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Abstract 

Purpose of review  Lupus nephritis (LN) is a severe complication of systemic lupus erythematosus (SLE), significantly 
impacting patient outcomes. Despite advances in immunosuppressive therapies, many patients progress to end-
stage renal disease (ESRD), and kidney transplantation becomes essential for improving survival. However, the unique 
characteristics of autoimmune diseases make the timing of kidney transplantation and post-transplant management 
challenging. This review evaluates authoritative guidelines and recent studies to identify optimal timing for kidney 
transplantation and effective pre- and post-transplant management measures for patients with LN.

Recent findings  Advancements in immunosuppressive therapies, including calcineurin inhibitors, Voclosporin, 
and biologic agents such as belimumab, have significantly improved LN management. Emerging biomarkers, such 
as urinary MCP-1 and BAFF, offer promising tools for monitoring LN activity and predicting recurrence risk post-
transplantation. Current guidelines emphasize the importance of achieving disease quiescence before transplanta-
tion, while new evidence supports the benefits of preemptive transplantation and personalized immunosuppressive 
regimens in improving patient and graft survival.

Summary  This review highlights the latest evidence and strategies for optimizing kidney transplantation outcomes 
in LN patients, focusing on timing, immunosuppression, and disease monitoring.
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Introduction
Lupus nephritis (LN) is a common and serious manifes-
tation of systemic lupus erythematosus (SLE), an auto-
immune disorder that affects multiple organs [1]. LN is 
marked by immune complex deposition in the kidneys, 
which leads to inflammation and progression to end-
stage renal disease (ESRD) if left inadequately man-
aged [1]. Despite advancements in immunosuppressive 

therapies, many patients still experience poor long-term 
outcomes, with a significant proportion progressing to 
ESRD and requiring renal replacement therapy [2, 3].

The variability in LN incidence and progression due to 
gender, ethnicity, and age underscores the need for per-
sonalized treatment approaches [4]. Current guidelines, 
such as KDIGO 2024 and EULAR/ERA-EDTA 2019, have 
provided valuable recommendations on the timing and 
management of kidney transplantation in lupus nephri-
tis patients [5, 6]. The timing of kidney transplantation 
in lupus nephritis is contingent upon achieving a qui-
escent phase. However, controversies remain regarding 
the definition of disease quiescence and the application 
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of preemptive transplantation, which require further 
discussion.

Given kidney transplantation’s pivotal role in managing 
advanced LN, this review evaluates recent advancements 
in immunosuppressive therapies, biomarkers for disease 
activity monitoring, and the influence of demographic 
factors on treatment efficacy. Our goal is to offer a com-
prehensive guide for LN patients requiring kidney trans-
plantation (Fig. 1).

Epidemiology and Renal Impact of Lupus Nephritis
Lupus nephritis (LN) is a significant manifestation of 
systemic lupus erythematosus (SLE), affecting approxi-
mately 40% of adults with SLE during their disease course 
[7, 8]. LN is characterized by immune complex-induced 
kidney inflammation. The incidence and prevalence of 
SLE and LN vary across different populations and gen-
der, with higher rates observed among certain ethnic 
groups [9]. Notably, while SLE predominantly affects 
females regardless ethnicity, male patients with LN often 

experience more severe renal involvement and a higher 
likelihood of progression to ESRD [10, 11]. Several stud-
ies have shown that Hispanic, African American, and 
Asian patients with SLE are at a higher risk of developing 
LN and subsequently ESRD [9, 12–14]. Lupus Registry 
data in USA showed that the incidence rate of ESRD was 
13.8 per 1000 patient-years for African Americans with 
SLE, compared to 3.3 for white patients [13]. A multi-
ethnic cohort of 1,827 SLE patients reported an overall of 
31.0% patients developed into LN. Higher LN rates were 
observed in Hispanic (49.3%), African American (39.9%), 
and Asian (36.8%) patients, while only 20.3% of Cauca-
sians were affected [12]. In North America, black patients 
were at a higher risk of progressing to ESRD compared 
with any other ethnicity (adjusted hazard ratio 1.4) [15]. 
The differences between ethnic groups are not only 
reflected in the prevalence and progression risk of LN, 
but also in their response to treatment medications. The 
Aspreva Lupus Management Study (ALMS) showed that 
more Black and Hispanic patients responded to MMF 

Fig. 1  Overview of Lupus Nephritis (LN) Epidemiology, Pathogenesis, and Management Approaches

This figure summarizes the epidemiology, pathogenesis, and management of LN. It highlights the female predominance, immune 
complex-mediated inflammation, and the impact of complement activation. Management includes immunosuppressive therapies, kidney 
transplantation considerations, supportive care, and special population management, such as in pregnancy and antiphospholipid syndrome



Page 3 of 12Jiang et al. BMC Surgery          (2025) 25:112 	

than to intravenous cyclophosphamide (IVC) [16]. The 
differences in ESRD caused by LN across various ethnic 
groups highlight the complex interplay of genetic back-
ground and socioeconomic factors.

