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ABSTRACT

Kidney transplantation is generally considered as the best therapeutic approach for patients with end-
stage kidney disease. A considerable proportion of patients on the transplant waiting list, nearly one-
third, present anti-Human Leukocyte Antigen donor-specific antibodies, a condition that tends to reduce
the chances of receiving a transplant and increases the risk of immunological complications after
transplantation. Among the different factors influencing graft survival, the immune response remains
central in determining long-term outcomes. Antibody-mediated rejection remains a significant clinical
challenge, as it contributes to both acute damage and progressive graft deterioration, ultimately
affecting its survival. Interleukin-6 has been implicated in several inflammatory and immune regulatory
pathways. In kidney transplantation, it is thought to participate in the mechanisms that favor the
persistence of plasma cells and the interaction between T and B lymphocytes, thereby sustaining
antibody production. By modulating Interleukin-6 signaling, it may be possible to interfere with these
processes and limit the extent of alloimmune injury. Tocilizumab, an Interleukin-6 receptor antagonist
originally developed for autoimmune conditions, has recently been investigated in the kidney transplant
field. Preliminary reports suggest that it could play a role both in desensitization strategies for highly
sensitized patients and in the management of antibody-mediated rejection, supporting its potential as an
additional option in kidney transplantation.

KEYWORDS: interleukin-6, desensitization, chronic antibody-mediated rejection, kidney transplantation,
tocilizumab
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Introduction

Kidney transplantation (KT) remains the gold standard treatment for end-stage kidney disease
(ESKD), providing superior survival, quality of life, and cost-effectiveness compared to dialysis [1, 2].
Approximately 30% of patients on the kidney transplant waiting list are sensitized, as indicated by
panel reactive antibody (PRA) levels greater than 0%, and nearly 15% are classified as highly
sensitized (HS), with PRA levels exceeding 80%. Pre-formed anti-donor specific antibodies (DSAs)
constitute a major immunological barrier, often preventing transplantation and prolonging dialysis
dependence in HS patients [3, 4]. The presence of DSAs cannot only limit access to KT but also
increase the risk of antibody-mediated rejection (AMR) after transplantation, adversely affecting
both short- and long-term graft survival rates [3, 5]. Morever, post-transplant development of de
novo DSAs can occur, exerting a detrimental effect on graft survival comparable to that of preformed
DSAs [6]. These antibodies can lead to AMR, a significant complication that occurs in approximately
1-10% of kidney transplant recipients overall and in nearly 30% of KT recipients with pre-formed
DSAs desensitized before transplantation. AMR represents a major cause of progressive and
irreversible graft dysfunction, and it poses a significant therapeutic challenge [7].

Attempts to inhibit the DSA production, to remove or reduce the serum levels, to decrease their
strength, or, at last, to modify their activity are therefore important. New desensitization (DES)
protocols have been developed in the latest years, usually applied before KT (or rarely in the early
post-transplant period) in HS patients, intending to make possible the access to transplantation [8—
11], and different scheme therapies have been used to treat AMR episodes in the post-transplant
period [12—-15].

The most common strategies of desensitization and AMR treatment protocols include the use of low
or high doses of intravenous Immunoglobulins (IVIg), and anti-CD20 monoclonal antibody-
Rituximab (RTX) alone or combined with plasmapheresis (PLEX), which are considered the current
standard of care (SC) [16, 17]. These approaches aim to down-regulate B cell activity, reduce
antibody production, and promote antibody removal with the aim of facilitating transplantation in
HS patients and managing AMR in post-transplant period. However, despite their widespread use,
these strategies remain largely empirical and not supported by standardized protocols or high-level
evidence. In approximately 25-30% of patients, the antibody cannot be effectively eliminated prior
to KT [18, 19], and clinical outcomes following AMR treatment remain suboptimal.

Recent studies have failed to demonstrate a clear beneficial effect of SC in AMR management [20—
22], and a multicenter randomized trial comparing PLEX/IVIg with or without RTX showed no
significant improvement in chronic AMR outcomes [23]. Similarly, other therapy options, such as
Bortezomib or Eculizumab, did not achieve nephroprotective endpoint in KT [24, 25]. These
limitations highlight a major unmet need for more effective and targeted therapies to improve graft
outcomes in this high-risk population.

Alternative therapies targeting cytokine immune pathways have gained attention in KT treatment
protocols. Of relevant interest was Interlukin 6 (IL-6), which is known to have a deleterious impact
on inflammatory and immune response [26]. In KT, IL-6 can promote antibody production, acute
and/or chronic rejection in solid organ transplantation [27]. Recently, IL-6 has become a therapeutic
target in KT.

Tocilizumab (TCZ), the first-in-class humanized monoclonal antibody targeting the IL-6 receptor, can
bind to both soluble and membrane-bound forms of the IL-6 receptor, thereby blocking IL-6 activity
[28]. The efficacy of TCZ was confirmed in a clinical trial involving patients with Castelman disease;
it is now approved for the treatment of several autoimmune-mediated diseases [29]. Starting from
these data, many authors have analyzed the role, the impact, and the space that TCZ can have in KT.
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Another IL-6 targeting agent has also been evaluated in small clinical studies, Clazakizumab — a
monoclonal antibody that directly binds IL-6 rather than the IL-6 receptor — has shown encouraging
preliminary results in desensitization and AMR treatment in HS patients [30—-32].

This narrative review article gives an overview of the molecular mechanisms of IL-6 blockade that
provide the rationale for the use of TCZ in KT. In addition, we aimed to summarize the limited clinical
evidence on this topic, particularly regarding the use of TCZ for desensitization of anti-HLA-
immunized kidney transplant candidates on the WL, and for patients who have developed AMR after
transplantation. These emerging therapies further support the pivotal role of IL-6 signaling in
modulating alloimmune responses and provide a broader therapeutic context in which TCZ should
be considered.

Methodology

For this narrative review, a literature search was performed using PubMed, Web of Science, and the
Cochrane Library. The search employed the keywords: “kidney transplantation”, “interleukin-6”,
“desensitization”, “antibody-mediated rejection”, “chronic active antibody-mediated rejection”,
and “tocilizumab”, and covered the period between January 2015 and January 2024. We considered
all relevant articles published in English up to the time of writing, focusing on the clinical use, recent
advances, and safety profile of TCZ in desensitization DES protocols and treatment of antibody-
mediated rejection in KT. The population studied consisted of HS patients on the transplant waiting

list and KT patients who manifest biopsy-proven AMR.

