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Kidney transplantation in
systemic sclerosis: Advances
in graft, disease, and

patient outcome
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Systemic sclerosis (SSc) is an immune-mediated rheumatic disease
characterized by vascular abnormalities, tissue fibrosis, and inflammation.
Renal disease occurring in patients with SSc may have a variable
clinicopathological picture. However, the most specific renal condition
associated with this disease is the scleroderma renal crisis (SRC),
characterized by acute onset of renal failure and severe hypertension. SRC
develops in about 20% of cases of SSc, especially in those patients with diffuse
cutaneous disease. The prognosis of this condition is often negative, with a
rapid progression to end-stage renal disease (ESRD). The advent of the
antinypertensive angiotensin-converting enzyme inhibitors in 1980 was
associated with a significant improvement in patients’ survival and recovery
of renal function. However, the prognosis of these patients can still be
improved. The dialytic condition is associated with early death, and mortality
is significantly higher than among patients undergoing renal replacement
therapy (RRT) due to other conditions. Patients with SRC who show no signs
of renal functional recovery despite timely blood pressure control are
candidates for kidney transplantation (KT). In this review, we reported the
most recent advances in KT in patients with ESRD due to SSc, with a particular
overview of the risk of disease recurrence after transplantation and the
evolution of other disease manifestations.
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Introduction

Systemic sclerosis (SSc) is a chronic condition characterized
by vascular dysfunction, inflammation, excessive collagen
accumulation, and progressive fibrosis of the skin and internal
organs (1). It is also as scleroderma because of its clinical
distinctive feature, namely, the thickening and hardening of
the skin (2). SSc is a rare disease predominantly occurring in
women with an annual incidence of 10-20 cases per million
population and a prevalence of 30-300 per million population
(3, 4). The pathogenesis involves a number of different
mechanisms, including the contribution of genetic and
environmental factors. For instance, the association between
SSc and HLA DRBI and DQB loci, PTPN22, NLRP1, STAT4,
and IRF5 has been described (5). An emerging and interesting
field is the study of epigenetics factors, like microRNA (miRNA).
In scleroderma, they are involved in promoting microvascular
changes (miRNA-22) and pro-fibrotic activation via toll-like
receptor signaling (miRNA-21 and 155) (6).
environmental factors, infectious agents seem to be able to

Among

promote the development of the disease, particularly viral
agents such as Epstein-Barr virus, cytomegalovirus, human
herpes virus 6, and parvovirus B19. These microorganisms
may contribute to the onset of SSc by determining an increase
in antibody and cell-mediated immune response and molecular
mimicry. Different chemical agents have been proposed as
potential stimulating factors of SSc, for example, organic
solvents, pesticides, heavy metals, silicone breast implants, and
silica (7).

Mediators of changes in a vascular tone such as endothelin-
1, nitric oxide, and superoxide anions have been shown to trigger
the development of SSc and also to anticipate other features of
the disease (8, 9). The perpetual activation of endothelial cells
amplifies the inflammatory stimuli with leukocyte migration out
of the blood vessels (10). Moreover, it has been demonstrated
that subpopulations of T lymphocytes (CD3 and CD4) have an
increased ability to adhere to the endothelial cells (11). All these
cell-cell and cell-matrix interactions lead, in turn, to the
production of cytokines and growth factors, i.e., transforming
growth factor-beta (TGF-B), interleukin (IL)-1, IL-4, IL-6, IL-8,
IL-13, and CXCL4, which mediate the activation of fibroblasts
and finally to the matrix production and deposition (12).

Almost all SSc patients have circulating autoantibodies
against different antigens including topoisomerase I,
centromere antigens, ribonucleic acid (RNA) polymerase III,
PM-Scl, and fibrillin-1 (13). The mechanisms for the antibody
synthesis in SSc are not well defined and are likely related to the
generation of antigens from reactive oxygen species, which act as
stimuli (14). In any case, the assessment of autoantibody levels
may inform about the specific organ involvement in SSc. The
anti-topoisomerase I antibodies correlate with diffuse cutaneous
involvement and severe lung interstitial disease, whereas anti-

centromere antibodies are highly associated with limited
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cutaneous involvement and with pulmonary arterial
hypertension (15-17). Anti-RNA polymerase III antibodies are
commonly detected in SSc patients with diffuse cutaneous
involvement and have been shown to predict the development
of scleroderma renal crisis (SRC) as well as have shown to be
associated with malignancy and gastric antral vascular ectasias
(18-20).

Apart from autoantibodies, a series of new and potential
biomarkers have been explored. Among them, several cytokines
(IL-6), chemokines (CXCL4-8-10), growth factors (VEGF and
TGE-), and other molecules (MMP7-9-12) can be treated and
can reflect the fibrosis activity. More specific markers related to
interstitial lung disease (ILD), for example, Krebs von den
Lungen-6 (KL-6), which is increased in patients affected by
ILD, and Surfactant Protein-A and D (SP-A, SP-D), which
reflect the extent of damage to the capillary/alveolar barrier,
are under study (21). Certainly, the potential biomarkers need to
be validated and standardized in order to be used in
clinical practice.

Clinical manifestations of SSc are generally severe and are
associated with the degree of skin involvement (which affects
almost all cases) and internal organ involvement. Skin
involvement mainly affects hands, fingers, and faces in limited
cutaneous systemic sclerosis; conversely, in diffuse cutaneous
disease in addition to puffy hands, trunk and proximal arms and
thighs are involved. The internal organ involvement can include
digital vasculopathy, gastrointestinal, musculoskeletal, lung, and
kidney manifestations, and in men, it can be associated with
sexual dysfunction (3, 22, 23). With respect to cutaneous lesions,
these develop as swelling and erythema that precede the skin
induration and involve primarily fingers, hands, and face (24).
Digital vasculopathy mainly manifests with Raynaud’s
phenomenon, due to the associated changes in small blood
vessel structure. In the advanced stage of vasculopathy,
ischemic pain, and digital ulcerations can occur. The large
majority of patients with SSc have gastrointestinal symptoms.
These encompass dysphagia, cough due to gastroesophageal
reflux, bloating, and constipation. In a few cases, they may
have the most serious events such as gastrointestinal bleeding
and anemia (23). Musculoskeletal manifestations include fatigue
and stiffness of the fingers in the first stages of the disease, but
arthralgia, tendonitis, joint contractures, and arthritis are also
frequent (25). Pulmonary involvement can include pulmonary
fibrosis and pulmonary vascular disease and manifests with non-
productive cough and dyspnea (17).

Due to the heterogeneity of the disease in terms of clinical
presentation, an international work involving the American
College of Rheumatology (ACR) and the European Alliance of
Associations for Rheumatism (EULAR) developed classification
criteria considering clinical and laboratory parameters, with the
aim of generating uniformity in disease detection and
management (Table 1) (26). Importantly, the risk of death in
patients with SSc is up to fourfold higher than in subjects taken
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TABLE 1 The 2013 ACR-EULAR criteria for the classification of systemic sclerosis.

