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Abstract

Early identification of kidney disease can protect kidney health, prevent disease progression and related
complications, reduce cardiovascular disease risk and decrease mortality. We must ask, “Are your kidneys ok?”
using serum creatinine to estimate kidney function and urine albumin to assess for kidney and endothelial damage.
Evaluation for causes and risk factors for chronic kidney disease (CKD) includes testing for diabetes and measurement

of blood pressure and body mass index. This World Kidney Day, we assert that case-finding in high-risk populations, or
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even population-level screening, can decrease the burden of kidney disease globally. Early-stage CKD is asymptomatic

and simple to test for, and recent paradigm-shifting CKD treatments such as sodium-glucose co-transporter-2 inhibitors

dramatically improve outcomes and favour the cost-benefit analysis for screening or case-finding programs. Despite

this, numerous barriers exist, including resource allocation, healthcare funding, healthcare infrastructure, healthcare

professionals, and population awareness of kidney disease. Coordinated efforts by major kidney non-governmental

organizations to prioritise the kidney health agenda for governments and aligning early detection efforts with other

current programs will maximise efficiencies.

Keywords: screening; case finding; chronic kidney disease; albuminuria; proteinuria; prevention

Introduction

Timely treatment is the primary strategy to protect
kidney health, prevent disease progression and related
complications, reduce cardiovascular disease risk and
prevent premature kidney-related and cardiovascular
mortality."” International population assessments show
low awareness and low detection of kidney disease
and substantial gaps in treatment.” People with kidney
failure universally express the preference for having
been diagnosed early in their disease trajectory to allow
more time for educational, lifestyle and pharmacologic
interventions.* Therefore, increasing knowledge and
implementing sustainable solutions for the early
detection of kidney disease to protect kidney health are

public health priorities.*’

Epidemiology and complications of kidney
disease

CKD (chronic kidney disease) is prevalent, affecting
10% of the world’s population, or over 700 million
people.” Almost 80% of the population with CKD reside
in low-income countries (LICs) and lower-middle-income
countries (LMICs), with approximately 1/3 of the known
affected population living in China and India alone.”® The
prevalence of CKD increased by 33% between 1990 and
2017.° The increasing prevalence of CKD is driven by
population growth, ageing and the obesity epidemic,
resulting in a higher prevalence of two major risk factors
for CKD: type-2 diabetes (T2DM) and hypertension. In
addition, risk factors for CKD beyond cardiometabolic

conditions contribute to the rising burden of kidney

disease, including social deprivation, pregnancy-related
acute kidney injury (AKI), preterm birth and increasing
environmental threats (infections, toxins, climate change,
air pollution).>” These threats disproportionately affect
people in LICs and LMICs.?

Undetected and untreated CKD is more likely to
progress to kidney failure and cause premature morbidity
and mortality. Globally, more people died in 2019 of
cardiovascular disease (CVD) attributed to reduced kidney
function (1.7 million people) than kidney disease alone
(1.4 million).” CKD is expected to rise to the 5" most
common cause of years of life lost by 2040, surpassing
type 2 diabetes, Alzheimer’s disease and road injuries.’
The rising mortality of kidney disease is remarkable in
contrast to other non-communicable diseases (NCDs),
such as CVD, stroke and respiratory disease, which are
projected to experience a decline in mortality.® Even in
early-stage CKD, multi-system morbidity decreases the
quality of life. In particular, mild cognitive impairment is
associated with early-stage CKD, and it is possible that
early CKD detection and treatment could slow cognitive
decline and reduce the risk of dementia.'” CKD in
children has profound additional effects, threatening
growth and cognitive development and with lifelong
health and quality of life implications.""** The number
of people on kidney failure replacement therapy (KFRT) -
dialysis and transplantation - is anticipated to more
than double to 5.4 million from 2010 to 2030."*" KFRT,
especially haemodialysis, is unavailable or unaffordable
to many in LICs and LMICs, contributing to millions of
deaths annually. LICs and LMICs comprise 48% of the

https://he01.tci-thaijo.org/index.php/JNST/index
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global population but account for only 7% of the treated

kidney failure population.”

WHO IS AT RISK OF KIDNEY DISEASE?

Testing people at high risk for kidney disease (case-
finding) limits potential harms and false-positive test
results compared with general population screening that
should only be considered in high-income countries (HICs).
Limiting testing to those at increased risk of CKD would
still capture a large proportion of the global population.
Moreover, targeted case-finding in patients at high risk of
CKD is not optimally performed even in HICs. About 1 in
3 people worldwide have diabetes and/or hypertension.
There is a bidirectional relationship between cardiovascular
disease and CKD, with each increasing the risk of the other.
The American Heart Association and European Society
of Cardiology call for testing those with cardiovascular

disease for CKD as part of routine cardiovascular

Hypertension
Cardiovascular
disease

Low birth weight/
Small for gestational age

Pregnancy related
kidney disease

Congenital/ genetic
anomalies

Other Health
Conditions

[ Malignancy ]

[ Autoimmune disease ]

Infections (e.g., HIV,
tuberculosis)

Rural/remote
living

Figure 1 Risk factors for chronic kidney disease

HOW CAN WE CHECK KIDNEY HEALTH?
Conceptually, there are three levels of CKD prevention.

Primary prevention reduces the incidence of CKD by

ot

Cardiometabolic
Disease

228

Socioeconomic

assessments. "'

Other CKD risk factors include a family history of
kidney disease (e.g., APOL1-mediated kidney disease
common in people of West African ancestry), prior AKI,
pregnancy-related kidney disease (e.g. pre-eclampsia),
malignancy, autoimmune disorders (systemic lupus
erythematosus, vasculitis), individuals born with low
birth weight or pre-term, obstructive uropathy, recurrent
kidney stones, and congenital anomalies of the kidney
and urinary tract (CAKUT), see Figure 1.> The social
determinants of health strongly affect CKD risk, both for
individuals and at a country level. In LICs and LMICs,
heat stress for agricultural workers is thought to cause
CKD of unknown aetiology, an increasingly recognized
major global cause of CKD."" In addition, envenomations,
environmental toxins, traditional medicines and infections
(viral hepatitis B or C, HIV, and parasites) deserve considera-

tion as risk groups, especially in endemic areas.""

Diabetes \
Obesity \

[ Toxins ]

[ Envenomations ]

[ Air pollution ]

Environmental

[ Climate change ]

Poverty \
Poor health
literacy

treating risk factors; secondary prevention reduces
progression and complications in those with detected

CKD; and tertiary prevention improves outcomes in those

J Nephrol Soc Thail 2025; 31(2): 94-104

https://he01.tci-thaijo.org/index.php/JNST/index



Special Article JNST

with kidney failure by improving management, such
as improved vaccination or optimal dialysis delivery.”
Primary and secondary prevention strategies can utilise
the 8 golden rules for kidney health promotion: healthy
diet, adequate hydration, physical activity, blood
pressure monitoring and control, glycaemic monitoring
and control, avoidance of nicotine, avoidance of regular
use of non-steroidal anti-inflammatory drugs and targeted
testing for those with risk factors.”’ Five of these are
identical to ‘Life’s Essential 8’ rules for improving and
maintaining cardiovascular health, including healthy
weight, adequate sleep and lipid management.”
Early detection focuses on secondary CKD prevention,
which involves protecting kidney health and reducing

cardiovascular risk.

Are your kidneys okay?

Globally, early detection of CKD is rare, haphazard and
even less likely to occur in LICs or LMICs. Currently, only
three countries have a national program to actively test for
CKD in at-risk populations. A further 17 countries actively
test at-risk populations during routine health encounters.”
Even in HICs, albuminuria is not assessed in over half of
people with T2DM and/or hypertension.”** Startlingly,
in those with documented reduced kidney function,
a diagnosis of CKD is often missing. A study in HICs
showed the absence of CKD diagnosis among 62-96%
of the population with laboratory evidence of CKD stage
G3.”

We recommend that healthcare professionals
perform the following tests for all risk groups to assess
kidney health (Figure 2)

a) Blood pressure measurements, such as hyper-
tension, are the most prevalent risk factor for kidney
disease worldwide.****

b) Body Mass Index (BMI) since obesity is epide-
miologically associated with CKD risk indirectly through
T2DM and hypertension and as an independent risk
factor. Visceral adiposity contributes to monocyte
microinflammation and cardiometabolic kidney risk.>***
) Testing for diabetes with glycosylated haemoglobin,

fasting blood sugar, or random glucose is part of kidney

health assessment, as T2DM is a common risk factor.>**%

d) Evaluating kidney function using serum creatinine
to estimate GFR (eGFR), is recommended in all settings.’
GFR should be estimated with a validated, race-free
equation appropriate for the country, region, and age
group.” In general, the eGFR < 60 ml/min/1.73 m?is the
threshold for CKD in adults and children, although a
threshold of < 90 ml/min/1.73 m’ can be flagged as “low”
in children and adolescents over the age of 2 years.” A
limitation of creatinine-based eGFR is that creatinine is also
a marker of nutrition and muscle mass. Therefore, states
of malnutrition and frailty overestimate kidney function.*
Thus, eGFR using the combination of serum creatinine and
cystatin Cis generally more accurate than either biomarker
alone in most clinical contexts. However, the feasibility of
cystatin C use is mainly limited to HICs because of assay
availability and cost relative to creatinine.>**"

e) Testing for kidney damage (albuminuria). In adults
and children, a first-morning sample is preferred for
assessing albuminuria.” In adults, quantitative urinary
albumin-creatinine ratio (UACR) is preferred as the most
sensitive test.” Importantly, urinary albumin is in the
process of being standardized analytically, which should
ultimately facilitate worldwide UACR standardization.”
In children, both protein-creatinine ratio (UuPCR) and
UACR should be tested in order to assess tubular
proteinuria.” Semiquantitative albuminuria testing allows
for flexibility for point-of-care or home-based testing.”
Semiquantitative or qualitative screening tests should
be positive in >85% of individuals with quantitative uACR
30 me/g or more to be useful.” In resource-constrained
settings, urine protein dipstick testing may be used with
a threshold of +2 proteinuria or greater to reduce false
positive results for repeat confirmatory testing.”

In specific populations, the following can be
considered:

f) Testing for haematuria is notable as the forgotten
risk factor in recent clinical practice guidelines. It is
particularly important for those at risk for glomerular
disease, particularly IgA nephropathy.™

g) Baseline imaging in groups with signs or symptoms

of structural abnormalities (eg. pain and haematuria) to

https://he01.tci-thaijo.org/index.php/JNST/index
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evaluate for kidney masses, cysts, stones, hydronephrosis
or urinary retention is important. Antenatal ultrasound
can detect hydronephrosis and other CAKUT.

h) With the increasing availability of genetic testing,
family cascade CKD testing is indicated when there is a

known genetic risk of kidney disease.”

i) In those with an occupational risk of developing
kidney disease, kidney testing should be offered as part
of occupational health programs.

j) Those who donate kidneys should be included in
a post-donation surveillance program to assess kidney

health over the long term.”

Education of patient, family, and provider

CKD diagnosis

Risk stratification for

confirmed staging and prognosis freatment
Determlng mdeuql o KD screening
population-level risk
| No CKD
diagnosis
Individual
patient

rescreening

Figure 2 Conceptual framework of chronic kidney disease testing, risk stratification, and treatment program.”

POTENTIAL BENEFITS OF EARLY DETECTION
Screening for CKD fits many of the World Health
Organisation’s Wilson-Jungner principles. Early-stage
CKD is asymptomatic, and effective treatments,
including lifestyle modification, interdisciplinary care, and
pharmacologic interventions, have been established.”****
WHO essential medicines that improve CKD outcomes
should be widely available, including ACE inhibitors,
angiotensin receptor blockers, statins and sodium-glucose
co-transporter-2 inhibitors (SGLT2i).?” SGLT2i alone is
estimated to decrease the risk of CKD progression by 37%
in people with and without diabetes.” For a 50-year-old
person with albuminuria and non-diabetic CKD, this could
extend their future period of healthy kidney function
from 9.6 years to 17 years.”" These essential medicines
reduce progression to more advanced CKD stages and
limit cardiovascular hospitalization to provide short-term
cost-effectiveness, especially for LICs. Where available
and affordable, the range of new paradigm-shifting
medications to slow CKD progression also includes
glucagon-like peptide-1 receptor antagonists, non-steroidal
mineralocorticoid receptor antagonists, endothelin
receptor antagonists and specific disease-modifying drugs

(e.g. complement-inhibitors) that herald an exciting new

era for nephrology.

Considering the significant healthcare costs associated
with CKD, particularly hospitalization and kidney failure,
effective preventive measures offer clear economic
benefits for both high- and low-income countries. CKD
confers enormous costs to individuals, their families,
healthcare systems and governments worldwide. In the
United States, CKD costs Medicare over USS$ 85 billion
annually.” In many high- and middle-income countries,
2-4% of the health budget is spent on kidney failure care
alone. In Europe, healthcare costs associated with CKD are
higher than those associated with cancer or diabetes.”
Reducing the burden of kidney care worldwide will also
have profound environmental effects, as it will save water
and plastic waste, especially associated with dialysis.*
On an individual level, CKD costs are frequently
catastrophic, particularly in LICs and LMICs, where the
individual largely bears the payment burden. Only 13%
of LICs and 19% of LMICs cover the costs of KFRT for
adults.” CKD causes 188 million people in low and
lower-middle-income countries annually to be faced
with catastrophic healthcare expenditures.*

The most widely cited and studied incremental

cost-effectiveness ratio (ICER) threshold to assess

J Nephrol Soc Thail 2025; 31(2): 94-104
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screening is US$ <50,000 per quality-adjusted life year
(QALY).” If the prevalence of CKD is high, a population-wide
screening strategy should be considered in HIC.***
For example, in the United States, a recent Markov
simulation model of population-wide screening for CKD,
which included appropriate SGLT2i treatment added
to standard-of-care ACE inhibitors or angiotensin
receptor blockers for adults aged 35 to 75 years old
with albuminuria, concluded that screening to identify
CKD would be cost-effective.”® In addition, an analysis
of a home-based general population semiquantitative
albuminuria screening in Holland was also found to be
cost-effective.”” Case finding to detect CKD in higher risk
groups rather than mass or general population screening
will reduce costs and other harms whilst increasing the
true positive rate of the screening tests.””>* An alternate
ICER threshold proposed by WHO is <1-3 times the ratio
of the gross domestic product per capita income per
QALY, which can be used to assess case-finding
approaches in LIC and LMIC.* The recommended tests
for detecting kidney disease are low-cost and minimally
invasive, facilitating their administration across diverse
settings. Basic testing of eGFR and urinary ACR is
widely available, and using urine dipstick testing
where quantitative proteinuria testing is unavailable or
unaffordable will drastically reduce testing costs.”

If coupled with effective intervention, early identi-
fication of people with kidney disease will benefit the
individual, the health care system, governments and the
economy.* Health and quality of life benefits for the
individual would lead to improved productivity,
especially in the young with more working years
ahead, and developmental/educational improvements
in children and young adults. Individuals would face
fewer catastrophic health expenses, governments and
healthcare systems would save money not only on
CKD care but also on cardiovascular disease costs,
and economies would benefit from more worker
participation. This is especially crucial for lower-income
countries, where the greatest burden of CKD exists and is
cruelly coupled with the lowest ability for governments

and individuals to afford kidney care.

CHALLENGES AND SOLUTIONS FOR
IMPLEMENTATION

Structural barriers to widespread identification and
treatment of people with CKD include cost, reliability of
testing and lack of health information systems to track
CKD burden. These are underpinned by a lack of relevant
government and healthcare policy, low healthcare
professional knowledge and implementation, poor
general population perceived kidney disease risk and
low patient CKD awareness. Solutions for implementing
effective interventions include tying CKD identification
to existing screening programs, educating the public
and primary care professionals and leveraging non-
governmental organization (NGO) joint advocacy
programs to focus health policy agendas on kidney
disease. Any solutions must balance the potential benefits
and harms of screening and case-finding programs. Ethical
implications for consideration include the availability of
resources (such as healthcare workers and medicines),
the affordability of testing and treatment, false positives
or negatives and anxiety for patients and their families.*’

Screening and case-finding programs require
workforce capacity, health information systems, reliable
testing equipment, and equitable access to medical
care, medicines, vaccines and technologies. Primary
care is at the front lines of the battle to protect kidney
health, particularly in low and lower-middle-income
countries. The tiny nephrology workforce, with a median
global prevalence of 11.8 nephrologists per million
population and an 80-fold difference between LICs
and HICs, is inadequate to detect and manage the vast
majority of CKD.”” As for other chronic diseases, primary
care clinicians and other frontline health workers
are foundational to early detection of CKD.* Testing
must be affordable, simple and practical, with point-
of-care creatinine testing and urine dipsticks useful in
resource-limited settings.”* Despite constrained time and
resources, educational efforts directed at primary care
clinicians are key to integrating CKD detection into

routine care.””!

Automated clinical decision support
could leverage electronic health records to identify

people with CKD or at high risk of CKD and recommend

https://he01.tci-thaijo.org/index.php/JNST/index
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appropriate actions to clinicians (Figure 2).

Currently, few countries have CKD registries, limiting
our ability to highlight the disease burden to governments.
Knowledge of CKD burden assists in prioritizing kidney
health needs, which should then progressively expand
to encompass the full spectrum of kidney care.” A global
survey revealed only a quarter of the countries (41/162)
had a nation-specific CKD strategy, and fewer than a third
(48/162) recognized CKD as a public health priority.”
WHO’s recognition of CKD as a major driver of NCD
mortality would be impactful in increasing awareness,
improving local surveillance and monitoring to implement
clinical practice guidelines and improving resource
allocation.”

Programs for the early detection of CKD will require
extensive coordination and engagement of stakeholders,
including governments, health systems and insurers.
International and national kidney organisations, such
as the International Society of Nephrology (ISN), have
already advocated for WHO and individual governments
to prioritise kidney disease. We must continue this work,
collaborating to streamline early detection program
planning and implementation. Connection to existing
community interventions (e.g. cardiovascular disease
prevention) in LMICs and HICs can decrease costs and
maximize efficiencies by integrating into existing
programs. Such programs must be adapted to the local
context. They can be held in various settings, such as
individual healthcare practices, hospitals, and regional
or national healthcare facilities or outreaches in rural
communities. Depending on local regulations and
resources, screening and case-finding can also occur
outside medical settings such as town halls, churches
or markets. Volunteers in the community can also assist
with community-based screening and case-finding
efforts.

In conjunction with reorienting the clinical practice
of health care professionals to a greater focus on timely
detection of CKD, we must focus on general population
perceived risk education and health promotion activities,

as well as education programs aimed at patient awareness

and empowerment. General population awareness of
kidney disease is poor, with 9 out of 10 people with CKD
unaware they are affected.” Coverage of kidney disease
is missing from the mainstream conversation, with an
analysis of lay press showing kidney disease was 11 times
under-represented in discussion compared to the actual
cause of death.” A number of national and international
organizations have developed public-facing quizzes on the
risk of kidney disease, supported by a regional study that
showed socially vulnerable patients with hypertension
do not understand their kidney risks.”****" Online and
direct education for healthcare professionals can improve
consumer health literacy. Patient activation, engagement,
and shared decision-making are downstream impacts of
awareness. Awareness education is necessary for CKD,
including detection and risk stratification, to inform and
empower rather than frigchten people regarding the
timing and extent of interventions (see Box 1)."*"*
Getting the balance right will optimize self-efficacy and

patient, family and caregiver engagement.

Conclusion: A Call to Action

We call on all healthcare professionals to check the
kidney health of their patients at risk of kidney disease. In
tandem, we must work with public health organizations
to improve the general population’s perceived risk of
kidney disease and empower people at risk to seek kidney
health checks. To ensure this change can be delivered,
we must work with healthcare systems, governments and
the WHO to prioritize kidney disease and create effective
and efficient early detection programs for kidney disease.
Only then will the paradigm-shifting benefits of lifestyle
change and pharmacologic treatments translate to better

kidney and overall health for people worldwide.

Appendix

The World Kidney Day Joint Steering Committee
includes Valerie A. Luyckx, Marcello Tonelli, Ifeoma Ulasi,
Vivekanand Jha, Marina Wainstein, Siddig Anwar, Daniel
O’Hara, Elliot K. Tannor, Jorge Cerda, Elena Cervantes,

and Maria Carlota Gonzalez.
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| actually didn’t fully understand because nobody had actually given me the full information of what | had in a
way that | could kind of go, well, this is what I've got [CKD], and this is why I’ve got it.’

[the clinicians] they can answer those [kidney health] questions, ... but it’s all very jargonistic.

| didn't know what it [CKD] meant, so | couldn't really share it with other people.

I may not know what my [kidney health] numbers are, but | do know what the tests are, and | do know that I've
had them done before.

Well, let me put it this way: I'm now well aware now of the significance of the kidneys and about what the issues
are here. And | would definitely consider... When | go to the doctor, | would say to him, “Now, listen. You did the
blood tests. But how are my kidneys doing? What are the numbers?

| know that they have done urine tests in the past, and | know protein and sugar were in my urine.

| went from never taking a tablet to taking 22 tablets. What going on here? | didn’t know what they were. But |
just numbered them, which helped me a lot because | realised what was going on, but for some of them, every
time | went there [to see the doctor], I’d get another tablet. | knew | had to take it because they knew what they
were doing, the doctors | saw.

This [CKD] is something new, so immediately | was like, just another thing to be concerned about. But then | felt
kind of empowered, and like | really do want to get ahead of this thing. | feel like | do want to have a conversa-
tion with my primary care physician.

What | would be mostly interested in is what is happening, why it is happening, and what | can do to slow it [CKD]
down.