The pathogenesis of both SLE and LN involved com-
plex interplay of environmental factors, genetic predis-
positions, and hormonal influences [17]. Environmental 
triggers such as ultraviolet radiation and infections can 
initiate autoimmune responses in genetically susceptible 
individuals. Genetic factors, including gene polymor-
phisms, contribute to immune system dysregulation. 
Hormonal influences, particularly estrogen, play a signifi-
cant role, as evidenced by the higher prevalence of SLE 
in females. This intricate combination leads to immune 
system aberrations, resulting in systemic inflammation 
and organ-specific manifestations like LN [17]. The pri-
mary pathogenic mechanism of LN involves an immune 
complex-mediated response in the kidney, activation of 
autoreactive B and T cells, and significant contributions 
from alternative pathways of complement activation 
[18]. The activation of alternative complement pathways 
further exacerbates renal injury. LN is classified into six 
histologic types, with Class III (focal) and Class IV (dif-
fuse) being the most likely to progress to ESRD, necessi-
tating consideration of kidney transplantation [19]. Class 
V (membranous) LN can also lead to significant renal 
impairment, though typically at a slower progression 
rate compared to Classes III and IV [19]. While Class 
VI (advanced sclerosing LN), is characterized by global 
sclerosis of more than 90% of glomeruli. It represents 
chronic, irreversible damage resulting from prior inflam-
matory injury and is generally at the ESRD stage [4].

Despite significant advances in immunosuppressive 
therapies for patients with LN, the prognosis of LN has 
still not improved since 2000 [20]. The progression from 
LN to ESRD is a critical concern, as ESRD necessitates 
renal replacement therapies such as dialysis or kidney 
transplantation. It has been reported that 10% to 22% of 
LN patients may advance to ESRD despite advancements 
in treatment [21]. Once progression from LN to ESRD 
occurs, the best approach is dialysis followed by kidney 
transplantation. Compared to dialysis alone, patients who 
undergo kidney transplantation experience significantly 
improved prognosis and survival rates [22, 23]. How-
ever, determining the optimal timing for transplantation 
is complex and requires careful consideration of the dis-
ease’s natural course and the patient’s overall condition.

Optimal Timing of Kidney Transplantation in LN patients
Impact of Pre‑Transplant Dialysis Duration in LN
Extended periods on dialysis before transplantation have 
been associated with increased mortality in LN patients. 
A retrospective study analyzing LN patients over a 

40-year period found that each additional month on dial-
ysis prior to renal transplantation increased the risk of 
mortality [24]. This study also showed that dialysis more 
than 24 months affected survival rates [24]. According to 
the current guidelines, preemptive transplantation was 
strongly encouraged to avoid the long-term complica-
tions of dialysis [6]. The KDIGO 2024 Guideline condi-
tionally recommends preemptive kidney transplantation 
over initiating dialysis or non-preemptive transplant for 
patients with LN approaching ESRD [5]. This approach 
aims to reduce dialysis-related complications and 
improve long-term outcomes [5]. Delayed transplanta-
tion, especially with dialysis exceeding 24 months, signif-
icantly increases mortality risks and complications [25]. 
Recent studies have shown that earlier transplantation 
leads to higher survival rate of both the patient and the 
graft, while the application of immunosuppressive drugs 
further reduces the chances of disease recurrence after 
surgery [26–29]..

While preemptive transplantation can offer better 
prognosis in LN, it’s essential to evaluate disease activity, 
overall health status, and potential risks. Collaborative 
decision-making involving nephrologists and rheumatol-
ogists is vital to determine the optimal timing for trans-
plantation, balancing the benefits of reduced dialysis 
exposure against the risks associated with active disease. 
Additionally, it is important to recognize that preemp-
tive kidney transplantation may not always be acceptable 
to patients due to concerns about surgery, the potential 
risks of immunosuppression, or cultural and psychologi-
cal factors.