Item

Skin thickening of the fingers of both hands extending proximal to the
metacarpophalangeal joint
(Sufficient criterion)

Skin thickening of the fingers
(Only count the higher score)

Fingertip lesions
(Only count the higher score)

Telangiectasia

Abnormal nailfold capillaries

Pulmonary arterial hypertension and/or interstitial lung disease
(Maximum score is 2)

Raynaud’s phenomenon

SSc-related autoantibodies (anticentromere, anti-topoisomerase I [anti-Scl-70], and
anti-RNA polymerase III)
(Maximum score is 3)

Sub-item(s) Weight/

score

Puffy fingers
sclerodactyly of the fingers

(distal to the metacarpophalangeal joints but proximal to the
proximal interphalangeal joints)

Digital tip ulcers
Fingertip pitting scars

Pulmonary arterial hypertension
Interstitial lung disease

Anticentromere

WoWw RN NN W N

Anti-topoisomerase I
Anti-RNA polymerase III

The total score is determined by adding the maximum score in each category. Patients with a total score of 9 or more are classified as having definite SSc.
ACR, American College of Rheumatology; EULAR, European Alliance of Associations for Rheumatism; SSc, systemic sclerosis.

from the general population and balanced for age and sex (27).
The principal causes of death in patients with SSc are due to
pulmonary fibrosis, pulmonary hypertension causing heart
failure, kidney disease, and malignancy (27). The importance
of such findings is even reinforced by the scarce results provided
by previous randomized clinical trials around how to treat the
disease, slow progression, and reduce future risk. This is
particularly true with respect to the limited efficacy of
immunosuppressive treatment in improving SSc prognosis and
also testifies that the comprehension of the abovementioned
immunologic mechanisms of disease does not fully explain the
underlying cause of organ failure (28). Thus, reaching a reliable
risk stratification and personalized treatment of the disease
represents two key-points of clinical research around this
topic. A big effort is still needed in this direction.

Kidney involvement in SSc is common. Clinical findings of
altered kidney function (reduced epidermal growth factor
receptor (eGFR) levels) or presence of kidney damage
(increased urine protein excretion) can be found in half of the
patients, albeit in part of these cases related to other concomitant
causes or comorbidities (29, 30). The most severe disease
manifestation, namely, the SRC, is not negligible and occurs in
about 20% of cases (30). Regardless of the cause of kidney
damage, a proportion of patients with SSc will progress to
end-stage renal disease (ESRD), the most advanced stage of
chronic kidney disease, which often requires the need of renal
replacement therapies (RRTs) (31). Kidney transplantation (KT)
is considered the ideal therapeutic option for ESRD patients, as it
warrants a better survival as compared with dialysis (32, 33).

The aim of the present narrative review is to provide an
overview of the role of RRT and KT in SSc patients, trying to
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point out the potential influence of KT on the prognosis of
patients and the disease’s evolution.

Kidney involvement in systemic
sclerosis

SSc involves and damages the kidney in a non-trivial
proportion of patients. What is important to discriminate is
whether the disease causes the presence of abnormalities in
kidney function (increased urine albumin excretion and/or
decreased eGFR levels) or whether these abnormalities are due to
concomitant conditions. However, regardless of the specific active
mechanism of the disease, the presence of kidney abnormalities in
SSc patients has been associated with a threefold increased risk of
death (1). Thus, such findings have led physicians to include the
assessment of kidney measures in the routine clinical follow-up of
SSc patients (34). The most frequent kidney damage in SSc is the
SRC, which also represents the most severe complication, the
concomitant antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis, and the forms with isolated kidney
abnormalities (34). SRC develops in about 20% of cases of SSc
with diffuse cutaneous disease, whereas it is rare in limited
cutaneous disease (35, 36). The crucial point of the pathogenesis
of SRC seems to be the injury of the arcuate and interlobular renal
arteries with their thickening and proliferation (37). This leads to
narrowing of the vascular lumen with ‘onion-skin’ hypertrophy.
The histology does not provide pathognomonic signs of SRC, as
these features can be detected in other conditions such as
thrombotic thrombocytopenic purpura, hemolytic uremic
syndrome, and chronic kidney transplant rejection; thus
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notwithstanding, a kidney biopsy can provide useful prognostic
information in these patients (38). From the clinical perspective,
SRC usually occurs in the first years after the onset of the disease
and is characterized by acute kidney injury (rapid deterioration of
renal function, which occurs in less than 1 month), severe arterial
hypertension with signs of malignant hypertension such as retinal
hemorrhages and exudates, and hypertensive encephalopathy and
mild proteinuria at 24-h urine (usually 0.5 to 1.0 g) (36). Prognosis
of this condition is often negative, with a very rapid (even in weeks)
progression to ESRD. Hence, close monitoring and early detection
are mandatory. Other than the diffuse skin SSc, other risk factors
that predict the onset of SRC are the presence of RNA-polymerase
III antibodies, the use of glucocorticoids, cyclosporine, and
cardiovascular disease (heart failure or new onset of cardiac
events) (39). Similarly, proper and prompt treatment is definitely
important in patients with SRC. The cornerstone of the medical
therapy of SRC consists of lowering and normalizing blood pressure
levels. Albeit randomized clinical trials have not been conducted,
there is sufficient evidence suggesting the efficacy of angiotensin-
converting enzyme inhibitors (ACEis) in slowing the progression to
ESRD and improving blood pressure control and patient survival
(40, 41). Patients treated with ACEis and corticosteroids have a
greater chance of not developing ESRD or discontinuing dialysis,
and, in this case, they achieve survival rates similar to those of
patients who do not experience SRC. Nevertheless, about 25%-50%
of patients with SRC still have a bad prognosis, characterized by
permanent dialysis and early death (1, 41-43). In general, the
authors emphasize the need of an early diagnosis and early
aggressive treatment with ACEis, especially in those patients
presenting with relatively modest rises in blood pressures and/or
creatinine. A close monitoring of blood pressure in patients with
early diffuse cutaneous SSc and/or anti RNA polymerase antibodies
is a good example of preventive measure. However, even if a small
proportion of patients with limited disease will develop SRC, it is
also relevant for them to monitor blood pressure and reach a
tertiary care center in case it increases above 140-150/90 mmHg
(41, 43).

ANCA-associated vasculitis has been detected in up to 9% of
patients with SSc (44). It has been hypothesized that the SSc lesions
predispose to the interaction between ANCAs and endothelial cells
in the kidney, thus triggering the activation of kidney damage (1).
In contrast to SRC, ANCA-associated vasculitis is more frequent in
SSc patients with limited skin diffusion of disease, and the
presentation of symptoms is less abrupt with mild hypertension,
progressive decline of kidney function, and mild proteinuria. The
presence of albuminuria is detectable in 15%-25% of patients and
is mostly related to the vascular chronic lesions of SSc (45).
Similarly, cases with isolated eGFR reduction are common. In
these patients, the vascular lesions are predominant with
glomerular hypofiltration (45). However, it has been shown that
the presence of low eGFR is associated with a higher likelihood of
developing pulmonary hypertension and heart failure, so it
deserves meticulous attention (46).
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Renal replacement therapy in
systemic sclerosis

In the last years, many studies have reported poor outcomes
for patients with SSc and ESRD. The French REIN registry has
shown that among 98 SSc patients dialyzed between 2001 and
2013, 81% had ESRD secondary to SRC. Their outcome was poor
with a survival respectively of 75%, 55%, and 32% after 1, 3, and
5 years (47).