Box 1 Are your kidneys okay? Person perspectives on chronic kidney disease awareness, detection and treatment

from the literature.””’
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Abstract

This study examines data from the Thailand Renal Replacement Therapy (TRT) Registry, highlighting trends,
challenges, and opportunities in managing End-Stage Kidney Disease (ESKD) and delivering renal replacement
therapy (RRT) in Thailand. Between 2000 and 2023, the number of new patients initiating hemodialysis rose by 13,045
in 2023, while new peritoneal dialysis cases declined by nearly 50% compared to 2021. Diabetic nephropathy and
hypertension remained the leading causes of ESKD, accounting for over 80% of cases. Despite the growing burden of
ESKD, significant gaps in care persist, including challenges with vascular access and disparities in dialysis adequacy.
Kidney transplantation rates remain low, with only a small percentage of patients on the waiting list. Additionally,
the study highlights concerns about malnutrition and low vaccination coverage among dialysis patients. In 2023,
the mortality rate among incident dialysis patients was 3.6%, with cardiac disease and infections as the leading
causes of death. These findings emphasize the urgent need for targeted interventions in hypertension and diabetes
management, infection prevention, and improved access to transplantation and vaccination. This analysis provides

critical insights to inform policy development and enhance the quality of care for ESKD patients in Thailand.
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of risk factors, and better access to renal replacement
therapy (RRT) in emerging economies. Thailand is currently
among the top eight Asian countries with the highest
incidence of treated ESKD.” This significant burden
raises concerns regarding the sustainability of healthcare
financing and the capacity of healthcare systems to
provide adequate services.”

ESKD poses a considerable public health challenge
in Thailand, with the number of patients requiring RRT
steadily increasing over the past decade.” A retrospective
cohort study involving 855 hemodialysis centers in
Thailand reported a high mortality rate among ESKD
patients undergoing hemodialysis, with survival rates of
93.5%, 69.7%, and 41.2% at 1, 3, and 5 years, respectively.’
During the 30 months of the COVID-19 pandemic, ESRD
patients in Thailand experienced an excess mortality
rate of 5.7% above expected deaths (95% Cl: 1.7%,
10.0%), highlighting their increased vulnerability to
pandemic-related mortality compared to the general
population.® However, dialysis treatment was associated
with a significant survival benefit for elderly Thai patients,
including those aged >80 years, who showed improved
outcomes with hemodialysis or peritoneal dialysis
compared to comprehensive conservative care.” These
findings emphasize the urgent need for targeted interven-
tions to reduce risks faced by ESKD patients, particularly
among vulnerable groups.

RRT is pivotal in managing ESKD and providing
life-sustaining treatment to patients worldwide. In
Thailand, the increasing prevalence of ESKD is driven by an
aging population and the rising incidence of diabetes and
hypertension—two primary causes of kidney failure.**
This growing burden necessitates a robust healthcare
response, including comprehensive data collection
and analysis, to inform policy decisions and improve
patient outcomes. To address this, Thailand updated
its hemodialysis policy under the Universal Coverage
Scheme (UCS) on February 1, 2022. This policy change
allows patients to choose hemodialysis as a treatment
option, promoting patient-centered care. Nevertheless,
concerns persist regarding the healthcare system’s

ability to accommodate the expected surge in demand

for hemodialysis services.

The Thailand Renal Replacement Therapy (TRT)
Registry is crucial in monitoring and evaluating RRT delivery
nationwide. By collecting data on treatment modalities
such as hemodialysis and peritoneal dialysis, the registry
provides valuable insights into patient demographics,
treatment outcomes, and emerging trends. These data are
essential for identifying gaps in care, optimizing resource
allocation, and improving the overall quality of care for
ESKD patients.

Despite significant progress in making RRT accessible
and affordable through Thailand’s UCS scheme, disparities
in service availability and patient outcomes persist. Factors
such as geographic location, socioeconomic status,
and healthcare infrastructure significantly affect patient
experiences and outcomes. The TRT Registry offers a
unique opportunity to examine these disparities and
provides evidence to support equitable healthcare
improvements.

This report analyzes the TRT Registry data, highlighting
key trends, challenges, and opportunities in the delivery
of RRT in Thailand. By reviewing the registry’s findings,
this work aims to guide clinicians, policymakers, and
researchers in developing strategies to improve care for
ESKD patients and enhance the healthcare system’s ability

to effectively meet their needs.

Methods

We conducted a detailed analysis of national registry
data collected through the TRT program. This nationwide
registry provides comprehensive information on dialysis
services and resources across all 77 provinces of Thailand
for 2023. The dataset encompassed a broad range of
demographic, clinical, and treatment-related variables for
Incident Dialysis patients. Ethical approval for this study
was obtained from the Institutional Review Board of the
Royal Thai Army Medical Department (Approval number:
IRBRTA 1445/2567), Bangkok, Thailand.

The analysis utilized data from the TRT program
(version 3), a robust system integrating information from
hospitals, dialysis centers, and nephrology units nationwide.

Data consistency was ensured through the use of
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standardized forms and electronic submissions, which
captured patient demographics, treatment modalities,
and clinical outcomes. The dataset included all patients
who initiated dialysis for ESKD between 2000 and 2023,
with a primary focus on those starting treatment in 2023.

The study population consisted of all patients who
began RRT in 2023, encompassing hemodialysis, peritoneal
dialysis, and kidney transplantation. Inclusion criteria
required complete medical records and verified initiation
of dialysis during the study period. Automated data-
cleaning algorithms embedded within the TRT system
systematically addressed duplicate entries and incomplete
records. Accuracy was further enhanced by cross-referenc-
ing patient information from multiple healthcare facilities
to eliminate errors. Anomalies or inconsistencies in the
dataset were flagged for review, and reporting centers
were contacted to resolve missing or unclear data.

The variables collected in this study encompassed a
wide range of data, including demographic details such
as age, sex, education level, and geographic distribution,
as well as clinical parameters like the underlying causes
of ESKD, metabolic and electrolyte profiles, anemia
status, and types of vascular access. Treatment modalities
included hemodialysis, peritoneal dialysis, and kidney
transplantation, while the distribution of patients across
reimbursement schemes—namely the UCS, Civil Servant
Medical Benefit Scheme (CSMBS), and Social Security
Scheme (SSS)—was analyzed to identify access patterns
and potential disparities. Additionally, vaccination and
serology data covering hepatitis, human immunodeficiency
virus (HIV), and other infectious diseases were included,
alongside clinical outcomes such as mortality rates, treat-
ment adequacy, and laboratory parameters related to
anemia management, mineral metabolism, and protein
intake. This comprehensive dataset facilitated an in-depth
evaluation of dialysis care dynamics, including trends in
the initiation of dialysis and kidney transplantation,
disparities in access and resource allocation across
geographic regions and reimbursement schemes, and

associations between treatment modalities and clinical

outcomes, such as treatment adequacy, metabolic
control, and nutritional status. The methodological
approach provided critical insights into the infrastructure
and quality of dialysis care in Thailand, offering a robust
foundation for evidence-based policy-making and

healthcare improvement.

Statistical Analysis

Descriptive statistics were employed to summarize the
dataset comprehensively. Continuous variables, including
age, laboratory parameters, and dialysis adequacy, were
reported as mean + standard deviation (SD) for normally
distributed data or as interquartile range (IQR) for non-normal
data. Categorical variables, such as reimbursement
schemes, vascular access types, and treatment modalities,
were presented as frequencies and percentages.

Patient characteristics, anemia status, metabolic and
electrolyte profiles, and clinical outcomes were compared
across treatment groups using means, medians, IQRs, and
percentages. Yearly trends in the initiation of dialysis and
kidney transplantation were analyzed through time-series
methods, while descriptive statistics evaluated the
prevalence of metabolic and mineral abnormalities,

anemia management practices, and vascular access

types.

Results

Yearly Incidence Trend of Dialysis Patients in
2000-2023

The incidence of RRT, which includes both hemodialysis
and peritoneal dialysis, has shown a steady increase from
2000 to 2023 (Figure 1). By 2023, data revealed a notable
rise in new cases. Specifically, 13,045 new patients began
hemodialysis, which represented a rate similar to that of
the 2020-2021 period (Figure 2). In contrast, 4,159 new
patients initiated peritoneal dialysis, reflecting a significant
decline of approximately 2.0 times compared to 2021
(Figure 3). Meanwhile, 986 patients underwent kidney
transplantation as their primary RRT modality, showing a

modest upward trend (Figure 4).
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Yearly incidence trend of dialysis patients from 2000 to 2023

¢
L

THAILAND!

Case (s)

adil 30

ROLOGY SOCIETY OF

25,000
20,000
15,000

10,000

i
P | |

[<=20001 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
‘.PD 169 | 21 21 24 | 31 56 73 | 123 | 698 |2,489|3,779|4,525|5,460|6,353|6,812|7,041|7,260|7,474|8,008|8,101 (8,917 |9,688|4,993 | 4,159
‘.HD 1,182| 400 | 651 | 881 |1,282|1,7002,266|2,8953,5433,429|3,673|4,627|5,241|6,045(6,970|7,519|8,175|8,774|10,096|11,249/10,201| 9,825 |13,004|13,045

Hemodialysis data from TRT, Peritoneal dialysis data from NHSO

Figure 1 Yearly incidence trend of dialysis patients from 2000 to 2023

Yearly incidence trend of hemodialysis patients from 2000 to 2023 N

8]
(e

adil 30
THAILAND

Case (s)

ROLOGY SOCIETY OF

13,004 13,045

12000 11,249
10,000 Hemodialysis data from TRT 10,096 [l 10,201
8,774
7,519 L0
5,000 6,970
6,000 6 045
’ a, 627"
4,000 3 543 3,429 3,673
51 700 2,266
2,000
) 1,182 o €51 1 , I
. mm .

ST I SRR SR BRSO SR SR R SN SR RN
Vi

14,000

Figure 2 Yearly incidence trend of hemodialysis patients from 2000 to 2023

Yearly incidence trend of peritoneal dialysis patients from 2000 to 2023
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Yearly incidence trend of kidney transplantation patients from 2000 to 2023
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Figure 4 Yearly incidence trend of kidney transplantation patients from 2000 to 2023

Underlying Causes of End-Stage Kidney Disease
(ESKD)

In 2023, the underlying causes of ESKD among incident
dialysis patients were primarily attributed to diabetic
nephropathy and hypertension, which together accounted
for over 80% of cases. Diabetes was the most common
cause, responsible for 41.8% of cases, followed closely
by hypertension at 39.1%, as detailed in Table 1. Cases

with an unknown etiology represented 10.8%, suggesting

Table 1 Underlying Causes of End-Stage Kidney Disease

the need for further investigation into these origins.
Glomerulonephritis, although less common, accounted
for 3.0% of the total cases. These findings underscore
the critical role of chronic conditions, particularly
hypertension and diabetes, in driving the increasing
prevalence of ESKD. Moreover, they emphasize the
importance of targeted preventive strategies, early
diagnosis, and effective management of these conditions

to mitigate the burden of ESKD in the population.

Etiology Total Percentage

(N=13,844) C))
Diabetic nephropathy 5,787 41.8
Hypertensive nephropathy 5,422 39.1
Unknown 1,492 10.8
Chronic glomerulonephritis 421 3.0
Obstructive nephropathy 135 1.0
Polycystic kidney disease 105 0.8
Chronic tubulointerstitial disease 71 0.5

Underlying Glomerulonephritis Confirmed by

Biopsy Resulting in End-Stage Kidney Disease
The causes of glomerulonephritis leading to ESKD

in 56 incident dialysis patients in 2023, as confirmed by

kidney biopsy, were diverse, as shown in Table 2. The most

common cause was IgA nephropathy, which accounted
for 32.3% of the cases, highlighting its significant role
in the progression to ESKD. The second and third most
common causes were focal segmental glomerulosclerosis

(FSGS) and crescentic glomerulonephtritis, making up 6.1%
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and 4.6% of the cases, respectively. These conditions
are known for their aggressive nature and poor renal

outcomes. Additionally, the cause of kidney damage was

unknown in 35.4% of the cases, indicating the need for

further investigation into this group.

Table 2 Underlying Glomerulonephritis Confirmed by Biopsy Resulting in End-Stage Kidney Disease

Glomerulonephritis Confirmed by Biopsy Perc(t:/:)tage
IsA nephropathy 32.3
Focal segmental glomerulosclerosis 6.1
Crescentic glomerulonephritis 4.6
Membranous nephropathy 3.0
Mesangial proliferative glomerulonephritis 15
Membranoproliferative glomerulonephritis 1.5
Unknown 35.4

Age, Sex, and Education of Dialysis Patients

The dialysis population had a mean age of 60.9+13.9
years, with a sex distribution of 53.3% male and 46.7%
female. When this population was divided into two
groups based on the type of dialysis—hemodialysis and
peritoneal dialysis—the age and sex distribution remained
similar across both groups. Specifically, the mean age in
both the hemodialysis and peritoneal dialysis cohorts
was comparable, reflecting a balanced representation
of both sexes in each treatment modality. This
consistency suggests that age and sex were not
significant differentiators between the two groups in
the study population, as shown in Table 3.

The majority of dialysis patients had an education
level of primary school or lower, comprising 53.7%
(7,436 individuals). The group receiving peritoneal
dialysis had a higher percentage of individuals with
this educational background (66.6%) compared to
hemodialysis (53.0%). In contrast, hemodialysis patients
had a higher percentage of individuals with a bachelor’s
degree or higher (11.0%) compared to peritoneal dialysis
(8.3%), as shown in Table 3.

Kidney Transplantation Waiting List Among
Dialysis Patients

The data showing that only 2.8% of hemodialysis
patients and 2.9% of peritoneal dialysis patients are
registered on the kidney transplant waiting list highlight
significant challenges related to accessibility and aware-
ness of kidney transplantation. This low registration rate is
particularly concerning among younger patients, with only
5.2% of individuals under 60 and 4.2% of those under 65

included on the list, as shown in Table 4.

Distribution of New Dialysis Patients Across
Different Reimbursement Schemes

In 2023, the distribution of incident dialysis patients in
Thailand across various reimbursement schemes reflects
the country’s commitment to providing access to RRT for
individuals with ESKD, as shown in Table 5. Most incident
dialysis patients were covered by the UCS (65%), followed
by the SSS (13.2%) and the CSMBS (12.3%)).

The UCS’s broad coverage is key in managing the
growing ESKD burden. While all schemes predominantly
favored hemodialysis, the UCS showed a higher propor-
tion of patients receiving peritoneal dialysis than the
other schemes. This variation may be due to differences
in dialysis availability, patient preferences, and healthcare

provider recommendations.
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Table 3 Characteristics of Dialysis Patients: Age, Sex, and Education Level

Category Hemodialysis Peritoneal Dialysis Total
(N= 13,045) (N= 743) (N= 13,844)
Male/Female (%) 53.5/46.5 50.3 / 49.7 53.3/46.7
Age (years) 60.8+13.9 61.3+14.6 60.9+13.9
Age groups (N, %)
<18 years 26 (0.2) 12 (1.6) 38 (0.3)
18-40 years 1,213 (9.4) a7 (6.4) 1,263 (9.2)
41-60 years 4,335 (33.5) 229 (31.1) 4,584 (33.3)
>60 years 7,387 (56.9) 449 (60.9) 7,870 (57.2)
Education levels (N, %)
Primary school or lower 6,918 (53.0) 495 (66.6) 7,436 (53.7)
Secondary school 1,312 (10.1) 69 (9.3) 1,387 (10.0)
High school 1,596 (12.2) 47 (6.3) 1,646 (11.9)
Vocational/High vocational certificate 822 (6.3) 34 (4.6) 863 (6.2)
Bachelor’s degrees or higher 1,434 (11.0) 62 (8.3) 1,505 (10.9)
Unknown 963 (7.4) 36 (4.9) 1,008 (7.3)

Table 4 Kidney Transplantation Waiting List Among Dialysis Patients

Category Hemodialysis Peritoneal Dialysis Total

(N= 13,045) (N= 743) (N=13,844)

Waiting list for kidney transplantation 359 (2.8 %) 22 (2.9 %) 383 (2.8%)

Age (years)

<60 years 294 (5.2%) 18 (6.1%) 312 (5.2%)

<65 years 318 (4.2%) 20 (4.8%) 338 (4.2%)

<70 years 332 (3.5%) 22 (4.1%) 355 (3.5%)

<75 years 341 (3.0%) 22 (3.4%) 364 (3.1%)

Table 5 Distribution of Reimbursement Schemes for New Dialysis Patients

e Hemodialysis Peritoneal Dialysis ‘ Total
(N= 13,045) (N= 743) (N=13,844)
Universal Coverage Scheme (UCS) 8,482 (65.0%) 554 (74.6%) 9,067 (65.5%)
Social Security Scheme (SSS) 1,720 (13.2%) 94 (12.7%) 1,824 (13.2%)
Civil Servant Medical Benefit Scheme (CSMBS) 1,640 (12.6%) 44 (5.9%) 1,694 (12.3%)
Self-payment 325 (2.5%) 7 (0.9%) 335 (2.4%)
Others 878 (6.7%) 44 (5.9%) 925 (6.7%)
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Type of Vascular Access in New Hemodialysis
Patients

The primary vascular access in the new patients was
arteriovenous fistula (AVF) (35.9%), double lumen catheter
(34.4%), and permanent catheter (22.3%), as shown in

Table 6. The data revealed a notably high prevalence of

patients relying on double-lumen catheters, highlighting
the significant role in long-term dialysis treatment. This
finding highlights the challenges in achieving optimal
vascular access, as the double-lumen catheter is often
considered a less ideal choice than AVF due to higher

risks of complications.

Table 6 Types of Vascular Access in New Hemodialysis Patients

Type of Vascular Access

Total
(N=13,045)

Percentage
D))

Arteriovenous Fistula 4,850 35.9
Double Lumen Catheter 4,657 34.4
Permanent Catheter 3,014 22.3
Arteriovenous Graft 302 2.2

Hemodialysis Adequacy in Twice-Weekly and
Thrice-Weekly Schedules

The frequency of hemodialysis treatments varies based
on patient needs, healthcare access, and specific medical
guidelines. Among patients with ESKD, the most common
dialysis regimens are twice-weekly dialysis (48.1%) and
thrice-weekly dialysis (51.3%).

The adequacy of these treatment regimens is often
evaluated using spKt/V and the Urea Reduction Ratio
(URR), which quantify dialysis efficiency by measuring urea
clearance—a marker of waste removal during dialysis,
as shown in Table 7. For twice-weekly hemodialysis,
the mean spKt/V was 1.67+0.37, and the mean URR was
73.7+ 8.3%. For thrice-weekly hemodialysis, the mean
SpKt/V was 1.60+0.34, and the mean URR was 72.4+ 8.0%.
Among patients undergoing twice-weekly dialysis, 65.8%
face challenges in achieving the optimal spKt/V value of
1.8 with this schedule, whereas only 11.0% of patients
on thrice-weekly dialysis fail to reach the optimal spKt/V
value of 1.2."

Achieving adequate Normalized Protein Catabolic

Rate (nPCR) is essential to ensure that patients receive
sufficient protein to prevent malnutrition and maintain
muscle mass. For twice-weekly hemodialysis, the mean
nPCR was 1.16+0.27 g/kg/day, while for thrice-weekly
hemodialysis, the mean nPCR was 1.06+0.25 g¢/kg/day.
Moreover, approximately 30-40% of patients in both
groups had an nPCR of less than 1 g/kg/day. This range is
considered suboptimal for maintaining muscle mass and
overall protein balance, which is particularly important for
dialysis patients. According to KDOQI guidelines, a dietary
protein intake of 1.0-1.2 g/kg/day is recommended to

maintain stable nutritional status.

Metabolic and Electrolyte Profiles of Incident
Dialysis Patients

A comprehensive assessment of incident dialysis pa-
tients’ metabolic and electrolyte profiles has become
increasingly important, particularly as these factors sig-
nificantly impact patient outcomes. This analysis focuses
on key electrolytes and metabolic parameters crucial for

managing dialysis patients, as shown in Table 8.
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Table 7 Hemodialysis Adequacy in Patients on Twice-Weekly and Thrice-Weekly Schedules

Hemodialysis adequacy | Percentage
Frequency %
Twice per week 48.1%
Three times per week 51.3%
Four times per week 0.2%
Twice per week Mean + SD Mr\:i?:ni(lf)??)
SpK/V 1.67+0.37 1.65 (1.42, 1.88)
spKT/V<1.8 (N, %) 2,889 65.8%
Urea Reduction Ratio (URR) (%) 73.7+8.3 74.9 (69.2, 79.4)
Urea Reduction Ratio (URR) <65% (N, %) 582 13.0%
Normalized Protein Catabolic Rate (nPCR) 1.16+0.27 1.14 (0.96, 1.33)
Normalized Protein Catabolic Rate (nPCR)< 1 (N, %) 1,314 30.1%
Three times per week
SpKt/V 1.60+0.34 1.58 (1.37, 1.82)
spKT/V<1.2 (N, %) 578 11.0%
Urea Reduction Ratio (URR) (%) 72.4+8.0 73.2 (67.8,77.9)
Urea Reduction Ratio (URR) <65% (N, %) 854 16.1%
Normalized Protein Catabolic Rate (nPCR) 1.06+0.25 1.04 (0.89, 1.21)
Normalized Protein Catabolic Rate (nPCR)< 1 (N, %) 2,230 42.7%
Table 8 Metabolic and Electrolytes Profiles of Incident Dialysis Patients
Parameters | Mean * SD | Median (IQR)
Fasting plasma glucose (mg/dL) 136.7+72.2 114 (94, 153)
Hemoglobin A1C (%) 6.9+1.7 6.3 (5.6, 7.7)
Total cholesterol (mg/dL) 166.5+48.7 160 (134, 191)
HDL-cholesterol (mg/dL) 46.6+16.3 44 (36, 55)
LDL-cholesterol (mg/dL) 96.1+39.0 90 (68, 117)
Triglycerides (mg/dL) 136.7+84.5 116 (83, 166)
Serum uric acid (mg/dL) (N, %) 7.1+2.2 7 (5.6, 8.4)

3.5-7.2 2,898 (51.3%)
<35 182 (3.2%)
>7.2 2,567 (45.5%)
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Table 8 Metabolic and Electrolytes Profiles of Incident Dialysis Patients (continued)

Parameters |

Serum sodium (mEg/L) (N, %)

Mean + SD | Median (IQR)

136.2+3.8 137 (134, 139)

135-145 8,239 (68.9%)
<135 3,681 (30.8%)
>145 42 (0.4%)
Serum potassium (mEg/L) (N, %) 4.2+0.6 4.23 (3.9, 4.7)
3.5-5.5 10,448 (87.2%)
<35 1,184 (9.9%)
>5.5 351 (2.9%)
Serum chloride (mEg/L) (N, %) 99.0+4.6 99 (97, 102)
96 to 106 8,862 (74.8%)
<96 2,439 (20.6%)
>106 548 (4.6%)
Serum bicarbonate (mEg/L) (N, %) 23.4+3.7 24 (22, 26)

22-26 6,185 (52.0%)
<22 3,497 (29.4%)
>26 2,212 (18.6%)

*The data was analyzed using the average laboratory results for each patient and then classified into each category

group.

