum
1990; 33: 477-484.

8. KLIPPEL JH (Ed.): Primer on the Rheumatic
Diseases, 11th ed. 1997: 171-2.

9. CASH M, KLIPPEL JR: Second-line drug ther-
apy for rheumatoid arthritis. N Engl J Med
1994; 330: 1368-75.

10. WEINBLATT ME, POLISSON R, BLOTNER SD
et al.: The effects of drug therapy on radio-



11.

12.

13.

14.

graphic progression of rheumatoid arthritis:
Results of a 36-week randomized trial com-
paring methotrexate and auranofin. Arthritis
Rheum 1993; 36: 613-9.

TUGWELL P, PINCUST, YOCUM D et al.:
Combination therapy with cyclosporine and
methotrexate in severe rheumatoid arthritis. N
Engl J Med 1995; 333: 137-41.

STEIN MC, PINCUS T, YOCUM D et al.: Com-
bination treatment of severe rheumatoid arthri-
tis with cyclosporine and methotrexate for
forty-eight weeks. Arthritis Rheum 1997; 40:
1843-51.

O'DELL JR, HAIRE CE, ERIKSON N et al.:
Treatment of rheumatoid arthritis with meth-
otrexate alone, sulfasalazine and hydroxy-
chloroquine, or acombination of all three med-
ications. N Engl J Med 1996; 334: 1287-91.
WEINBLATT ME, KREMER JM, COBLYN JS et
al.: Pharmacokinetics, safety, and efficacy of
combination trestment with methotrexate and

Combination therapy of infliximab and methotrexatein RA / C. Antoni & J.R. Kalden

15.

16.

17.

18.

leflunomide in patients with active rheumatoid
arthritis. Arthritis Rheum 1999; 42: 1322-8.
WEINBLATT ME, KREMER JM, BANKHURST
AD et al.: A trial of etanercept, a recombinant
tumor necrosis factor receptor: Fc fusion pro-
tein, in patients with rheumatoid arthritis re-
ceiving methotrexate. N Engl J Med 1999; 340:
253-9.

FELSON DT, ANDERSON J, BOERSM et al .:
American College of Rheumatology prelimi-
nary definition of improvement in rheumatoid
arthritis. Arthritis Rheum 1995; 38: 727-35.
BREEDVELDF, LIPSKY P, ST.CLAIRW et al.:
A phase Il randomized, double-blind, placebo-
controlled study of infliximab (Remicade) in
active RA despite methotrexate therapy: Safety
of the ATTRACT trial. Ann Rheum Dis 1999,
Abstract book of EULAR 1999: p. 216.
WOLFE F, MITCHELL DM, SIBLEY JT etal.:
The mortality of RA. Arthritis Rheum 1994;
37:481-94.

S77

19.

20.

21.

22.

SMOLEN J, STEINER G, BREEDVELD F et al .:
Anti-TNFa therapy and drug induced lupus-
like syndrome. Ann Rheum Di's 1999; Abstract
book of EULAR 1999: p. 217.

FELSON DT, ANDERSON JJ, LANGE MLM et
al.: Should improvement in rheumatoid arthri-
tistrials be defined as 50% or 70% improve-
ment in core set measures, rather than 20%?
Arthritis Rheum 1997; 39 (Suppl.).
KALDEN-NEMETH D, GREBMEIER J, ANTONI
C, MANGER B, WOLF F, KALDEN JR: NMR
monitoring of rheumatoid arthritis patients re-
ceiving anti-TNFa monoclonal antibody ther-
apy. Rheumatol Int 1997; 16: 249-55.
ANTONI C, MAINI RN, BREEDVELD F et al .:
Subgroup analyses show consistent clinical
benefit in a 30-week, double-blind trial
(ATTRACT) with an anti-TNFa monoclonal
antibody (infliximab) in rheumatoid arthritis
patients on methotrexate. Ann Rheum Dis
1999; Abstract book of EULAR 1999: p. 217.



