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ABSTRACT
Systemic sclerosis (SSc) is a heteroge-
neous systemic disorder characterised 
by alterations of the microvasculature, 
disturbances of the immune system and 
massive deposition of collagen and 
other matrix substances in connective 
tissue. Recent genetic studies have un-
derlined the importance of the autoim-
mune component of the disease. Biolog-
ic therapies target molecules involved 
in the mechanisms of the immune sys-
tem, such as cytokines (TNF-α, IL-6), 
immune cells (B cells) or co-stimulation 
molecules (CTLA4), and are currently 
used in several autoimmune rheumatic 
diseases, in particular rheumatoid ar-
thritis. These drugs provide an alterna-
tive to the existing treatment methods 
of disease-modifying anti-rheumatic 
drugs and other immunosuppressive 
medications. 
Since some of the molecules targeted 
by biologic therapies are known to con-
tribute to fibrosis in vitro or in animal 
models of experimental fibrosis, and 
considering that preliminary data are 
now available regarding the efficacy 
and safety of targeted immunotherapies 
in SSc, we aim to report with this review 
the results obtained in animals and hu-
mans for the biotherapies that have al-
ready been developed.

Introduction
Systemic sclerosis (SSc) is an orphan 
disease that is a member of the group of 
connective tissue diseases. It is a gener-
alised ailment of the conjunctive tissue 
characterised by polyvisceral involve-
ment. This disease distinguishes itself 
from other connective tissue diseases 
owing to an original pathologic process: 
it is marked by microvascular anoma-
lies, initially functional and partly re-
versible, an inflammation with autoim-
mune participation which appears to be 
moderate and perhaps transitory, then fi-
broblastic activation leading to fibrosis.

SSc is a complex multifactorial disease 
with an implication of multiple players 
in its pathogenesis. It has been estab-
lished that environmental factors are as-
sociated with the risk of contracting the 
disease. At the same time, convergent 
data have shown a genetic susceptibil-
ity. Candidate-gene or whole-genome 
genetic approaches have identified ro-
bust susceptibility factors that mostly 
belong to both innate and adaptive im-
munity regulation pathways (1). The 
presence of antinuclear autoantibodies 
(Auto-ab), some of which are specific 
to the disease, reinforces an autoim-
mune component of the disease. The 
immune character of SSc involves both 
T and B cells. Thus, one can observe 
a trans-endothelial migration of T cells 
with a phenotype that is activated on 
SSc cutaneous lesions. The major role 
of the T cell in SSc genesis is empha-
sised i) by the restriction of the T cells 
TCR repertory present in the cutane-
ous lesions of local oligoclonal T cell 
expansion, ii) the correlation observed 
between the activity/severity of the dif-
fuse form of SSc and the serum level of 
soluble CTLA-4. The role of the B cells 
also appears to be important: involved 
in Auto-ab synthesis, the B cell plays a 
pivotal role in the physiopathology of 
cutaneous lesions and therefore in the 
murine model of SSc. Depletion in B 
cells reduces cutaneous fibrosis as well 
as the presence of Auto-ab. However, 
the pathogenicity of Auto-ab has not 
been demonstrated and recent results 
have shown that the weak or even neg-
ative effects of cyclophosphamide on 
this disease argue against the autoim-
mune character of the disease.
Moreover, on an individual and family 
level, there appears to be an aggrega-
tion of autoimmune pathologies during 
SSc with, in particular, an overrepre-
sentation of diseases such as autoim-
mune thyroiditis, Sjögren’s syndrome 
or primitive biliary cirrhosis.
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All of these arguments suggest that the 
new treatments developed for diseases 
with autoimmune components and 
targeting immune pathways could be 
pertinent in this ailment. We propose 
to report the results obtained in animal 
and man for the biotherapies that have 
already been developed.