The mean hemoglobin A1C (HbAlc) was 6.9+1.7%,
which aligns with the recommended target for diabetes
management and suggests that many patients have
optimal glucose control. This could potentially improve
long-term cardiovascular outcomes. The mean total
cholesterol level was 166.5 + 48.7 mg/dL, within the
typical range for dialysis patients; however, this relatively
low level may also signal malnutrition, a common issue
in this population. Additionally, the mean LDL-cholesterol
(LDL-Q) level was 96.1+39.0 mg/dL, showing considerable
variability across patients. Interestingly, higher LDL levels
have been paradoxically associated with better survival
rates in some cases, suggesting that elevated LDL may
be linked to increased cardiovascular risk in certain
individuals."”

Dyselectrolytemia encompasses a range of dialysis-

related complications that have both immediate and
long-term consequences, contributing to an increased
mortality rate among hemodialysis patients, particularly
due to cardiovascular complications." Elevated serum uric
acid levels are associated with impaired renal function
and the progression of kidney disease', and a U-shaped
relationship between serum uric acid levels and all-cause
mortality has been observed in dialysis patients."® In this
population, the mean serum uric acid level was 7.1 + 2.2
mg/dL. The mean, median, and interquartile range (IQR)
values for key electrolytes (sodium, potassium, chloride,
and bicarbonate) generally fell within the normal range;
however, a significant proportion of patients exhibited
abnormalities in these parameters. Specifically, 30.8%
had hyponatremia (serum sodium < 135 mEg/L),
2.9% had hyperkalemia, and 9.9% had hypokalemia.
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Additionally, 29.4% had metabolic acidosis (serum
bicarbonate < 22 mEg/L), while 18.6% had metabolic
alkalosis (serum bicarbonate > 26 mEg/L). These
findings underscore the high prevalence of electrolyte
disturbances and acid-base imbalances in dialysis
patients, highlighting the need for close monitoring and

appropriate management to prevent complications.

Mineral Metabolites and Hormone and Serum
Albumin

Table 9 presents the mineral metabolites, PTH, and
serum albumin levels in the 2023 dialysis population. The
mean serum calcium and phosphate levels were 8.8 + 1.3

me/dL and 4.6 + 1.6 mg/dL, respectively, with a median

intact parathyroid hormone (iPTH) level of 254.6
(IQR 133.5 to 443.6) pg/mL. While most mineral and
bone parameters were within normal ranges, significant
abnormalities were observed: 3.9% of patients had
hypercalcemia, 46.1% had hyperphosphatemia, and 9.2%
had hypophosphatemia.

Regarding iPTH, 59.2% of patients had levels within
the target range (135-585 pg/mL), but 25.4% had levels
below 135 pg/mL, and 15.4% had levels above 585 pg/mL.
The mean serum albumin level was 3.7 + 0.5 g/dL,
with 30.6% of patients exhibiting hypoalbuminemia,
indicating widespread protein malnutrition or inflamma-
tion, which can negatively impact health and treatment

outcomes.

Table 9 Mineral Metabolites and Hormone and Serum Albumin in Incident Dialysis Patients

Parameters (n, %) Mean * SD | Median (IQR)
Serum calcium (mg/dL) (N, %) 8.8+1.3 8.8 (8.3, 9.3)
8.6-10.3 6,600 (58.7%)
<8.6 4,192 (37.3%)
>10.3 444 (3.9%)
Serum phosphate (mg/dL) (N, %) 4.6+1.6 4.4 (3.5, 5.4)

2.7-4.5 5,009 (44.7%)
<2.7 1,026 (9.2%)
>4.5 5,169 (46.1%)

Serum intact-PTH (pg/mL) (N, %)

357.6+412.9 254.6 (133.5, 443.6)

135-585 4,281 (59.2%)
<135 1,839 (25.4%)
>585 1,114 (15.4%)

Serum albumin (g¢/dL) (N, %)

3.7+0.5 3.75(3.5,4.1)

>35

7,419 (69.4%)

<35

3,267 (30.6%)

*The data was analyzed using the average laboratory results for each patient and then classified into each category

group.

Anemia and the Use of Erythropoiesis-Stimulating
Agents in Incident Dialysis Patients

Table 10 presents data on anemia status and the

use of erythropoiesis-stimulating agents (ESAs) in incident
dialysis patients in 2023. The mean hemoglobin level
was 9.2 + 1.5 ¢/dL, with 25.4% of patients reaching the
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recommended target range of 10-11.5 ¢/dL. A significant
proportion, 68.5%, had hemoglobin levels below 10.0 g/
dL, while 6.1% exceeded the target.

Anemia management varied by reimbursement
scheme: 35.5% of CSMBS patients and 33.1% of self-paying
patients reached the target range, compared to 28.3%
under the SSS and 22.1% under the UCS. This suggests
that reimbursement schemes may impact anemia
management.

The median transferrin saturation was 25.6% (IQR 18.6

to 34.8%), and the median ferritin level was 373 ng/mL

(IQR 188 to 690 ng/mL). Iron depletion was common, with
29.9% of patients having transferrin saturation <20%, and
34.1% having levels between 20% and 29%. Additionally,
26.7% had ferritin <200 ng/mL. On the other hand, 16.4%
had transferrin saturation >409%, indicating possible iron
overload, while 37.3% had ferritin >500 ng/mL, suggesting
iron overload.

Most ESAs were administered intravenously (88.9%),
with recombinant human erythropoietin (Epoetin Alfa)
being the most commonly used (97.5%), while Epoetin

Beta accounted for only 1.8%.

Table 10 Anemia and the Use of Erythropoiesis-Stimulating Agents in Incident Dialysis Patients

Parameters

Hemoglobin (g/dL) (N, %)

| Mean + SD | Median (IQR)

9.2+1.5 9.24 (8.2, 10.3)

10-11.5 3,089 (25.4%)
<10 8,314 (68.5%)
>11.5-13 626 (5.2%)
>13 112 (0.9%)

Hemoglobin (g/dL) in Universal Coverage Scheme (N, %)

9.0+1.5 9.06 (8.1, 10.0)

10-11.5 1,764 (22.1%)
<10 5,885 (73.9%)
>11.5-13 264 (3.3%)
>13 53 (0.7%)
Hemoglobin (g/dL) in Social Security Scheme (N, %) 9.5+1.6 9.48 (8.3, 10.6)

10-11.5 426 (28.3%)
<10 924 (61.4%)
>11.5-13 134 (8.9%)
>13 21 (1.4%)
Hemoglobin (g/dL) in Civil Servant Medical Benefit Scheme (N, %) 9.8+1.5 9.82 (8.8, 10.8)

10-11.5 582 (35.5%)
<10 870 (53.1%)
>11.5-13 159 (9.7%)
>13 29 (1.8%)
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Table 10 Anemia and the Use of Erythropoiesis-Stimulating Agents in Incident Dialysis Patients (continued)

Parameters

Hemoglobin (g/dL) in self-payment (N, %)

| Mean + SD | Median (IQR)

9.5+1.5 9.63 (8.7, 10.6)

10-11.5 96 (33.1%)
<10 170 (58.6%)
>11.5-13 21 (7.3%)
>13 3 (1.0%)
Transferrin saturation (%) (N, %) 28.7+15.0 25.56 (18.6, 34.8)

30-40 1,441 (19.6%)
<20 2,196 (29.9%)
20-29 2,502 (34.1%)
>40 1,206 (16.4%)

Ferritin (ng/mL) (N, %)

539.4+558.5 373 (188, 690)

200-500 2,878 (35.9%)
<200 2,137 (26.7%)
>500 2,986 (37.3%)

Erythropoietin stimulating agents (N, %)

Intravenous route 10,208 88.9%
Subcutaneous route 1,263 11.0%
Missing 2,373 0.1%
Types of erythropoietin stimulating agents (N, %)
Recombinant Human Erythropoietin (Epoetin Alfa) 11,001 97.5%
Recombinant Human Erythropoietin (Epoetin Beta) 197 1.8%
Darbepoetin Alfa 51 0.5%
Methoxy Polyethylene Glycol-Epoetin Beta 32 0.3%

*The data was analyzed using the average laboratory results for each patient and then classified into each category

group.

Hepatitis & HIV Serology and Vaccination in
Incident Dialysis Patients

Data on viral hepatitis and HIV serology were
significantly missing (55%-60%). Among the available data,
only 1.9% of dialysis patients tested positive for hepatitis
B antigen, 1.3% for anti-HCV antibodies, and 0.4% for HIV
antibodies (Table 11).

Vaccination rates were low: 6.9% of patients received
the COVID-19 vaccine, 26.8% received the influenza
vaccine, and 65.5% were vaccinated for hepatitis B.
Alarmingly, only 0.9% had received the pneumococ-
cal vaccine, highlighting a significant gap in vaccination

coverage for this vulnerable population.
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Table 11 Hepatitis and HIV Serology Status, Vaccination Rates and Coverage among Incident Dialysis Patients

Serology

HBs antigen

Positive
(N, %)

474 (1.9%)

Missing
(N, %)

3,028 (55.1%)

Anti-HBs antibody

3,936 (16.3%)

3,258 (55.1%)

Anti-HCV antibody

312 (1.3%)

4,347 (60.2%)

HIV status

87 (0.4%)

4,580 (61.2%)

Vaccination (N = 9,094)

COVID-19 vaccine

275 (6.9%)

Hepatitis-B vaccine

2,572 (65.0%)

Influenza vaccine

1,058 (26.8%)

Pneumococcal vaccine

34 (0.9%)

Clinical Outcomes

Previous data from Thailand (2018 to 2022) indicated
a mortality rate ranging from approximately 6% to 10%.
In 2023, the mortality rate among newly initiated dialysis
patients was 3.6%. Analyzing the causes of death within
this population, the major contributors were cardiac

disease (32.1%) and infectious diseases (20.6%), as

Table 12 Causes of Death Among Incident Dialysis Patients

shown in Table 12. This suggests that improving patient
outcomes should focus on better management of
cardiovascular health and infection prevention, two of
the most significant risks for dialysis patients. Enhanced
clinical care, regular monitoring, and implementing
preventive measures for these conditions could

potentially reduce mortality rates in the future.

Cause of Death Number Percentage

(N) (%)
Cardiac Disease 162 32.1
Infectious Disease 104 20.6
Cerebrovascular Disease 37 7.3
Malignancy 20 39
Liver Disease 10 2.0
Kidney Disease 7 1.4
Accident 6 1.2
Suicide 3 0.6
Uncertain 61 12.1
Total 504 3.6
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Discussion

This study offers a comprehensive analysis of the
national registry data on Incident Dialysis patients
in Thailand in 2023, providing valuable insights into
the management of ESKD. The substantial increase in
hemodialysis patients reflects the growing burden of
FSKD®, with diabetic nephropathy and hypertension as
the primary contributors.'” These findings underscore
the need for focused interventions aimed at early
diagnosis, prevention, and effective management of these
chronic conditions to mitigate the long-term healthcare
burden.

A key observation from the data is the significant
variation in access to different treatment modalities.
Notably, the higher proportion of patients on peritoneal
dialysis under the UCS compared to other schemes
suggests potential differences in resource allocation or
healthcare provider recommendations. This calls for a
closer examination of how treatment access is distributed
across different patient groups and healthcare settings.

The study also highlights challenges related to
anemia management and dialysis adequacy. Despite the
availability of erythropoiesis-stimulating agents, many
patients, particularly those under the UCS, had suboptimal
hemoglobin levels, with many exhibiting concentrations
below 9 g/dL. This condition is associated with poorer
health outcomes, as higsher hemoglobin levels are linked
to better clinical outcomes, including reduced mortality
and hospitalization rates." These findings suggest a need
for improved anemia management strategies and may
indicate disparities in access to treatment, potentially
influenced by reimbursement schemes.

Furthermore, the study reveals that many patients
receiving twice-weekly dialysis fail to achieve optimal
dialysis adequacy'!, as indicated by suboptimal spKt/V
values. More frequent dialysis regimens may be crucial
to achieving adequate treatment levels and improving
patient outcomes."”** Although this study provides data
on vascular access methods, it offers limited exploration
of the reasons behind preferences for certain access
types. The high reliance on double-lumen catheters for

chronic hemodialysis raises concerns, as these devices

are associated with complications such as blockage and
infections.”’ Further research into the underlying causes
of these challenges could provide insights into improving
vascular access strategies and patient outcomes.

Several limitations must be considered when interpret-
ing the findings. Missing data on hepatitis and HIV serology,
as well as incomplete vaccination records, may impact the
reliability of some conclusions. The low vaccination rates,
particularly for pneumococcal vaccines, suggest gaps in
preventive care, although the absence of complete data
limits definitive conclusions on vaccination practices in this
population. Additionally, the low percentage of patients
on the kidney transplant waiting list raises concerns
about access to transplantation services and patient
awareness. However, the study does not explore the
reasons behind these low registration rates, warranting
further investigation into potential barriers.

The analysis also reveals a notable reduction in
mortality rates among newly initiated dialysis patients in
2023 (3.6%) compared to previous years, suggesting that
recent healthcare interventions may have positively
impacted patient outcomes. However, the leading causes
of death—cardiac disease and infectious diseases—
highlight the critical need to address these risks.””
A multifaceted approach to managing cardiovascular
health, including better control of hypertension,
diabetes, dyslipidemia, and other risk factors, is essential.
Furthermore, infection prevention strategies, timely
access to healthcare, and enhanced patient education on
infection control are crucial in reducing mortality.

Despite the registry’s comprehensive nature, the
study is limited by missing data, particularly for peritoneal
dialysis cases, and potential reporting biases, especially
in rural or underserved areas. Regional disparities in
healthcare infrastructure, socioeconomic status, and
access to healthcare may also limit the generalizability
of the findings. Moreover, while this study provides
valuable insights into dialysis care in Thailand, a compara-
tive analysis with other countries would help identify
best practices and inform improvements in the Thai
healthcare system.

In conclusion, the increasing burden of ESKD in
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Thailand underscores the urgent need for comprehensive
healthcare strategies to manage the growing number
of patients requiring RRT. The findings from the TRT
Registry offer essential insights into patient demographics,
treatment modalities, and clinical outcomes, which can
inform policy development and healthcare optimization.
To address the challenges identified, further research
should focus on long-term patient follow-up, improving
data completeness, and exploring regional disparities in
access to care and transplantation. Targeted interventions
to enhance anemia management, dialysis adequacy,
and vaccination coverage could significantly improve

outcomes for dialysis patients in Thailand.
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Non-Albuminuric Diabetic Kidney Disease

Jiranat Sriswasdi, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital, Bangkok, Thailand

Abstract

Diabetic kidney disease (DKD) is a major cause of end-stage kidney disease. The natural history of DKD, as
proposed decades ago, mandated a period of albuminuria prior to glomerular filtration rate (GFR) decline, which
has been challenged by recent findings. Non-albuminuric DKD, as the name implies, describes a phenotype of DKD
in which impaired GFR occurs without significant albuminuria. Patients with non-albuminuric DKD exhibit different
characteristics, such as a higher tendency in females, lower severity of associated comorbidities, well-controlled
blood sugar, and a reduced rate of cardiovascular disease and mortality. These characteristics indicate a distinct
pathogenesis, as supported by a growing body of evidence from biomarkers and histopathology. Nonetheless, no
medication specifically designed for such a subgroup of patients exists. The principal treatment remains controlling

risk factors for both kidney and cardiovascular disease.
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We1sAila
Tselndosmniuwmuivanamaiifiedesuasdany
Fudouludrumensiuia Tneamsuninanmsinnzinia
Tuidengs Samiudadomaiugnssy waztadomadandey
aansoudsnalnoanidu 2 ngu Ao msasuuvamans
Inalsuvestdon (hemodynamic pathway) waznis
\WasLuUamMILUeaTY (metabolic pathway)™
mswasuwaminisinadewvesden inannnsiinng

Uszanal 0-6.6 1a./ui1/1.73 5.4, Setfeeninlungy albumin-
uric DKD fifimsvihauveslaanasiotussann 1.7-3.1 ua/
WI/1.73 AT.4. Waglduieanuiunsanyives Jin wavany®
wudngu NA-DKD Smssiiulsaiglsrlnessseraning
vian1sviauveslaanated1eseiieannimieminfy
Yovay 40 wnninguiitheuvmuithiflsela witesniy
FUhenau albuminuric DKD ilodiagsiiiianfunutade
fifnasonsdiulsaues NA-DKD Ao n1snsranuntie
unsngountavasatdentansvuinlug (macrovascular
complication) n1sgadsvielaanorgdedifiniu n1s
MFIANU interstitial nephritis kag fibrosis'' warN13LAA
amglmadeundundnihliiialselaFesmiun (acute
kidney injury-to-chronic kidney disease transition) N
Hagtude \unidunalnvesnisiin NA-DKD” lagasy
FUne NA-DKD wleifisuiy albuminuric DKD fianauides
delsalaFosauaslsamilauaznasnidontonnd Snns
sdulsaiidindt widesuuiasummuiliflngess
fUas NA-DKD fmensoflsafiugnin daduFafinanuddny
Tunsanwfmedindauazilugnssnnimnzauseld

GFR T AER < 30 mg/d]

GFR «— AER < 30 mg/d ]

~

GFR «/ | AER 30-299 mg/d]

GFR | AER > 300 mg/d]

GFR | | AER > 300 mg/d]

GTu’LwaamﬁamIﬂamagé’aﬁqq FauAnannisinnzinia
TulAongesuAUNITNNINUYBITEUUANN 9 Lazdasiuu
TusrsneRaund Town RAAS, endothelin, atrial natriuretic
peptide, nitric oxide, prostaglandins, incretins, glucagon,
growth hormone W& insulin-like growth factor-1 uaﬂmﬂ‘f’f
\Junaainnnsndsanssing q vaneviin liun protein Kinase C,
vascular endothelial growth factor, kallikrein-kinin,
ketone bodies uagnalnnisususvessreniefiddey Ao
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tubulo-glomerular feedback®™® nansWasuwlaITINET?
vnlAndayiuiludaan: udaiansuinidvvesiols
waziiloifediusing 9 voslamuun' amensannle Ae
glomerular basement membrane (GBM) thickening,
mesangial expansion, endothelial injury Wag podocyte
injury"!
Asasuslamiuuunuedduainanaztianaly
Wenge vihliiAeaudaun@siu 4 nalavdn fe protein

kinase C pathway, polyol pathway, hexosamine pathway

ez advanced glycation end products (AGEs) Fayilek

Anaufisunfrowadlnenss auansgduliAnnisadig
reactive oxygen species (ROS) LLaxﬁmiﬂixﬁu cytokines
wag inflammatory mediators #a18¥ianIuN f21989
191 monocyte chemoattractant protein-1 (MCP-1),
intercellular adhesion molecule (ICAM), interleukin
(IL)-1, IL-6, IL-18, nuclear factor kappa B (NF-kB) iay
tumor necrosis factor (TNF)-a* Fa3anlagsaniinisiae
AMEMISNEUEDSILUU sterile inflammation'>

UagUuduiugiuin NA-DKD finalnnisiinlsaunneia
910 albuminuric DKD el

1. NA-DKD #mudunusiu macroangiopathy 11nnin
microangiopathy Wlew3euifisuiu albuminuric DKD
Tnefvdngrunuaugnueaumutuseyszamalugiag
NA-DKD anad'' waziilonsaanianendinganunisiiia
vinoALdenuAsaAfu (arteriosclerosis) ludUaengs NA-DKD
1N wazn1sAnEIves Boeri kazAny P w1 nMsianens
ANTMAUNIMADALEDALAAINNNTIA resistive Index V93
renal interlobar arteries ‘Lu@’ﬂammmmﬁuﬁmﬁ 2 Ay
Fuitugfunisiauvedlafianasegrditeddnlnelu
Audayiuludaany

2. sgaunsagsnludenas daduduiusiunisviieu
flanasvestengy NA-DKD' Tnensnginiinmauifnsydu
TAn reactive oxygen species flualilinn1suiniduaes
lulnAowATeaINAIINTEAU NADPH Oxidase® nsngsn
ﬁmaﬂizﬁuﬂﬂiﬁﬂLaULLazmiLﬁﬂ endothelial dysfunction
K11 Toll-like Receptors Bnviansefunsutsimousad
néifowemimaenden waz RAAS S sdinasensiin
weSanmvemaenden wasiedeniglule”

3. NM15UIALIUBY tubulo-interstitium 91A%A18ANS
Ainwmudn interstitial expansion/fibrosis wag tubular
atrophy iasﬂfdmwmﬁam‘wmawaamaaﬂwulﬂuaaiumﬂw
wvmuieiad 1 was 2 fiinsvhauvedlaanas Imsfl,wuuﬂu

nsesanusayiulutaais’’

4. mssnaunglula anvarensfneinudl Inflam-
matory mediators natewfiadafinaaunfinnudunus
funsianuiianaswegUisiuman waziiuiawdeid
nsfnwInuddiszduiiinunalasludufuszdudayiu
Tullaang loun soluble TNF receptor 1 (sSTNFR1), sTNFR2,
IL-17A, IL-18, macrophage
inflammatory protein-1 a (MIP-1)* uaﬂmﬂf‘f oxidative

stress TAMUAUNUSAU NA-DKD fefiusuanianisein

Fas-pathways cytokines™,

intracellular oxidative stress 11 8-hydroxydeoxyguano-
sine SiUSanivdulunifeiuluvomaondon wavdumius
AUNISIAANMZUNINTOUNNUADALEDAAN & TINDINUTZAU
999 8-hydroxydeoxyguanosine luldoaduiusiunisiin
NA-DKD*