Monitoring Disease Activity Levels in LN
Quiescent phase, or disease remission, is crucial in deter-
mining the optimal timing for kidney transplantation in 
LN patients. However, there is no universally accepted 
definition of quiescence, and criteria vary across studies 
and guidelines. Both KDIGO 2024 and EULAR/ERA-
EDTA 2019 guidelines highlighted the importance of 
achieving quiescence before kidney transplantation to 
minimize the risk of recurrence. Quiescence is generally 
defined as a state where serological and clinical markers 
indicate disease stability for at least six months, including 
the normalization or stabilization of anti-dsDNA anti-
body levels and complement (C3/C4) levels, proteinuria 
below 0.5 g/24 h or below 300 mg/m2/d, and the absence 
of active inflammation on renal biopsy, characterized 
by minimal immune deposits and quiescent glomerular 
changes [5, 6].

Commonly used serologic markers include anti-dou-
ble-stranded DNA (ds-DNA) antibodies, serum creati-
nine and complement activation markers C3 and C4 [30]. 
Elevated ds-DNA antibodies and decreased levels of C3 
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and C4 typically indicate active LN, but these markers 
have limitations in both specificity and sensitivity, espe-
cially following immunosuppressive therapy [30]. Recog-
nizing these limitations, recent studies have investigated 
additional markers that could provide more precise 
monitoring of LN activity and recurrence. Autoantibod-
ies such as anti-C1q, anti-chromatin, anti-Smith antibody 
(anti-Sm), and anti-ribosomal P [31] have been linked 
to disease activity, with significant reductions observed 
in patients achieving remission. Furthermore, elevated 
serum type I interferon (IFN-I) levels and transcriptomic 
changes in renal biopsies particularly among patients 
resistant to conventional therapies, have been associated 
with more severe disease course [32].

In addition to traditional serum markers, urine bio-
markers, beyond proteinuria, are increasingly valued for 
their ability to provide a more comprehensive reflection 
of LN activity. More specific urinary markers, such as 
monocyte chemoattractant protein-1 (MCP-1) [33–36], 
B-cell activating factor (BAFF) [37] and matrix metallo-
proteinase-7 (MMP-7) [38, 39], have shown strong cor-
relation with disease activity and renal function, offering 
better predictive value than traditional markers. MCP-1 
recruits monocytes to inflammation sites. Elevated uri-
nary MCP-1 levels have been associated with active LN 
and correlate with histological findings of renal inflam-
mation [33]. Studies have demonstrated that higher uri-
nary MCP-1 levels can differentiate between active and 
chronic LN, and their reduction over time is linked to 
effective therapeutic responses and stable kidney func-
tion [40, 41]. BAFF functions in B-cell activation and 
survival and elevated urinary BAFF levels have been 
observed in patients with active LN [42]. Studies also 
indicated that urinary BAFF levels decrease following 
effective treatment [42, 43]. Increased urinary MMP-7 
levels have been associated with renal inflammation and 
fibrosis in LN. Research suggested that urinary MMP-7 
could serve as a biomarker for kidney injury, aiding in the 
assessment of disease severity and progression [39].

However, these markers alone may not reliably reflect 
subclinical disease activity. For example, recent stud-
ies have demonstrated that some patients who achieve 
clinical remission may still exhibit active renal inflam-
mation on histological evaluation, increasing the risk of 
post-transplant recurrence [44, 45]. Renal biopsy remains 
the gold standard for confirming histological quiescence, 
especially in cases where clinical or serological markers 
are inconclusive [46]. Common indicators of activity in 
patients with LN are IgG, IgA, IgM, C1q, C3, and tissue 
anti-nuclear antibodies (ANA), extraglomerular immune 
deposits, and endothelial tubular reticulum inclu-
sion bodies. Among these markers, ANA demonstrates 
the highest specificity but low sensitivity, whereas IgG 

exhibits the opposite pattern. Therefore, a combined test-
ing approach involving both indicators is recommended 
[47].. However, renal biopsy is an invasive procedure and 
may not be feasible for all patients. Therefore, combining 
serological markers with histological findings provides 
the most comprehensive assessment of LN activity and 
reduces the likelihood of disease recurrence following 
transplantation.