Animal models
Anti-TNF-α and systemic sclerosis 
experimental models
TNF-α is a proinflammatory cytokine 
produced by a great variety of cells 
such as macrophages, TCD4+ and CD8+ 
cells, NK and B cells, neutrophil poly-
nuclear cells, endothelial cells and fi-
broblasts. This cytokine binds to two 
high-affinity receptors (TNFR-I and 
TNFR-II). The effects of TNF-α on 
the development of fibrosis are contro-
versial. Studies initially showed that 
TNF-α inhibited in vitro the synthesis 
of types I and III collagen messenger 
RNA as well as fibronectin in cultured 
fibroblasts (2). TNF-α could also play 
an important part in the inhibitor role 
of T CD4+ cells on the production of 
collagen by dermal fibroblasts. This 
TNF-α inhibitor role could in part be 
mediated by NF-κB: the use of defi-
cient fibroblasts for NEMO, an essen-
tial NF-κB modulator, prevents TNF- 
inhibitor effects on RNAm synthesis 
of COL1A2 (3). Similar results have 
been obtained by transfecting fibro-
blasts with a dominant negative IKKα. 
In addition to its direct inhibitor effect 
on collagen synthesis, TNF-α could 
also play an indirect role by interfer-
ing with the TGF-β signalling pathway. 
TNF-α could inhibit the signalling cas-
cade of Smad proteins. This inhibition 
would be independent of Smad7 but 
rather would occur through the imple-
mentation of AP-1 transcription fac-
tor with TNF-α, a powerful inducer of 
c-Jun and JunB, two members of the 
AP1 family in the dermal fibroblasts. 
These proteins would form heterocom-
plexes with Smad3, a phenomenon that 
would reduce its binding to its specific 
response elements. Finally, TNF-α 
regulates the expression of enzymes de-
grading the extracellular matrix (ECM) 
and its inhibitors. In a dose-dependent 
manner, TNF-α induces RNAm and 

MMP-1 protein synthesis (matrix met-
alloproteinase-1), in particular, in der-
mal fibroblasts (4). Moreover, strong 
concentrations of TNF-α reduce the ex-
pression of TIMP-1 metalloproteinase 
inhibitor, favouring the degradation of 
matrix proteins and therefore reducing 
their accumulation (5).
In contrast with the above data, other 
studies have suggested a profibrotic role 
of TNF-α on murine intestinal myofi-
broblasts (6). An increase in collagen 
synthesis and a reduction in MMP-2 
activity have been observed in these 
cells. These effects would be mediated 
by the type II TNF-α receptor (TNFRII) 
and could suggest tissue specificity re-
garding the effects of TNF-α. Another 
TNF-α profibrotic mechanism could 
be through the indirect induction of 
TGF-β: incubation of a fibroblastic line 
(3T3 cells) with TNF-α induced TGF-β 
mRNA and protein synthesis. This 
TGF-β induction by TNF-α was blocked 
by specific inhibitors of ERK (7). Nev-
ertheless, the effects of this TGF-β in-
duction on collagen synthesis have not 
been studied and it is not certain that this 
TGF-β induction is sufficient to over-
come the inhibitor effect of TNF-α on 
collagen synthesis. Overall, this TGF-β 
induction by TNF-α could represent a 
mechanism that compensates for the in-
hibition of Smad signalling by TNF-α. 
TNF-α could also inhibit collagen 
phagocytosis by fibroblasts and could 
therefore increase its accumulation (8, 
9). Animal studies appear to more sug-
gest a profibrotic role for TNF-α. The 
use of TNF-α antagonists or deficient 
mice for TNF-α receptor led to the pre-
vention of dermal and pulmonary fibro-
sis. These antifibrotic effects were par-
ticularly observed in murine models of 
dermal and pulmonary fibrosis induced 
by bleomycin, reflecting the early in-
flammatory stages of SSc. An increase 
in serum and cutaneous concentrations 
of TNF-α was observed in mice treated 
with subcutaneous bleomycin compared 
with mice injected with NaCl (10, 11). A 
study reported the effects of etanercept 
in the mouse model of bleomycin-in-
duced dermal fibrosis (11). In that study, 
in addition to daily subcutaneous injec-
tions of bleomycin (10μg) or PBS, the 
mice received intraperitoneal injections 

of etanercept (100 μg 3 times per week) 
or PBS. Etanercept injections provided 
a significant reduction in dermal thick-
ness, local production of collagen, esti-
mated by the amount of hydroxyproline 
as well as the number of myofibroblasts, 
quantified by immunohistochemistry af-
ter staining for α-smooth muscle actin 
(αSMA). A trend towards a reduction in 
proinflammatory cytokine serum con-
centrations (TNF-α and interleukine-6 
[IL-6]) was also observed. In the same 
manner, other studies have reported that 
the use of TNF-α antagonists (antibody 
perfusion neutralising TNF-α or the use 
of recombinant soluble TNFRI) can re-
duce ECM accumulation in the pulmo-
nary fibrosis model induced by bleomy-
cin (12, 13).
There is therefore discordance between 
the data obtained in vitro, more in favour 
of an antifibrotic effect by TNF-α, and 
animal studies in which TNF-α inhibi-
tion led to prevention of fibrosis, partic-
ularly in the fibrosis model induced by 
bleomycin. The difference between in 
vitro and in vivo data may be explained 
by the high inflammatory component of 
this murine model. It is therefore possi-
ble that the role of TNF-α in the inflam-
matory response induced by bleomycin 
that led to fibrosis exceeded the direct 
antifibrotic effect by TNF-α on the fi-
broblasts. Thus, it is difficult to make 
conclusions given these different re-
sults vis-à-vis the exact role of TNF-α 
in fibrosis. The clinical results appear 
more in support of an antifibrotic role 
for TNF-α following the description of 
cases reported on the progression of fi-
brosis under anti-TNF-α (14).