Another cohort study performed from the Dialysis and
Transplant Australian and New Zealand registry showed, in
patients with ESRD secondary to scleroderma, similar survival
rates to those reported in the French study(72%, 55%, and 29%
at 1, 2, and 5 years, respectively), which were significantly
shorter than in patients with other causes of ESRD (48).

More recently, a European study performed from the ERA-
EDTA registry analyzed the mortality from day 91 after the
commencement of RRT in patients with scleroderma and
compared these data with two matched control groups: a
group of patients who started RRT because of diabetes and a
group of patients who started this treatment due to other
primary kidney diseases. Again, mortality was higher in the
scleroderma group than in the other two groups, with a patient
survival probability at 5 years of 38.9% for patients with
scleroderma versus 46.0% for diabetic patients and 63.6% for
patients with other kidney diseases (49).

Despite the limitations related to the registry-based nature of
the data, with a lack of detailed information on patient
characteristics, the aforementioned studies revealed that,
among the possible causes of death, cardiovascular events and
particularly myocardial infarction, were less common in ESRD
scleroderma patients than in ESRD patients due to other causes.
However, the number of unknown or miscellaneous causes of
death was higher in the scleroderma group, revealing not only
the difficulty of drawing any conclusion but also the complexity
of this disease and patients’ management (48, 49).

The vascular access challenge in patients with scleroderma is
significant because of the extensive vascular damage that
characterized this pathology (50). The difficulty of fabricating a
functioning arteriovenous fistula and the consequences of
altering the vascularization in the relevant districts are
described in a case report of Quan, which is presented the new
onset of severe Raynaud’s phenomenon following capillary
abnormalities, skin thickening, and finger deformity, after the
formation of a fistula (51). Similarly, peritoneal dialysis (PD) is
not devoid of any issues. The most severe complication of
peritoneal dialysis is encapsulating peritoneal sclerosis (EPS),
characterized by a progressive inflammatory process causing
viscera constriction, promoted by fibrotic and angiogenic factors
that are in common with systemic sclerosis pathogenesis (52).
From this point of view, the idea of stimulating or accelerating a
potentially life-threatening process is worrying.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.878736
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Maritati et al.

Thus, the optimal dialytic option for patients with ESRD due
to SSc is still uncertain. In the European cohort, patients with
scleroderma were less likely to be treated with PD than
hemodialysis (HD) when compared with the matched control
groups, while data from the Australian and New Zealand registry
showed that the use of PD was more common in patients with
scleroderma than in patients with other causes of ESRD, maybe
due to poor vascular access or to a propensity of clinicians to put
scleroderma patients on PD because of the possible recovery of
renal function (48, 49).

Studies comparing the outcome of SRC patients performing
HD or PD are lacking, and the choice of dialytic option for these
patients is still dependent on the clinician’s experience.

The recovery of renal function

After the introduction of ACEis, the recovery rate has been
analyzed in many retrospective or prospective reports. In a
prospective study published in 2000, 23.4% of SRC patients
requiring dialysis were able to discontinue a median time of 11
months (range 1-34 months) (53). In addition, a more recent
retrospective case series including 110 patients with SRC treated
with ACEis reported that a similar rate of patients could
discontinue dialysis with a mean of 8 months and for up to 3
years. In this study, the poor renal outcome was associated with
lower blood pressure at presentation and higher age, but not with
corticosteroid use, microangiopathic hemolytic anemia, or
antibody profile (43). Conversely, the study from the Australian
and New Zealand registry reported that only 10% of patients
recovered sufficient renal function to discontinue dialysis, with the
recovery occurring in the first 12-18 months (mean 14.1 months)
after dialysis initiation. However, the data analysis reveals that this
low recovery rate might be due to the exclusion of patients with
very early renal functional recovery (less than 3 months after
dialysis initiation) (48). The same renal recovery rate (7.6%) has
been reported also by the European cohort study performed by
Hruskova et al. In this paper, the dialysis discontinuation rate has
been compared between SSc patients and patients with other
etiologies of ESRD, revealing a higher recovery rate in the first
group. These data were expected considering that this event is
even more frequent among ESRD due to other autoimmune
diseases than other primary renal diseases (49).

The timing of kidney transplantation

The optimal care of patients with ESRD due to scleroderma
remains challenging. The survival of these patients following the
initiation of dialysis is worse when compared to the overall
dialysis population. For this reason, KT has been progressively
taken into consideration with the expectation of conferring a
survival advantage.
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The timing of KT in these patients is still a matter of
debate. The first question is how long to delay transplantation
after dialysis initiation, considering the possibility of renal
function improvement. Depending on the results of different
studies, approximately one-third of patients are able to
discontinue dialysis with a median time of 11-14 months.
Considering this appreciable incidence of recovery of dialysis-
independent renal function, the clinician should be
circumspect about proceeding with KT during this early
period (48). However, this decision should vary on a case-
by-case basis. A renal biopsy might be useful to determine
whether the recovery of renal function is possible (39).
However, patients without any evidence of an improvement
in renal function after 12 months from dialysis initiation
might be considered for transplantation in order to gain
faster improvement of expectation and quality of life (54).
The second question that should be taken into consideration
before KT is the evaluation of the disease activity. Clinicians
should perform a critical evaluation of the patients’ clinical
status, in terms of blood pressure control, extrarenal disease
manifestations, and comorbidities (8, 9). Some case reports
showed that the administration of endothelin-1 antagonists
(i.e., bosentan) may ameliorate the outcome of patients
with SRC who were experiencing worsening renal function
and rapid necessity of RRT despite the use of ACEis (55, 56).
Recently, a phase II randomized placebo-controlled
trial reported the possible role of a highly selected
endothelin-A antagonist, zibotentan, in stabilizing the eGFR
trend, without a rebound of hypertension after the
interruption of the drug (57). Thus, even if the number of
cases treated with endothelin-1 antagonists is still too small to
draw any conclusion, this therapeutic option could be taken
into consideration in facilitating renal recovery after SRC and
before evaluating patients for KT.

Finally, many interesting targets are under evaluation for the
treatment of SSc: the CD28-CD80/86 pathway blocked by
abatacept, which is able to suppress T-cell activation; the
CCL24 inhibitors that reduce profibrotic activity; and
monoclonal antibodies that inhibit tumor necrosis factor
(TNF), TGF-beta, the B-cell activating factor (BAFF), and IL-
6. Further investigations remain necessary in order to identify
the more effective drug able to treat kidney manifestations of the
disease (58).

Graft, disease, and patient outcomes
after kidney transplantation

The first KT was performed on a patient with SSc and was
described by Richardson in 1973. In this case, the patient had an
SRC with stable extrarenal manifestations. He was treated with
bilateral nephrectomy to achieve optimal control of blood
pressure. After KT, blood pressure and renal function were
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normal, and also arthralgia, Raynaud phenomenon, and skin
lesions were ameliorated (59).