Key Indicators for Transplant Matching in LN
Effective transplant matching is crucial to improving 
graft survival in LN patients. High titers of circulating 
HLA antibodies, particularly donor-specific HLA anti-
bodies (DSA), are associated with a higher risk of graft 
rejection, including hyperacute rejection [48]. HLA mis-
matches, especially at the HLA-DR and HLA-C loci, 
significant impact graft survival and should be care-
fully considered [49–52]. The traditional complement-
dependent cytotoxicity crossmatch (CDC-XM) may 
yield false-positive results, particularly in patients with 
autoimmune diseases, which can be attributed to non-
specific binding of donor lymphocytes, prozone effect, 
incomplete donor typing, and the presence of non-HLA 
antibodies [53]. Flow cytometry crossmatch (FCXM) is a 
more sensitive method than CDC and is used to detect 
pre-formed antibodies in the recipient’s serum against 
the donor’s lymphocytes [54]. This method combines the 
advantages of CDC-XM, which identifies both HLA and 
non-HLA antibodies, with the ability to simultaneously 
detect antibodies that mediate tissue damage through 
both complement activation and antibody-dependent 
cell-mediated cytotoxicity. To further improve specific-
ity and sensitivity, pronase digestion is often employed in 
FCXM. This technique removes Fc receptors on the cell 
surface for enhancing the accuracy of B-cell crossmatch-
ing [55, 56]. LN patients generally manifest heightened 
immune activity, increasing the risk of sensitization to 
HLA. Therefore, transplant matching for LN patients 
requires careful consideration of immunological factors, 
including HLA compatibility and the presence of DSAs, 
to minimize the risk of graft rejection [57]. It is currently 
clinically accepted that the risk of the presence of DSA 
can be minimized with pre-transplant interventions such 
as plasma exchange, IVIG, rituximab, or the protea-
some inhibitor [58]. High-resolution sequencing-based 
typing technology can obtain high-resolution HLA typ-
ing results, providing accurate evidence for identifying 
donor-specific HLA antibodies in recipients [59]. How-
ever, some of these approaches are generally not feasible 
prior to deceased donor transplantation due to the lim-
ited time and may instead be employed in the early post-
transplant period to reduce associated risks.
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Non-HLA antibodies have been recognized as impor-
tant factors in kidney transplantation. It was reported 
that 38% of kidney allograft losses could be due to non-
HLA-related immunological factors, compared to only 
18% due to HLA mismatches [60]. These antibodies 
included major histocompatibility complex class I chain-
associated molecule A (MICA), poikilodulin, myocar-
din, angiotensin II type 1 receptor (AT1R), microtubulin, 
and collagen, in influencing graft outcomes, potentially 
through mechanisms involving fibrosis and immune 
modulation [61–63]. Living donor kidney transplantation 
is generally associated with better prognosis compared 
to deceased donor transplantation, a trend also observed 
in LN patients [3]. These findings suggest a compre-
hensive evaluation should be conducted prior to kidney 
transplantation in LN patients to optimize the surgical 
outcome.

Standard Pre‑ and Post‑Transplant Management 
for LN patients
Pre‑Transplantation Medication
Immunosuppressive and Antimetabolic Drugs
Pre-transplantation management of LN patients neces-
sitates achieving a quiescent disease state through opti-
mized immunosuppressive therapy to minimize the 
risk of post-transplant complications. Cyclophospha-
mide (CYC) and corticosteroids, such as Prednisolone, 
are commonly used in combination as immunosup-
pressive agents to induced remission. However, these 
drugs are associated with relatively high adverse effects 
including amenorrhea and alopecia [64]. To mitigate 
the side effects, lower-dose CYC regimens, such as the 
Euro-Lupus protocol, have been developed. This pro-
tocol administers 500  mg of cyclophosphamide intrave-
nously every two weeks for a total of six doses, followed 
by maintenance therapy with azathioprine [65]. Mean-
while, MMF, an antimetabolic drug, is often preferred 
for maintenance therapy due to its comparable efficacy 
to CYC with fewer side effects, and is increasingly used 
for induction therapy at doses adjusted according to dis-
ease activity [6]. Immunosuppressive agents, including 
calcineurin inhibitors (CNIs) such as cyclosporine A, 
tacrolimus, and voclosporin, are commonly used to con-
trol disease activity and induce remission prior to trans-
plantation, often in combination with mycophenolate 
mofetil (MMF) or glucocorticoids. Voclosporin is a novel 
calcineurin inhibitor, which has been tested in pivotal 
trials in patients with LN [66, 67]. Clinical trials showed 
that adding voclosporin to MMF and low-dose steroids 
resulted in a clinically and statistically superior complete 
renal response rate compared to MMF and low-dose ster-
oids alone, while maintaining a comparable safety profile 