In all the studies the intervention involved the use of TCZ at a dosage of 8 mg/kg, up to a maximum
of 800 mg monthly in monotherapy or combined with standard of care (SC) therapy for at least 6
months of treatment. The expected outcomes for studies where TCZ was used in DES protocol were
made by reduction rate of DSAs serum levels, the degree of B and T cells maturation, and access to
transplantation after 6 months of treatment. Whereas the expected outcomes for studies where
TCZ was used to treat AMR were to be compared to baseline data, with outcomes assessed by
comparing the initial and final kidney graft function (eGFR and proteinuria), DSAs levels expressed
as mean fluorescence intensity (MFI) and histological changes. Assessment of patient and graft
survival rates was included in the outcomes of AMR treatment studies.

Exclusion criteria comprised follow-up periods of less than six months, studies that included
pediatric patients and animals, single case reports, SC different from RTX + PLEX + IVIg, TCZ used in
KT with graft dysfunction with other indication rather than AMR, and research published in
languages other than English.

We identified 22 studies where TCZ was used in the setting of KT. We excluded studies that did not
meet our inclusion criteria, as shown in the flow Diagram 1.

We would like to point out that this study did not adhere to PRISMA guidelines and was not
registered in PROSPERO, as a full systematic review was beyond the scope and objectives of the
article.

Donor-specific antibody

Sensitization is defined by the presence of anti-Human Leukocyte Antigen (HLA) antibodies and is
quantified using panel reactive antibody (PRA), a measure that reflects the risk of a positive
crossmatch [33]. Preformed DSAs arise from prior exposure to HLA antigens via transplantation,
pregnancy, or transfusion, and can impact transplant eligibility [34]. De novo DSAs develop in 13-
30% of previously non-sensitized recipients, typically within the first year. Risk factors include high
HLA mismatches (especially DQ), insufficient immunosuppression, nonadherence, and graft
inflammation due to infection, ischemia, and rejection [35, 36].
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22 studies
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DES protocol studies AMR studies
No. 5 No. 17

2 studies were excluded 9 studies were excluded

3 studies were included g stydies were included
Patient total no. 37 Patient total no. 166

Detection relies on Luminex single antigen bead assays. Clinically significant DSAs are usually defined
by mean fluorescence intensity (MFI) thresholds of 23000 for class | and >5000 for class Il of HLA
[3, 37].

Antibody-mediated rejection

AMR results from antibody-driven injury to the microvascular endothelium, primarily driven by
DSAs. The diagnosis of AMR in KT relies on a multimodal approach that integrates clinical,
serological, and histopathological data, as well as molecular data when available. Clinically, AMR
typically presents with graft dysfunction, such as rising serum creatinine, new-onset or worsening
proteinuria, or hypertension. These signs are nonspecific and may overlap with other causes of
allograft injury, including T cell-mediated rejection, calcineurin inhibitor nephrotoxicity, or recurrent
primary disease. Therefore, kidney allograft biopsy remains the gold standard for the definitive
diagnosis of AMR.

Histopathological assessment is guided by the Banff 2022 [38] classification, which provides
standardized criteria for the diagnosis and reporting of AMR.

Diagnosis is based on the integration of three main categories of evidence:

e Histologic evidence of acute or chronic tissue injury: Microvascular inflammation (MVI), with
glomerulitis (g > 0) and/or peritubular capillaritis (ptc > 0), in the absence of recurrent or de
novo glomerulonephritis.

Intimal or transmural arteritis (v > 0). Thrombotic microangiopathy (TMA) not attributable to
other causes and/or acute tubular injury without alternative explanation.

e Evidence of antibody—endothelial interaction, demonstrated by at least one of the following:
linear C4d deposition in peritubular capillaries, detected by immunohistochemistry or
immunofluorescence; moderate or severe microvascular inflammation, defined as a
combined score of glomerulitis and peritubular capillaritis (MVI = g + ptc) = 2; increased
expression of validated gene transcripts in the biopsy, strongly associated with AMR, as
assessed by molecular diagnostics.

e Serologic evidence of circulating DSAs: detection of circulating DSA remains a central
criterion. In the absence of detectable DSA, positive C4d staining in peritubular capillaries
and/or detection of validated gene expression consistent with antibody-mediated injury may
provide supportive evidence.

The Banff 2022 introduced two additional diagnostic categories to better capture the spectrum of
antibody-mediated injury:
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Probable AMR:

Defined as cases with incomplete fulfillment of classic AMR criteria — typically positive DSA with sub-
threshold histologic findings, or ambiguous molecular signals — where antibody-mediated injury is
suspected but not fully confirmed.

MVI, DSA-negative and C4d-negative:

Refers to cases with significant MVI in the absence of DSA or C4d. These are not classified as classical
AMR but are recognized as clinically relevant and require careful clinicopathologic correlation.

Furthermore, acute tubular injury is no longer considered sufficient for AMR diagnosis in isolation.
Likewise, arterial intimal fibrosis is no longer accepted as evidence of active antibody-mediated
injury without additional supportive findings.

Chronic active AMR is characterized by persistent or recurrent microvascular injury, most notably
glomerulitis (g) and peritubular capillaritis (ptc), reflecting inflammation of glomerular and
peritubular capillary compartments. These lesions are semiquantitatively scored, and a combined
MVI score (g + ptc) = 2 strengthens the suspicion for AMR.

Additional histological features may include intimal or transmural arteritis, TMA, or acute tubular
injury, not attributable to other causes. Chronic injury markers — such as transplant glomerulopathy
and interstitial fibrosis/tubular atrophy — often coexist and influence prognosis [39].

Role of IL-6 in Kidney Transplantation

In 1986, Kishimoto et al. identified IL-6 as B-cell stimulating factor 2 (BSF-2) and its role in the
promotion of immunoglobulin synthesis by activated B cells [40]. Aberrant IL-6 production and
signaling contribute to chronic immune, cardiovascular, neuroendocrine, and metabolic disorders,
as well as tumorigenesis [41]. It is a pleiotropic cytokine and is implicated in innate and adaptive
immunity response, cellular and humoral response, determining itself the main factor of graft
damage in KT [27] (Figure 1).