During the following years, other similar cases were reported
in the literature, with different results regarding graft outcome
and risk of disease recurrence. In 2005, Pham et al. reviewed all
reported cases of renal transplantation in scleroderma patients
and tried to identify predictors for graft SRC. They found that
among patients who experienced disease recurrence, all of them
had developed ESRD earlier after the onset of SRC in the native
kidneys (within a year), while patients without SRC recurrence
had slower damage in their native kidneys. In addition, although
data were incomplete in some cases, in two patients, graft SRC
was preceded by anemia; in one patient, graft SRC was preceded
by pericardial effusion; and in two cases, there was a worsening
in skin tightening (60-67).

In the same paper, the authors also described retrospective
data about 260 patients with SSc who underwent KT, obtained
from the United Network for Organ Sharing (UNOS) database.
They revealed that 28.8% of them experienced graft loss with five
(6.7%) due to disease recurrence. The time from KT to graft loss
was highly variable at 70, 117, 131, 645, and 802 days. Other cases
of graft loss were infection (2.7%), thrombosis (4%), primary
failure (8%), acute rejection (16%), chronic rejection (30.7%), and
other unreported causes (32%). The authors conclude that the risk
of recurrent disease after transplantation was previously reported
as higher (from 20% to 50%) probably because of an overreport of
more difficult cases, while UNOS data, which revealed a smaller
recurrence rate of 1.9%, may underreport this condition,
considering the 32% lacking causes of graft loss (60).

More recently, in 2017, Bertrand et al. reported their
multicenter French study, including 36 SSc patients who
underwent KT between 1987 and 2013. They observed seven
graft loss: one of them due to SRC, four secondary to antibody-
mediated rejection, one due to a renal cell carcinoma of the graft,
and one because of urinary septic shock. Two patients experienced
kidney disease recurrence without graft loss. Death-censored graft
survival was 97.2% after 1 and 3 years and 92.8% after 5 years,
comparable to that of the global French cohort of kidney
transplantation performed in a similar period. Patient survival
was also very good: 100%, 90.3%, and 82.5% at 1, 3, and 5 years,
respectively. The authors conclude that their data about graft and
patient outcomes are better than previously reported, probably due
to the improvement of KT management, the immunosuppressive
therapy for rejection, and SSc during these last years (47).

A similar good outcome in terms of graft and patients’
survival was reported also in the study performed by Hruskova
et al. in 2019, which included 57 patients who underwent KT
between 2002 and 2013. They found a 5-year graft survival rate of
72.4%, but, particularly, they found that patients and graft survival
after KT did not differ between patients with SSc and those with
other primary kidney diseases, suggesting that KT may be the
optimal therapeutic option for these patients, especially those
without major comorbid conditions (49).
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The literature review about the outcome of KT in SSc is
summarized in Table 2.

Immunosuppressive therapy after
kidney transplantation

There is no consensus on the role of immunosuppressive
therapy after KT in preventing allograft rejection and improving
systemic manifestations in patients with SSc. In fact, due to the
small number of studies reporting the management of SSc patients
who underwent KT, an ideal immunosuppressive protocol has not
been established yet. As in patients with other causes of ESRD, the
most common induction therapy includes high doses of steroids
and anti-thymocyte globulin or anti-interleukin-2 receptors, while
there is more debate about maintenance therapy (47). Previous
studies postulated that calcineurin inhibitors (CNIs) should be
avoided in the immunosuppressive regimen of these patients
because their endothelial toxicity could worsen the vascular
damage implicated in the pathogenesis of SSc (68). However, in
their study, Bertrand et al. included many KT patients treated with
CNIs and did not find any noticeable adverse events (47).
Glucocorticoids have classically been considered a risk factor for
SRC. Thus, the maintenance regimens provide that they should be
rapidly withdrawn (69). In vitro studies, experimental animal
models, and early clinical trials have demonstrated the potential
efficacy of mTOR inhibition in SSc¢ management through
decreasing collagen production from dermal fibroblasts (70, 71).
However, hypertension, edema, and increased levels of creatinine
and proteinuria are more common with these drugs, and consistent
evidence-based recommendations are still lacking. However,
immunosuppressive treatment with mycophenolate mofetil is a
cornerstone for the treatment of lung and cutaneous involvement in
patients with SSc. Thus, in KT after SSc, patients should be treated
with the conventional immunosuppressive therapy including CNIs
and mycophenolate mofetil, while mTOR inhibitors should be
taken into consideration in selected cases (72).

Even if there are no data regarding the relapse of SRC in KT
patients who had stopped ACEi therapy, all of these patients should
receive ACEis due to their renoprotective and antihypertensive
effects. A case report has described the recurrence of SRC after KT
in a patient who was switched from ACEis to losartan (73). Again,
no consistent data are available to contraindicate the use of
angiotensin receptor blockers in these patients.

The evolution of extrarenal
involvement after kidney
transplantation

Few data are available about the evolution of extrarenal
disease manifestations in SSc patients after KT. Gibney et al.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.878736
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Maritati et al.

10.3389/fimmu.2022.878736

TABLE 2 Overview of studies reporting the outcome of kidney transplantation in patients with end-stage renal disease due to systemic sclerosis.

Author  Study and year No. Mean Patients survival
of publication = KTR age at
KT
1 2 3
year years years
Richardson  Case report, 1973 1 41 100%  100%  100%
36
Merino Case report and 1 41 100% n/a n/a
etal * review of literature,
1977
Caplin Case report, 1 61 100%  100% n/a
etal® 1999
Gibney Retrospective, 142 52410 90.1% n/a  79.5%
etal. 2004
Chang et al. Case reports, UNOS 86 50.4 n/a n/a n/a
a4 database, 1999
Pham et al. Case report and 260 n/a 89.79% 83.94% 81.09%
37 review literature,
UNOS database, 2005
Siva et al.>>  ANZDATA registry, 16 477 + n/a n/a n/a
2011 deceased 10.3
donors
6 living n/a n/a n/a
donors
Bertrand Retrospective 36 52.9 100% n/a 90.3%
et al.! multicenter, 2017 (27.7-
75.5)
Hruskova Retrospective case- 57 n/a 90.7%  90.7%  90.7%
et al. ¥ control multicenter,

ERA-EDTA registry,
2018

KTR, kidney transplant recipients; KT, kidney transplantation; SRC, scleroderma renal crisis.

reported for the first time the modification of skin lesions in four
patients who underwent renal transplantation, analyzed through
the Rodnan score. Each patient had a decline in skin scores with
an average reduction of 61%. However, two of them experienced
an early renal recurrent disease (54).

More extensive data about extrarenal manifestations at the time
and after transplantation have been provided by Bertrand et al. In
particular, with the limitations due to the retrospective nature of the
study, they found a high rate of worsening in cardiac and
gastrointestinal manifestations, while an improvement in
extrarenal manifestations was rarer. Furthermore, pulmonary
involvement of SSc (including interstitial lung disease and
pulmonary hypertension), even if rare in those patients who
develop SRC, was found to be a post-transplant independent risk
factor for death. The authors conclude that close monitoring of
extrarenal involvement is necessary before and after KT and that
special caution should be paid to finding any lung disease before the
transplantation, which could constitute a contraindication for
KT (47).