[66, 68, 69]. Notably, clinical trials indicated that adding 
voclosporin to MMF and low-dose steroids resulted in 
significantly more patients achieving urine protein cre-
atinine ratio (UPCR) reductions of ≥ 50% from baseline at 
6 months [70]. In a phase 2 study comparing voclosporin 
to tacrolimus in kidney transplant recipients, voclosporin 
demonstrated similar efficacy in reducing acute rejection 
rates. Notably, the incidence of new-onset diabetes after 
transplantation was significantly lower in the voclosporin 
group (1.6%) compared to the tacrolimus group (16.4%) 
[67]. The combination of immunosuppressive drugs not 
only enhances therapeutic efficacy but also minimizes 
the adverse effects associated with higher doses of a sin-
gle drug, making it a preferred strategy in preparing LN 
patients for transplantation.

Hydroxychloroquine (HCQ) is a cornerstone in the 
management of SLE) LN, owing to its immunomodu-
latory, anti-inflammatory, and antithrombotic proper-
ties [71]. The optimal dosing of HCQ in patients with 
advanced LN, particularly those with renal impairment, 
remains a topic of debate. Current guidelines suggest a 
reduction of 50% in HCQ dose for patients with a glo-
merular filtration rate (GFR) less than 30  mL/min to 
mitigate potential toxicity [6]. Nonetheless, some stud-
ies advocate for maintaining standard dosing, empha-
sizing the drug’s protective effects against disease 
progression [72, 73].

Biologic Agents
The use of biologic agents has significantly enhanced 
LN management by targeting specific immune path-
ways involved in disease pathogenesis and reduce side 
effects. Interleukin-2 (IL-2) plays a crucial role in main-
taining immune tolerance by promoting the prolifera-
tion and function of regulatory T-cells. Recent studies 
have shown that low-dose IL-2 therapy can restore Treg 
function and ameliorate disease activity in SLE patients 
[74, 75].

On the other hand, biologic agents modulating B-cell 
activity, such as belimumab, rituximab, and Obinu-
tuzumab, also have been proved effective in RN. Beli-
mumab, a monoclonal antibody against B-lymphocyte 
stimulator (BLyS), can reduce B-cell activation and 
autoantibody production [76]. The BLISS-LN trial 
demonstrated that adding belimumab to standard 
therapy improved renal response rates in patients 
with active LN [77]. Other trials proved that beli-
mumab could reduce the risk of LN flare and decrease 
the eGFR decline in a broad spectrum of patients with 
LN [78, 79]. Consequently, the KDIGO 2024 guide-
lines recommend belimumab as an adjunct to standard 
immunosuppressive therapy for patients with active 
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LN [5]. Rituximab targets CD20-positive B cells, lead-
ing to their depletion. While a clinical trial did not 
show a significant benefit of rituximab over placebo in 
achieving renal response, subsequent studies suggest 
potential efficacy in refractory LN cases [80, 81]. The 
KDIGO 2024 guidelines suggest considering rituximab 
for patients who do not respond adequately to initial 
therapy [5]. Meanwhile, Obinutuzumab is a humanized 
type II anti-CD20 monoclonal antibody engineered for 
enhanced B-cell depletion. The Phase II NOBILITY 
trial demonstrated that Obinutuzumab, in combina-
tion with standard therapy, led to higher renal response 
rates in LN patients [82]. While not yet included in the 
KDIGO 2024 guidelines, Obinutuzumab represents a 
promising therapeutic option pending further evidence.