An increase of IL-6 in serum, urine, and biopsy tissue is observed during kidney allograft rejection,
and levels correlate with the degree of inflammatory cell infiltration in human KT recipients [41].
Moreover, in the setting of a brain death donor, the pro-inflammatory process mediated by IL-6
starts before organ procurement [42]. Additionally, the kidney cold static preservation promotes the
upregulation of intra-graft IL-6 production after the organ transplantation. This process promotes
the pro-inflammatory cells’ recall, cytokine production, and up-regulation of adhesion molecules,
which lead to graft damage/injury. IL-6 promotes the CD8+ T cell memory expansion and CD4+ T cell
differentiation to Th17, which are implicated in acute and chronic graft rejection [43]. In @ murine
model of KT, following the graft rejection, intra-graft expression of IL-6 was upregulated and Foxp3+
Tregs were decreased [44]. Foxp3+ Tregs are critical for maintaining immune homeostasis and
immune tolerance in transplantation [45]. IL-6 is a main growth factor involved in the differentiation
of B cells to IgG-secreting plasmablasts and plasma cells, so the upregulation of antibody production
in KT can lead to AMR [27, 46]. Morever, IL-6 is implicated in innate immunity by binding Natural
Killer (NK) cells, subsequently, it induces cytotoxicity to endothelial cells and promotes collagen
synthesis by fibroblast and endothelial cell activation, which results in chronic graft injury [27]. This
theory was also confirmed in the experimental model of chronic allograft nephropathy, in which
interstitial fibrosis/tubular atrophy (IFTA) was shown to be mediated by the presence of chemokines
and cytokines, including IL-6 produced by B cells [47]. Due to its pleiotropic activity, IL-6 has become
a therapeutic target; it was supposed that inhibiting IL-6 signaling effectively reduces B cell
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activation, plasmablast differentiation, and antibody production (both primary and recall). B-cell
depletion resulted in decreased intra-graft B cells, chemokines, and IL-6 levels, limiting in this way
the allograft interstitial fibrosis and tubular atrophy, leading to better tolerance and graft survival
rates [48]. IL-6 inhibition can also promote regulatory T cells (T-reg) generation, which
counterbalances the effects of alloreactive Th17 lymphocytes [49]. Indeed, Chandran et al. showed
that KT recipients with biopsy-proven intra-graft inflammation treated with IL-6 inhibitor developed
significantly higher proportions of Treg as well as substantially lower proportions of T effector cells
as compared to control patients, indicating that IL-6 inhibition shifts T cell maturation towards Tregs
in the absence of IL-6 signaling [50].
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Role of Tocilizumab in Kidney Transplantation

TCZ is a humanized monoclonal antibody (IgG1 subclass) that binds IL-6 Receptor (IL-6R). It has been
approved for the treatment of moderate to severe rheumatoid arthritis and idiopathic juvenile
arthritis [51]. Many studies have shown that using TCZ as an add-on therapy induced an intense
relative reduction of DSAs in terms of MFI; although the reduction was not clinically significant, it
was a tendency to induce lower post-transplantation antibody rebound [52]. Moreover, TCZ appears
to be a safe and feasible strategy for managing AMR in sensitized kidney transplant recipients [53].

The mechanism of action of TCZ is illustrated in Figure 2.
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Efficacy of Tocilizumab in Desensitization Protocols for Highly Sensitized Kidney Transplant
Candidates

The use of TCZ in desensitization protocols for HS kidney transplant candidates remains an area of
emerging investigation. Preclinical data derived from an HLA-incompatible skin graft mouse model
suggest that TCZ not only reduces circulating anti-HLA antibody levels but also significantly
decreases the frequency of antibody-secreting plasma cells in both the bone marrow and spleen,
supporting its potential role in modulating humoral alloimmune responses [54].

In clinical settings, TCZ has been evaluated both as monotherapy and as part of combination
regimens. The following is a synthesis of three principal studies investigating the efficacy of TCZ in
HS patients, with specific focus on changes in DSA levels, lymphocyte subset dynamics, access to
transplantation, and posttransplant outcomes.

A summary of the findings is presented in Table 1.

Vo et al. evaluated the efficacy of TCZ in a cohort of 10 HS kidney transplant candidates who had
previously failed standard desensitization (SC) protocols involving IVIG and RTX. Patients received
IVIG (2 g/kg on days 0 and 30) and TCZ (8 mg/kg on day 15), followed by monthly TCZ infusions for
six months. TCZ enabled transplantation in 50% of participants. A statistically significant reduction
in DSA MFI was observed (p = 0.03), and no episodes of AMR were detected in posttransplant
surveillance biopsies. The treatment was well tolerated, suggesting that TCZ may represent a
valuable adjunct in desensitization protocols for HS patients unresponsive to conventional therapy
[55].

Daligault et al. investigated TCZ monotherapy in 14 HS patients on the transplant waitlist, all with
anti-HLA DSAs exhibiting MFI >10,000. Patients received monthly TCZ infusions (8 mg/kg). The
therapeutic goal was to reduce DSA MFI values below the 10,000 thresholds. While a modest
reduction in both the number and intensity of DSAs was achieved, the response was insufficient to
enable clinically meaningful desensitization. Only one patient proceeded to transplantation after
TCZ monotherapy, whereas 11 required subsequent SC therapy, which allowed successful
transplantation in eight cases. The authors concluded that TCZ monotherapy provides limited
benefit in treatment-naive HS patients, due to its modest and narrow impact on DSA reduction [56].
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In a third prospective single-center study conducted by Jouve et al., TCZ monotherapy was assessed
in 13 naive HS patients with DSAs >10,000 MFI. Patients received 8 mg/kg every four weeks for six
months. Immunologic endpoints included quantitative and qualitative changes in anti-HLA DSAs
(MFI, panel reactive antibody [PRA] levels), as well as phenotyping of T and B cell subsets, including
follicular helper T cells (Tfh), regulatory T cells (Tregs), and circulating cytokine/chemokine profiles
(IL-6, IL-6R, IL-21, CXCL10, CXCL13). After six months, DSA MFI values showed only marginal changes
without statistical significance, and no variation in PRA levels was detected. TCZ had negligible
effects on CD3+ T cell and B cell compartments, except for a significant increase in naive B cells (p =
0.020) and a decrease in post-germinal center B cells. No significant changes were observed in Th
cells, Tregs, or circulating cytokine/chemokine levels. None of the patients achieved transplant
eligibility following TCZ monotherapy. However, seven eventually underwent successful KT after
receiving adjunctive SC therapy. The authors concluded that TCZ monotherapy had limited efficacy
as a standalone desensitization strategy, though its effect on B-cell maturation may support its use
in preventing post-transplant humoral rebound [57].