5. WWANEN 2Inuanen1sAn®InUI1 NA-DKD wuldves
Tumend e faudademeiugesluuneidiansnase
mMsiamsianuiianasestalugiisiumu annsfing
984 Chidambaram uazams® wuin gosluulealnsiay
Tnasion13AIuAN RAAS waznsThuiiutures RAAS
fnadssion1sviauvesle

6. o1gfiifiutudiauduiusfuniig NA-DKD® 1ny
oy lfiAnneiniauagnsitanuiiasulusauda
$nsnisnsesvedlafianas velafivhauldanas saufu
mnﬁmwm%amwmawaamLﬁammﬂmqﬁmn%ummmi
M339NYU hyaline arteriosclerosis Lﬁm%uluwawﬁanwwim
yoafftheiummungs NA-DKDY Bnvidluinegeongiilsns
Afnadonisinulaanas Wy anwduladings seiuysn
Tuidengs warn1IwIUAme

7. ANURAUNANIINUENTITU 21NNSANINUTT NA-DKD
ﬁmmsqﬂLLmﬂﬁiwnﬁ’quLLaiazL%amﬂag polymorphism 284
protein kinase C-B gene 1 (PKCB1) dusiusiunisviieu
vadlaianadluguas NA-DKD Faa1nnnsAnuwinuin T-G
haplotype vasBusinadusdinveanisiinnisanas
vaansvhelnegesnga?® uenaniis polymorphism
U8 angiotensin type 1 receptor gene %ﬂwuluﬁé’ﬂw
wvuadind 2 Tuussmeduidie 7ifinnae NA-DKD Tagnui
AC genotype waz C allele polymorphism fimanudunus
AUNI3AA NA-DKD Uszanad 4 win”

8. fursumuiiannuidsdunisifalanedeundy
I§voy wdvilhinlsalaGosemumnluduasiuamnu >
Tngnasnaiinlanedeundy wadvielnsududesding
douusawazua ddlunneitihmaludongs awnsedu
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THAnn1sgeuusufiiaun@ly (maladaptive repair) wag
153l maladaptive repair Wuwuiudidrfareanisiinisale
Fo¥imuan sawvmsiialanedsundurirliiinaany
Anunfivesvaendeniazigad endothelium Jefiduddry
2947713100 NA-DKD wazyinlitin tubulointerstitial fibrosis
AL TaensiAn endoplasmic reticulum stress &3
wuldnnisfiwadvielaiinisuanisentes endoplasmic

reticulum-resident protein reticulon 1A (RTN1A) Nty
wazduiusfunininlsaladedimuan® 9nmsAnwives
Onuigbo wazamzuandliifiudn eiialaedeundy
Tugvasummuagiinisinuvesaanamdsintdu lng
laduiusduseaudayiiuludaanig ngasuneisiia
wavneaaTIneensAalAlnEe S uiliiims
Swosdayiulullaaizdsguil 2

Diabetes Mellitus

Hyperglycemia

« Hormones: RAAS,
endothelin, NPs

» Mediators: PKC, VEGF,
Ketones

Glomerular
hyperfiltration

« Tubuloglomerular feedback

GBM thickening, Mesangial matrix expansion
Podocyte injury, Endothelial injury

9‘—

Albuminuria & GFR declined

y

Albuminuric DKD

* PKC pathway

« Polyol pathway

» Hexosamine
pathway

» AGEs

Metabolic abnormalities

- - - Direct tissue damage, Oxidative stress,

Inflammation

\J

Tubulointerstitial & Vascular damage

Other factors A
« Increased age
» Sex hormone
« Genetic
 Macroangiopathy
 Hyperuricemia

k. AKI-CKD transition)

GFR declined

y
Non-Albuminuric DKD

JUN 2 nedindinvesitae non-albuminuric diabetic kidney disease

RAAS, renin-angiotensin-aldosterone system; NPs, natriuretic peptides; PKC, protein kinase C; VEGF, vascular endothelial

growth factor; DKD, diabetic kidney disease; AGEs, advanced glycation end products; DKD, diabetic kidney disease;

GFR, glomerular filtration rate; AKI, acute kidney injury; CKD, chronic kidney disease

n1snsaaRviE Tanedanin

Tutlagiunismmanaiesjiinsiedanses Fiade
wagfnnulsAlnannuIIUYTENDUMENISATIY 2 JULUY
fe nsnTeseiuaiLeRiulufeniiouszidiuAnisiau
vasla Saudunsinuiunudayiivludaanis (AER wie
urinary ACR)*’

og5lsfiny TfUasdiumnidleGumuanuiinyng
199 03UJURNT winaunsIanesInemielaiiseslsa

wuuguLse waghUlrsunsdudilidaiutiaunfniuinae

adelsalaarniumanunieadiin uindunune1dingl
maladiseelsadilaiulsalaaniuimmin® nsinwgdie
Tsalnanumuduniaiaziinisanasvessayiiu
Tudaane windsnsdidninseseslnanasesnsiolilos uas
drdlsalnFesseraningld Sededuiivgunis Ae Sayliu
Tuilaamzdudvifidfydonisuiniduanizinamesda
Famsisayfiuludaazduiusfudnvuzmamensine,
Tulnain GBM thickening tag mesangial expansion W
Tugaelsalnanniuimuiiiseslsaves tubulointerstitial
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fibrosis wWupdIUSAUMThuianaedla Tngluidy
fusziusayiulutiaaniy® Sedufimsfnudei gl
fiannsauszdiu tubular injury wenwileluninsiasies
nmsuiniuiamzlnalesda uazlugva NA-DKD dalsid
dayiiululaaniy uilinsanadvesdnsnsesvala 1A
desronaifnlsalniEossszezaniie lsaiilauayviaenidon
Lardnsnsidedinlaesaned 1eiveddny Fedused
anuddyidesiiduidinngulvaifithuudladodedinag
wnun1IATIanIviesUuRlulagdu

FuildSadwmsunisidede

Cystatin C JulsAuiiiluanasuinidn Usznouse
nseexfily 122 Twana gnadrsnanwadiidoedea
fednsiaeil Suszquandarunsnsesilalieg1edase
unndndesar 99 gganduivielndiuduuazinaslag
lindudnssuaiden fatu cystatin C Fafiszauludentu
Ausmansesvesly®lutagtuslothen cystatin C lUAnses
fluA1AsLOAtUAI8NITAIUIY CKD-EPI F3ldA18ns1nas
vodlafusiugnnniu?® uaznuindlewh cystatin C wld
AIUEnIINTevedls wudn guielsalaainuiviiulian
cystatin C sUnfineufiagsuiidayiululiaans uenaini
SufinisAnwnieafiunisnsa cystatin C luilaans 39
mnnuATnntuRnunivsdisnmsuinidurenvadvelals
wagnudnAn cystatin C Tudaaniziianuduiusiunisanas
voe8n1nsevedlalagliduiusivsedudayivlulaany™

Neutrophil Gelatinase-Associated Lipocalin (NGAL)
WulusauTuanavunn 25 Aladadu gnasaivieladausiu
fifinsvindenuaniieidosiunisyeuuenrieladuiunds
AAANITVINEDALAZAANTT apoptosis TadvialnaIunu
Fatudegninnlfiudaivestinnglanedeundunay
Taide%e® syduves NGAL ludlaaneildiudunands
nsuindurensadviels wazufiaifnunfnouasiia
gayiiuludaanzlufioiumanu® * lumsiinsgsieduny
1n8 He uazanz™ wuin NGAL Tuldeaiianulinazainu
Tumzlunisidadelsalaanniuiniiuiovas 79 uaz 87
Aua1eu 32U NGAL Tullaansziinnubuazainudunie
lunsifladelsalanniuinuiesas 85 waz 74 AuaIRU
wazflenulhuazdumneiigalunsidads NA-DKD Tng NGAL
Tudeasinuhidosas 90 mnuduniziovay 97 way NGAL
Tutlaanziinnulidosas 94 wazamnuduwiziovay 90 us
agnalsfin SslsifinsAnuniuansdemildlunsifadueeig
Fou FedududesdinisfnwiselusudanisAnunadns
nAatnaINNsigNIRTIasInanlunitadelse

Kidney Injury Molecule-1 (KIM-1) L‘l‘]uiﬂiauﬁ'@jauﬁm
Tuwadviolndudu Fslunnzuniludaanizazlianuise
axrnuld wazdlefinnsuiniduveswadvielnavanunsataen
Tametaangsiuisluidon lnsdunusiuanig tubuloin-
terstitial fibrosis TugUaeglsalnainiuvanu® finisdinw
as1adn KIM-1 seludaanizuarludeon Tnewuinnisnsam
luidealimuduiusuindunisiialsalnainiuivanusands
n1siiin NA-DKD Tslsifufuseiudayiulutiaanny sedu
HBAIC uazdmsnisnseswasln wenanideansavue
nsanasesdasnsewedla uaznisiinlsalndesesvey
anvneld® doty Kiv-1 Budaiiflilunisidedouaslunis
famunisadulsasmdaneinsallsn®

Netrin-1 aguinaiead endothelium viminfidu
angiogenic factor lulalunmzund Saulsiesluwadiioln
dudu wazdnshouifistudieodammudemeiils Tne
finsna9sedu Netrin-1 Tuilaaizanunsaiunenisiin
NA-DKD l¢idndnsasasluiden uaslugiheiuvmusiiod 2
Azilsyau Netrin-1 IuﬂaawasMWﬂﬂ’iwﬁﬂaEJmemszjﬁmﬁ 17

Monocyte Chemoattractant Protein-1 (MCP-1) Qﬂa%ﬁd
nwaduatgridalusiinie wavasiufisudniseainle
Tne MCP-1 vty chemokine L‘ﬁaﬂ'ﬁz@jﬂﬁ monocyte
nidnaiedeln ievansasiidiudeln uiilofiusua
wnlUazsilis monocyte inazanvsnaniiodolauazyiil
ansuialuvesls wavuSunawes MCP-1 Tutlaanizuay
@enduiusiunsiialsalaainiuimanu®

IL-17A 1u cytokine wilanilsdanszdunissniay
wdananwaddinidonuniuiia T-helper (Th) 17 &1 IL-17A
alUduriu IL-17 receptor Tuln wasnszduliinnisdniau
Aintusanfentands MCP-1 wag NF-xB 1lugnisadng
TGF-p Fuhliiinieiialuielanuunannisiivuaunis
epithelial-to-mesenchymal transition (EMT)* wazain
N15ANw1es Klimontov wagay™ wuitluguleiummiy
wiiadl 2 &1 1-17A gendnauund uazlugUiondu NA-DKD
flsgdu IL-17A geigaileifisuiungaiuiviuilaldidu
15ale wagngu albuminuric DKD

Macrophage Inflammatory Protein la (MIP-1a)
139 C-C Motif Chemokine Ligand 3 (CCL3) duiiu CCR1
waz 5 nszguliinnisinasmivesiinidenyy (Macrophage,
CD8+ T lymphocyte, eosinophil) lagludninaaosny
AMNENRUSAUNTIY interstitial fibrosis® waglunisdnw
g Klimontov wagane™ wuinlugUigiuiminuilseiu
¥83 MIP-1a luidondigeaniiauund uazlungy NA-DKD
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v adv o

Ffidindmiunsgnisneuduasiantsing
esanlugitas NA-DKD Ssnsiidnsnsesveslndianas
soiiles AufaglifiAnsayiiluliaais Sudy biomarker
snsgilumslifanugtas DKD Sepsfinaneadaiiain
Tnid 9 dwfunisgnismevaussdenisinu ddluiagiu
faaglun1sfinw U TNF receptor 1, TNF receptor 2, Matrix
Metalloproteinase 7 g KIM-1 NN LATUEN canaglifiozin
fisviufianaaslofiuiunmsldnsinuunassiuseeninm
wwungudu 9% uenimiloan SGLT2i wé pentoxifylline
FasuiimsAnuludinelsalaaniuivanu wudn TNF-a Tu
Jaanzailoldendionan uazan TNF-o flnmdusiusiu
nnsanaseIdnsINsedvedlnlunisiinul PREDIAN trial”
i indmiumsinnulsauasneinsailse
Liver-type Fatty Acid-Binding Protein (L-FABP) 1Ju
Wsfivwwadnuun 14 Aladadu sgusnamieladiudu uaz
wiivsinadviululiaamsidefenuidomedevieladudy

o ' o

57199 2 Al

[gYe [Tel=1 | Diagnostic Index |

Markers Cystatin C (serum & urine)
NGAL (serum & urine)
KIM-1
Netrin-1
MCP-1
MIP-1a
IL-17A

Fsanansowuszsu L-FABP IuﬂaamLﬁuﬁﬁuiu@ﬂwwmmu
fflnsinuvedlaanadlnefidlifisayilutiaans? egnls
Amulunansnis@nwl L-FABP ludaazaiuisaneinsal
Tsalufthsumusiedl 1 sinnndnumnusied 22

TNF-o. wansianisiinsdniavlule &5 TNF-a wosiina
cytotoxicity lnenssiaiasiunalnaegda syefuTiiinTy
weludenuazaaziiauduiugfulsalaaniuimiy
sansdnuludrimeaeuasluuyed uenaind TNFRL was
TNFR2 annsaviwenisindayiiulutlaaniy nsviule
fianas msiiielanne waznsidedinlaglidufunisiau
voiln uazseavdayiiululaaie®

8-Hydroxy-20-deoxyguanosine (8-OHdG) Faiiin
970 oxidative DNA damage wulaludensaudsluldaaniy
nasndnisvenugnvesitoue Mmooultl nuclease uay
dnsAnwinuisanuduiusivaiiy NA-DKD luguae
W™ lagagudmsulsalaainiuiniiu wag NA-DKD
Tums19di 2

PuilnE199) @1%15U non-albuminuric diabetic kidney disease

Monitoring Index | Prognostic Index

TNF-a Urinary L-FABP
TNFR-1, TNFR-2 8-OHdG
MMP7

NGAL = Neutrophil Gelatinase-Associated Lipocalin, KIM-1 = Kidney Injury Molecule-1, MCP-1 = Monocyte Chemoattractant
Protein-1, MIP-1a. = Macrophage Inflammatory Protein-1a, IL-17A = Interleukin-17A, TNF-a. = Tumor Necrosis Factor-a,
TNFR = Tumor Necrosis Factor receptor, MMP7 = Matrix Metalloproteinase 7, LFABP = Liver-type Fatty Acid-Binding

Protein, 8-OHdG = 8-Hydroxy-20-deoxyguanosine

ANwENIINYNS N 1ISle

N SIneveslsalnnnunuiidnwa 3 egradudfy
our GBM mundniiuduiinuni mesangial expansion Wag
hyalinosis suawaamLé‘amﬁ”’waamﬁammué‘ﬂ afferent Way
efferent’® Tnsdnvazniane13inefiduius fuusua
saydulutiaansiidiuiulaswudeuiios Funisinuees
Tnamas leun * MswunTues GBM nsifiniumes Mesangial
fractional volume wag Mean glomerular volume kazn1s
ana3uY Surface density U84 peripheral loop 999 GBM

Snuwaizne 3inetly NA-DKD Aifldnuasfifiawunnsg
sonlanlsalaanuimnuiily fie

1. Atypical glomerular change lnsilanwazdnig
we s Imelulnawesdaanlsalaanniuinutesndtlugiae
NA-DKD wu exudative lesion, nodular lesion, mesangiolysis

P gslugtheuueiai 1 uag 2%

ey polar vasculosis
2. Tubulointerstitial fibrosis wag vascular change Tu
HUI8 NA-DKD wudn HdnwauzaanerUlslsalaainausiu

Ia‘ﬁmjd Wy N5a arteriosclerosis, glomerular sclerosis,
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tubular atrophy wag interstitial fibrosis™ UoNIINENY
arteriolar hyalinosis tag interstitial inflammation lause
ninlungy NA-DKD®

3. GBM thickening ez mesangial expansion &@11198
wulalughe NA-DKD Hnns@nwludieiumviueie 1 lag
Caramori Wagas" wudn 5028 NA-DKD 31 GBM thickening

vesnitnguiumnuiiliilsalafesas 64 eudu 42
AIUAIAU WAZAINNITANYINUIT mesangial area VWA
wnTumudrduiEuanguasivnuitlliisale §uae
NA-DKD gthelalassayiivlulaaniy uasithouunlasdayiiv
Tutlaanz” lnsasudnuaznianensingnioieuiioy
szyislsalaanniuiuiiall waz NA-DKD Tunisneil 3

M99 3 nwagane1slugUlengu NA-DKD wWisuisuiugiielsalaanniumumly

NA-DKD

} Exudative lesion

Classic DKD

t GBM Width

} Nodular lesion

1 Mesangial fraction volume

| Mesangiolysis

t Glomerular volume

¥ Polar vasculosis

} Surface density of peripheral GBM loop

t Tubulointerstitial fibrosis & inflammation

t Podocyte detachment

t Arteriosclerosis

1 Glomerular-tubular junction abnormalities

N135NYI

TudagdunisshwdUaslaanuimiiuegiiaseungu
Usgnaumensinwlagnisusuitnemsandudin laun
MssulsEmuesTiangan n1seeniidene N59AgU
Wi mimuquﬁwﬁﬂ wazms¥nwiieen Tngefluugiii
Wusnguusnuesnisines leun angiotensin-converting
enzyme (ACE) inhibitor %38 angiotensin receptor blocker
(ARB), metformin, SGLT2, statins waznguilviileanainy
desedlndeds Taun glucagon-like peptide-1 receptor
(GLP1) agonist, nonsteroidal mineralocorticoid receptor
antagonist, EJWT’]umﬁmLﬁamﬁm%fué’ﬂaaﬁﬁkﬂﬁ’ﬂwaz
yapaLdan g1ankudy (PCSK9 inhibitor, ezetimibe wag
icosapent ethyl) LLa:mammmﬁuIaﬁmﬂa;uSu 9 W calcium
channel blockers (CCBs) wazendiudlaang?’ silutlaquudid
Usglomflumsvzasanudenvedlalugtaelaaniumnu
figstolud

Angiotensin-converting enzyme inhibitors/Angio-
tensin Il receptor blockers

PMNNTAATIEAT0ALLAY Strippoli uazanz™ WU
ACEIs/ARBs TugUaglsalnanniuminuaiunsaveasniny
donvedlals sudaslelflurnneigsgaanansnandngns
eTanls etnalsfiony msfnwdwlngvilufiheidsayiu
lufaang wazauduladings fou19INNITIATILIT

afualag Lv wazams® wuin ACEIS/ARBs @11150a0
mafndayiuludaameliilutasmuidsliisayiu
Tulaeny wagliuselovdnilondn CCBs sandnsns
FeTindleiiaudisusuevaen

Sodium-glucose co-transporter-2 inhibitors

PNNTIATIZATALIUY SGLT2i BUszluvilunisyzas
audenveslaluftheumiuvind 2 msfnunitanadng
neauladundndnldnisiidayivludaaizdunaeinis
Aadonditn3auAde sniiunsfinu Empa-Kidney® il
inausidngUasTsalaBedeiifdnsnsosesln 45-90 wa/
w1#/1.73 asuwazddayiuludaanizainnimsewintu
200 un./nsuAseRtu w3eonsInseswesla 20-45 wa./unil/
1.73 p3.alneinguilu normoalbuminuria $esay 20
Faadnsundnvosnside e nsiamadedieanlsaiale
wazvaeaden niensnnzlae dnsnseswedlaleoy
n71 10 wa./ui/1.73 m5.4. 9n31n509903lnanauInnid
Yovar 40 warmadedinanlsala denmsaalunisdne
#U31 empaglifiozin annadnsdina 0.72 windlewieu
funguiiieuiiiou wiiloduniansunlungugesnuin
nquiilifdayiiuluilaannsliannadnindnveanside 3
nafinaduiugiuiifnanssezmsinunitdunindivue
fio 2 U villunga normoalbuminuria iin1sidesmedla
Frniliiiiunadwindndaaumilounguiii albuminuria
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woiiflefinnsanluidesdnsinsesvedlnanas® wuiien
empagliflozin aunsaszasnisidenvedlaldlneningiu
uarilatevesseiudayivlutiaansdfuiinadenisvzas
mavdenvedle TnedleYanadu absolute difference w04
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New Advances in the Pathogenic Mechanisms
and Therapeutic Approaches for

Primary Podocytopathies
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Abstract

Podocytopathies are a common group of glomerular diseases that can lead to end-stage kidney disease and various
treatment-related complications. Traditionally, podocytopathies were classified based on histopathological findings,
which do not reflect the true pathogenesis of each patient. Recently, there have been significant advancements in
our understanding of podocyte biology and disease mechanisms, including the discovery of disease-causing
genes and mutations in familial podocytopathies, the roles of various podocyte molecules and ion channels in
health and disease, and the identification of pathogenic antibodies targeting podocyte proteins such as nephrin.
These advances have led to a more mechanistic classification of podocytopathies, enabling personalized treatment

selection and the development of novel therapeutic approaches.
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foot process tngaguu Glomerular basement membrane (GBM) lngendn1sviiiuvesanslasisnawadeing 9 wu Actin
Sﬂﬁ 1B (1) weanmilainnsuiadude podocyte aLiin Foot process effacement LATABNURABBNNNAIN GBM
wﬂm GBM dudilaid podocyte UnAgu (Denuded GBM) mmﬂuawmvﬂmamm (Pseudocyst) Idiilefuwalugne
LLauLiJ’e]mi‘UWﬂLﬂ‘UiuLLiﬂu’]ﬂ‘U‘u‘ﬂuLﬂﬂﬂiyU’mmiﬂum’JL@N (Autophagy) Ka¥N1IABVDITAARININ’
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o o % ca & a v ° o .
E‘UVI 2 mwmmwmmaama%iiﬂuaLaﬂmau%uﬂaaﬂﬂimmaizuumLLﬁdi@@@ULLUUTWﬂa (Focused-ion beam/

scanning electron microscope tomography) kaadN156An foot process effacement ma@%gmmaaﬁlﬁ%’umiﬁ'ﬂ,ﬁlﬁm
MIuIALURe podocyte Aa8En Puromycin (18) Aw foot process MUNR; (na19) A foot process NlISuTIneSan N
Tnefidnwarn13ninedu; (1) A foot process Wisn1suiamdusiiludely dnsusneonainfuauiindesinesyning

podocyte (LansmvdIudndDq)*

dlewianisuiniduves podocyte $19n1saziinaln
NIYOUUTNLAYNIINDUAUDIRONSTUIAITUNANETEAU N6l
fAfslaiAan1snneves podocyte usigaidsnisvinaiuly
Fans eansnvinangeenluld podocyte avanunsa
Wasuuvasgusavesiwadnduinludnuasiiy uslunsdl
Aiflnsgayidie podocyte liiudesas 20 fnmsinen
w83 Wiggins RC lauanslyiliiuin maéﬁmﬁaagjaﬂﬂmmm
wmaunuduidelulduazaglianinsoadre podocyte Jun
Tiaild wadideysuuen (Parietal epithelial cell wie PEC)
zuladuazaiiasing o Wmigauinaignihaisly
nnsgeyde podocyte inklu segmental sclerosis Saufiu
finsvenesues mesangium (Mesangial expansion)’ fefildiu
TumeBaninyes FSGS auufgiuiign@ensesnin Podocyte
depletion hypothesis