Post‑Transplant Medications (Fig. 2)
The immunosuppressive regimen for LN patients after 
kidney transplantation is similar to that for patients receiv-
ing kidney transplants for other causes. Commonly used 
immunosuppressive regimens include the combination 
of CNIs, MMF, and glucocorticoids [83, 84]. In addition 
to immunosuppression, LN patients require particular 
attention to the control of lupus activity to prevent recur-
rence after transplantation. Tacrolimus or cyclosporine 
are the mainstay CNI agents and can be used as mainte-
nance immunosuppressants in LN patients after kidney 

transplantation to prevent graft rejection and manage 
residual SLE disease activity [5]. MMF and MPA are rec-
ommended for the maintenance treatment of LN patients, 
including those who have undergone kidney transplanta-
tion, as they have significant effects in reducing proteinu-
ria and preventing disease relapse [5]. For patients who are 
unable to tolerate or cannot access MPA, azathioprine is 
an alternative choice for maintenance immunosuppres-
sive therapy. In cases of LN patients with TMA, the use 
of complement inhibitors (such as eculizumab) should 
be considered, especially in  situations of atypical hemo-
lytic uremic syndrome or catastrophic APS [85]. For LN 
patients with childbearing needs, hydroxychloroquine 
is recommended, and low-dose aspirin should be started 
before 16 weeks of gestation to reduce the risk of preec-
lampsia and intrauterine growth restriction [5]. Belata-
cept, a selective T-cell co-stimulation blocker, has been 
explored as an alternative to CNIs in kidney transplanta-
tion. However, studies such as the BENEFIT trial have 
shown that belatacept is associated with higher rates and 
increased severity of acute rejection episodes compared 
to cyclosporine [86]. An alternative approach is the com-
bination of belatacept with mycophenolate mofetil and 
corticosteroids, which has been approved by the U.S. Food 
and Drug Administration (FDA) for use in adult kidney 
transplant recipients [87–89]. Study showed that switching 
from a CNI-based regimen to everolimus can improve and 

Fig. 2  Outline of medication management after renal transplantation in patients with Lupus Nephritis

This figure summarizes the key strategies for managing Lupus Nephritis after kidney transplantation. It includes prevention of acute rejection 
with tacrolimus-based regimens, anticoagulation with VKA, infection prevention through methenamine and CMV therapy, and prevention of LN 
recurrence with CNI/steroid maintenance, rituximab, and plasmapheresis for severe flares
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stabilize graft function without a significant increase in the 
risk of biopsy-proven acute rejection [90]. Another alter-
native is the use of anti-CD25 monoclonal antibodies, such 
as basiliximab and daclizumab, which have been shown 
to reduce the incidence of acute rejection in solid-organ 
transplant recipients [91]. The choice of alternative CNIs 
options should be based on the patients’ specific condition 
and the availability of these agents in the regions.

Anticoagulation Therapy
The presence of antiphospholipid syndrome (APS) in 
LN patients elevates the risk of thrombotic events post-
transplantation [92]. If APS affects the kidneys, it can 
lead to antiphospholipid syndrome nephropathy (APSN), 
characterized by renal vascular lesions and thrombotic 
microangiopathy (TMA) [93]. APS may occur concur-
rently with or independently from LN. The diagnosis 
of APS relies on the detection of antiphospholipid anti-
bodies (aPL), including anticardiolipin antibodies (aCL), 
lupus anticoagulant (LA), and anti-β2 glycoprotein I 
antibodies (aβ2GPI). Notably, these antibodies may also 
be positive in LN patients, typically during disease active 
periods. Therefore, the diagnosis of APS in LN patients 
should be based on the occurrence of thrombotic events 
and the repeated testing of aPL at least 12  weeks apart 
during a period of LN quiescence, with sustained posi-
tivity. Positive IgA-aB2GPI antibodies was defined as 
an independent risk factor for early graft loss (6 months 
after transplantation) [94]. Patients with APS are more 
likely to experience graft loss due to thrombotic events, 
which can occur in almost 100% of APS patients if they 
do not receive preemptive anticoagulation [95]. A long-
term multicenter analysis reported that patients with 
APS had lower 15-year allograft survival  rate compared 
with patients without APS (73.86% vs. 90.48%) [96].

There are no specific treatments for APS. In renal trans-
plant recipients with concurrent APS and LN, the pri-
mary focus post-transplantation should be on thrombosis 
prevention. For patients with pre-existing APS, antico-
agulation therapy should be initiated prior to transplanta-
tion [97]. For most patients with end-stage renal disease 
(ESRD), particularly those awaiting deceased donor 
transplantation, the use of low molecular weight hepa-
rin (LMWH) in therapeutic doses is limited due to the 
high risk of bleeding and the impracticality of advanced 
notice. Instead, the preferred approach involves adjusting 
the international normalized ratio (INR) to below 1.5, fol-
lowed by unfractionated heparin (UFH) infusion, which 
allows for better control and rapid reversal if needed. This 
approach ensures safer anticoagulation management in 
the perioperative period while minimizing complications. 
Warfarin is usually reintroduced 24 h after transplantation 
to continue long-term anticoagulation management [98].