B cells, anti-CD20 and systemic 
sclerosis experimental models
The role of B cells and the effects of 
their depletion have especially been 
studied in the tight-skin mouse model 
(tsk-1), reflecting the late stages of SSc. 
This SSc murine model is characterised 
by extensive dermal and hypodermal 
fibrosis, independent of inflamma-
tory processes or reactions, provoked 
by endogenous fibroblast activation, 
which produce an exaggerated quan-
tity of collagen and matrix proteins. 
This model is also characterised by 
immunologic anomalies including the 
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production of different Auto-ab that are 
specific or not specific to SSc, such as 
those directed against topoisomerase-I 
(15). The potential role of B cells has 
particularly been studied in this model. 
B cells from tsk-1 mouse have an acti-
vated profile that is characterised by a 
cascade of intracellular signalling me-
diated by CD19 which is absent in B 
cells from pa/pa control mice (16). In 
fact, an increase of 45% in CD19 phos-
phorylation has been observed in tsk-1 
mouse B cells compared with control 
lymphocytes. The cytoplasmic calcium 
response, generated by CD19 bind-
ing, was also increased in tsk-1 mouse 
B cells. Inversely, CD19 invalidation 
made it possible to eliminate the B cells 
hyperactivated phenotype and signifi-
cantly reduce dermal fibrosis.
Another study used transgenic mice for 
C19 and studied the activation profile 
of B cells (17). In these mice, there was 
a significant increase in CD19 phos-
phorylation and increased production 
of Auto-ab and in particular, of anti-
topoisomerase I (an increase of 7.9 to 
20 times compared with that of the con-
trol mice). Nevertheless, despite B cell 
activation, dermal and hypodermal fi-
brosis was not increased compared with 
that of the control mice. Parallel to the 
increase of CD19 phosphorylation, a 
reduction was observed in CD22 phos-
phorylation, a negative regulator of B 
receptor (BCR) reducing the activa-
tion of B cells. Antibodies neutralising 
CD22 were also detected in tsk-1 mice 
(18). Tsk-1 mouse B cells were there-
fore producing Auto-ab that favoured 
their own activation.
Thus, there appears to be a link between 
B cell activation and the development 
of fibrosis in this model. In order to 
confirm this, 3-day-old tsk-1 mice were 
treated with rituximab, enabling B-cells 
depletion (19). This depletion caused 
a 43% reduction in cutaneous fibrosis 
compared with the control mice, as-
sociated with a significant reduction in 
Auto-ab levels. On the other hand, the 
same treatment applied to 56-day-old 
mice with established fibrosis did not 
obtain a significant reduction in cutane-
ous thickness. These data suggest that 
role of lymphocytes is more important 
in the early phase of the disease but less 

so at the stage of established fibrosis. 
This contribution to the development of 
cutaneous fibrosis appears to be indirect 
given the absence of B cells in the skin 
of tsk-1 mice.
Interesting preliminary results have 
also been obtained with the use of B 
cells survival factor (BLyS/BAFF), 
which improved the cutaneous fibrosis 
and reduced Auto-ab production (20). 
Overall, these results therefore suggest 
that B cells have a key role in the fi-
brotic process of this animal model.
The role of B cells has also been stud-
ied in a fibrosis model induced by bleo-
mycin. Subcutaneous administration 
of bleomycin in mice invalidated for 
CD19 led to a reduction in their dermal 
thickness compared with mice express-
ing CD19 and injected with bleomy-
cin. Similar results were obtained in a 
pulmonary fibrosis model induced by 
bleomycin with histologic reduction 
of fibrotic lesions (21). It is of interest 
to note that CD19 expression corre-
lated with the number of B cells in the 
bronchoalveolar lavage (BAL): in par-
ticular, CD19 invalidation inhibited the 
accumulation of B cells in the BAL. B 
cells therefore appeared to also play a 
role in this more inflammatory model.