AsTUIUMITeNLE ez inuuansseantd Tunsdidin
fiongtiosnin 5 U umsazdedanuanunsnluniulai
%13 podocyte Turmaunuld Fudfiudnuazuas podocyte
fifinsveneuwaty (Podocyte hypertrophy) $3ufUNHA
U3 mesangium (Mesangial sclerosis) [FeNaNELNN
wenSIneuuuiiin Diffuse mesangial sclerosis faul
Aza3naS1e podocyte Tuunldus podocyte Aliianusa
¥euld waz mesangium fvenefatuaunsanaden

Fosinnelunasadonies (Capillary lumen) auvinli

armannsalunisnsesvedlaanasuaznateifulsaladoss
svozgavneluiign’
anuilafenszuaunsiendiunfuazsiasuutag
ofinnisuiniures podocyte Hagninldsosenty
n15$uun 30ede wasneWmunsnudaongui

Us2IAU09n15971UNUSZLANYBY minimal change
disease lag focal segmental glomerulosclerosis

Tugasnau A.a.1900 §Uqedfinguoinisiulalsin
(Nephrotic syndrome) mamﬁuuﬂaamﬂu‘uﬁ@ﬂﬁmﬁ
(prlmary) uagnAend (secondary) iy aaﬂmm%’lu
mmvuwsﬂ‘umemwﬂaammwaﬁﬁﬂaa WIMINULAE Y
nUsenanansaiianguennisild gmammmugnamﬂu
secondary nephrotic syndrome usgnlamsuanvmiazgn
Faudu primary nephrotic syndrome usisenidiofinnssn
Fuiloln (Kidney biopsy) warnsiaszdneae1sine
At ns9uungUie Nephrotic syndrome ganmu
ANwalEN19INe13INg1 (Histopathological classification)
W1 MCD, FSGS, Membranous nephropathy (MN) 3sl@5u
Aradisunniy Fwdunsulsamneeniu primary 3o
lsiwuanuv (idiopathic) waw secondary HauFTINAAAITTY
it 20°

MCD uaz FSGS 1udnumgnianeniinerfinuves
lungu podocytopathies n1533e9aneuntiadulvgldis
N9 UNTIANILANBAZNENSNIB3NIA WY N1SANYINIA
rddnludne FSGS Avsruudihedilianansaszyamg
Hanaandnsaunsine uiseiinaludreduiinmssiuun
Ussiammandlaldagoufenalnuazangnisiialea
fuviae vlinadnsnisAnuniimundslsivuuselovidaau
yoams¥nwilval 4 mszgthounsdulasumssnuilingsiu
nalnmaiislsnvesithsnetu uagldsunadeannisinm
Wy {8 FSGS aniugnssuRnunddisunsinudld
gnagiiduiu 39 FSGS anamgidnsnnlinevausade
nssnwInIgaiesesRvwIngwmIee ARy danali
fuasfanadrafssaneifiundu dudu deundledeya
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1nTuFadinsiEuenissun FSGS mudnuasn1ane s
Ae3nna §endn Columbia classification n159wuni
ansatieThunenensaivedsaldavidemunnty Tnous
FSGS sandu 5 vila (Variants) Tawn Collapsing, Cellular,
Tip, Perihilar wag Not otherwise specified (NOS)”’ g
gelalasnsafiazvennalnnisiinlsalduudn usenaldify
Jayausznaulumsiinsieinalnuazanvels wu Perihilar
variant dniinainnalnvesniiznisnissvesdinaiesaa
ﬁqﬁmﬂﬂa (hyperfiltration) 1{usu
Tugeitsiuanlduudinsfunussdanudiilvuus
mmﬁmﬁmﬁumﬁmuﬂmmeaaﬂﬁjﬂiﬂﬁmﬁaﬁwwﬁq
Tudagdu Usenisusn Ae N1sAunUAMISNateRuguesdy
wanesafivialifiin Monogenic FSGS dadmduuszuna
Yoway 10 fv 30 vesnguornswlnshniinosonisdnw
PuaLFiuTeEe (steroid-resistant nephrotic syndrome %3®
SRNS) SuiinnnsAnunlusaufiadreaindumaniuazeinle
anudladsafungulsadifiuandy audulifideisg
vionauidvamalimuuztifefuunumvesnisdnsie

meitugnssulugthe FSGS Tsaznanselumends Usens
flaes e nistAnuuImLAMAEIAUANLAgIUNNsTiag Y
Tuananioasunegsludonfiivinld podocyte 1dun1s
vl Bendn Circulating permeability factor (CPF)
filin1siaures podocyte LdsluuagiAnngueinis
wivsinuuudeundu dsiiiiulugtasnguiiendn Primary
30 Idiopathic nephrotic syndrome 1l
Tutfagiuiadfilervguaronguleiinisiauenis
wUsUsEIANYes podocytopathies Tvsim1uaingvoinis
dnlsa tnedianuuanaeiuediantes dlngiinazwua
Ju 4 ngu laud anvgmeiugnssy @wnain CPF Az
miﬂiaaﬁqqﬁmﬂa wagannaneuenivinli podocyte
vniulaeass Wy o1 ansie vde n1shnide wazhuadungy
figslaianusadaingulalduudn (aseit 1 duuuma
wuuAlsanalnalegdaves Kidney Disease: Improving
Global Outcome (KDIGO) Tull A.m.2021 9z52mngudi
\Annanznisnsesiiiaunfuazanmgnisusnidlisey

\Jungu secondary causes'

A1999 1 MIFUERINITTMUNUTZLANUBS podocytopathies mumm&;ﬂalﬂmil,ﬁﬁiiﬂ (Pathogenesis-based classification)'

o &
nalnnisiinlsn WENTHAN omamendln | msdw | o naUL}Jum
wasUgnangla
Ugugil vise | dn1sasne CPF vl MCD #38 FSGS ua [ndua1n1s gnA wulavoy
CPF-mediated | podocyte UIAIdY extensive FPE winsAnuuuiReunau | ilaui
QREGRN
IGRGHY
wigndl vie  |\Aansuinldusie podocyte |MCD e FSGS ﬁlé’wagnwam&y’«m mdnain | wuldde
toxic PNANNIY ) 1AYATe asanuin [ELIRIERESTER 919nauLdudn
(Ffheunsdenadidu Collapsing lauey | naue1nsiulvisdn waaUgnaney
APOL1 fiflaundegniou) wazo1any TRI 1 viangLiau
fugnssu rnuRaunfivestu@nild | MCD wie FSGS vi3e |nduormsiiliisiin - [RAAS wuldtosun
lassaavizonisvinu MesGN liineuaussie
984 podocyte HAUNRA Avusoun
amzasnses | mswasuuladenamds  |FSGs fwuedln | Tusiudtlullaens:  |RAAS wulddeesn
igeaUnd  |9ndnsinisnsesienaele |Perihilar sy Miiudusgnaeedu
Fanniuly Glomerulomegaly |Aaglu
ILle¥ segmental FPE

CPF, circulating permeability factor; FPE, foot process effacement; FSGS, focal segmental glomerulosclerosis; MCD,

minimal change disease; MesGN, mesangioproliferative glomerulonephritis; RAASI, renin-angiotensin-aldosterone

system inhibitor; TRI, tubulo-reticular inclusion
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Genetic (monogenic) podocytopathy 1‘14@14@}1:
Tutla0uiin15n333 Next generation sequencing (NGS)
Faduisnsasramasiugnssuiianunsadnudeyania
siugnssuveaffianldsdlu (Genome) lumsasaanuios
Turrausnnis@nwidrulugsuluguaeidniidu SRNS
\osnnidunguilidednfilenaiinainanuiandinig
Wugnssugefige Q”ﬂ1aﬂq'mfdaumn%zwué’ﬂwmswm%
anmdu FSGS Tneflentanuainuinun@iniaiugnssy

Iiussanuserar 30 wavazgaisevar 100 uag 57 dmsy
nsnusniinuagnisnuaudusniifinguernisiulnsin®
daunisdnuiludlugfidu SRNS durgnuanuiinlnf
§Uszanidonas 10 uavazanaamuoIgiiuiniu Jaqtu
Felufitoazuiinudadmvdevsduarsinvesnisngia
mawugnssuludlve) Auugdives KDIGO 1wl a.A.2021
Tiawuziliine1aiiansudenasianamiugnssuluse

PHanNwULAINITIEAS (AN51en 2)1

M19199 2 13T LUNTTATBY Genetic focal segmental glomerulosclerosis wazdaasfiatsanlunsaInTINIeIUgNIIL"

FSGS N8 NMANIHUINTTY

suwuunsnaneiugvedlusaulu podocyte 13 glomerular
basement membrane 7ivilAAANESan N

« angnenneluaTauAI
« WnTuLealnl
- finguAnuinUnfiventasiume

Foarsiarsanlunsdmsrameanugnssuludioe FSGS Mludlng

o

- Yssdfiuanudedunisnauiugmamisugnaels

A1588U APOL 1 NRaUNRA
« WiaUsenaumsnsInInagensnluassn

- dielivsyinlunsouniitanuway/vMselidnvasiasdenqulsaninuinunAnieuenlasiusag
- Preatduayunmidadelaganznsaitoyaneaiinliamnsaduunsiialadaau
- isanlenanislisuenagiduiulaglidniu Tnewnmeznsdiidieiivseinlinevauswonissnwuneunii

- Uszludnenmlunisifuduinalaindianudesieduansmnuinudesuinaemssll lnewmensdiidenudsse

BufineliAnmuRnUnfimeiugnssumeniuddldidu 3
ngu Ao Buveslusiuiiduesduszneuves slit diaphragm
w1 NPHS2 uBuves podocin sy desnAetiuvedlusiu
fiertostunisvhemes actin sawannsmunuuaades
wazUseanne 9 Tuwad Wy TRPCS wag TRPC6 (Transient
receptor potential cation channel 5 uag 6) 1Jusu LLasqmﬁw
AenquiuveslusAuiisaiuidevuwadues podocyte™
TneBuiifianuddyvidenuvosluglvg viefinisinundijs
dhluilushumand S

NPHS2

8u NPHS2 azgnoeauazuwlassiassnuniulushu
podocin Builgndumuiudduiiaesonin NPHSI Faadhg
1Ushu nephrin wagyiliiAnngueinisiulnsdnlunisn
k3nLNA (Congenital nephrotic syndrome) ANURAUNAYDS
fuilnuUszannufesas 15 999 monogenic FSGS Tufflvig)
anufinUnftaenenludnuuzvosBudes (Autosomal
recessive) wazanusafiennistutininuserlngild loe

Juivriavesnisnaneiug fuaonguiarlinevauasse
n1ssnwinigalfsseduazenagilauiuuseatugUae
AfanufinnfAvesdudu' uiaaiuaninsainnisnanesiug
u Ao ausonunanduiiudvestsaldvdsandgnensle
feusvanmdoray 38 nalnfleduneusngnisalilifedniaa
910 Anti-podocin antibody fignadisainszuugiauiu
vouthe 1leaanidhladn podocin Undfisleglulaiiugnane
\Yudsuvanvasu®®

APOL1

TUshiu APOL1 dleglussuuvyuisukazlulavesywd
unummilaiidduestinanatl Ao nmsnaneiugursgUuuy
APOL1 %mmm‘[,uv‘i']mm%a Trypanosoma brucei R
Lﬁuanm‘uaﬂsmwmﬁu (Sleeping sickness) fimusn
Tuwewni fedunisnaeiusvesdutsewuludiiduideas
wnuensnlrunasazay Junnluedn (African ancestry)
WTI¥NTEUIUNTARLABNANETINYIA (Natural selection)
ylEAimsnaeRusvoduiluiiufifenanilomasendin
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P v
== =

geududluefin JULUUWIR allele n1snangWugvesBuil

Y
o

wdn 9 flog 2 JULUU fie G1 uag G2 druduundlsinaneniug
9funi1 GO MIAnwIdeszunneldiAndedaunnin il
demouonituilloniafialsalaFesunnniilldfidoas
agafifedfy thandenisdunuiinnuduiusvedsale
fumsnanetuguestuiilunaisen Tsalafiuiussu APOLL
futheneauuuBudes Tay APOL1 filunfineshamunnnii
APOL1 wuuUnf miriives APOLT Hudalansiuuudn
uiaLAg RNt eyasossuInTig Ao nsvimididu
Yasliluanavesaasldlnadngwad anudutuluwad
wgandu emstaidanluead vliweduiuuaznne
Tuftgn nalndidunalnffiaduwadues Thpanosoma brucei
iy wenaniugionui APOL1 fivsumnnifuludadian
duiusiunnenienveteTeizneluwadnaleagne laun
lulnaounse snsumeoulananadu (Endoplasmic reticulum)
waglalalend (Lysozyme) uaznmzmssnauiisnna'e

difinnananesusia 2 weadaursdlinudnAnaniu
Anundlula Fadedninislsalaludvasnguidosende
Hadvdusiuse wu anuduladiniigs o1 vieanmundon
U90819 09y uan1gn1senie Wudu §uaelsale
fduusiu APOLT Fsflonisuazeinisuanaiiviainvians
Fuslsaladesiidsnsnindouvedlags Tnsfiviua
TsuHludaangidntosluaufssduulnsin uazens
fennudulafingssan’’ uenaniudUiefiigu APoL1 7
AnunAgasinudesion1siin Secondary FSGS ananmn
UNeE9 iU Msfaideierled n1slden Interferon (udu®
Tudlagtusimsiauinissnuiiigadund APOLT uda 3
sgnanselilunend

TRPC5 way TRPC6

§u1uﬂq'uﬁgﬂLLUaaiﬁaaaﬂmLf]uﬂfaaiaaaugﬂuw
Canonical transient receptor potential channel 4HiAsi4 9
fu TRPC6 WHuBuusnuasuduiiddoyauniian nisnane
fugvasBuiignmenuousde e.2005 Fwilida FSGs Ty
Asauasild Tdnwazn1satenankuudusiu (Autosomal
dominant) dadlessu TRPC6 siwthilogludrutarsves
foot process Tu slit diaphragm IﬂiauﬁﬁﬂwﬁﬁﬁLﬂuﬁaﬂmwa
THunaiBourudgwaduazyiiausuiuluanaiiddy
Ma1efd WU nephrin kag podocin NINATBRUSAILLIN
sinvinbrivedlorau TRPC6 vhauunnninund denaliiszau
wnaiBosluwadgeunnty TUnsedu calcineurin vy
wntu wardawalst actin fitefuduassnngnilduniy
UAAAUAAUNAYDINTITNIIIUVDUYAR LA NEITHN N

pann MsAnwdesndmudninveslessu TRPC AUnAies
mlsmmmsn,l,amaaﬂmmLsuaamﬂﬁuu’l,uimlmau 7 wuriy
wu Tsalnarnaudulafings Gamsvhaiuinniurestes
tossutidoidmadosslilussesem uazEuiidoyaludnd
naassinIsiuresadlessy TRPC6 Mifinienaidu
drunilsveanszuiunisifia glomerulosclerosis lulsa
Tnawesdauazitafinlulnainanizgaturesssuuniaiu
Uaan2z (Obstructive nephropathy) 8n¢ne JaiAuNEIL
flagimuneiiduivedlossy TRPC6 Geonaldldnagvae
fifinsnaneiuguazivaelsaladu q Afnisuanseanyes
Bu TRPCE 3nTullg™™ ™

TRPC5 uBndedlessulunguideaiuiislsinedseay
Q’ﬂwmﬂmsnmaﬂ’uﬁ:maqﬁuﬁ WANSUNUIIUNYNAADY
fifimanaeiugesBuinduinisuiniduveslatiosniimy
flifinsnaneiugiilonseduliiAnnisuiaiuiiedade
Feau uagnsliienidudmedlessuilumyiianudiladings
nM131H Angiotensin Il nuiausevzaadLvaslals
wazdulnenis$hwiiddasndeslossunil’

Circulating permeability factor-related
podocytopathy %38 Primary podocytopathy
Faust a.6.1972 Smsdunugitheiidndlsalnszzgare
ﬁlmumsﬂqﬂmeﬂ,mﬂamaﬂa‘uLﬁwmmaﬂiqumsaaau 30
Tagdunnnazzunsaanuanuiaundlalutag 2-6 Jumda
nmstgndnela uifisenunemulsiudaludaasdou
nszvinldesideninglaugnargluiesinda (reperfusion)
MA1ETIENUMEiU Usenauiunenuseumuiiniming
n38INa1aun (plasmapheresis) au1sanIuANsalsnle
Far312 vl ideddvremadiiluanauisey1edid
AantRvIliAansaaden1svinauves podocyte BE
$umrzeglussuumyuideuladin luianadsouigniFends
Permeability factor, Circulating factor %38 Circulating
permeability factor Tuies udtn3Isevsnenerudum
LAz NsEYIY CPF dudeluianalauiegseniuiy
wandalyanunsaszyladaau Robert J. Shalhoub ldtaue
aufguilsaiiinnnemisfisunfvesssuugiduiu wae
doiluanamariiifiunan T cell iosnlsndnevaues
senslenaniduiu msitlinwukeufvefinnnsdesduile
NUNYIDINYN LLa%miﬁWUIﬁﬂﬁinﬂ’JEJ Hodgkin’s disease
$os aunigruilldgnldesuenesidalsadifunaiuu
wifdldaunsaduduienisilogasaves CPF le unndunsdau
fatadedaunmdninmnlseiliduain CPF danannads vila
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fanulemanduidusifiesioray 30 lalldynae’
founds1eunsiiAnely A.A.2012 Iae Lorenzo Gallon
wazany Aneauiiimsthleangiidingnaelvifugvae
Adulsalnszezgaineain Primary FSGS wuinianis
ndudiuen Feudughonsnsramanesiven lsaiindudiugn
v‘fﬂﬁﬁ%’w%mﬂimﬁmmL%Uﬂ’saﬁLLsJaQLLasﬁmiv‘mmmm"Lm
fugaatuiu nduladinanldgnilugnaelssuging
Snseniledadulsalaarniuiminy wudnladenaniiin
nsnduidugives FSGS awnsaiiuiilasngiediania
nsdifnwiilesiilvaunfgunisiiogues CPF gniugiui

Glomerular basement membrane

lolalenl?
(Cytokines?),”

=@ ~

B cell

gndesudazdsldanunsasyudinures CPF laegnedniau™”

msAnwnalnnsiialsaves CPF-related podocytopathy
Tuilagiuazsludansszydnuves CPF uagumasiun
vosansil Adrusniluanafigniauedienadu CPF Wy
Soluble urokinase plasminogen activator receptor
(suPAR) Tu Primary FSGS wiAendemnuinansialady
aumnues podocytopathy wiagiala Ssnsilansiidsey
nsvuILNsAnyideuazanslual 4 inusnntunaen (sUfl 3)
lufifagnanfaamznalnrielnanafiidoyauniulugis
AR

. a a .
nephrin UWagwkauauan#@® nephrin

nephrin & Anti-nephrin antibody

Inlalan
Podocyte

FJuouviaanidenoy
Endothelium

wadEuoLaURLIY
(Antigen-presenting cell)

UM 3 unumves B cell Tunalnnisiinlsaves podocytopathies H1unalngiiAufiudeduaues lngiinnisnseeu

B cell liauouiveddeusufiauvedluianauu podocyte 8171lu nephrin, annexin A uaz UCHLT 1Wudu uenainiu
dauanafienalnues T cell Aimaidrufsidoswiunsudtlelalatiaz/via1sdu 9 Nenaiinans podocyte®

CD, cluster of differentiation; TLRs, toll-like receptors; UCHL1, ubiquitin C-terminal hydrolase L1

wauRvafsia nephrin (Anti-nephrin antibody) wazdy 9

losandnuarainnisdey immunofluorescence il
WUMEANIUVBY immune complex #3BlUIAUABLNELLUY
warlinunisazauiivuiuiuresdidnaseu (Electron dense
deposit) lundosganssmididnaseu viliAudedn Primary
MCD wag FSGS ldaisiinainnszuiunisgiiduiusioniu
AULDY (Autoimmunity) HIUAITASIILOUAUDA WATUYIS
waned ik uunfissaunagnsfinwinuauuuuguild
Rituximab tHuneufivefidauasizsisa CD20 Fwanunsarin

lymphocyte & wuineniiiuszansaimlunisdnu
podocytopathy ‘I,wﬁﬂaEJLﬁﬂﬁﬁmiﬂé’uLﬂuﬁgwﬂaw%aﬁaﬂ%
adieseunagnasn (Steroid-dependent)”’ LagAuNIAIY

12 ydsantiulut a.@.2017 1508

ﬂﬁjﬂJUﬂ’J"ﬂﬁJLLauLLW‘VIEJUNﬁ’JuLﬁu’e]LLa%L%@IUﬁuiJaiﬂu’jﬂﬁ’m

Joyaamadeiulugive

AuRnUNRAved B lymphocyte fiad1susufivefise podocyte
Menuduamsedsanguil mndedunmi q wu :e9u
vaan1smeanlsanundanisinidein (measles) 49
nanguveInsduaszvisuylulnaydu (immunoglobulin)
flanas uazdianunsoesunglddvilulsaiftmevaussde
afssosfuazenagiduiu’ sausa rituximab fana1
lowni

n13@nw1 podocyte TunasanaasiLardningaes
Bununisiiegvesueuduedse nephrin Fadulusiuid

v

unumaiAgegsunly slit diaphragm wulweuAvesl
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9291l nephrin ndewsenainuiiia slit diaphragm U8
Wnaduluwad Wilvinsdeusiessning foot process ves
podocyte gNuENEBNINAY wargaden1TvinaIuLes slit
diaphragm Tufign ‘Usmgmﬁaﬁgﬂwﬂﬂm pemphigus
wiuny aussulud A.A.2021 Andrew J.B.Watts LazAmuy
I¥s1enumsfunuseuivediluimvdsuariuwilelaves
fUre MCD ATl duusidudea wuneudvedsie nephrin
I@Sovaz 66 way 3¢ ludnuazvgaudiiu uazwudnii
Lﬁ'aﬁﬂﬁﬂmﬁawm@ﬂwﬁﬁLLauﬁuaﬁL%ﬁwﬁiuﬁumzﬁiﬁﬂaw
ANYNAIINAITINYININTIA AENUNITaRaIRY LT dAgY
wionannvesouivefduaulunnse ludiuweinisnsim
NINYITINYN ﬁmﬁé’qmmawﬁﬁﬁdﬂuﬁﬂw MCD U4518
agnuduylulnaydud (1g6) asavludnvazidugaiin 9
(punctate) Tu immunofluorescence (;J‘U‘ﬁ 4) Faduids
Liwudadnesursannalnle Tnevsdudeineraduiio
NauInae Aeuniinisanwiduduindnsasiiiuiiiu

Albumin

® G
@ Nephrin

® G
® Synatopodin

HauINa3e n1sldnaesganssmiiuulniasiu (Confocal
microscopy) kagNapd9ansIALNITaesaIaLuLilATIasng
%ﬁmmmamgwgﬂ (Super-resolution structured
illumination microscopy) Ainwiluseagidenfisidumnuii
nsazan (deposit) Mfiuwmeanil Ae woufvedde nephrin
(Uil 5) Tuvasiiduouivefludundesiifgudetioly
9 598y e punctate 1gG deposit NT18”
weuRveRdy 1 Asenulufithenguil Tdun woufiued
M8 annexin A2, UCLH1 uay CD40 egslsfinudaya
gadlldann wazdinsinssonisuduisunuimaiiudnfy
snass saedsldfimsAnvunalngfiiinsnsisueuiven
wandlunsAnuiientu Tdlinsudoyannaszuieinen
widaluvned luowesmsdunuweufuefinaionlug

a o

1931348 Aney SuungUe podocytopathy S99
U

= o ::4'

Preidann1sinwiuiuduasiningauivi Uaslanvy

o A

widlpununAndululsa MN

sUN 4 AmaNNaed immunofluorescence Tu MCD

Y
(de) uansguilendoursuwauivedseduylulnayaud (IsG)

'
< a v

FaAnmeans Fluorescein isothiocyanate (FITC) ludnwouy

[

Jugmdn 9 (punctate) nszanevh (diffuse) Tulnawegda

a

(¥721) wansulllendoumeusuivedsnedayiu (Albumin)

'
=

FaRnraeans FITC linunsdeudnsauluningis wWiadudu
Imsinduylulnayduidlinauinais (Woulanunasd
fanuend 20 lulasuns)?