As summarized in Table 1, two of the three reviewed studies demonstrated that TCZ monotherapy
exerts only modest effects on DSA reduction and access to transplantation in HS patients. In
contrast, when combined with SC protocols, TCZ appears to enhance transplant eligibility and may
contribute to reducing the risk of post-transplant AMR. These findings suggest that the primary role
of TCZ may lie not in its desensitizing capacity per se, but rather in its ability to modulate long-term
humoral alloimmune responses and prevent post-transplant DSA rebound, thereby potentially
improving graft survival rates.

Encouraging and similar data have also been recorded in studies conducted in other types of solid
organ transplantation. Sommer et al. examined the effect of TCZ in cardiac transplant patients who
had pre-transplant pre-formed DSA and received TCZ in the context of desensitization protocols.
Post-transplant rejection rates were significantly lower than those of controls, and no graft failures
were reported. This suggests TCZ’s potential in reducing DSA rebound and preventing graft rejection,
though the benefits likely stemmed from its use in a multi-drug combo therapy regimen [58].

Efficacy of Tocilizumab in Antibody-Mediated Rejection in Kidney Transplant Patients

This section summarizes evidence from eight clinical studies assessing the efficacy of TCZ in the
treatment of AMR with particular focus on its effects on renal allograft histopathology, graft function
over time, DSA trends, graft and patient survival, and safety profile.

All key findings of those studies are presented in Table 2.

Efficacy of Tocilizumab in Acute Antibody-Mediated Rejection in Kidney Transplant Patients

In a single-center retrospective observational study, Potteboun et al. [59] studied the efficacy of TCZ
as an adjunct to SC therapy in seven KT recipients with biopsy-proven acute antibody-mediated
rejection (a-AMR). DSAs levels were measured at the time of diagnosis and monitored longitudinally
over a 24-month follow-up period. This study provides novel insights into the therapeutic potential
of IL-6 blockade in the setting of a-AMR, a condition associated with a high risk of progression to
chronic AMR and subsequent graft dysfunction or loss. Given the central pathogenic role of DSAs in
AMR, therapeutic strategies aimed at depleting circulating antibodies or suppressing their
production are of critical importance. While SC therapy-PLEX, IVIlg, and RTX-typically result in a
modest reduction of DSA levels (approximately 15-35%, depending on the specificity of anti-HLA
antibodies and the intensity of PLEX), the authors identified a 50% reduction in DSA MFI as a clinically
relevant threshold, reflective of a meaningful immunologic response with potential impact on graft
survival. In this case series, the addition of TCZ to SC therapy was associated with stabilization or
improvement of renal function in all patients, along with a notable reduction in DSA levels in most
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cases. These findings suggest that TCZ may enhance the efficacy of conventional immunomodulatory
strategies in patients with a-AMR and could play a role in delaying or preventing the progression of
alloimmune-mediated graft injury. However, the limited sample size and retrospective design
underscore the need for prospective controlled trials to validate these preliminary observations.

Design / _ . .
Setting Population Intervention Outcomes Main results
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Table 1. Tocilizumab for Desensitization in Highly Sensitized Kidney Transplant Candidates. Abbreviations: Ab,
antibody; AMR, antibody-mediated rejection; DES, desensitization; IVIG, intravenous immunoglobulin; HS, highly
sensitized; MFI, mean fluorescence intensity; SC, standard of care; DSA, donor-specific antibodies; KT, kidney
transplant; TCZ, tocilizumab; RTX, rituximab; T fh, T follicular helper cells; T reg, T regulatory cells.
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Efficacy of Tocilizumab in Chronic Active Antibody-Mediated Rejection in Kidney Transplant Patients