Interleukin-6 (IL-6) and systemic 
sclerosis experimental models
Interleukin-6 (IL-6) is a protein that 
is implicated in the acute phase of in-
flammation. In particular, it stimulates 
the hepatic synthesis of proteins in the 
acute phase of inflammation such as the 
C-reactive protein (CRP). Data in the 
literature suggest that IL-6 is involved 
in SSc and fibrosis (22). First of all, 
there is an increase in serum concentra-
tions and IL-6 protein expression in the 
damaged skin of patients with SSc, in 
particular, in the endothelial cells and 
dermal fibroblasts. This increase in 
IL-6 production could be induced by 
the IL-1α secreted by the dermal fibro-
blasts (23). The dermal fibroblasts in 
patients with SSc secrete up to 30 times 
more IL-6 than the dermal fibroblasts 
in healthy controls (24). IL-6 is also at 
the origin of the excessive production 
of matrix proteins, in particular, colla-
gen, and a proliferation of sclerodermal 
fibroblasts (25). These properties would 

be the result of fibroblast autocrine reg-
ulation by IL-6 (26). Moreover, inhibi-
tion of the response to IL-6 by the anti-
bodies neutralising this cytokine lead to 
a reduction in collagen synthesis by the 
dermal fibroblasts (23).
In vivo data have confirmed these re-
sults. There is an increase in IL-6 ex-
pression in the dermal fibrosis models 
induced by bleomycin and tsk-1 mice 
(10, 27).
Several studies have also shown the ef-
ficacy of various IL-6 inhibition strate-
gies by passive or active immunisation 
in the dermal fibrosis induced by in-
flammation. Two studies, including one 
performed by our team, showed that 
administration of an antibody blocking 
the IL-6 receptor (MR16-1) prevented 
the development of dermal fibrosis in-
duced by bleomycin (25, Desallais et 
al., manuscript submitted). In the mice 
with subcutaneous injections of bleo-
mycin, MR16-1 treatment significantly 
reduced their dermal thickness com-
pared with that of mice with injections 
of bleomycin coupled with the admin-
istration of a control antibody. A reduc-
tion both in the local production of col-
lagen in the dermis and in the number 
of myofibroblasts infiltrating the dermis 
was also observed in the mice treated 
with MR16-1 (27). Similar results were 
obtained with MR16-1 in a murine 
model of a graft-versus-host reaction, 
another fibrosis model induced by an 
inflammatory process (28). On the oth-
er hand, MR16-1 treatment did not pre-
vent the development of fibrosis in the 
tsk-1 mouse model, which is character-
istic of the late and non-inflammatory 
phases of the disease (Desallais et al., 
manuscript submitted). Since the use of 
anticytokine monoclonal antibodies has 
several disadvantages including prima-
ry and secondary resistance phenome-
na, we also tested an innovative alterna-
tive approach by active immunisation 
against a peptide derived from a murine 
IL-6 fibrosis model induced by bleo-
mycin and compared its effects with 
those of MR16-1. This active immuni-
sation procedure had antifibrotic effects 
close to those observed with MR16-1 
on the reduction of dermal thickness, 
local production of collagen and the 
number of myofibroblasts infiltrating 
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the dermis. Together, these results dem-
onstrated the interest of targeting IL-6 
in SSc. The transfer of these results to 
man is awaited and given the results ob-
tained in the fibrosis models induced by 
bleomycin and tsk-1, it would appear to 
be pertinent as a priority to first target 
patients in the early and inflammatory 
phase of the disease (29). Active anti-
IL-6 immunisation also appears to be a 
promising strategy which could lead to 
original and innovative therapeutic per-
spectives for SSc.
The role of IL-6 has also been recently 
suggested by the development of a new 
SSc murine model, which appears to be 
IL-6 dependent. This induced model 
is based on subcutaneous injections 
of recombinant topoisomerase associ-
ated with Freund’s complete adjuvant. 
These injections result in the develop-
ment of extensive dermal fibrosis as-
sociated with pulmonary fibrosis and 
the presence of anti-topoisomerase-I 
antibodies (30). Large concentrations 
of IL-6, TGF-β1 and IL-17 have been 
observed in this model. The inhibition 
of IL-6 production led in this model to 
an improvement in pulmonary and der-
mal fibrosis lesions, in association with 
a reduction in the number of TH2 and 
TH17 cells, suggesting that IL-6 plays a 
key role in the immunologic anomalies 
of this model.
All of these data obtained in vitro and 
in SSc animal models therefore indi-
cate a potential link between TNF-α, B 
cells, IL-6 and fibrosis. However, SSc 
is a complex disease that is only par-
tially reproduced by these models and 
the previously reported results there-
fore cannot be extrapolated to the hu-
man disease.