Uil 5 nmanndesqanssminisdesainsuuuiilaseaiig
ﬁﬁﬁmﬂ’smazl,aaﬂq& (Super-resolution structured
illumination microscopy) mﬂ%mﬁ@lmﬁm‘iﬂ MCD

(de) uansn1sdonRndunsUIUaNiin1INEAURIVBS nephrin
AUk GBMlesann nephrin ayﬂuﬁnm slit diaphragm
Fednfu GBM drudilisauaninisdondnduylulnayaud
Fadiouviufiu nephrin (Colocalization)

(¥21) HAAINITTDUANFLAIUIUDNEINITNTZIBAIVO
Synaptopodin 3 9 Tu podocyte @slidouriufuuiinm
5@1@@?&%mﬁﬂwaﬂﬁﬁamgiﬂﬂagauﬁﬁ
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lolalay (cytokines)

naunfigiures Shalhoub Wenfuunumaes T cell
Tunen3indnves podocytopathy n1sAnwidIunida
yaA1meudn T cell vl podocyte geyidanisvingiu
iunszurunsla lelalaifaduvilslunguuesansiiden
gradudsiiadianan T cell wagrlfiianensann
989 podocyte lalalaufifin1sfnwasudauin ldun
Interleukin-13 (IL-13) wag Tumor necrosis factor alpha
(TNF-alpha) nsfinwftsinunmuinduves 1L-13 wanseen
wnfunazinizadne IL-13 an T cell Tufvaediniidy
Tsn w113 Lesanansonugeiuluginelsndu wu lsadia
Tsaazifiniu Tnefguaeliflusiusluliaans Suilfanu
Jululeit 113 ssdunalniiviliAneuRaunidlidan
Tudunsnwives TNF-alpha Tugtae SRNS wansliliiudy
fisedfuiigandnund wazdamuin podocyte finisuanteen
vesdures TNF-alpha wnduwuiu saufuseeluein
Famnaosliueufiuedse TNF-alpha Tugtne SRNS nuin
senuasameanisals snnsinvnilduinimdes
v8gUae FSGS wld podocyte Undtzidedinudng
n13nsesu TNF-alpha lasesas 21 Tuvairiisade TNF-alpha
pathway e1aidunislunalnfinuumaannii CPF unsevh
%9 podocyte’®

FSGS mnm’;:minsmﬁgqﬁﬂﬂﬂﬁ (Hyperfiltration-
related FSGS %358 Maladaptive FSGS)

nalnn1suinduees podocyte Tunguilideinduduain
nMsfinAIASERdnaiinsThse GFB funndu nedaam
srmulundesqanssmivialy fie FSGS simuilluviln Perinilar
LLazmﬁ]wuﬁﬂwszﬂaLuagﬁaﬁimsﬁu (Glomerulomegaly)
Fnwagdinsanulundosganssaididnaseulesaziiiy
nsuinidures podocyte way FPE wiudnusnaiilndda
vodlnwesdamzidugaindyiuussnssyinnniign a1ndi
ssumdvedlsainainnisazanannisuiniiudeidendy
nALLLAENEBANINYRS podocyte Sildnszanaivintuii
Suiugithenduiiinagbifionnns wilifedusiuilutaans
fimsvhauedaiides o anawaznaneilulndess saust
Lldnduidudituiindsnisugnansla anvniiddnyues
Tsanquilsindu 2 nqu fio nquiiistuumiela (nephron)
anas Wy msidnlaeendrmids aglaniydulsiaung
Fausiruin w%amjuﬁ@iy’aéfuﬁﬁmawm&Jlmﬂﬂa WU N1ZEIY
ausladings Jusiu®'

a a

mmqwmﬂ{]u?}'u 9 (Other Secondary FSGS)

q

annguaslsanauil Tdun nsfiade wu himevled
(Human immunodeficiency virus 38 HIV) lsadilaa Ta5a
15123 19 (Parvovirus B19) n13lasusnsng & 1 Interferon
uay Pamidronate lsnuziSsunsriiauaznnsniaurneme
msnsranumaneg3inelugihenguiiinnudu Collapsing
variant ¥84 FSGS uififisneau variant 3u 9 e MCD W
fu madalseanammimaifiaudiniusednanniuiiade
MaiugNIINAIY WU anudusiusuesdu APOLT iRnUnA
Fananluudafunisiniderovled SARS-Cov-2 u3ens
1§5uen Interferon 1y druunawmmealifedos wu
Pamidronate g msdnwlunguilsinajatuiinsudanvg
uilsnenarsundelalansnsaiiuldlunanensd nns¥nwnlu
nguiingrdanmiinisiudsundainnsazsaiunisvzas
arudewvodlsaladuieaiuitelsnlnEess®

AUIAAYBINTINYT podocytopathy Tukllnegy
mnanudlaiedunalnnisifalsalungy podocyto-
pathies Gsagiiuldinfimnaunnsrsiuluusiasnguegann
ns$nwfuasnguilusunanduualduad luaunaln
MilAiAawesanmlugvasusagsne (individualization)
Tngenderistoyanisnadin nisnsravmeesufifins sads
N TIME A RUTNITUAS 9 Uszneunu
n1ssnwludagiuerauvdlaeduvvildunquuesena
gifufuvdeniijautufietidnuiesudsnisatns CPF nqu
vospoongvsiieafuszuumsmuisuladialul nguves
giilidnanmgdu 9 uenan CPF waznguueseiiaih
finszurunssig 4 u podocyte Tnemss Sslutlagiufiomany
iifdadinsfnweglunsmaasszesd 2 uay 3
gnaiiANTY
Whmsneveanslderlunguil Ao sudanisadievde
9dn CPF detuindonldlungquiviefasdonioidu
CPF-related/primary podocytopathy Wiy egalshnu
\esnifagudsliamnsonsiavivdngiuves CPF leilu
n1eUfun Addnsiivseludingueinisiulisiinuazaive
Ju 9 wuduisteondldgndedluddasnse eusn
Auuzthlildnsallifidevinu Ae auiusessivuings (High-dose
slucocorticoid) aedlsfnuainsessdusniifinadnaufngs
Tastanngluguasiineuaussionissnuidiasgnuusila
Toeionduszeznauld 16 dUawi' deillonnad
nadraAssgenn fdumsimuinisinuiifanusing
warrathafewnIadudedify
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d¥ugithe MC Tuglngtu Haqtu KDIGO Iéuusthls
1481 Cyclophosphamide, Calcineurin inhibitor (CNI) %38
Mycophenolate mofetil (MMF) Jugididuusnlunsdl
fifaeidovhuvioufiasnsldadosesd dalunsdiiae
fnduiiugves (frequently relapsing) n3odailasu
diigsouneynaen (steroid-dependent) 819MWA1T0UN
Rituximab 1udnnadennisldidesanidoyadenann
ludhesiu uslunsidives CPF-related FSGS Hugnfignuugin
Tldannitgnazdueingu CNI®

griifdafinswaumieAnwvrsudsszdulunywdudy
snidueniigathi B cell 1uvdn iosndeyaiidedn CPF
wanfiunazaiienin B cell wavdrunindunoudved
ABULAUAIUYDY podocyte enguKsn LA Monoclonal
antibody #@ anti-CD20 lewA Rituximab wag Obinutu-
zumab Tngdm3u Rituximab Feiinslpgudalulsnidiig
fnsfnwilazaenedovsdludiaelinfanntu fnsfinw
Tudsswmadainguuseuiisunisly Rituximab Augivasn
Tugfhefidu MCD w3e FSGS fetaelminasnduniue lns
lpadeseufvu1ngannse (TURING; ISRCTN16948923)
snmsdnwmidludfuaadunisfnyiuisuiisunisli
Rituximab 3aufunisaouaifesesdilledUisidngszes
asvveslsandaldafosesduungemeubudy Weudunis
$nwun@ (RIFIREINS; NCT03970577)* @ Obinutuzumab
Faduwouduedsie €020 julmidsiinalnlunisvinans B cell
Aumnenauaziusyansamannni Rituximab asins@n
Tusvoedl 2 Tuifllhe FSGS aetuiu (NCT04983888)* o1nay
du « fifinsAnuiiduduegfourszesd 2 Tdun vB-119 8
\Huueufuefse CD19 Fuduluanauuinves B lymphocyte
wWui (NCT05441826)

mﬁ&juﬂwﬁnﬁzmunﬁmﬂu podocyte

aqﬁmmifﬁlﬁmﬂ Monogenic podocytopathy Usenau
fumeluladeing o lums@nwdeyanisivasuulasseiuiwad
TUshU hagn1suanioanveduiuIuuInngey q Au viln
nsdladenalnfiinduly podocyte vielunnizuniiuay
daiansuiaduanndu 1Wud nalnfidendostunisrha
284 actin cytoskeleton audenalnfiiaiunisadiauay
W19uves slit diaphragm 1Wudu Fslaiinisiaievse
ansfaedudatmanedng q Adndngdsununalnmeni
Fadunafinundsanmsuindutazerathlugnssenie
weSanmdusielu®

nalavdefiunaula e nafinduvessziunaaldeu
Tu podocyte awasdyaalunssu Calcineurin Fagany

vneaneenan Synaptopodin wagviliAnnisaanes
99 actin Iddetu fetusinglugtas Monogenic FSGS
AnMsiusnRaUnAvesngs TRPC fuee’ nalnil
Fadunalnfideinedureyszansamlunisaniusiuslu
Jaazvesenau CNI filaldrnalnnisnagiduiunie
nsuARITRIaBALaenlndnA1e (Podocyte stabilization
effect)?” fiaiu CNI o1adfudanalniioradunssuaunsivhlsy
\ianenSannly Monogenic FSGS annunsdiula CNI 3edadu
fandesiterathuldly Monogenic FSGS aluniaan
fulndunilelsvielsl Youuriiiain KDIGO Pagiiudilsinugii
Trienaniduiulugiienguil® utanaensnuitiun
wuiredindidu SRNS azmouaussie CNI l¢¥esay dd
fis 83 dnllugthefasderiefigauindu Monogenic FSGS
ananevauedldnsseray 22° Tuglngjdildeyasgiosun
a2 Voclosporin dadu CNI falwalfilgsunsdusedlvly
Tulsalndniaugila (Lupus nephritis) tugslsifidayanisih
ul4lugUag Primary podocytopathies inlatin
uannMsdudail Calcineurin uda lefinsWanieni

fugsvesleosuitdrAnlungy TRPC lnunsteguinung 81

= =

finsfinwmenaiindeszesd 2 wé Wun efisuds TRPCS
Ao GFB-887 lugfthe FSGS vi3e MCD filinouaussienis
S videlsalaanniuivnu (NCT04387448)° wageniiduds
TRPC6 o BI-794198 Fadnwilugfihe FSGS (NCT05213624)%
TnefinnsAnwmaniiilasifausifiedy Monogenic FSGS
wildludnvasUssmnsiinhaty esmnuansnwiiny
nsuanseeniiuntululsaladudnarilunouni

WhsnglumssnulunguidsinsinwBnvanenisdn
wailunltnntudes q o1y mslveniieoluunsnuss
nsdeassening podocyte uaziwadideylnamosdalng
s0u Wi uiethensviervesiulnaewese n1sliedie
Fudslelnlardsing q fioraiinaste podocyte®s?

ﬂﬁﬁLLm“uﬁ’lm&!Lawwﬂlm podocytopathy

s podocytopathy maﬁﬁ?mﬁmmﬂmmﬂﬁmmm
swyld Wy mshadelifaunseiin vie undwndadinine,
nssnwianng lawn n1sierdulifa wienisdnun
IsAuzisaeanganisaniulse sauarildmennisale
drun13snwlungu Primary podocytopathies agiiun1g
Tilugnnagiiauriu

d113U Monogenic podocytopathy Sudslifedianmnsa
$nwiingrdindaeld DifteansldotlunguiliAeaiussuy
vyudeulaiinlula (Renal hemodynamics) Lilevzas
mnudey waznisugnangladelsadududlndvdetng
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Tmeideseszevaanewiniy uiludfdiuandsenuns
Anwgfjaihluiianvnuedse fo Mfnwien Inaxaplin
scﬁnLﬂummﬁﬂ%'uﬂizmuﬁaaﬂqmcﬁgé’usju’amiﬁwmmaa APOL1
TugUae APOL1-mediated kidney disease nsaneniidu
MsAnwszesil 2a Tugflae 16 18910 12 aa1dulu 3 Uszine
Tne@nwgvae FSGS fldsunistuduienisdintudeln
waziinisnanewusvesdiu APOLT luvis 2 weada waed
TusAuslubaanzuinndt 0.7 nfusetu wagaUszana
gnINNInTeselnale3ad (Estimated glomerular filtration
rate %30 eGFR) faust 27 wa.fowfide 1.73 a5, Tulu Taglv
81 Inaxaplin wuann 13 dUai wuiaansaandiua
Wsuiiludaanyldesdiloddyiisosay 47.6 nathafes
nu 18un emsundsee aduld endeu waziands®
MnHansAnwEvlesinsemuarsvesansgewsn
$us0sll Inaxaplin Tufthenduil dwsunamsaddnluszes
g1dessetoyalusuinniiisifuseld
grfifnadaszuunyuisuladnnielulauazduds
nszuIuMsiiansialule
amznsnsesfigainnfvednamesdadunszuiunis
fbuiisdnfuuiunoauais azidvinliiAansuniude
podocyte Tsfusludlaanzuazdniulsnrunasidy
Tsalmi3eseld lnssewiunszuaumsnifnnsavauvoaisin
(Kidney fibrosis) 33ud28 nmzinululsalaainwainwane
anvg mslfelunguiiannsassgndldiugvaslungs
podocytopathy ldununnanvalagiawiglunsdilid
mesnwdumedu q dliudifieinguiiiinainainznisnies
figshnunfsausiusn mnsrzdngvasineaninitliansg
nduifudndldudn fegianszuiunmsdouvedladidiu
solulnedinalnsaufuunsdiu enilddudinssuiunmaidon
wiandl sawviadusminluszaslndonlufvislsalnidoss
Pflushusunegreenu fe gnlungu Renin-Angiotensin-
Aldosterone system inhibitor (RAASI) %dlﬁ%/umiﬁgﬁlﬂ
fesvAnBnmiaenisinuislunaoanaastuaznsinw
nanatnunang
gnguinlufigndunuuazinldsaudu RAAS Tunns
geaslaudan Ao Sodium-Glucose Cotransporter-2 Inhibitor
(SGLT2i) nalnniseonguidanisvessingui Ae n1san
amznsnsesfigeinunfuardudsnaiaiaiialulauiy
fofivoamslelunguil Ao annsoldlulsalafidlusiut
Iannvaneaime dmsuteyaludiie podocytopathy &4
HuuAdiesussrnsndudeslunmsinuaunalvgvese e
wu Tumsdeseiitas FSGS fBusudemsdinduiols

lun15@nw1 The Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease (DAPA-CKD) 484981
Dapaglifiozin wundigUaeitanun 104 518 gnduegly
nauenvsazevaoniiudiuig 45 uwaz 59 19aUay
wudnlufauunne1seg el dodrdgtanadns Ugugd
(Primary outcome) lunis@nwnil fe wasaun1sanas
799 eGFR Mausosay 50 maiiglaalnszezaning wio
nsideTinanlsalaviselsaiila laell Hazard ratio Wiy
0.62 (95% confidence interval 0.17 4 2.17)* Usgangam
Tunswzaslaidounes SGLT2i Tufthenguiitsdaufionides
funazdessedeyaiiniftluowan

Endothelin \usnluananisdadleduiudaiueia A €T,
receptor) weagnsgsuliinn1stuivemaendanlnuiaen
(Efferent arteriole) inamanusugslulnaesiauaziin
amgnansesiigiinUnfnarnisaiieisfianiun uenaniu
Tuanaiifndnguinnszdunszuiunismeves podocyte
WUU apoptosis WATLNINUYINITHINUYEY actin kag
aslasadndlddnine® dngafisneaunis@ne) DUPLEX s
JunmsveaeswuuguaiupuUSeuiiisunislden Sparsentan
Lﬁuﬂﬂﬁqwégugd ETA receptor Lag Angiotensin Il receptor
Tulmanaifieafuen Irbesartan Tugftae FSGS Aduglng)
wuinfinsiUasunlawesdnsinisanawes eGFR Lade
Taiusnsnafuognaiidodiny winguilléisu Sparsentan fins
anasesUiinalusiusiluaanzunnitegraditedfy®
Fafufihaulanenguisduniunumidadalumsdn
fenauildviold
GEIL

anuinlafifienalnnisiinlsaves podocytopathies
g naivdsuwdaduvaediu fafienaniside n1s
FuungUe Msimu1Isn19Idadenazeeniuun1sinm
Tvai 9 Fsaeflenunsiuduazanumsnzausefiiousaz g
winiwluowan nssuungiaseonmuan Wy Primary
podocytopathies 310 CPF aggaiunislienagiiduiu
defudsmsatsansvan ielumefifinniizmansesiis
AnunAvzsjatiunisudlvanng uaglvonieanniusuly
Tnawegdauasdudinsasaisiamnnniieslionagdéuiu
Husu Tutlagsudsdonfieglunssuiunmsiannilusedu
naeAnAaes dninaass WiiN1InaaeInndinszyy
i 2 flv 3 ogBnann FeenvazidAsunladlLIMIINNIgUA
ftenguildesnannlusunan
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Predictive Value of Pre-Transplant
Monocyte-to-Lymphocyte Ratio for Delayed Graft
Function in Kidney Transplant Recipients
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Abstract

Background: Delayed graft function (DGF) after kidney transplantation (KT) negatively impacts long-term allograft
survival. Inflammatory and immune response markers in transplant recipients have been linked to allograft outcomes.
However, the association between the pre-transplant monocyte-to-lymphocyte ratio (MLR) and DGF following KT
has not been previously investigated.

Methods: This study included 162 patients who underwent KT between January 1989 and December 2023.
The optimal pre-transplant MLR cutoff for predicting DGF was identified using receiver operating characteristic (ROC)
curve analysis. Univariate and multivariate logistic regression analyses were performed to identify factors associated
with DGF.

Results: DGF occurred in 58 patients (35.8%). The optimal MLR cut-off for predicting DGF was 0.255 (Area under
the curve (95% confidence interval) = 0.686 (0.603-0.769), P < 0.001), with a sensitivity of 81.0% and specificity
of 55.8%. In multivariate analysis, MLR > 0.255 was independently associated with DGF (Odds ratio (95% confidence
interval) = 3.74 (1.55-9.02), P = 0.003). Higher MLR values were also correlated with longer hospital stays.
Conclusions: An elevated pre-transplant MLR was a significant predictor of DGF following KT. MLR may serve as a

useful, non-invasive biomarker for risk stratification and prediction of post-transplant outcomes.
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Background

Kidney transplantation (KT) remains the preferred
form of renal replacement therapy for most patients with
end-stage renal disease, offering improved quality of life
and extended survival compared to dialysis.”* However,
delayed graft function (DGF) after transplantation

significantly hinders optimal outcomes. DGF, defined as a

temporary impairment of graft function requiring dialysis
within the first week post-transplantation, is associated
with prolonged hospitalization and reduced long-term
graft survival.”®

Identifying reliable predictors of DGF is crucial for early
detection and timely intervention, which may mitigate its

adverse effects on graft survival and patient outcomes.

guseriusussaina: Deovaly uiimauieu
awa: pynkdt@yahoo.com

SuunmI: 22 fuea 2568; UsUUuAly: 24 wiwiegu 2568; SUATIU- 27 1wy 2568

o028

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

license unless otherwise stated.