Figure 1 shows the suggested management of SSc patients
from ESRD to KT.
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Non-death- Recurrence No. Death witha Mean
censored graft of SRC  graft functioning follow-
survival loss graft up
1 2 3
year years years
100%  100% 100% n/a n/a n/a 88
months
0% 0% 0% 100% 1 0% n/a
(100%)
100% 0% 0% 100% 1 0% n/a
(100%)
68% n/a 60.3% 4.8% 63 30 (21.1%) 83
(44.4%) months
62% 60% 57% 3.48% 38 60
(44%) months
78.7% 73.3% 68.59% 1.9% 75 n/a 120
(28.8%) months
78% n/a 28% n/a n/a n/a 120
months
100%  100% 100%
97.2% n/a 87.8% 8.3% 7 7 (19.4%) 180
(19.4%) months
89.6% 85.8% 85.8% n/a n/a n/a 60
months

Conclusions

SSc is a multisystem disease with a relatively frequent
different grade of kidney involvement. The condition of ESRD
is a risk factor for a bad prognosis. The most common cause of
ESRD in these patients is SRC, a rare but life-threatening
complication characterized by the new onset, often
symptomatic hypertension, rising serum creatinine levels, and/
or oligoanuria. The advent of the ACEis in the 1980s was
associated with a significant improvement in renal function
and patients’ survival. However, about 20% of SRC patients
maintain dialysis dependence, and this condition is associated
with high mortality. Even if randomized studies are lacking and
data about KT in SSc patients are actually limited to case series
or retrospective cohort studies, this option appears to confer a
gain in survival, with graft and patient outcomes as good as those
reported in KT patients due to other kidney diseases. Also,
the timing of KT has not been established yet; however, a
reasonable option could be waiting for 1 year after dialysis
begins and, eventually, performing a kidney biopsy, before
the transplantation.
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enzyme inhibitors; ARBs, angiotensin receptor blockers; ATG, anti-thymocyte globulin; anti-IL2R, anti-interleukin-2 receptors; mTOR-i,

mTOR inhibitors.

Efforts should be made in order to recognize parameters able
to predict the disease recurrence after KT, which is a rare but
frequent cause of graft loss. However, other differential
diagnoses causing deterioration of kidney function, including
rejection or thrombotic microangiopathy, should always be
ruled out. Very few data are available about the modifications
of extrarenal manifestations in SSc patients with KT. Further
studies are warranted to determine if the resolution of the
uremic status could induce amelioration of the involvement of
other organs and, in this case, to identify the immunological or
metabolic basis of this process.

Author contributions

FM, GC contributed to conception and design of the study.
FM, MP, GC and GM reviewed the literature. FM, MP, GC and
GLM wrote the first draft of the manuscript. FM, MP, GC, SL,
VCO, CB, MB, VG, VCU and GM wrote sections of the
manuscript. All authors contributed to manuscript revision,
read, and approved the submitted version

References

1. Shanmugam VK, Steen VD. Renal disease in scleroderma: An update on
evaluation, risk stratification, pathogenesis and management. Curr Opin
Rheumatol (2012) 24(6):669-76. doi: 10.1097/BOR.0b013e3283588dcf

2. Allanore Y, Simms R, Distler O, Trojanowska M, Pope J, Denton CP, et al.
Systemic sclerosis. Nat Rev Dis Primers (2015) 1:15002. doi: 10.1038/nrdp.2015.2

3. Mayes MD, Lacey JV Jr, Beebe-Dimmer ], Gillespie BW, Cooper B, Laing TJ,
etal. Prevalence, incidence, survival, and disease characteristics of systemic sclerosis in
a Large US population. Arthritis Rheum (2003) 48(8):2246-55. doi: 10.1002/art.11073

Frontiers in Immunology

08

Funding

This study was supported by research fundings from the
Italian Health Ministry.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

4. Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J. Incidence and prevalence
of systemic sclerosis: A systematic literature review. Semin Arthritis Rheum (2008)
37(4):223-35. doi: 10.1016/j.semarthrit.2007.05.003

5. Jin J, Chou C, Lima M, Zhou D, Zhou X. Systemic sclerosis is a complex
disease associated mainly with immune regulatory and inflammatory genes. Open
Rheumatol ] (2014) 8:29-42. doi: 10.2174/1874312901408010029

6. Zhou B, Zuo XX, Li YS, Gao SM, Dai XD, Zhu HL, et al. Integration of
microRNA and mRNA expression profiles in the skin of systemic sclerosis patients.
Sci Rep (2017) 7:42899. doi: 10.1038/srep42899

7. Ferri C, Arcangeletti MC, Caselli E, Zakrzewska K, Maccari C, Calderaro A,
et al. Insights into the knowledge of complex diseases: Environmental Infectious/

frontiersin.org


https://doi.org/10.1097/BOR.0b013e3283588dcf
https://doi.org/10.1038/nrdp.2015.2
https://doi.org/10.1002/art.11073
https://doi.org/10.1016/j.semarthrit.2007.05.003
https://doi.org/10.2174/1874312901408010029
https://doi.org/10.1038/srep42899
https://doi.org/10.3389/fimmu.2022.878736
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Maritati et al.

Toxic agents as potential etiopathogenetic factors of systemic sclerosis. J
Autoimmun (2021) 124:102727. doi: 10.1016/j.jaut.2021.102727

8. Mouthon L, Mehrenberger M, Teixeira L, Fakhouri F, Bérezné A, Guillevin L,
et al. Endothelin-1 expression in scleroderma renal crisis. Hum Pathol (2011) 42
(1):95-102. doi: 10.1016/j.humpath.2010.05.018

9. Penn H, Quillinan N, Khan K, Chakravarty K, Ong VH, Burns A, et al.
Targeting the endothelin axis in scleroderma renal crisis: Rationale and feasibility.
QIM (2013) 106(9):839-48. doi: 10.1093/qjmed/hct111

10. Denton CP, Bickerstaff MC, Shiwen X, Carulli MT, Haskard DO, Dubois
RM, et al. Serial circulating adhesion molecule levels reflect disease severity in
systemic sclerosis. Br | Rheumatol (1995) 34(11):1048-54. doi: 10.1093/
rheumatology/34.11.1048

11. Rudnicka L, Majewski S, Blaszczyk M, Skiendzielewska A, Makiela B,
Skopinska M, et al. Adhesion of peripheral blood mononuclear cells to vascular
endothelium in patients with systemic sclerosis (Scleroderma). Arthritis Rheum
(1992) 35(7):771-5. doi: 10.1002/art.1780350710

12. Bashkin P, Doctrow S, Klagsbrun M, Svahn CM, Folkman J, Vlodavsky I,
et al. Basic fibroblast growth factor binds to subendothelial extracellular matrix and
is released by heparitinase and heparin-like molecules. Biochemistry (1989) 28
(4):1737-43. doi: 10.1021/bi00430a047

13. Tan FK, Arnett FC, Antohi S, Saito S, Mirarchi A, Spiera H, et al.
Autoantibodies to the extracellular matrix microfibrillar protein, fibrillin-1, in
patients with scleroderma and other connective tissue diseases. J Immunol (1999)
163(2):1066-72.