Imatinib and systemic sclerosis 
experimental models
Imatinib is a tyrosine kinase inhibi-
tor with demonstrated activity against 
c-Abl, c-kit and the PDGF receptor 
(PDGFR). Imatinib also targets TGF-β 
through Abelson tyrosine kinase (c-
Abl), which is an important molecule 
downstream in the TGF-β pathway. In 
fact, the production of matrix proteins 
induced by TGB-β is significantly di-
minished in cells deficient in c-Abl. In 
a dose-dependent manner, imatinib in-

hibits collagen and fibronectin synthe-
sis through the dermal fibroblasts in pa-
tients with SSc (31). Imatinib treatment 
results in dramatic changes in the ex-
pression of genes involved in fibrosis, 
cardiovascular disease, inflammation, 
and lipid and cholesterol metabolism 
in SSc fibroblasts but has only mod-
est effects in control fibroblasts (32). 
Imatinib has also demonstrated antifi-
brotic properties in vivo by preventing 
the development of experimental der-
mal fibrosis induced by bleomycin and 
the development of hypodermal fibrosis 
in the tsk-1 mouse model (33). At doses 
of 50 mg/kg/day and 150 mg/kg/day, 
imatinib inhibited fibroblast differentia-
tion in myofibroblasts and significantly 
reduced the synthesis and accumula-
tion of extracellular matrix in damaged 
mouse skin. Imatinib has also shown 
preventive efficacy in other preclinical 
fibrosis models, in particular, pulmo-
nary, renal and hepatic fibrosis (34).
In addition to its preventive action, 
imatinib can also induce a regression in 
established dermal fibrosis induced by 
bleomycin (33). In this model, the mice 
received subcutaneous injections of 
bleomycin for 6 weeks and were treated 
in parallel with imatinib during the last 
3 weeks. The use of imatinib in this 
model not only stopped the progres-
sion of fibrosis, but it also induced a 
regression of dermal fibrosis at a lower 
level than that observed after the first 3 
weeks of treatment with bleomycin.
Other Abl tyrosine kinase and PDGF re-
ceptor inhibitors such as dasatinib and 
nilotinib have demonstrated antifibrotic 
in vitro and in vivo and could therefore 
appear to be interesting candidates for 
the treatment of fibrosis (30).

The first human experiments
Anti-TNF-α
Trials of certain anti-TNF-α on SSc 
stem from the observation of certain 
forms of SSc that overlap with connec-
tive tissue diseases which respond to 
anti-TNF-α with, in particular, articular 
involvement. In addition, anti-TNF-α 
have been beneficial in certain inflam-
matory bowel diseases which imply, 
like SSc, a fibrosis and healing process 
following inflammatory stimuli. Pul-
monary data from animal studies have 

also suggested the key role of TNF-α. 
However, in vitro, other aspects are 
in contrast with the hypotheses cited 
above because TNF-α may negatively 
regulate profibrotic factors and act di-
rectly on some proteolytic enzymes. 
There have also been observations of 
immune activation in some diseases in-
cluding, for example, multiple sclerosis 
under anti-TNF-α treatment.
Eighteen patients with an active ar-
ticular form (18 women, mean age: 44 
years) were treated with etanercept 50 
mg/week for 2 to 66 months (mean: 30 
weeks) (35). Three patients had posi-
tive anti-RNP antibodies, 8 had positive 
rheumatoid factors and 3 had positive 
anti-CCP antibodies. Concomitant treat-
ments included NSAIDs (18 patients), 
methotrexate (15 patients, mean dose: 
12 mg/week), low-dose prednisone (9 
patients) and hydroxychlroroquine (5 
patients). In that open study, 15 out of 
18 patients (83%) were considered as re-
sponders with a decrease in inflammato-
ry articular signs. The mean HAQ score 
decreased from 1.08±0.70 to 0.74±0.56 
(p=0.13). Otherwise, the Rodnan skin 
score decreased from 6.63±6.35 to 
3.94±2.38 (p=0.12). As for pulmonary 
tests, the DLCO value decreased by 
5.1% (IC95% -10.4 to +0.18) and forced 
capacity by -1.4% (IC95% -5.8 to +2.9) 
which resembles the natural evolution 
of the disease. Finally, there were no 
opportunistic infections or deaths attrib-
uted to treatment. One patient discon-
tinued treatment following a lupus-like 
reaction and another patient stopped 
treatment owing to a strong progression 
in interstitial pulmonary involvement.
Infliximab administration was evaluated 
in a 26-week open study on 16 patients 
with diffuse cutaneous forms receiving 
5 perfusions at 5 mg/kg (36). They were 
patients with recent progression of cu-
taneous involvement. Exclusion criteria 
were neoplastic or infectious episodes, 
the use of DMARDS or cardiac (LVEF 
<50%) or severe pulmonary involve-
ment (FVC <55%). Mean age was 48 
years and duration of the disease was 
16±20 months. No change in cutaneous 
fibrosis was observed: a median value 
of 22 (range: 6–48) at week 26 versus 
26 (range: 11–45) at the beginning. 
Seven patients discontinued treatment 
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following severe allergic reactions. Ex-
ploratory serum doses have suggested a 
moderate decrease in products derived 
from collagen III and collagen I. A der-
mal marker study of TGF-β on cutane-
ous biopsies did not reveal clear change 
during the treatment phase.
While the effects on the parameters 
studied and the tested methodologies 
appear to be modest, it should be noted 
that cases of worsening pulmonary fi-
brosis like that have been observed 
elsewhere in rheumatoid polyarthri-
tis complicated by pulmonary fibrosis 
which should call for caution in the 
use of these molecules for SSc (14, 
37). Questions also remain open on the 
long-term tolerance of anti-TNF-α in 
SSc (38). Following a survey on clini-
cal practice, the EUSTAR group rec-
ommended not using these products 
outside of possible clinical trials (39).