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2025; 31(2): 150-161



Jariyayothin et al.

Although the exact pathogenesis of DGF is not fully
understood, it is believed to involve a combination
of donor and recipient factors. Donor-related ischemia-
reperfusion injury, caused by the interruption and
subsequent restoration of blood flow, triggers
inflammation and contributes to graft dysfunction.””
Additionally, recipient-related immune responses,
both innate and adaptive, may exacerbate systemic
inflammation and impair graft function.™ ° Previous studies
have shown that elevated inflammatory biomarkers
in the early post-transplantation period are associated
with increased long-term mortality in kidney transplant
recipients.'"*

Recently, there has been growing interest in biomarkers
that reflect the interplay between inflammation and
immune response in systemic inflammation, including
erythrocyte sedimentation rate, C-reactive protein (CRP),
procalcitonin, and the monocyte-to-lymphocyte ratio
(MLR). While CRP is widely used, its elevation can result
from a variety of causes, such as infection, tissue injury,
or abnormal liver and kidney function, and it requires
specialized testing beyond routine laboratory work. "

Among these biomarkers, MLR has emerged as a
promising, readily available, and cost-effective marker of
systemic inflammation. MLR has demonstrated predictive
potential in various pathological conditions, particularly
as an indicator of inflammation in cancer and coronary
artery disease.'" " Elevated MLR levels have been linked
to poor clinical outcomes, likely reflecting underlying
immune dysregulation and heightened inflammatory
response. However, the potential of MLR to predict DGF
in kidney transplant recipients has not yet been explored.
This retrospective cohort study aims to evaluate the
association between MLR and DGF, and to determine the
predictive value of MLR in identifying patients at risk for
DGF. Additionally, the study will examine the relationship
between MLR and post-transplant complications, as well

as hospital length of stay.

Materials and Methods
Study Design and Population

This retrospective cohort study included adult patients

(aged 218 years) who underwent kidney transplantation
at Police General Hospital, Bangkok, Thailand, between
January 1989 and December 2023. Patients with missing
or incomplete medical records were excluded. A total of
162 patients met the inclusion criteria and were analyzed.
The study flow diagram is presented in Figure 1.

Ethical approval was obtained from the Institutional
Review Board of Police General Hospital. All data
were handled in accordance with patient confidentiality
regulations. Informed consent was waived due to the
retrospective nature of the study.

Data Collection and Definitions

Demographic and laboratory data were retrieved
from the electronic medical record system. For kidney
transplant recipients, the laboratory values used were
pre-transplantation results. DGF was defined as a
temporary impairment of allograft function requiring
dialysis within the first week post-transplantation.

Sample Size Calculation

Using a previously established MLR cut-off value
of 0.2168, as reported by Yang et al. in a study investi-
gating MLR in peritoneal dialysis patients, the sample
size was calculated based on a comparison of proportions
between two groups. The analysis indicated that at least
62 patients with DGF would be required for sufficient
statistical power."’

Statistical Analysis

Data are presented as mean + standard deviation,
median (interquartile range), or number (percentage),
as appropriate. The optimal pre-transplant MLR cut-off
value was determined using a Receiver Operating
Characteristic (ROC) curve. Categorical variables were
compared using the Chi-square test. Continuous
variables were analyzed using the unpaired t-test or the
Mann-Whitney U test, depending on distribution. Pearson
and Spearman correlation analyses were used to assess
relationships between continuous variables. Univariate
and multivariate logistic regression models were
employed to evaluate the association between
pre-transplant MLR and DGF. All statistical analyses

were performed using SPSS software.
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Results

Baseline characteristics of the study population.

A total of 162 patients were included in the study.
Figure 1 shows the study flow diagram. Table 1 presents
kidney transplant recipients’ baseline demosgraphic
and laboratory data, donor characteristics, transplant
parameters, and outcomes. The average pre-transplant
MLR was 0.34 + 0.22. Most patients underwent deceased

donor KT with a standard criteria donor. Thirty percent

had a positive panel reactive antibody (PRA), and 97%
had at least one HLA mismatch. Induction therapy with
anti-interleukin-2 antibody was administered in 56%
of patients, while 80% received tacrolimus-based
maintenance therapy. DGF occurred in 35.8% of cases.
The average serum creatinine and estimated glomerular
filtration rate (eGFR) at 1 and 3 years were 1.5 mg/dL and
59 mL/min/1.73 m?, respectively.

Total kidney transplant recipients screened
(n=179)

Excluded (n = 17)
« Missing records (n = 17)

Included in final analysis

(n =162)

DGF
(n = 58)

Figure 1 Study Flow Diagram
DGF, delayed graft function

No DGF
(n = 104)

Table 1 Baseline data of kidney transplant recipients, donors, transplant parameters, and outcomes of all patients

Parameters Parameters
Recipients’ parameters Donors’ parameters
Male sex, n (%) 102 (63.0) Male sex, n (%) 142 (87.7)
Age at transplantation (years) 42.22+8.92 Age (years) 36.79+12.59
Weight (kg) 62.38+12.98 Donor criteria, n (%)
Height (m) 1.64+0.09 Standard criteria 110 (67.9)
Body mass index (kg/m?) 23.01+3.87 Acute kidney injury 61 (37.7)
Dialysis vintage (years) 5.01+3.74 Extended criteria 0 (0)
Dialysis mode, n (%) Types of donors, n (%)
Hemodialysis via AV fistula 152 (93.8) Deceased donor 144 (88.9)
Hemodialysis via AV graft 5(3.1) Living donor 18(11.1)
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Table 1 Baseline data of kidney transplant recipients, donors, transplant parameters, and outcomes of all patients (continue)

Parameters

Parameters

Hemodialysis via TCC 1 (0.6) Induction therapy, n (%)

CAPD 4(2.5) No induction 68 (42.0)
Underlying diseases, n (%) Anti-interleukin-2 antibody 90 (55.6)
None 24 (14.8) Others 4(2.5)
Diabetes Mellitus 21(13.0) Maintenance therapy, n (%)

Hypertension 127 (78.4) Tacrolimus 129 (79.6)
Dyslipidemia 42 (25.9) Cyclosporine 33 (20.4)
Coronary artery disease 5(3.1) Panel reactive antibody, n (%)

Cerebrovascular accident 3(1.9) Negative 114 (70.4)
Smoking, n (%) Positive 48 (29.6)
Non-smoker 149 (92.0) HLA-mismatch, n (%)

Current smoker 2(1.2) None 5(3.1)
Former smoker 11 (6.8) >1 157 (96.9)
Causes of end-stage renal disease, n (%) Transplantation outcomes

Unknown 34 (21.0) Delayed graft function, n (%) 58 (35.8)
Diabetic nephropathy 16 (9.9) Serum creatinine (mg/dL)

Hypertension 65 (40.1) 1 year (n=150) 1.46+0.54
Glomerular diseases 37 (22.8) 3 years (n=134) 1.50+0.81
Kidney stones 6 (3.7) eGFR (mU/min/1.73m?)

Genitourinary abnormalities 3(1.9) 1 year (n=150) 59.31+21.08
Others 12 (7.4) 3 years (n=134) 59.09+20.45
Pre-transplantation labs results

Hemoglobin (g/dL) 11.57+1.56

Hematocrit (%) 35.54+4.61

White blood cells (cell/mm?) 7,500+2,931

Neutrophil (%) 63.52+12.52

Lymphocyte (%) 20.40+8.86

Monocyte (%) 6.23+3.39

Platelet (cells/mm?’) 222,028+73,638

MLR 0.34+0.22

Albumin (g/dL) 4.30+0.44

Globulin (g/dL) 3.50+0.49

AV, arteriovenous; TCC, tunneled cuffed catheter; CAPD; continuous ambulatory peritoneal dialysis; MLR, monocyte-to-

lymphocyte ratio; KT, kidney transplantation; HLA, human leukocyte antigen; eGFR, estimated glomerular filtration rate
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Pre-transplant Monocyte-to-lymphocyte ratio
and delayed graft function

The ROC curve of the recipient’s pre-transplant MLR
for predicting DGF showed an area under the curve
(AUC) of 0.686 (95% confidence interval: 0.603-0.769), as
illustrated in Figure 2. This AUC was significantly higher
than the reference value of 0.5 (P < 0.001), indicating

meaningful predictive value. The optimal pre-transplant
MLR cutoff point was determined to be 0.255, based on
the highest Youden index of 0.368. The corresponding
sensitivity, specificity, positive predictive value, negative
predictive value, and overall accuracy for predicting DGF

at this threshold are summarized in Table 2.

10 Source of the Curve
— MLR

0.8 — Reference Line
2 06
=
2
& 04

0.2 AUC 0.686 (0.603-0.769)

P<0.001
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 Receiver Operating Characteristic curve of the recipient’s pre-transplant monocyte-to-lymphocyte ratio in

predicting delayed graft function
MLR, monocyte-to-lymphocyte ratio

Table 2 The cut-off value for monocyte-to-lymphocyte ratio in predicting delayed graft function

Parameters

MLR < 0.255 (n=69), n (%)

11 (19.0%) 58 (55.8%)

MLR = 0.255 (n=93), n (%)

47 (81.0%) 46 (44.2%)

Sensitivity (95%CI)

81.03 (68.59, 90.13)

Specificity (95%Cl)

55.77 (45.70, 65.50)

Positive predictive value (95%Cl)

50.54 (44.33, 56.73)

Negative predictive value (95%Cl)

84.06 (75.10, 90.22)

Accuracy (95%Cl)

64.81 (56.93, 72.14)

Odds ratio (95%Cl)

5.39 (2.51, 11.54)

DGF, delayed graft function; Cl, confidence interval; MLR, monocyte-to-lymphocyte ratio

Factors associated with delayed graft function
Univariate analyses of factors associated with DGF are

presented in Table 3. Increased recipient’s pre-transplant

white blood cell count (WBC) and MLR, deceased donor
KT, donor acute kidney injury, and longer hospital stays

were positively associated with DGF. In contrast, standard
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criteria donor was a protective factor. Multivariate  MLR (20.255) and elevated WBC were identified as
analysis, which included variables with a p-value < 0.1  independent predictors of DGF. Standard criteria donor

from the univariate analyses, is shown in Table 4. High  remained a protective factor.

Table 3 Univariable analysis of factors associated with delayed eraft function

Non-DGF Odds Ratio
(N=104) (95%CI)

Variables

Recipients’ parameters

Male sex, n (%) 36 (62.1) 66 (63.5) 0.94 (0.49, 1.83) 0.860
Age at transplantation (years) 42.55+7.73 42.04+9.55 1.01 (0.97, 1.04) 0.725
Body mass index (kg/m?) 23.66+3.84 22.66+3.87 1.07 (0.98, 1.16) 0.117
Dialysis vintage (years) 5.31+3.94 4.85+3.63 1.03 (0.95, 1.13) 0.449
HD via AVF (vs. others), n (%) 54 (93.1) 98 (94.2) 0.83 (0.22, 3.06) 0.775

Underlying diseases, n (%)

None 10(17.2) 14 (13.5) 1.34 (0.55, 3.24) 0.517
Diabetes Mellitus 8 (13.8) 13 (12.5) 1.12(0.44, 2.88) 0.814
Hypertension 45 (77.6) 82 (78.8) 0.93(0.43, 2.02) 0.852
Dyslipidemia 15 (25.9) 27 (26.0) 0.99 (0.48, 2.07) 0.989
Coronary artery disease 3(5.2) 2(1.9) 2.78 (0.45, 17.15) 0.270
Cerebrovascular disease 2 (3.4) 1(1.0) 3.68 (0.33, 41.47) 0.292
Smoker (vs. non-smoker) 5(8.6) 8(7.7) 1.13(0.35, 3.64) 0.835

Causes of end-stage renal disease, n (%)

Unknown 12 (20.7) 22 (21.2) 0.97 (0.44, 2.14) 0.945
Diabetic nephropathy 8(13.8) 8 (7.7) 1.92 (0.68, 5.42) 0.218
Hypertension 24 (41.4) 41 (39.4) 1.09 (0.56, 2.09) 0.808
Glomerular diseases 10 (17.2) 27 (26.0) 0.59 (0.26, 1.34) 0.208
Kidney stones 3(5.2) 3(2.9) 1.84 (0.36, 9.41) 0.466
Genitourinary abnormalities 2(3.49) 1(1.0) 3.68 (0.33, 41.47) 0.292
Others 6 (10.3) 6 (5.8) 1.89 (0.58, 6.14) 0.293

Recipients’ labs before transplantation

Hemoglobin (g/dL) 11.57+1.57 11.56+1.56 1.00 (0.82, 1.23) 0.986
Hematocrit (%) 35.50+4.51 35.56+4.69 0.99 (0.93, 1.07) 0.943
WBC (cell/mm?) 8,132+3,209 7,148+2,716 1.12(1.00, 1.25) 0.046
Neutrophil (%) 65.56+14.12 65.19+11.60 0.99 (0.99, 1.00) 0.774
Lymphocyte (%) 19.09+9.12 21.13+8.67 0.97 (0.94, 1.01) 0.162
Monocyte (%) 6.67+2.75 5.99+3.68 1.06 (0.97, 1.17) 0.222
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Table 3 Univariable analysis of factors associated with delayed graft function (continue)

Variables

Non-DGF
(N=104)

Odds Ratio
(95%Cl)

P-value

Platelet (cell/mm?) 234,966+74,167 214,813+72,699 1.45(0.94, 2.24) 0.098

MLR 0.41+0.21 0.31+0.21 9.63 (1.81, 51.24) 0.008

MLR >0.255 (vs. <0.255), n (%) 47 (81.0) 46 (44.2) 5.39 (2.51, 11.54) <0.001
Albumin (g/dL) 4.33+0.50 4.27+0.41 1.35 (0.64, 2.85) 0.425

Globulin (g/dL) 3.51+0.58 3.49+0.43 1.08 (0.56, 2.10) 0.812

Donor characteristics

Male donor, n (%) 52 (89.7) 90 (86.5) 1.35(0.49, 3.72) 0.564

Age (years) 38.74+12.91 35.70+12.33 1.02 (0.99, 1.05) 0.141

Standard criteria, n (%) 27 (46.6) 83 (79.8) 0.22 (0.11, 0.45) <0.001
Acute kidney injury, n (%) 32 (55.2) 29 (27.9) 3.18 (1.63, 6.23) 0.001

Transplantation parameters, n (%)

DDKT (vs. LDKT) 58 (100.0) 18 (17.3) N/A® 0.001°
No Induction therapy (vs. Induction) 28 (48.3) 40 (38.5) 1.49 (0.78, 2.86) 0.226

Tacrolimus (vs. cyclo-A) 47 (81.0) 82 (78.8) 1.15 (0.51, 2.57) 0.740

No PRA (vs. positive PRA) 41 (70.7) 73 (70.2) 1.02 (0.51, 2.07) 0.947

No HLA mismatch (vs. > 1) 2(3.4) 3(2.9) 1.20 (0.20, 7.41) 0.843

Post-transplant complications, n (%)

Graft failure (vs. functioning graft) 1(1.7) 1(1.0) 1.81 (0.11, 29.44) 0.678

1-year mortality 0 (0.0) 1(1.0) N/A? 1.000°
Urinary tract infection 5(8.6) 23(22.1) 0.33(0.12, 0.93) 0.036

Obstructive uropathy 1(1.7) 0(0.0) N/A® 0.358"
Lymphocele 0 (0.0) 1(1.0) N/A? 1.000°
Urinoma 0(0.0) 3(2.9) N/A 0.553°
Perigraft hematoma 2 (3.4) 1 (1.0 3.68 (0.33, 41.47) 0.292

Vascular complication 5(8.6) 4(3.8) 2.36 (0.61, 9.16) 0.215

Other surgical complication 5(8.6) 6 (5.8) 1.54 (0.45, 5.29) 0.492

Length of hospital stay (days) 30.03+13.60 21.94+8.47 1.07 (1.04, 1.11) <0.001*

*0dds ratio is not provided because the number in the contingency table is 0

®Data were analyzed with Simple binary logistic regression and Fisher exact test
DGF, delayed graft function; Cl, confidence interval; HD, hemodialysis; AVF, arteriovenous fistula; WBC, white blood
cells; MLR, monocyte-to-lymphocyte ratio; HLA, human leukocyte antigen; PRA, panel reactive antibody; cyclo-A,

cyclosporin A; DDKT, deceased donor kidney transplantation; LRKT, living donor kidney transplantation
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Table 4 Multivariable analysis of factors associated with delayed graft function

Variables | Odds Ratio (95%ClI) | P-value
White blood cells (x 1,000 cells/mm?) 1.18 (1.03, 1.35) 0.020*
Platelets (x 100,000 cell/mm?) 1.52(0.88, 2.61) 0.133
MLR 20.255 (vs. <0.255) 3.74 (1.55, 9.02) 0.003*
Standard criteria donor 0.09 (0.01, 0.95) 0.045*%
Donor with acute kidney injury 0.26 (0.02, 2.75) 0.260

MLR, monocyte-to-lymphocyte ratio; Cl, confidence interval

Allograft function at 1 and 3 years after kidney

transplantation
Allograft function at 1 and 3 years

non-DGF groups is presented in Table 5 and Figure 3. The

and lower eGFR at both 1 and 3 years post-KT compared

to the non-DGF group. Within each group, there were

for the DGF and  no significant changes in allograft function between the

DGF group had significantly higher serum creatinine levels

1- and 3-year time points.

Table 5 Allograft function at 1 and 3 years after kidney transplantation

Parameters ‘

DGF ‘ Non-DGF ‘ P-value

Serum creatinine (mg/dL) (median (interquartile range))

1 year 1.47 (1.29, 1.80) 1.32 (1.08, 1.59) 0.022

3 years 1.45 (1.16, 1.76) 1.30 (1.07, 1.46) 0.012
P-value 0.495 0.130
eGFR (mU/min/1.73m? (median (interquartile range))

1 year 52.70 (39.15, 65.68) 61.50 (47.73, 73.48) 0.017

3 years 52.80 (39.40, 65.70) 61.00 (50.80, 73.40) 0.011
P-value 0.933 0.564
DGF, delayed graft function; eGFR, estimated glomerular filtration rate
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Figure 3 Allograft function at 1 and 3 years after kidney transplantation

Left, serum creatinine; Right, Estimated glomerular filtration rate
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Monocyte-to-lymphocyte ratio and
post-transplant complications
The associations between pre-transplant MLR and

post-transplant complications, as well as length of

hospital stay, were analyzed using Pearson and Spearman
correlation methods and are presented in Table 6. MLR
showed a negative correlation with urinary tract infections

and a positive correlation with length of hospital stay.

Table 6 Correlations between monocyte-to-lymphocyte ratio with post-transplant complications and length of

hospital stays

Parameters ‘ Correlation coefficients ‘ P-value
Urinary tract infection -0.188 0.016*
Obstructive uropathy 0.112 0.156
Lymphocele 0.097 0.220
Urinoma 0.148 0.060
Perigraft hematoma 0.031 0.697
Vascular complication 0.070 0.376
Other surgical complication 0.041 0.607
Length of hospital stay 0.159 0.044

Discussion

The findings of this retrospective cohort study provide
valuable insights into the potential role of pre-transplant
MLR as a predictor of DGF following kidney transplantation.
Our analysis demonstrated, for the first time, a significant
association between elevated pre-transplant MLR levels
and an increased risk of DGF, independent of other
clinical variables. This highlights the role of systemic
inflammation in the pathogenesis of DGF and supports
the use of pre-transplant MLR as a readily accessible
biomarker for risk stratification in kidney transplant
recipients.

The robustness of pre-transplant MLR as a predictive
marker is further supported by its performance in ROC
curve analysis, which identified an optimal cut-off value
of 0.255. This threshold showed reasonable sensitivity
and specificity for identifying individuals at increased
risk of DGF. A prior study by Yang et al. also identified
an optimal pre-transplant MLR cut-off of 0.2168 for
predicting all-cause mortality and cardiovascular events
in peritoneal dialysis patients"’, reinforcing the relevance

of MLR in clinical prognostication.

The observed association between pre-transplant MLR
and DGF suggests a mechanistic link between systemic
inflammation and graft dysfunction. Elevated MLR
may reflect immune dysregulation, where increased
monocytes contribute to the inflammatory environment,
while decreased lymphocytes may signal a weakened
immunosuppressive state. This imbalance could
heighten susceptibility to ischemia-reperfusion injury and
alloimmune responses, both of which are implicated in
the development of DGF. Although donor with AKI was
significantly associated with DGF in univariate analysis,
this was not retained in the multivariate model. This may
be due to confounding factors, strict donor selection
(only mild AKI allowed), and a small sample size in the
AKI group, which may have limited statistical power and
contributed to the wide confidence interval.

To our knowledge, no prior study has specifically
investigated the relationship between pre-transplant
MLR and DGF. However, a study by Pilichowska et al. found
a correlation between a higher neutrophil-to-monocyte
ratio and DGF in renal transplant recipients'®. Similarly,

Siddiqui et al. reported that a lower pre-transplant
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platelet-to-lymphocyte ratio and neutrophil-to-
lymphocyte ratio were associated with an increased
incidence of DGF in pediatric kidney transplant patients”.
Outside the transplant setting, Urbanowicz et al. showed
that an elevated MLR on the first postoperative day
predicted late mortality following off-pump coronary
artery bypass eraft surgery”, further supporting the
association between heightened inflammation and
adverse clinical outcomes.