Anti‑Microbial Therapy
Infection is a major contributor to post-transplant mor-
tality in patients with LN, making anti-microbial therapy 
important [98]. Early post-transplant infections com-
monly include surgical site infections, pneumonia, uri-
nary tract infections (UTIs), bacteremia, fungal infections 
and C. difficile colitis [99]. Among these, urinary tract 
infections require particular attention, especially given 
the limited options for treatment and risk of develop-
ing drug-resistant bacteria with prolonged prophylactic 
antibiotics use. To reduce the rate of UTIs, Methenamine 
Hippurate is recommended twice daily, which can lower 
infection rates by up to 50% [100, 101]. Immunosuppres-
sive therapy after renal transplantation also increases the 
risk of opportunistic infections or reactivation of latent 
pathogens, such as BK virus, CMV, herpes simplex virus 
(HSV), varicella zoster virus, hepatitis B virus, hepati-
tis C virus (HCV), and tuberculosis [102]. For BK virus, 
which is often linked to the use of immunosuppressive 
drugs, the primary treatment involves reducing immuno-
suppression, while intravenous immunoglobulin (IVIG) 
can provide passive immunity to help clear the infection 
[103]. CMV infections, often contracted from is seroposi-
tive renal donors, are typically treated with valganciclovir 
(oral) or ganciclovir (intravenous) [104, 105]. For other 
viral infections, standard antiviral therapies are generally 
effective.

Supportive therapy
Supportive therapy is crucial for optimizing outcomes in 
LN patients undergoing kidney transplantation. Given 
the distinct challenges posed by LN, tailored supportive 
measures are essential [106]. LN patients generally expe-
rience proteinuria and hypoalbuminemia and required 
dietary planning. A balanced diet with adequate protein 
intake is recommended to compensate for urinary protein 
losses while avoiding excessive intake that could exacer-
bate glomerular hyperfiltration and intraglomerular pres-
sure [107]. Sodium intake should be restricted to manage 
hypertension, a common complication in LN patients. 
Additionally, maintaining adequate caloric intake is 
important to prevent malnutrition and support recovery 
post-transplantation [108, 109]. Additionally, managing 
dietary salt intake is important, as elevated systolic blood 
pressure has been associated with an increased risk of 
graft loss, specifically, a 32% increase for 20 mmHg rise 
in blood pressure. Antihypertensive agents such as angio-
tensin-converting enzyme inhibitors (ACEIs) or angioten-
sin II receptor blockers (ARBs) are often preferred due to 
their renal protective effects [110, 111].

Given the rising incidence of obesity and insulin resist-
ance post-transplantation, largely due to ongoing gluco-
corticoid therapy and low physical activity. patients are 
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encouraged to engage in at least 5  h of moderate exer-
cise per week [112–114]. Chronic corticosteroid use in 
LN patients can lead to decreased bone mineral density. 
Bone health should be monitored regularly, and interven-
tions such as calcium and vitamin D supplementation, 
along with weight-bearing exercises, are advised to miti-
gate the risk of osteoporosis [115].

Prognosis of Renal Transplantation and 
Management in Special Populations with LN
Recurrence of LN Following Kidney Transplantation
LN recurrence following kidney transplantation is a 
significant concern for patients with ESRD due to SLE. 
The reported recurrence rates of LN post-transplan-
tation vary widely across studies. The overall recur-
rence rate of post-transplant LN was reported to be 
2.44% [116]. The recurrence rates also demonstrated 
temporal variability: [116] between 1987 and 1995, 
the recurrence rate was 3.19%, while it decreased to 
1.98% during the period from 1996 to 2006, potentially 
attributed to the increased utilization of MMF. Post-
transplant lupus flares were significantly associated 
with a higher risk of graft failure, with a graft failure 
incidence of 93.4% in post-transplant LN patients. 
In comparison, the graft failure incidence was 85.7% 
in the rejection group and only 19.1% in the group 
without relapse or rejection. In addition, the over-
all survival rate of post-transplant LN patients was 
lower than that of the non-relapse group but compa-
rable to the rejection group. The mortality rate in the 
post-transplant LN group was 16%, lower than the 
rejection group (18%) but higher than the no-relapse 
group (11%) [116]. Another study from 2019 reported 
a recurrence rate of 8% among renal transplant recipi-
ents with LN, noting that recurrence was not associ-
ated with graft loss [117]. In contrast, a surveillance 
biopsy study found a higher recurrence rate of 54% in 
41 patients, with most cases being subclinical and clas-
sified as class I or II LN [118]. Recent meta-analysis 
showed that LN patients had lower graft survival rate 
(HR = 1.15) and patient survival rate (HR = 1.06) when 
compared with patients underwent transplantation 
due to other causes [3].