14. Casciola-Rosen L, Wigley F, Rosen A. Scleroderma autoantigens are
uniquely fragmented by metal-catalyzed oxidation reactions: Implications for
pathogenesis. J Exp Med (1997) 185(1):71-9. doi: 10.1084/jem.185.1.71

15. Reveille JD, Solomon DHG. American College of Rheumatology Ad Hoc
Committee of Immunologic Testing. Evidence-based guidelines for the use of
immunologic tests: Anticentromere, scl-70, and nucleolar antibodies. Arthritis
Rheum (2003) 49(3):399-412. doi: 10.1002/art.11113

16. Hu PQ, Fertig N, Medsger TA Jr., Wright TM. Correlation of serum anti-
DNA topoisomerase I antibody levels with disease severity and activity in systemic
sclerosis. Arthritis Rheum (2003) 48(5):1363-73. doi: 10.1002/art.10977

17. Perelas A, Arrossi AV, Highland KB. Pulmonary manifestations of systemic
sclerosis and mixed connective tissue disease. Clin Chest Med (2019) 40(3):501-18.
doi: 10.1016/j.ccm.2019.05.001

18. Nikpour M, Hissaria P, Byron J, Sahhar J, Micallef M, Paspaliaris , et al.
Prevalence, correlates and clinical usefulness of antibodies to RNA polymerase III
in systemic sclerosis: A cross-sectional analysis of data from an Australian cohort.
Arthritis Res Ther (2011) 13(6):R211. doi: 10.1186/ar3544

19. Nguyen B, Mayes MD, Arnett FC, del Junco D, Reveille JD, Gonzalez EB,
et al. HLA-DRB1¥0407 and *1304 are risk factors for scleroderma renal crisis.
Arthritis Rheum (2011) 63(2):530-4. doi: 10.1002/art.30111

20. Serling-Boyd N, Chung MP, Li S, Becker L, Fernandez-Becker N, Clarke J,
et al. Gastric antral vascular ectasia in systemic sclerosis: Association with anti-
RNA polymerase IIIT and negative anti-nuclear antibodies. Semin Arthritis Rheum
(2020) 50(5):938-42. doi: 10.1016/j.semarthrit.2020.06.016

21. Utsunomiya A, Oyama N, Hasegawa M. Potential biomarkers in systemic
sclerosis: A literature review and update. J Clin Med (2020) 9(11):3388. doi:
10.3390/jcm9113388

22. Lazzaroni MG, Marasco E, Campochiaro C, DeVries-Bouwstra J, Gonzalez-
Perez MI, Rojas-Serrano J, et al. The clinical phenotype of systemic sclerosis
patients with anti-PM/Scl antibodies: Results from the EUSTAR cohort. Rheumatol
(Oxford) (2021) 60(11):5028-41. doi: 10.1093/rheumatology/keab152

23. Steen VD. Clinical manifestations of systemic sclerosis. Semin Cutan Med
Surg (1998) 17(1):48-54. doi: 10.1016/S1085-5629(98)80062-X

24. Wu W, Jordan S, Graf N, de Oliveira Pena ], Curram J, Allanore Y, et al.
Progressive skin fibrosis is associated with a decline in lung function and worse
survival in patients with diffuse cutaneous systemic sclerosis in the European
scleroderma trials and research (EUSTAR) cohort. Ann Rheum Dis (2019) 78
(5):648-56. doi: 10.1136/annrheumdis-2018-213455

25. Pinto L, Castelao W, Branco JC. [Muscle involvement in systemic sclerosis -
diagnosis evaluation]. Acta Reumatol Port (2010) 35(2):142-5.

26. van den Hoogen F, Khanna D, Fransen ], Johnson SR, Baron M, Tyndall A,
et al. 2013 classification criteria for systemic sclerosis: An American college of
Rheumatology/European league against rheumatism collaborative initiative.
Arthritis Rheum (2013) 65(11):2737-47. doi: 10.1002/art.38098

27. Elhai M, Meune C, Avouac ], Kahan A, Allanore Y. Trends in mortality in
patients with systemic sclerosis over 40 years: A systematic review and meta-
analysis of cohort studies. Rheumatol (Oxford) (2012) 51(6):1017-26. doi: 10.1093/
rheumatology/ker269

28. Herrick AL, Pan X, Peytrignet S, Lunt M, Hesselstrand R, Mouthon L, et al.
Treatment outcome in early diffuse cutaneous systemic sclerosis: The European

Frontiers in Immunology

09

10.3389/fimmu.2022.878736

scleroderma observational study (ESOS). Ann Rheum Dis (2017) 76(7):1207-18.
doi: 10.1136/annrheumdis-2016-210503

29. Traub YM, Shapiro AP, Rodnan GP, Medsger TA, McDonald RH Jr., Steen
VD, et al. Hypertension and renal failure (Scleroderma renal crisis) in progressive
systemic sclerosis. review of a 25-year experience with 68 cases. Med (Baltimore)
(1983) 62(6):335-52. doi: 10.1097/00005792-198311000-00001

30. Steen VD, Syzd A, Johnson JP, Greenberg A, Medsger TA Jr.. Kidney disease
other than renal crisis in patients with diffuse scleroderma. ] Rheumatol (2005) 32
(4):649-55.

31. Provenzano M, Rotundo S, Chiodini P, Gagliardi I, Michael A, Angotti E,
et al. Contribution of predictive and prognostic biomarkers to clinical research on
chronic kidney disease. Int J Mol Sci (2020) 21(16):5846. doi: 10.3390/
ijms21165846

32. Cuna V, Comai G, Cappuccilli M, Baraldi O, Capelli I, De Liberali M, et al.
Fifteen-year analysis of deceased kidney donation: A single transplant center
experience in a region of northern Italy. Med Sci Monit (2017) 23:4482-9. doi:
10.12659/MSM.903513

33. La Manna G, Comai G, Cappuccilli ML, Liviano D'Arcangelo G, Fabbrizio
B, Valentini C, et al. Prediction of three-year outcome of renal transplantation from
optimal donors versus expanded criteria donors. Am J Nephrol (2013) 37(2):158—
66. doi: 10.1159/000346257

34. Chrabaszcz M, Malyszko ], Sikora M, Alda-Malicka R, Stochmal A,
Matuszkiewicz-Rowinska J, et al. Renal involvement in systemic sclerosis: An
update. Kidney Blood Press Res (2020) 45(4):532-48. doi: 10.1159/000507886

35. Teixeira L, Mouthon L, Mahr A, Berezné A, Agard C, Mehrenberger M,
et al. Mortality and risk factors of scleroderma renal crisis: A French retrospective
study of 50 patients. Ann Rheum Dis (2008) 67(1):110-6. doi: 10.1136/
ard.2006.066985

36. Turk M, Pope JE. The frequency of scleroderma renal crisis over time: A
metaanalysis. ] Rheumatol (2016) 43(7):1350-5. doi: 10.3899/jrheum.151353

37. Donohoe JF. Scleroderma and the kidney. Kidney Int (1992) 41(2):462-77.
doi: 10.1038/ki.1992.65

38. Batal I, Domsic RT, Shafer A, Medsger TA Jr, Kiss LP, Randhawa P, et al.
Renal biopsy findings predicting outcome in scleroderma renal crisis. Hum Pathol
(2009) 40(3):332-40. doi: 10.1016/j.humpath.2008.08.001

39. Steen VD, Medsger TA Jr, Osial TA Jr, Ziegler GL, Shapiro AP, Rodnan GP,
et al. Factors predicting development of renal involvement in progressive systemic
sclerosis. Am J Med (1984) 76(5):779-86. doi: 10.1016/0002-9343(84)90986-0