The first clinical investigation into the use of TCZ in chronic active AMR (ca-AMR) was conducted by
Choi et al. [60], who evaluated 36 kidney transplant recipients with biopsy-proven, SC-resistant ca-
AMR. Patients received monthly intravenous infusions of TCZ at 8 mg/kg (maximum dose: 800 mg)
for a treatment duration ranging from 6 to 36 months. Baseline histological assessments revealed
high Banff scores [61] for microvascular inflammation, including glomerulitis and peritubular
capillaritis, along with C4d deposition hallmarks of active AMR. After 12 months of TCZ treatment,
follow-up biopsies performed in nine patients demonstrated a significant reduction in glomerulitis
(p = 0.0175), peritubular capillaritis, and C4d staining (p = 0.0318). These changes reflect an
attenuation of the immunologic injury. Glomerulitis and peritubular capillaritis are typically
associated with poor long-term graft prognosis. DSA levels were monitored quarterly, while renal
function was assessed via estimated eGFR, and was evaluated monthly throughout the study period.
A sustained decline in DSA levels was observed, particularly for immunodominant specificities, with
a statistically significant reduction noted at 24 months of therapy (p = 0.043). At six years post-ca-
AMR diagnosis, graft and patient survival rates were 80% and 91%, respectively. Treatment
discontinuation in four patients due to financial constraints (n = 3) or clinical indications (n = 1) was
associated with subsequent graft loss. The authors hypothesized that abrupt cessation of TCZ may
have triggered an IL-6 rebound effect, exacerbated by IL-6 accumulation during prolonged receptor
blockade. Notably, all four patients experiencing graft failure harbored class Il DSAs (HLA-DQ or HLA-
DR). Among patients who remained on therapy, renal function was stable, with no significant decline
in eGFR at 36 months. Lavacca et al. evaluated the efficacy and safety of TCZ as a first-line
therapeutic approach in KT recipients with biopsy-proven ca-AMR. In this open-label, prospective
study conducted between 2016 and 2018, 15 patients meeting Banff criteria for ca-AMR [38, 61]
were enrolled. None of the participants had received prior targeted anti-rejection therapy. TCZ was
administered intravenously at a dose of 8 mg/kg (maximum 800 mg) every four weeks. One patient
with advanced graft dysfunction was converted to Belatacept-based maintenance
immunosuppression prior TCZ initiation. Patients were followed for a median duration of 20.7
months. Outcome measures included graft function (assessed by eGFR rate and proteinuria), patient
survival, serum levels of DSAs and anti-angiotensin Il type 1 receptor antibodies (AT1R-Abs),
histopathological changes, and adverse events. Protocol biopsies were performed at 6 months post-
treatment initiation to assess early histological response. TCZ treatment was associated with
stabilization of eGFR and proteinuria, along with a significant reduction in circulating DSA levels (p =
0.002). Histological analysis demonstrated a reduction in microvascular inflammation, particularly
in glomerulitis and peritubular capillaritis scores. However, no significant improvements were
observed in chronic injury markers, including interstitial fibrosis/tubular atrophy and C4d
deposition. These findings suggest that TCZ, when used as first-line therapy in ca-AMR, may
contribute to the attenuation of active alloimmune injury and stabilization of graft function,
although its impact on chronic injury progression remains limited. eGFR and 24-hour proteinuria
showed stabilization at the 12-month follow-up. eGFR declined by 10.5 mL/min/1.73 m? (median) in
the 12 months before ca-AMR diagnosis compared with 4.4 mL/ min/1.73 m? the first year after
diagnosis. Median proteinuria at diagnosis and at the 12-month follow-up were 1.1 and 1 g/day,
respectively. Mean MFI values significantly declined after TCZ treatment (22600 pre-TCZ and 18200
post-TCZ with complete negativization in one patient). This trend was also confirmed for AT1R-Ab
[62].
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A retrospective study conducted by Kumar et al. evaluated the efficacy of TCZ in 10 kidney transplant
recipients with biopsy-proven ca-AMR refractory to SC therapy. Notably, seven of these patients
were maintained on Belatacept-based immunosuppression. Serial graft biopsies were performed at
baseline and one year following initiation of TCZ therapy. At 6 months post-treatment initiation,
there was an improvement in the mean of eGFR, but not statistically significant, while proteinuria
levels remained unchanged throughout follow-up. A reduction in DSA MFI was also observed at 6
months, although this did not reach statistical significance (p = 0.5). Histological analysis
demonstrated a reduction in microvascular inflammation following 12 months of TCZ therapy,
mirroring the findings reported by Choi et al. [60]. Specifically, reductions in glomerulitis, peritubular
capillaritis, and C4d deposition were noted, as detailed in Table 2. TCZ was discontinued in 47.3% of
patients (18/38 in the overall cohort), after a median treatment duration of 10.4 months. In three
cases, the decision to withdraw TCZ was made upon stabilization of graft function, highlighting the
ongoing uncertainty regarding optimal treatment duration. Discontinuation was also necessitated
by the development of HPV-positive tonsillar carcinoma in one patient, and by infectious
complications in four others. Collectively, the studies by Choi et al. and Kumar et al. demonstrate
consistent histological improvements in patients with refractory ca-AMR treated with TCZ,
particularly in the reduction of MVI (p = 0.0175) and C4d deposition (p = 0.0318), suggesting a
potential disease-modifying role for IL-6 blockade in this setting [63].

A retrospective study investigated the efficacy of TCZ as adjunctive SC in nine kidney transplant
recipients with biopsy-proven graft rejection. Of these, six patients were diagnosed with ca-AMR,
while the remaining three exhibited mixed rejection characterized by features of both AMR and T
cell-mediated rejection. All patients had detectable circulating DSAs at the time of diagnosis and had
demonstrated resistance to prior SC therapies. TCZ was administered intravenously at a dose of 8
mg/kg (maximum 800 mg) monthly. Outcomes were compared to those of a control group
comprising 37 patients with AMR who had received SC therapy alone. At 12-month follow-up, the
TCZ-treated group exhibited a significant reduction in the MFI of DSAs across both HLA class | and
class Il antigens (p = 0.01). Despite this immunological response, there were no statistically
significant differences between the TCZ and control groups in terms of graft survival or decline in
renal function over the same period. Histopathological evaluation revealed a modest improvement
in inflammatory indices, including a reduction in tubulitis scores, following TCZ treatment. However,
the progression of AMR-related lesions and chronic glomerulopathy remained largely comparable
between the two cohorts. The incidence of infections did not differ significantly between TCZ-
treated patients and those receiving SC alone [64].

Noble et al. [65] recently published a single-center retrospective study evaluating the efficacy of TCZ
in 40 KT recipients with biopsy-proven ca-AMR. TCZ was administered intravenously at a dose of 8
mg/kg (maximum 800 mg) every four weeks. Seven patients received TCZ as first-line monotherapy,
whereas the remaining patients were treated with TCZ in combination with other
immunosuppressive agents, including corticosteroids (52.5%), RTX (40%), PLEX (20%), and anti-
thymocyte globulin (5%). One patient had received Belatacept prior TCZ initiation, and 18 additional
patients were converted to Belatacept-based maintenance immunosuppression following the
diagnosis of AMR and the initiation of TCZ. The primary endpoints were changes in graft function,
assessed by eGFR rate and proteinuria, and histological progression at one year. Compared with
baseline values, no statistically significant differences were observed in eGFR decline (p = 0.102) or
proteinuria (p = 0.28) after 12 months of TCZ therapy. Likewise, histopathological assessment
revealed no significant changes in Banff lesion scores after one year of treatment. During follow-up,
six patients (15%) experienced graft loss. These patients had more severe baseline clinical and
histological parameters compared with the rest of the cohort, including lower baseline eGFR (24.5 +
16 mL/min/1.73 m?), higher levels of proteinuria (1.8 + 1.0 g/L), and more advanced chronic injury
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on biopsy, with significantly higher scores of tubular atrophy (ct; p = 0.007), interstitial fibrosis (ci; p
= 0.002), and intimal arteritis (v; p = 0.001). The study did not include longitudinal monitoring of
donor-specific antibodies (DSAs) or systematically report adverse events related to TCZ, thus limiting
the interpretation of immunological efficacy and safety outcomes.