Anti-CD20
Rituximab is a chimeric monoclonal 
anti-CD20 antibody found on mature B 

cells and but not on plasmocytes. It is a 
glycosylated immunoglobulin associat-
ing, on one hand, the constant regions 
of human IgG1 and, on the other hand, 
the variable regions of light and heavy 
chains of murine origin. In association 
with methotrexate, it is indicated for the 
treatment of active severe rheumatoid 
arthritis in adult patients who have pre-
sented an inadequate response or intol-
erance to disease-modifying therapies 
including at least an anti-TNF-α. In this 
indication, it has demonstrated sympto-
matic and structural effects limiting the 
progression or articular erosion. Its tol-
erance profile is satisfactory – close to 
that of other biotherapies. By extension, 
it has also been evaluated for dissemi-
nated erythematous lupus. While phase 
II trials have revealed good tolerance 
and encouraging clinical results, phase 
III trials have not confirmed its place in 
this disease, be it a cutaneo-articular ap-
proach or targeting renal involvement. 
Just as for anti-TNF-α, the existence of 
an overlap syndrome, the genetic prox-

imity of various autoimmune diseases 
and finally, preclinical data have led to 
phase II trials in systemic sclerosis. The 
results are shown in Table I (40-44).
A EUSTAR group observational study 
tends to confirm these promising data. 
The methodology consists of a com-
parison between patients receiving 
RTX as standard care with patients in-
cluded in the group’s database and not 
receiving this molecule. From 25 pa-
tients treated with rituximab, a greater 
reduction in skin score was observed 
after 6 months of follow-up. The vari-
ation was from 26.6±1.4 to 20.3+1.8 
in the rituximab group, which corre-
sponded to a variation of -24.0±5.2% 
versus -7.5±4.3 (p=0.02) in the control 
group (paired for age, gender, duration 
of the disease). Encouraging data were 
also observed for pulmonary involve-
ment (45, 46).
Overall, these results point to the need 
for a randomised study versus placebo 
in order to analyse both the dermatolog-
ic and pulmonary effects in a context 

Table I. Results of available trials regarding the efficacy and safety of rituximab in systemic sclerosis.

Smith et al.	 n=8	 1000 mg RTX at days	 At week 24, reduction 	 SSc-DAS score at 6 months:	 2 serious side effects not
(40)	 9-30 months of	 1 and 15 + 100 mg	 of skin score from 24.8	 4.5 (1.5-7.5) to 1.0 (0.0-2.0)	 related to RTX (one
	 disease duration	 methylprednisolone	 (3.4) to 14.3 (3.5)	 HAQ-DI at 6 months: 1.3	 myocardial infarction and
	 mostly diffuse 	 5/8 + MTX	 (40% improvement)	 (0.8-2.1) to 1.1 (0.3-2.1)	 one unexplained fever)
	 cutaneous SSc	
(41)		  New treatment at	 Stability of Rodnan skin	 Stability of SSc-DAS score	 At 2 years, 3 additional serious 
		  week 26 and 28	 score at 2 years: 13.8 (5.6)	 at 2 years: 2.1  (0.0-5.5)	 side effects (one infection of
			    	 Stability of HAQ-DI at	 digital ulcer, one sepsis and 
				    2 years: 1.3 (0.4-2.0)	 one episode of hyperventilation) 
	