40. Beckett VL, Donadio JV Jr, Brennan LA Jr, Conn DL, Osmundson PJ, Chao
EY, et al. Use of captopril as early therapy for renal scleroderma: A prospective
study. Mayo Clin Proc (1985) 60(11):763-71. doi: 10.1016/S0025-6196(12)60418-2

41. Steen VD, Costantino JP, Shapiro AP, Medsger TA Jr. Outcome of renal
crisis in systemic sclerosis: Relation to availability of angiotensin converting
enzyme (ACE) inhibitors. Ann Intern Med (1990) 113(5):352-7. doi: 10.7326/
0003-4819-113-5-352

42. Sobanski V, Dauchet L, Lefevre G, Lambert M, Morell-Dubois S, Sy T, et al.
Prevalence of anti-RNA polymerase III antibodies in systemic sclerosis: New data
from a French cohort and a systematic review and meta-analysis. Arthritis
Rheumatol (2014) 66(2):407-17. doi: 10.1002/art.38219

43. Penn H, Howie AJ, Kingdon EJ, Bunn CC, Stratton RJ, Black CM, et al.
Scleroderma renal crisis: Patient characteristics and long-term outcomes. QM
(2007) 100(8):485-94. doi: 10.1093/qjmed/hcm052

44. Derrett-Smith EC, Nihtyanova SI, Harvey ], Salama AD, Denton CP.
Revisiting ANCA-associated vasculitis in systemic sclerosis: Clinical, serological
and immunogenetic factors. Rheumatol (Oxford) (2013) 52(10):1824-31. doi:
10.1093/rheumatology/ket213

45. Seiberlich B, Hunzelmann N, Krieg T, Weber M, Schulze-Lohoff E.
Intermediate molecular weight proteinuria and albuminuria identify scleroderma
patients with increased morbidity. Clin Nephrol (2008) 70(2):110-7. doi: 10.5414/
CNP70110

46. Campo A, Mathai SC, Le Pavec J, Zaiman AL, Hummers LK, Boyce D, et al.
Hemodynamic predictors of survival in scleroderma-related pulmonary arterial
hypertension. Am ] Respir Crit Care Med (2010) 182(2):252-60. doi: 10.1164/
rcem.200912-18200C

47. Bertrand D, Dehay J, Ott J, Sberro R, Brunelle C, Kamar N, et al. Kidney
transplantation in patients with systemic sclerosis: A nationwide multicentre study.
Transpl Int (2017) 30(3):256-65. doi: 10.1111/tri.12923

48. Siva B, McDonald SP, Hawley CM, Rosman JB, Brown FG, Wiggins KJ, et al.
End-stage kidney disease due to scleroderma-outcomes in 127 consecutive
ANZDATA registry cases. Nephrol Dial Transplant (2011) 26(10):3165-71. doi:
10.1093/ndt/gfq861

49. Hruskova Z, Pippias M, Stel VS, Abad-Diez JM, Benitez Sanchez M, Caskey
FJ, et al. Characteristics and outcomes of patients with systemic sclerosis
(Scleroderma) requiring renal replacement therapy in Europe: Results from the

frontiersin.org


https://doi.org/10.1016/j.jaut.2021.102727
https://doi.org/10.1016/j.humpath.2010.05.018
https://doi.org/10.1093/qjmed/hct111
https://doi.org/10.1093/rheumatology/34.11.1048
https://doi.org/10.1093/rheumatology/34.11.1048
https://doi.org/10.1002/art.1780350710
https://doi.org/10.1021/bi00430a047
https://doi.org/10.1084/jem.185.1.71
https://doi.org/10.1002/art.11113
https://doi.org/10.1002/art.10977
https://doi.org/10.1016/j.ccm.2019.05.001
https://doi.org/10.1186/ar3544
https://doi.org/10.1002/art.30111
https://doi.org/10.1016/j.semarthrit.2020.06.016
https://doi.org/10.3390/jcm9113388
https://doi.org/10.1093/rheumatology/keab152
https://doi.org/10.1016/S1085-5629(98)80062-X
https://doi.org/10.1136/annrheumdis-2018-213455
https://doi.org/10.1002/art.38098
https://doi.org/10.1093/rheumatology/ker269
https://doi.org/10.1093/rheumatology/ker269
https://doi.org/10.1136/annrheumdis-2016-210503
https://doi.org/10.1097/00005792-198311000-00001
https://doi.org/10.3390/ijms21165846
https://doi.org/10.3390/ijms21165846
https://doi.org/10.12659/MSM.903513
https://doi.org/10.1159/000346257
https://doi.org/10.1159/000507886
https://doi.org/10.1136/ard.2006.066985
https://doi.org/10.1136/ard.2006.066985
https://doi.org/10.3899/jrheum.151353
https://doi.org/10.1038/ki.1992.65
https://doi.org/10.1016/j.humpath.2008.08.001
https://doi.org/10.1016/0002-9343(84)90986-0
https://doi.org/10.1016/S0025-6196(12)60418-2
https://doi.org/10.7326/0003-4819-113-5-352
https://doi.org/10.7326/0003-4819-113-5-352
https://doi.org/10.1002/art.38219
https://doi.org/10.1093/qjmed/hcm052
https://doi.org/10.1093/rheumatology/ket213
https://doi.org/10.5414/CNP70110
https://doi.org/10.5414/CNP70110
https://doi.org/10.1164/rccm.200912-1820OC
https://doi.org/10.1164/rccm.200912-1820OC
https://doi.org/10.1111/tri.12923
https://doi.org/10.1093/ndt/gfq861
https://doi.org/10.3389/fimmu.2022.878736
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Maritati et al.

ERA-EDTA registry. Am ] Kidney Dis (2019) 73(2):184-93. doi: 10.1053/
j.2jkd.2018.05.016

50. Guiducci S, Distler O, Distler JH, Matucci-Cerinic M. Mechanisms of vascular
damage in SSc-implications for vascular treatment strategies. Rheumatol (Oxford)
(2008) 47 (Suppl 5):v18-20. doi: 10.1093/rheumatology/ken267

51. Quan VA, Black CM, Scoble JE. Cutaneous scleroderma following bilateral
arteriovenous fistula formation. Nephrol Dial Transplant (1997) 12(8):1719-20.
doi: 10.1093/ndt/12.8.1719

52. Brown N, Summers A, Venning MC, Bruce IN. The challenges of dialysis in
systemic sclerosis: Between the devil and the deep blue Sea? Case Rep Nephrol
(2012) 2012:865193. doi: 10.1155/2012/865193

53. Steen VD, Medsger TA Jr. Long-term outcomes of scleroderma renal crisis.
Ann Intern Med (2000) 133(8):600-3. doi: 10.7326/0003-4819-133-8-200010170-
00010

54. Gibney EM, Parikh CR, Jani A, Ficher MJ, Collier D, Wiseman AC, et al.
Kidney transplantation for systemic sclerosis improves survival and may modulate
disease activity. Am ] Transplant (2004) 4(12):2027-31. doi: 10.1111/j.1600-
6143.2004.00605.x