Khairallah et al. [66] conducted a retrospective study to evaluate the impact of TCZ on allograft
function and histopathological features in 38 kidney transplant recipients with biopsy-proven ca-
AMR. Among the included patients, 35 had previously failed SC therapies, while TCZ was
administered as first-line therapy in the remaining three. At the time of TCZ initiation, 15 patients
had detectable DSAs. TCZ was administered intravenously at a dose of 8 mg/kg monthly. Follow-up
biopsies were performed in approximately half of the cohort after a median of 5.1 months from
treatment initiation. Histological analysis revealed a significant reduction in interstitial inflammation
scores (p = 0.03), while other Banff parameters such as glomerulitis, tubulitis, peritubular capillaritis,
arteritis, glomerulosclerosis, and C4d deposition-remained unchanged. No significant variation in
DSA levels was observed following TCZ treatment (p = 0.5). Graft function remained stable during
the six months following TCZ initiation. A significant deceleration in the rate of eGFR decline was
observed, with a difference in slope of 2.6 mL/min/1.73 m? per month before and after treatment
initiation (p = 0.002). Proteinuria did not change significantly over the observation period (p = 0.07).

Boonpheng et al. conducted a study involving 11 kidney transplant recipients with biopsy-proven ca-
AMR treated with TCZ. DSAs and donor-derived cell-free DNA (dd-cfDNA) were serially monitored
to assess immunologic activity and allograft injury during follow-up. In six patients, TCZ was initiated
following failure of SC therapy, while in the remaining five patients was used as a first-line treatment.
At six months, a significant reduction in dd-cfDNA levels was observed (p = 0.01), suggesting a
potential attenuation of alloimmune-mediated graft injury. Among the six patients who completed
12 months of treatment, ddcfDNA levels remained significantly reduced compared to baseline at
both six and twelve months (p = 0.05 and p = 0.04, respectively). The authors also reported a decline
in the MFI of immunodominant DSAs over time. While the reduction did not reach statistical
significance at six months (p = 0.13), it became significant at twelve months (p = 0.047), indicating a
potential immunomodulatory effect of IL-6 inhibition on humoral alloimmunity. Graft function
remained stable during TCZ treatment. The eGFR rate at six months did not differ significantly from
baseline (p = 0.25), and in the subgroup of patients treated for at least 12 months, eGFR remained
unchanged at six and twelve months (p = 0.29 and p = 0.48, respectively). Proteinuria showed a
decreasing trend, but the differences were not statistically significant; mean proteinuria declined
from 1.19 g/g at baseline to 0.97 g/g at twelve months (p = 0.70). Only two patients underwent
follow-up biopsies after 16 months of treatment, which revealed modest improvements in
microvascular inflammation [67].

Tocilizumab safety profile

Adverse events are summarized in Table 3. Across published studies, the safety profile of TCZ in KT
recipients has been overall acceptable and comparable to that observed in other clinical settings.
The most frequently reported adverse events were infectious complications, particularly bacterial
and viral infections, consistent with the immunomodulatory effects of IL-6 blockade.

In the largest available series, Choi et al. [60] reported infectious events in approximately 25-30%
of patients treated for ca-AMR, while Lavacca et al. [62] documented infections in one-third of their
cohort, mainly urinary and respiratory tract infections and cytomegalovirus (CMV) viremia. Similarly,
Kumar et al. [63] observed infections in 50% of patients, including opportunistic infections, and in
several cases, this led to treatment discontinuation. In other retrospective cohorts [64—66], the
incidence of infections ranged from 20% to 30%, without a statistically significant difference
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compared to SC therapy. Boonpheng et al. [67] reported three non-severe events (uncomplicated
diverticulitis, localized herpes zoster, and mild COVID-19), and Potteboun et al. [59] observed no
serious adverse events in acute AMR patients. In the desensitization setting, TCZ was very well
tolerated across three studies [55-57], with no severe infections reported.

The most common infectious events included urinary tract infections, respiratory infections, CMV
reactivation, herpes zoster, and, less frequently, gastrointestinal infections. No invasive fungal
infections were documented.

Non-infectious adverse events were uncommon. One case of HPV-positive tonsillar carcinoma was
reported during prolonged TCZ treatment; the event was not directly TCZ-related [63], and a single
episode of diverticulitis [67]. Mild, transient laboratory abnormalities (e.g., elevated transaminases)
were occasionally described but were not clinically significant. Only one study reported a
cardiovascular event in two patients: non-ST-segment elevated myocardial infarctions and one
stroke. However, the causal relationship with TCZ therapy is not clear. There were no reports of TCZ-
related nephrotoxicity. Importantly, several studies reported no significant increase in infection
rates compared with SC alone [64], suggesting that TCZ does not substantially increase the infectious
burden when used in experienced transplant centers with appropriate prophylaxis and monitoring.
TCZ infusion was overall well tolerated across the included studies.

Overall, TCZ demonstrates a favorable and manageable safety profile in kidney transplant recipients.
Infectious events remain the main clinical concern but are generally controllable. The drug is well
tolerated both as adjunctive therapy for AMR and as part of desensitization strategies, supporting
its use in selected high-risk populations under close clinical surveillance.

Critical Comparison and Limitations of Studies Evaluating Tocilizumab in AMR

Across the current body of literature, TCZ has emerged as a potentially effective therapeutic agent
for the management of AMR, particularly in patients who are refractory to SC therapies. Although
most available studies are single-center, retrospective, and non-randomized, with limited sample
sizes (ranging from 7 to 40 patients per study) and often lacking adequately matched control groups,
they consistently demonstrate a significant attenuation of microvascular inflammation, including
reductions in glomerulitis and peritubular capillaritis scores, accompanied by stabilization of renal
allograft function.