Lafyatis et al.	 n=15 dcSSc	 1000 mg RTX at	 No change of the skin	 No change of DLCO 	 Infusion reaction: 47%
(42)	 1st symptoms 	 days 1 and 15	 score at 6 months: -0.37	 (79.7±8.3 to 77.8±7.5), 	 1 urinary tract infection
	 <18 months		  (-14.5; +14) (20.6 to 20.2)	 FVC (89.2±10.8 to 92.7±10.3)	 1 dental abscess 
				    and HAQ : 0.67±0.32 to	 1 prostatic cancer 
				    0.64±0.36
	
Bosello et al.	 n=9 diffuse	 1000 mg RTX at days	 Skin score: 21.1±9 to	 SSc-DAS 10.5±3.2 to	 1 breast cancer
(43)	 cutaneous SSc	 1 and 15 + 100 mg	 12.0 ±6.1 (6 months)	 7.2±2.8 (6 months) and
	 Cutaneous	 methylprednisolone	 and 7.0±4.0 (12 months)	 6.2±2.8 (12 months) 
	 progression	 2/9 + MTX	 (global improvement 57%)	 SSc-HAQ: 0.9±0.7 to 
	 despite CYC			   0.4±0.5 (6 months) and
	 Disease duration:			   0.3±0.7 (12 months) 
	 49±73 months			   No change of DLCO and FVC
	
Daoussis et al.	 n=14 dcSSc	 Randomisation	 Improvement of	 HAQ: 0.69 (0.3-1.25) to 0.31	 1 infection requesting IV
(44) 	 Disease duration	 8 vs. 6	 1/ FVC: + 10.2% vs. 	 (0.12-0.69) at 12 months in	 antibiotics
	 >5 years	 No placebo	 decrease of 5.0% in the	 the RTX group vs. non
	 Topoisomerase-I	 4 X 375 mg/m2/s  	 control group 	 significant change in the
	 antibodies + and	 at inclusion and 	 2/ DLCO: + 19.5% vs.	 control group 0.31 (0.1-0.9) 
	 presence of ILD	 at 6 months	 decrease of 7.5% in the	 to 0.125 (0.1-0.4)
			   control group
			   3/ skin score:  39.2% 
			   decrease vs. 20.1% 
			   decrease in the control 
			   group
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that appears to be reassuring for safe 
use. A French phase III study versus 
placebo called RECOVER is currently 
being performed. It is evaluating the 
efficacy of rituximab for SSc inflam-
matory articular involvement (principal 
judgment criterion) and will also pro-
vide more precise information on the 
dermatologic and pulmonary effects of 
this treatment.

Interleukin 6
In spite of the abundance of in vitro and 
animal study data, few data are avail-
able concerning interleukin 6 target-
ing. An open study reported favourable 
evolution of the skin in 2 cases (47).
The EUSTAR group collected observa-
tions that revealed a tendency toward 
articular improvement in cases of pol-
yarthritis under tocilizumab during 
refractory SSc without, however, fa-
vourable signs of dermatologic or pul-
monary involvement but with a rather 
weak decline. There was decrease in 
the Disease Activity Score (DAS)-28 of 
1.8±1.5 (2.8±0.6 before the last perfu-
sion administered at 6 months versus 
4.6±1.0 at the beginning, p=0.02) with 
a decrease in the painful joint count of 5 
(4.2±4.3 vs. 9.2±8.6) and in the swollen 
joint count of 0.5 (3.0±4.4 vs. 3.5±3). A 
good EULAR response was observed in 
3 out of 5 patients. On the other hand, 
neither the Rodnan score (12±9.6 vs. 
13.7±7.8, p=0.6) nor the HAQ score 
(1.2±0.4 vs. 1.7±0.9, p=0.8), nor the 
spirometric test results were signifi-
cantly influenced. There were no signs 
of poor tolerance (48). A phase III study 
called FaSScinate is currently being 
performed. It is evaluating the efficacy 
of tocilizumab on SSc cutaneous in-
volvement in recent and evolving dif-
fuse cutaneous form.

Imatinib
Promising results with imatinib in pre-
clinical pulmonary and dermal models 
have led to trials of this molecule in 
man. The first open trial performed by 
an American team studied the tolerance 
and efficacy of 400 mg/day of imatinib 
in 30 patients with a diffuse cutaneous 
form of SSc (49). Twenty-four patients 
completed the 12 months of treatment. 
In terms of tolerance, 358 side effects 