55. Zanatta E, Polito P, Favaro M, Larosa M, Marson P, Cozzi F, et al. Therapy
of scleroderma renal crisis: State of the art. Autoimmun Rev (2018) 17(9):882-9.
doi: 10.1016/j.autrev.2018.03.012

56. Zanin-Silva DC, Santana-Gongalves M, Kawashima-Vasconcelos MY,
Oliveira MC. Management of endothelial dysfunction in systemic sclerosis:
Current and developing strategies. Front Med (Lausanne) (2021) 8:788250. doi:
10.3389/fmed.2021.788250

57. Stern EP, Host LV, Wanjiku I, Escott KJ, Gilmour PS, Ochiel R, et al.
Zibotentan in systemic sclerosis-associated chronic kidney disease: A phase II
randomised placebo-controlled trial. Arthritis Res Ther (2022) 24(1):130. doi:
10.1186/s13075-022-02818-6

58. Bohdziewicz A, Pawlik KK, Maciejewska M, Sikora M, Alda-Malicka R,
Czuwara J, et al. Future treatment options in systemic sclerosis-potential targets
and ongoing clinical trials. J Clin Med (2022) 11(5):1310. doi: 10.3390/
jem11051310

59. Richardson JA. Hemodialysis and kidney transplantation for renal failure
from scleroderma. Arthritis Rheum (1973) 16(2):265-71. doi: 10.1002/
art.1780160220

60. Pham PT, Pham PC, Danovitch GM, Gritsch HA, Singer J, Wallace WD,
et al. Predictors and risk factors for recurrent scleroderma renal crisis in the kidney
allograft: Case report and review of the literature. Am J Transplant (2005) 5
(10):2565-9. doi: 10.1111/j.1600-6143.2005.01035.x

Frontiers in Immunology

10

10.3389/fimmu.2022.878736

61. Woodhall PB, McCoy RC, Gunnells JC, Seigler HF. Apparent recurrence of
progressive systemic sclerosis in a renal allograft. JAMA (1976) 236(9):1032-4. doi:
10.1001/jama.1976.03270100032022

62. Keane WF, Danielson B, Raij L. Successful renal transplantation in
progressive systemic sclerosis. Ann Intern Med (1976) 85(2):199-202. doi:
10.7326/0003-4819-85-2-199

63. Merino GE, Sutherland DE, Kjellstrand CM, Simmons RL, Najarian JS.
Renal transplantation for progressive systemic sclerosis with renal failure: Case
report and review of previous experience. Am ] Surg (1977) 133(6):745-9. doi:
10.1016/0002-9610(77)90170-2

64. LeRoy EC, Fleischmann RM. The management of renal scleroderma:
Experience with dialysis, nephrectomy and transplantation. Am J Med (1978) 64
(6):974-8. doi: 10.1016/0002-9343(78)90452-7

65. Paul M, Bear RA, Sugar L. Renal transplantation in scleroderma. J
Rheumatol (1984) 11(3):406-8.

66. Caplin NJ, Dikman S, Winston ], Spiera H, Uribarri J. Recurrence of
scleroderma in a renal allograft from an identical twin sister. Am J Kidney Dis
(1999) 33(4):e7. doi: 10.1016/S0272-6386(99)70248-9

67. Chang YJ, Spiera H. Renal transplantation in scleroderma. Med (Baltimore)
(1999) 78(6):382-5. doi: 10.1097/00005792-199911000-00003

68. Ruiz JC, Val F, de Francisco AL, de Bonis E, Zubimendi JA, Prieto M, et al.
Progressive systemic sclerosis and renal transplantation: A contraindication to
ciclosporin. Nephron (1991) 59(2):330-2. doi: 10.1159/000186579

69. Iudici M, van der Goes MC, Valentini G, Bijlsma JW. Glucocorticoids in
systemic sclerosis: Weighing the benefits and risks - a systematic review. Clin Exp
Rheumatol (2013) 31(2 Suppl 76):157-65.

70. Shegogue D, Trojanowska M. Mammalian target of rapamycin positively
regulates collagen type I production via a phosphatidylinositol 3-Kinase-
Independent pathway. J Biol Chem (2004) 279(22):23166-75. doi: 10.1074/
jbc.M401238200

71. Su TI, Khanna D, Furst DE, Danovitch G, Burger C, Maranian P, et al.
Rapamycin versus methotrexate in early diffuse systemic sclerosis: Results from a
randomized, single-blind pilot study. Arthritis Rheum (2009) 60(12):3821-30. doi:
10.1002/art.24986

72. Fernandez-Codina A, Walker KM, Pope JEScleroderma Algorithm Group.
Treatment algorithms for systemic sclerosis according to experts. Arthritis
Rheumatol (2018) 70(11):1820-8. doi: 10.1002/art.40560

73. Cheung WY, Gibson IW, Rush D, Jeffery J, Karpinski M. Late recurrence of
scleroderma renal crisis in a renal transplant recipient despite angiotensin II
blockade. Am J Kidney Dis (2005) 45(5):930-4. doi: 10.1053/.ajkd.2005.01.007

frontiersin.org


https://doi.org/10.1053/j.ajkd.2018.05.016
https://doi.org/10.1053/j.ajkd.2018.05.016
https://doi.org/10.1093/rheumatology/ken267
https://doi.org/10.1093/ndt/12.8.1719
https://doi.org/10.1155/2012/865193
https://doi.org/10.7326/0003-4819-133-8-200010170-00010
https://doi.org/10.7326/0003-4819-133-8-200010170-00010
https://doi.org/10.1111/j.1600-6143.2004.00605.x
https://doi.org/10.1111/j.1600-6143.2004.00605.x
https://doi.org/10.1016/j.autrev.2018.03.012
https://doi.org/10.3389/fmed.2021.788250
https://doi.org/10.1186/s13075-022-02818-6
https://doi.org/10.3390/jcm11051310
https://doi.org/10.3390/jcm11051310
https://doi.org/10.1002/art.1780160220
https://doi.org/10.1002/art.1780160220
https://doi.org/10.1111/j.1600-6143.2005.01035.x
https://doi.org/10.1001/jama.1976.03270100032022
https://doi.org/10.7326/0003-4819-85-2-199
https://doi.org/10.1016/0002-9610(77)90170-2
https://doi.org/10.1016/0002-9343(78)90452-7
https://doi.org/10.1016/S0272-6386(99)70248-9
https://doi.org/10.1097/00005792-199911000-00003
https://doi.org/10.1159/000186579
https://doi.org/10.1074/jbc.M401238200
https://doi.org/10.1074/jbc.M401238200
https://doi.org/10.1002/art.24986
https://doi.org/10.1002/art.40560
https://doi.org/10.1053/j.ajkd.2005.01.007
https://doi.org/10.3389/fimmu.2022.878736
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Kidney transplantation in systemic sclerosis: Advances in graft, disease, and patient outcome
	Introduction
	Kidney involvement in systemic sclerosis
	Renal replacement therapy in systemic sclerosis
	The recovery of renal function
	The timing of kidney transplantation
	Graft, disease, and patient outcomes after kidney transplantation
	Immunosuppressive therapy after kidney transplantation
	The evolution of extrarenal involvement after kidney transplantation
	Conclusions
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