In the pivotal study by Choi et al. [60], TCZ administered as rescue therapy was associated
histological improvements and sustained reductions in DSA levels over a long-term follow-up,
supporting its disease-modifying potential in ca-AMR. Similarly, Kumar et al. [63] and Lavacca et al.
[62] reported concordant findings, with significant reductions in microvascular inflammation and
stabilization of e-GFR, although DSA declines were more variable and not consistently statistically
significant across all patients. By contrast, the study by Noble et al. [65], which included a larger and
more heterogeneous cohort of patients treated with TCZ in combination with other
immunomodulatory agents, did not show significant changes in either histological lesions or
functional parameters after one year of therapy. This discrepancy may be attributable to more
advanced chronic injury at baseline, differences in treatment timing and duration, and the absence
of standardized immunological monitoring protocols. Importantly, heterogeneity in treatment
duration — ranging from a few months to three years —, timing of TCZ administration (first-line vs
rescue therapy), and baseline histopathological severity likely influenced clinical and immunological
outcomes. Furthermore, the use of TCZ as monotherapy versus combination therapy represents an
additional source of variability. While some studies suggested promising effects of TCZ monotherapy
in mitigating microvascular inflammation, most cohorts received combination regimens, making it
challenging to isolate the specific contribution of IL-6 blockade.
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1 episode of colonic diverticulitis
with perforation (possible
correlation with TCZ)

1 episode of Spondylodiscitis
1 episode of spondilodiscitis

13/36

5 CMV viremia

3 BKV viremia

7 bacterial infections

5/15 bacterial Infection

4/5 UTI

1/5 low respiratory tract infection
1/15 encephalitis of undefined
origin

2/15 interstitial lung disease
infection

1/7 CMV esophagitis

3/ 19 bacterial infections

1/10 viral with HSV

6/9 (SC+TCZ) *

2 bacterial infections

2 viral infections

2 fungal infections

NA

3/38 CMV viremia

3/3 BKV viremia

1/3 EBV viremia

1/38 pneumonia

1/38 cellulitis

3/38 pyelonephritis

111 VzZVv

1/11 uncomplicated diverticulitis
1/11 mild covid 19 infection
1/11 clostridium difficile colitis

Anemia and hypertension during time
of treatment.

1 episode of acute pulmonary edema
unrelated to TCZ and

Hypogammaglobulinemia

hypogammaglobulinemia

3/36

1 stroke

2 NSTEMI

1/36 transient visual disturbance
8/36 hypogammaglobulinemia

4/15 hypogammaglobulinemia
3/15 asymptomatic mild alterations in
liver enzymes

1 potential hypersensitivity reaction

5/10 leukopenia
1/19 severe diarrhea

NA

NA

15/3 leucopenia

16/38 thrombocytopenia

7/38 asymptomatic mild alterations in
liver enzymes

NA

The timing of intervention and extent of baseline histological injury also appear to modulate
therapeutic response. In acute AMR, early initiation of TCZ (Potteboun et al.) was associated with
stabilization of graft function and significant reductions in DSA levels, suggesting a beneficial effect
on ongoing alloimmune injury. In contrast, in ca-AMR, TCZ consistently reduced microvascular
inflammation and C4d deposition but exhibited limited effects on chronic injury parameters such as
IFTA, transplant glomerulopathy, and intimal arteritis, particularly in patients with advanced
structural damage at baseline (e.g., Noble et al.). These findings support the hypothesis that IL-6
blockade may exert its maximal therapeutic effect when introduced in earlier phases of the disease,
before the establishment of irreversible chronic allograft injury.

Additional mechanistic insights were provided by Khairallah et al. [66] and Boonpheng et al. [67],
who explored eGFR slope dynamics and donor-derived cell-free DNA (dd-cfDNA), respectively, as
surrogate markers of graft injury and immunological activity. Khairallah et al. observed a significant
deceleration in the rate of eGFR decline following TCZ initiation, even in the absence of significant
DSA changes, suggesting an anti-inflammatory effect independent of antibody clearance.
Boonpheng et al. demonstrated both dd-cfDNA and DSA reductions over 12 months, indicating a
dual anti-inflammatory and immunomodulatory mechanism of IL-6 blockade. Importantly, the
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therapeutic benefit of TCZ appeared more pronounced in early or moderate ca-AMR, whereas its
impact in advanced stages with extensive fibrosis and glomerulopathy remained limited.

By targeting IL-6 signaling, TCZ can reduce DSA levels, suppress their production, and mitigate
histological damage in both the short and long term.

Given the lack of standardized treatment algorithms for AMR, accumulating evidence supports a
potential role for TCZ as an adjunctive therapy, particularly in patients with inadequate responses
to SC. By targeting the IL-6 signaling pathway, TCZ has the capacity to modulate both humoral and
inflammatory components of the alloimmune response, reduce DSA production, and attenuate
histological injury in both the short and long term.

Within this therapeutic landscape, Belatacept, a fusion protein that selectively inhibits CD28-
mediated T-cell co-stimulation, may represent a synergistic partner for TCZ. Its calcineurin inhibitor-
sparing properties and capacity to suppress T-cell activation make it an attractive strategy for high-
immunological-risk recipients. Data from randomized phase 3 trials (BENEFIT and BENEFIT-EXT) have
shown reduced DSA production with Belatacept, supporting the rationale for dual targeting of both
T- and B-cell compartments to achieve more effective immunological control, reduce microvascular
inflammation, and prevent DSA rebound [68, 69]. Consequently, the combination of TCZ and
Belatacept represents a promising and biologically rational therapeutic approach that warrants
further evaluation in prospective clinical trials, particularly in patients with high immunological risk
or resistance to conventional therapies.

Alternatives in IL-6 pathway inhibition — Clazakizumab

Clazakizumab is a humanized monoclonal IgG1 antibody that bind with high affinity and neutralizes
human IL-6. In 2016 it was used to treat 10 patients with chronic AMR. Findings from this study
demonstrating a stabilization of eGFR after initiation of clazakizumab therapy (eGFR -24 months
[52], 0 month [38], +12 months [41], and +24 months [38]), reductions in DSA levels and Banff scores
for C4d and g + ptc scores. The authors noted a trend to reductions in total IgG levels and an increase
in Treg cells at 24 months post treatment [30]. In a randomized, double-blind, placebo-controlled,
parallel-group phase Il pilot trial conducted and published in 2021, that included 20 KT patients with
DSA-positive AMR after a median of 10.6 years post-transplantation. KT patients were randomly
assigned to receive Clazakizumab or a placebo to assess safety, tolerability, and efficacy of the
molecule. Within 12 weeks of therapy DSA MFI decreased by 77%, without significant differences in
AMR and T-cell-mediated rejection between the two groups. The key results of the secondary
endpoint analysis were a slowed decline in eGFR and, after extended treatment, modulation of
rejection-associated gene expression patterns, reduction of C4d scores, and, in some patients,
resolution of AMR activity. These results were promising [31].

In addition to TCZ, Clazakizumab has been investigated in early-phase studies involving 20 HS kidney
transplant candidates. Clazakizumab desensitization protocols, after PLEX + IVIg, appear safe with
significant reductions in HLA class | and Il antibodies. The treatment allowed 18 of 20 patients to
receive transplantation with no de novo DSA generation [32].