were recorded during the study peri-
od including 24 severe side effects (2 
linked to the treatment) and 171 side 
effects (73% grade 1, 25% grade 2 and 
2% grade 3) linked to imatinib. The 
most frequent side effect was oedema 
which occurred in 80% of the patients. 
Treatment with furosemide was neces-
sary in 60% of the patients presenting 
oedema. As for efficacy, the Rodnan 
score decreased by 6.6 points (22.4%) 
in 12 months (p=0.001) and forced vital 
capacity improved by 6.4% (p=0.008). 
The DLCO and quality-of-life scores 
remained stable. Histologic analysis 
of cutaneous biopsies before and after 
treatment showed a decrease in dermal 
thickness and an improvement in cu-
taneous morphology during treatment. 
Unfortunately, these first results were 
not confirmed in two randomised trials 
versus placebo. The first Canadian trial 
performed over 6 months in patients 
with a diffuse cutaneous form of SSc 
was discontinued after inclusion of 10 
patients due to poor tolerance of the 
treatment. The majority of side effects 
observed (oedema, nausea diarrhoea, 
cramps, fatigue, anaemia) occurred 
during the first week of treatment and 
reappeared during reintroduction of the 
treatment despite a 50% reduction in 
the dosage (200 mg/day instead of 400 
mg/day) (50). Given the small number 
of patients included in this trial, no 
conclusion on imatinib efficacy could 
be made. A French multicentre phase 
II double-blind randomised trial also 
compared imatinib with a placebo (51). 
Its principal aim was to evaluate dermal 
fibrosis measured by modified Rodnan 
skin score. This trial included 28 pa-
tients (25 patients with SSc and 3 with 
morphea lesions on more than 20% of 
their body surface). At 6 months, no 
difference was noted in skin score be-
tween the active and placebo groups. 
In the same manner, no difference was 
noted for secondary outcomes includ-
ing skin thickness estimated on cu-
taneous biopsies, quality-of-life and 
DLCO/AV. Imatinib tolerance was also 
in question since 4 patients in the ac-
tive group (versus only 1 in the placebo 
group) had to discontinue treatment 
owing to side effects. Side effects were 
more frequent in the imatinib group (n 

= 53) than in the placebo group (n = 
39) with, in particular, a greater inci-
dence of oedema in the active group 
(17% vs. 5%). New randomised trials 
with greater power are awaited in order 
to confirm these disappointing results. 
In addition to the absence of demon-
strated efficacy, the imatinib tolerance 
issues reported in all of the trials could 
be a major obstacle to its use for SSc.

Other targets
The EUSTAR group has collected ob-
servations on the effects of abatacept 
on articular and muscular involvement 
in SSc (48). Like tocilizumab, favour-
able effects on inflammatory articular 
involvement were obtained after 11 
months of treatment with abatacept 
having a good EULAR response in 6 
out of 11 patients. However, no mus-
cular improvement was noted and no 
modification in cutaneous and pul-
monary involvement was observed. A 
phase II study on the diffuse cutaneous 
form has just finished in the USA.
Owing to the possible implication of 
interleukin-2 and the results obtained 
in the context of graft versus host dis-
ease, basiliximab, an anti-CD25 mono-
clonal antibody, was the object of a 
pilot study (52). Ten patients with a 
diffuse and evolving cutaneous form 
received a total of 6 monthly perfu-
sions at a dose of 20 mg. The median 
Rodnan skin score had decreased from 
26/51 to 11/51 in week 68 (p=0.015) 
and the mean forced vital capacity in-
creased from 82.1% to 88.4% (week 
44, p=0.078) with, however, no change 
for the DLCO value. Tolerance was 
satisfactory with, nevertheless, 4 out 
of 10 patients complaining of nausea, 
fatigue, cutaneous signs and general 
weakness and for one patient, a res-
piratory infectious syndrome. A larger 
phase III study will now be necessary.
Rilonacept (IL-1 Trap) is in the devel-
opment phase with, for now, a current 
study on the biomarkers of dermato-
logic involvement. Based on the same 
principal as an anti-TGF-β monoclonal 
antibody, fresolimumab is being evalu-
ated for the biomarkers of dermal fibro-
sis in a phase II study.
Belimumab is also being evaluated in a 
preliminary study.



S-171

REVIEWTargeted immunotherapies in systemic sclerosis / J. Avouac & Y. Allanore

Conclusion
Systemic sclerosis is beginning to be 
studied for the possible benefits of 
targeted immunity therapies. Overall, 
anti-TNF-α does not appear to have a 
place in the treatment of this disease es-
pecially owing to the risk of pulmonary 
aggravation. On the other hand, anti-
CD20 and tocilizumab are being evalu-
ated. The same difficulties are posed as 
in lupus, namely, the outcome measure 
to apply as well as the subgroup to tar-
get in a heterogeneous disease as much 
for visceral involvement as for progres-
sion over time. For the moment, these 
products cannot be used for current 
treatment but the results of ongoing 
studies are awaited with impatience for 
a disease with therapeutic options that 
remain limited.
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