The management of recurrent LN involves a combi-
nation of early monitoring, immunosuppressive thera-
pies and supportive treatments [5]. Monitoring should 
start within 1–2 weeks after the transplantation, includ-
ing regular assessments of urine protein, serum cre-
atinine, and kidney function. When symptoms such as 
proteinuria, increased serum creatinine, or hematu-
ria are observed, a kidney biopsy should be promptly 
performed to confirm the recurrence of LN. Cur-
rently, no studies have compared the effects of different 

immunosuppressive drugs on the recurrence of LN in 
kidney transplant recipients. The treatment approach 
for recurrent LN in transplant kidneys is similar to that 
for conventional LN [5, 119]. High-dose corticosteroids 
are commonly used to control the immune response, 
along with cyclophosphamide for induction therapy. If 
patients experience adverse reactions or are intolerant 
to conventional CNIs such as cyclosporine or tacroli-
mus, immunosuppressive regimens can be adjusted to 
include MMF or azathioprine. For patients who do not 
respond adequately to conventional immunosuppressive 
treatments, anti-CD20 monoclonal antibodies can be 
used to suppress B-cell activity. In cases of more severe 
recurrent LN, plasmapheresis can be applied as an 
adjunctive therapy to help remove circulating autoanti-
bodies, thereby reducing immune-mediated damage.

Women of Childbearing Age
Pregnancy in women with LN requires meticulous 
planning and management to optimize maternal 
and fetal outcomes. It is important that pregnancy is 
deferred until the disease has been in remission for at 
least six months, as active LN at conception is associ-
ated with increased risks of adverse outcomes, includ-
ing preeclampsia, preterm birth, and fetal loss [120]. 
Kidney transplantation can improve the success rate of 
pregnancy [121]. It is recommended to avoid pregnancy 
for at least one year after kidney transplantation, as the 
risk of acute rejection is highest during this period of 
maximum immunosuppression [122]. CNIs, such as 
tacrolimus and cyclosporine, are commonly employed 
in transplant immunosuppression and are considered 
safe during pregnancy [123]. These agents should be 
continued to maintain graft function and prevent dis-
ease flare-ups. HCQ is another cornerstone of therapy 
in pregnant women with LN. Its use has been associ-
ated with a reduction in lupus activity and is deemed 
safe for both mother and fetus. Continuation of HCQ 
during pregnancy is recommended to decrease the risk 
of disease exacerbation [124]. MMF is teratogenic and 
should be replaced with AZA (azathioprine) before 
conception and throughout pregnancy [125, 126]. 
Rituximab, which can cross the placenta and depletes 
fetal B-cells, should also be avoided for at least one year 
before pregnancy [4]. APS requires special attention 
due to the increased risk of thrombosis and fetal mis-
carriage caused by antiphospholipid antibodies [127]. 
Anticoagulation therapy may be indicated in preg-
nant women with LN, particularly in the presence of 
antiphospholipid antibodies or a history of thrombotic 
events. Low-dose aspirin and prophylactic heparin 
are commonly used to mitigate the risk of thrombo-
sis and pregnancy complications [128]. Tacrolimus is 
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preferred over cyclosporine due to its lower impact on 
blood pressure [129]. Although advancements in phar-
macologic therapy improving pregnancy outcomes 
for women with LN post-transplant, it is still recom-
mended to perform a renal biopsy before the 20th week 
of gestation to confirm disease quiescent. Regular pla-
cental Doppler ultrasounds are essential to monitor 
fetal health [121, 130].

Conclusion
Kidney transplant outcomes in LN patients are influ-
enced by disease activity, demographics, and treatment 
history. Advances in biomarkers, immunosuppressive 
strategies, and transplant matching promise to enhance 
survival rates and reduce recurrence.
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