The data suggest that Clazakizumab can reduce circulating DSA levels and modulate humoral
alloimmune responses, potentially facilitating access to transplantation in difficult-to-match
patients. Compared with TCZ, Clazakizumab may provide a more complete and sustained blockade
of IL-6 signaling, although evidence remains limited and mostly derived from small, non-randomized
cohorts. Ongoing randomized trials, including the IMAGINE trial (NCT03744910), will be crucial to
clarify the role of IL-6 inhibition in kidney transplantation.

G Ital Nefrol 2026 - ISSN 1724-5990 - © 2026 Societa Italiana di Nefrologia - Anno 43 Volume 1 — DOI: 10.69097/43-01-2026-08

Ogni riproduzione del presente documento, anche parziale, & vietata senza la preventiva autorizzazione della Societa Italiana di Nefrologia ai sensi della L. n.633/1941


https://doi.org/10.1111/j.1600-6143.2010.03016.x
https://doi.org/10.1111/j.1600-6143.2009.03005.x
https://doi.org/10.3390/jcm12020424
https://doi.org/10.1016/j.ajt.2023.10.016
https://pmc.ncbi.nlm.nih.gov/articles/PMC1541438/
https://doi.org/10.1016/j.ajt.2023.10.016
https://doi.org/10.1016/j.ekir.2022.01.1074
https://doi.org/10.1681/ASN.2020071106
https://doi.org/10.1111/ajt.16926

Giornale Italiano di Nefrologia

Comparative Therapeutic Landscape of AMR: IL-6 Blockade, CD38 Targeting, and Complement
Inhibition

Over the past decade, increasing understanding of the complex immunopathology of antibody- AMR
has prompted the development of several novel therapeutic strategies beyond conventional ones.
So, IL-6 blockade with tocilizumab and Clazakizumab, CD38-targeting monoclonal antibodies,
proteasome inhibition, and complement inhibition represent the most promising emerging
approaches. Each of these strategies acts on distinct — but potentially complementary — pathogenic
pathways of AMR, and their comparison provides important insights into future treatment
algorithms.

CD38-targeting monoclonal antibodies, including Daratumumab and Felzartamab, have recently
emerged as a promising class of agents with a distinct and potentially more rapid mechanism of
action. CD38 is highly expressed on plasma cells and NK cells, two key effector populations in AMR
pathogenesis. By targeting CD38, these agents deplete both DSA-producing plasma cells and Fc
receptor—expressing NK cells, thus intervening at multiple levels of the alloimmune cascade.
Felzartamab, evaluated in a randomized, placebo-controlled phase 2 trial in late AMR, demonstrated
histologic resolution of AMR activity in over 80% of patients after six months of therapy, with a
marked reduction in MVI scores and AMR transcriptomic activity, along with significant depletion of
circulating NK cells. These effects occurred despite minimal changes in immunodominant DSA levels,
supporting the hypothesis that targeting effector mechanisms downstream of DSA may be sufficient
to attenuate graft injury. Importantly, dd-cfDNA levels — a biomarker of active allograft injury —
declined rapidly during treatment, although recurrence of molecular and histologic activity was
observed after therapy cessation, indicating that prolonged or combination regimens may be
required [70].

Daratumumab, an anti-CD38 antibody with a well-established safety profile in hematology, has been
used off-label in several case reports and small series involving both early and late AMR. These
studies consistently showed reduction in DSA mean fluorescence intensity, NK cell depletion,
attenuation of MVI, and stabilization or improvement of graft function. In some cases, significant
dd-cfDNA reduction paralleled these effects, further supporting its immunomodulatory potential
[71-74]. Notably, sequential or combination strategies, such as Daratumumab followed by TCZ, have
been associated with enhanced and more sustained immunologic responses, suggesting a
synergistic effect between plasma cell depletion and IL-6 blockade [75].

Similarly, complement inhibition, particularly with anti-C5 (eculizumab), has shown promise in acute
AMR by attenuating complement-mediated endothelial injury and reducing C4d deposition, but its
effect on long-term graft survival remains uncertain, and its use is currently limited to selected high-
risk cases or rescue therapy [25].

Taken together, these findings underscore the heterogeneity and complementarity of available
immunomodulatory strategies. While IL-6 blockade primarily targets upstream inflammatory and B
cell-mediated pathways, CD38-targeting antibodies intervene at both the level of antibody
production and effector mechanisms, resulting in rapid attenuation of rejection activity even in late
stages. Proteasome and complement inhibition offer additional therapeutic angles, targeting
upstream plasma cell survival and downstream complement-mediated injury, respectively. In this
context, rational combinatorial or sequential approaches may offer the most effective strategy for
patients with refractory or advanced AMR. Ongoing phase 3 trials with Felzartamab (TRANSCEND)
and Daratumumab (DARTABMR)-based regimens are expected to define their position in the
therapeutic armamentarium, and their potential integration with IL-6 blockade or other targeted
therapies may further improve allograft outcomes in high immunological risk populations.
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Conclusions

The current evidence on the use of TCZ for the treatment of AMR and for desensitization in HS kidney
transplant candidates is promising but remains limited. Most available studies are retrospective,
include small patient cohorts, and lack randomized controlled trials (RCTs), which hinders the ability
to draw definitive conclusions regarding the efficacy of TCZ either as monotherapy or in combination
with standard therapies. Larger, prospective, randomized studies are needed to better define the
role of TCZ in these contexts and to optimize treatment protocols. TCZ has shown encouraging
results in attenuating microvascular inflammation, stabilizing graft function, and reducing DSA
levels, particularly when used as rescue therapy in patients with AMR refractory to SC. Its
continuation after transplantation in patients undergoing desensitization may be justified, as it could
help prevent DSA rebound and reduce the risk of post-transplant humoral rejection, especially in
highly sensitized recipients. These findings suggest that TCZ could be strategically positioned as both
an adjunctive therapy and a maintenance option in selected high-risk patients.

In summary, IL-6 pathway inhibition represents a promising and biologically targeted strategy in the
management of AMR and desensitization in kidney transplantation. However, further high-quality
studies are required to determine the optimal timing, duration, and combination strategies for IL-6
blockade.
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