Despite these novel findings, several limitations
should be acknowledged. The retrospective design of the
study introduces the possibility of residual confounding
and selection bias. As a single-center study, the general-
izability of the results to broader populations is limited.
Although the sample size was adequate to detect
significant associations, it may not have provided sufficient
power for the identification of potential effect modifiers.
Furthermore, reliance on routine pre-transplant blood
tests may not capture dynamic changes in systemic
inflammation over time. Serial MLR measurements
throughout the transplant process could offer deeper
insights into its prognostic value and its temporal
relationship with DGF. Lastly, while MLR serves as a
surrogate marker of systemic inflammation, its direct
mechanistic role in the development of DGF remains
speculative. Future studies incorporating functional
immune assays and molecular profiling are needed to
elucidate the biological pathways linking elevated MLR
to graft dysfunction.

In conclusion, this is the first study to evaluate the
association between pre-transplant MLR and DGF in KT.
Our findings support the potential utility of pre-transplant
MLR as a predictive biomarker for DGF. Elevated
pre-transplant MLR may serve as a promising prognostic

tool for risk stratification and allograft outcome prediction.
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Outcomes of Renal Replacement Therapy
After the Transition from ‘PD First’ to
‘Patient Choice’ Policy at Surat Thani Hospital

Apiradee Titawatanakul, Sophit Chotklom
Renal Unit, Department of Medlcine, Surat Thani Hospital, Thailand

Abstract

Background: The “Peritoneal Dialysis (PD) First Policy” required patients with end-stage renal disease (ESRD) under
the Universal Health Coverage scheme to begin renal replacement therapy with PD, unless medically contraindicated.
On February 1, 2022, this policy was revised to allow “Patient Choice Dialysis,” enabling patients to freely
choose their dialysis modality without incurring additional costs. In response, Surat Thani Hospital, a tertiary care
center, updated its dialysis counseling process to emphasize shared decision-making starting January 1, 2023. This
study aimed to assess the clinical outcomes of patients who initiated dialysis following the policy change and
counseling update.

Methods: This retrospective cohort study included incident dialysis patients between January 1 and December 31,
2023. The primary outcomes were 90-day and 1-year survival, comparing planned vs. unplanned dialysis initiation
and PD vs. hemodialysis (HD) modalities.

Results: A total of 212 patients were included: 66 (31%) initiated HD and 146 (69%) initiated PD. Of these, 111 (52%)
started dialysis in a planned manner, while 101 (48%) had unplanned initiation. Patients in the unplanned dialysis
group had significantly lower survival rates at 90 days (P=0.002) and 1 year (P=0.036) compared to the planned
group. The HD group showed a trend toward a decreased 90-day survival rate compared to the PD group (P=0.056);
however, this difference in survival became comparable at 1 year (P=0.26). The leading causes of hospitalization
were PD-related infections in PD patients and cardiovascular complications in HD patients.

Conclusions: Planned dialysis initiation was associated with better short- and long-term survival compared to
unplanned initiation. There was no significant difference in the 1-year survival rate between PD and HD
modalities. Therefore, efforts to reduce unplanned dialysis may help improve clinical outcomes in ESRD patients

requiring dialysis.
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Parameters

P-value

Age (years) 57.0+14.2 58.8+14.3 53.1+13.4 0.006
Sex Male: Female (N) 103: 109 65: 81 38: 28 0.100
Causes of ESRD, N (%)
Diabetic nephropathy 134 (63.2%) 100 (68.5%) 34 (51.5%)
Hypertensive nephropathy 53 (25.0%) 34 (23.3%) 19 (28.8%)
Glomerular disease 14 (6.6%) 5 (3.4%) 9 (13.6%)
Obstructive nephropathy 5(2.4%) 4.(2.7%) 1(1.5%)
Cystic kidney disease 2(0.9%) 0 (0%) 2 (3%)
Others 4 (1.8%) 3(2.1%) 1 (1.5%)
Comorbid conditions, N (%)
Diabetes mellitus 135 (63.7%) 101 (69%) 34 (52%) 0.020
Hypertension 206 (97.2%) 143 (98%) 63 (96%) 0.380
Cardiovascular disease 29 (13.7%) 27 (19%) 2 (3%) 0.002
HIV+ 3 (1.4%) 3 (2%) 0 (0%) 0.550
Labs before dialysis initiation
BUN (mg/dL) 105.7+32.4 103.6+30.5 110.2+36.0 0.170
Creatinine (mg/dL) 12.5+5.0 12.1+4.7 13.3+5.3 0.100
GFR (CKD-EPI) (ml/min/1.73m?) 3.97+1.60 4.04+1.72 3.83+1.30 0.400
GFR (Thai) (mU/min/1.73m?) 9.52+2.83 9.55+3.00 9.46+2.43 0.820
Potassium (mmol/L) 4.47+0.79 4.46+0.75 4.49+0.87 0.780
Bicarbonate (mmol/L) 18.4+5.3 19.2+5.1 16.8+5.3 0.020
Calcium (mg/dL) 79+1.1 8.0+1.1 17+1.2 0.047
Albumin (g/dL) 3.5+0.6 35+0.5 3.4+0.6 0.550
Phosphate (mg/dL) 6.7+2.6 6.7£2.5 6.9+2.8 0.470
Hemoglobin (g/dL) 78+15 8.0+1.4 7517 0.270
Hematocrit (%) 23.1+4.4 235+4.1 22.3+5.0 0.060

PD, peritoneal dialysis; HD, hemodialysis; ESRD, end-stage renal disease; HIV, human immunodeficiency virus; GFR,

glomerular filtration rate
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Parameters

Planned
N=111

Unplanned

N=101

Age (years) 58.6+12.4 55.4+15.9 0.10
Male: Female (N) 46: 65 57: 44 0.04
Comorbid conditions, N (%)
Diabetes mellitus 71 (64%) 64 (63%) 1.00
Hypertension 110 (99%) 96 (95%) 0.10
Cardiovascular disease 12 (11%) 17 (17%) 0.23
Counseling program
N (%) 95 (86%) 57 (56%)
GFR (CKD-EPI) (m{/min/1.73m?) 6.09+2.37 6.92+2.42 0.041
Labs before dialysis initiation
BUN (mg/dL) 104.4+30.1 107.0+34.8 0.56
Creatinine (mg/dL) 12.5+4.9 12.5+5.0 0.95
GFR (CKD-EPI) (mU/min/1.73m?) 3.85+1.56 4.11+1.64 0.24
GFR (Thai) (m/min/1.73m?) 9.21+2.87 9.87+2.76 0.09
Potassium (mmol/L) 4.48+0.76 4.45+0.82 0.78
Bicarbonate (mmol/L) 19.5+4.4 17.3+5.9 0.003
Calcium (mg/dL) 8.2+1.0 7.6+1.2 <0.001
Albumin (g/dL) 3.6+0.5 3.3+0.6 <0.001
Phosphate (mg/dL) 6.3+1.9 7.2+3.1 0.008
Hemoglobin (g/dL) 8.1+1.3 75+1.6 0.005
Hematocrit (%) 24.0+4.0 22.2+4.7 <0.001
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Parameters Non-Survivor Survivor

N=8 N=204
Age (years) 67.6+£14.0 56.6+14.1 0.032
Male: Female (N) 5:3 98: 106 0.49
Unplanned: Planned dialysis (N) 8:0 93: 111 0.002
PD: HD (N) 4: 4 142: 62 0.26

Co-morbid conditions, N (%)

Diabetes 5 (63%) 130 (64%) 1.00
Hypertension 8 (100%) 198 (97%) 1.00
Cardiovascular disease 1 (13%) 28 (14%) 1.00
Cerebrovascular disease 2 (25%) 21 (10%) 0.21

Labs before dialysis initiation

BUN (mg/dL) 107.1+£26.3 105.6+£32.6 0.90
Creatinine (mg/dL) 11.7+3.1 12.5+5.0 0.63
GFR (CKD-EPI) (ml/min/1.73m?) 3.84+1.20 3.98+1.61 0.81
GFR (Thai) (m/min/1.73m?) 9.40+2.39 9.53+2.85 0.90
Potassium (mmol/L) 4.35+0.74 4.47+0.79 0.66
Bicarbonate (mmol/L) 18.4+3.8 18.4+5.3 0.97
Calcium (mg/dL) 7.3+0.7 79+1.1 0.13
Albumin (g/dL) 2.9+0.5 35+0.6 0.004
Phosphate (mg/dL) 6.7+2.4 6.7+2.6 0.95
Hemoglobin (g/dL) 7.6+1.4 79+15 0.63
Hematocrit (%) 22.1+£3.6 23.2+4.5 0.50

M15199 5 NM5ATIzRTateNinanednsINsEeTinly 90 JuwsnraainUanawnile

Unadjusted Adjusted
Factors
95% CI 95% ClI
Age (per 1 year) 1.06 1.00-1.12 0.035 1.07 1.02-1.13 0.012
Albumin (per 1 g/dL) 0.17 0.05-0.58 0.005 0.17 0.05-0.55 0.003
Hemodialysis (vs.Peritoneal dialysis) 2.24 0.56-8.95 0.254 4.29 0.97-19.07 | 0.056

HR, hazard ratio; Cl, confidence interval; PD, peritoneal dialysis
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Parameters Non-Survivor Survivor P-value
N=32 N=180
Age (years) 67.9+11.4 55.1+£13.8 <0.001
Male: Female (N) 16: 16 87:93 1.00
Unplanned: Planned dialysis 11: 21 80: 100 0.034
PD: HD 27:5 119: 61 0.041
Co-morbid conditions, N (%)
Diabetes mellitus 23 (72%) 112 (62%) 0.33
Hypertension 31 (97%) 175 (97%) 1.00
Cardiovascular disease 10 (31%) 19 (11%) 0.004
Cerebrovascular disease 6 (19%) 17 (9%) 0.13
Labs before dialysis initiation
BUN (mg/dL) 101.8+33.7 106.3+£32.2 0.47
Creatinine (mg/dL) 10.7+3.8 12.8+5.1 0.028
GFR (CKD-EPI) (mU/min/1.73m?) 4.26+1.41 3.92+1.63 0.28
GFR (Thai) (m/min/1.73m?) 9.89+2.57 9.46+2.88 0.42
Potassium (mmol/L) 4.28+0.68 4.50+0.80 0.14
Bicarbonate (mmol/L) 19.6+4.7 18.2+5.3 0.18
Calcium (mg/dL) 7.9+0.8 79+1.2 0.78
Albumin (g/dL) 3.2+£0.5 3.5+0.5 <0.001
Phosphate (mg/dL) 6.1£2.3 6.9+2.6 0.10
Hemoglobin (g/dL) 8.1+1.3 7.8+1.5 0.26
Hematocrit (%) 23.8+3.7 23.0+4.5 0.32
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Unadjusted Adjusted
Factors

95% ClI 95% Cl
Age (per 1 year) 1.07 1.04-1.10 <0.001 1.06 1.03-1.09 <0.001
Albumin (per 1 g/dL) 0.33 0.18-0.60 | <0.001 0.38 0.20-0.70 0.002
Coronary artery disease (yes vs. no) 3.34 1.58-7.06 0.002 1.16 0.49-2.73 0.742
Planned dialysis (vs. unplanned) 0.43 0.21-0.90 0.025 0.44 0.20-0.95 0.036
Hemodialysis (vs. peritoneal dialysis) 0.4 0.15-1.04 0.060 0.55 0.19-1.56 0.260

HR, hazard ratio; Cl, confidence interval
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Relationship Between Serum Uric Acid Levels
and Kidney Allograft Function Within the First
Year Post-Transplantation

Anyamanee Tangsrikertikul, Korntip Phonphok
Division of Nephrology, Department of Internal Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

Background: Hyperuricemia negatively impacts cardiovascular health in patients with chronic kidney disease and
kidney transplant recipients. Lowering serum uric acid has been associated with improved outcomes following
kidney transplantation. This study investigated the relationship between serum uric acid levels and kidney allograft
function in transplant recipients.

Methods: This retrospective, single-center cohort study included kidney transplant recipients within 12 months
post-transplantation. Hyperuricemia was defined as a serum uric acid level greater than 7 mg/dL. The primary
outcomes were the difference in allograft function between the hyperuricemia and normal uric acid group and
the correlation between serum uric acid levels and kidney allograft function, measured by estimated glomerular
filtration rate (eGFR) at 6 and 12 months post-transplant.

Results: A total of 134 patients were included in the study. By 6 months post-transplant, 50% of patients had
developed hyperuricemia, with the majority being male. Serum uric acid levels were significantly and inversely
correlated with eGFR at both 6 and 12 months. Although the hyperuricemia group showed a trend toward greater
eGFR decline compared to the normal uric acid group, the between-group differences did not reach statistical
significance. Nevertheless, eGFR values at both 6 and 12 months were substantially lower in the hyperuricemia group
Conclusions: The association between hyperuricemia and reduced kidney allograft function within the first year
after transplantation was suggested. Further research is needed to determine whether elevated uric acid directly

contributes to graft dysfunction or reflects declining kidney function.
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Introduction

The prevalence of hyperuricemia among kidney
allograft recipients has been reported to range from 19%
to 55%. Risk factors for hyperuricemia in this population
include decreased estimated glomerular filtration rate

(eGFR), use of diuretics, calcineurin= inhibitors—particularly

cyclosporine—obesity, and metabolic syndrome.’
Hyperuricemia contributes to the onset and progression
of cardiovascular diseases by influencing molecular
pathways involved in inflammation, oxidative stress,
insulin resistance and diabetes, endoplasmic reticulum

stress, and endothelial dysfunction.
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Several studies have demonstrated that elevated
serum uric acid levels are associated with overall and
death-censored graft failure.”® In addition, some
evidence suggests that hyperuricemia increases the risk
of developing new-onset diabetes mellitus after
transplantation in kidney transplant recipients.””
Hyperuricemia in kidney transplant recipients is linked
to metabolic syndrome and may contribute to reduced
graft function, thereby negatively affecting quality of
life and potentially decreasing allograft survival due to
related complications. The present study explored the
correlation between hyperuricemia and kidney allograft

function during the first year after transplantation.

Material and Methods
Study design and population

This retrospective, single-center cohort study

was conducted at Rajavithi Hospital in Bangkok, Thailand,
and included patients with end-stage kidney disease
(ESKD) who underwent kidney transplantation between
January 1997 and December 2022. Eligible participants
were 18 years or older and had received either a
living donor kidney transplant (LDKT) or a deceased
donor kidney transplant (DDKT) at least one year prior
to enrollment. All included patients had stable allograft
function at three months post-transplantation.

Patients were excluded if they experienced graft loss
or death during the study period, underwent multiple
organ transplantation, or had comorbid conditions
such as leukemia, psoriasis, or transfusion-dependent
thalassemia. The study protocol is illustrated in Figure
1. Ethical approval was granted by the Rajavithi Hospital
Ethics Committee (Approval No. 66207). Informed consent

was not required for this study.

End-stage kidney disease patients who have received kidney transplantation
(KT) since January 1998 to December 2022 (n=347)

Exclusion (n=24)
» Death (n=19)
« Turn to dialysis during timing of the study (n=>5)

Available data at 1, 3, 6, and 12 months after KT

l_,

Incomplete data for analysis (n=189)

Final population at 6 months after KT (n=134)

'

Serum uric acid > 7 mg/dl

Yes

Hyperuricemia (n=67)

No

Normouricemia (n=67)

Figure 1 The study flow diagram

Definition and Outcomes

Hyperuricemia was defined as a serum uric acid level
greater than 7.0 mg/dL. The primary outcomes were the
difference in allograft function between the hyperuricemia
and normal uric acid group and the correlation between

serum uric acid levels and kidney allograft function,

measured by estimated glomerular filtration rate (eGFR)
at 6 and 12 months post-transplant.

Data Collection

Demographic and laboratory data were collected from
the electronic medical records at 1 month, 3 months,

6 months, and 12 months after transplantation.
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Sample Size Calculation

The sample size was calculated using the correlation
coefficient estimation formula by Demirci B. Gurlek (1995)%,
with an expected correlation coefficient (r) of 0.59. For
a significance level (o) of 0.05, the corresponding Z-score
is 1.96, and for a test power of 80%, the Z-score is 0.842.
Accounting for approximately eight potential confounding
factors in the analysis, the final calculated sample size
was 110 patients.

Statistical Analysis

Categorical baseline demographic data are presented
as frequencies and percentages. Continuous variables
are expressed as mean = standard deviation for
normally distributed data, and as median, minimum,
maximum, and interquartile range (IQR) for non-normally
distributed data. Differences in categorical variables were
analyzed using the Chi-square test, Fisher’s exact test, or
McNemar test, as appropriate. For continuous variables,
comparisons were made using the Student’s t-test when
the assumptions of normality and homogeneity of
variances were met; otherwise, the Mann-Whitney U
test was used. Correlation analyses included Pearson’s
correlation, linear regression, and repeated measures

ANOVA where applicable. A p-value of < 0.05 was

considered statistically significant. All analyses were
conducted using SPSS version 29.0.2.0.

Results

A total of 337 patients underwent kidney transplan-
tation between January 1997 and December 2022. Of
these, 24 were excluded due to return to dialysis or death,
and 189 were excluded due to insufficient data, leaving
134 patients for the final analysis. Baseline demographic
and laboratory data at 6 months post-transplant are
presented in Table 1.

Fifty percent of the patients had hyperuricemia.
The hyperuricemia group had a higher proportion of
male patients and a greater average height. There were
no significant differences between the hyperuricemia
and normouricemia groups in terms of blood pressure,
dialysis vintage, underlying cause of ESKD, donor type,
early post-transplant allograft function, immunosuppres-
sive regimen, or prior history of gout. However, at 6 months
post-transplant, the hyperuricemia group had significantly
lower eGFR and higher serum creatinine levels. No
significant differences were observed between the
groups in immunosuppressive drug levels, fasting plasma

glucose, or LDL cholesterol.

Table 1 Baseline demographics of all patients and laboratory data at 6 months after kidney transplantation

All patients

Hyperuricemia | Normal uric acid

Parameters (N =134) (N=67) (N=67)
Age, years 42.7+£10.6 41.0+£10.7 44.3+10.4 0.072
Male (N/%) 75 (56) 46 (68.7) 29 (43.3) 0.005
Body weight, kg 65.5+£20.6 67.0+18.8 63.9+22.2 0.122
Height, cm 162.6+11 165.4+10 160.0+12 <0.001
Body mass index, ke/m? 24.7+6.22 24.5+£5.70 24.8+6.82 0.719
Systolic BP, mmHg 131+15 131+16 130+14 0.621
Diastolic BP, mmHg 16+13 75+14 T7+11 0.334
Mode of dialysis (Hemodialysis, N/%) 121 (90.3) 62 (92.5) 59 (88.1) 0.562
Dialysis vintage, months 60 (5-300) 60 (11-300) 60 (5-204) 0.670
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Table 1 Baseline demographics of all patients and laboratory data at 6 months after kidney transplantation (continue)

Normal uric acid

All patients

Hyperuricemia

Farameters (N =134) (N=6T) (N=6T)
Etiology of end-stage kidney disease (N/%) 0.765
Unknown 81 (60.45) 40 (59.70) 41 (61.19)
IgA nephropathy 16 (11.94) 8(11.94) 8(11.94)
Diabetes 11(8.21) 5(7.46) 6 (8.96)
Polycystic kidney disease 10 (7.46) 7(10.45) 3 (4.48)
Others 16 (11.94) 7(10.45) 9 (13.43)
Deceased donor (N/%) 116 (86.6) 57 (85.1) 59 (88.1) 0.619
Graft function (N/%) 0.173
Immediate graft function 86 (64.2) 38 (56.7) 48 (71.6)
Slow graft function 27 (20.1) 15 (22.4) 12 (17.9)
Delayed graft function 21 (15.7) 14 (20.9) 7(10.4)
Immunosuppressive drugs (N/%) 0.590
Tacrolimus + prednisolone + mycophenolic acid 116 (86.6) 60 (89.6) 56 (83.6)
Cyclosporin prednisolone + mycophenolic acid 13 (9.7) 6(9) 7(10.4)
Tacrolimus + everolimus + prednisolone 4(3) 1(1.5) 3(4.5)
Uric acid-lowering agents (N/%) 0.205
Yes 9 (6.7) 6 (9) 3(4.5)
Allopurinol 3(2.2) 3(4.5) 0 (0)
Febuxostat 6 (4.5) 3(4.5) 3(4.5)
Gout (N/%) 7(5.2) 3(2.2) 4 (3.0 1
Laboratory data (6 months after kidney transplantation)
Serum uric acid (mg/dl) 7.2+1.8 8.6+1.4 59+09 <0.001
Serum creatinine (mg/dl) 1.48+0.71 1.74+0.81 1.34+0.50 0.001
eGFR (ml/min/1.73m?) 51.25+19.50 4597 +18.22 56.53+19.44 0.002
Drug levels
Tacrolimus (ng/ml) 6.8 (1.4-39.1) 6.8 (1.4-39.1) 6.7 (1.9-15.7) 0.779
(n=121) (n=61) (n=60)
Cyclosporin (ng/ml) 163.0+£42.7 157.5£15.7 167.7+58.2 0.686
(n=13) (n=6) (n=7)
Fasting glucose (mg/dL) 100.4+26.9 9714223 103.7+30.6 0.155
LDL cholesterol (mg/dL) 118.6+35.5 116.3+36.8 120.8+34.4 0.469

eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein
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Serum uric acid and eGFR of all patients at 1, 3, 6, serum uric acid increased significantly. There were no
and 12 months after kidney transplantation are shown  significant changes in serum creatinine and eGFR.

in Table 2 and Figure 2. During the 12-month follow-up,

Table 2 Serum uric acid and kidney allograft function during the first year after kidney transplantation

1 month 3 months 6 months 12 months P-value
Uric acid (mg/dl) 59+1.6 6.8+1.6 7.2+1.8 7.1+1.8 < 0.001
eGFR (ml/min/1.73m?) 56.34+24.04 50.99+£19.97 51.25+19.5 54.21+19.8 0.604
Creatinine (mg/dl) 1.43+0.92 1.69+0.69 1.48+0.71 1.58+0.60 0.113

eGFR, estimated glomerular filtration rate

Uric (mg/d\) eGFR (mU/min/1.73m?)

14.00 . 120.00 . . i
12.00 . . . 100.00 :
10.00 80.00
8.00 60.00
6.8 12 71 56.34 50.99 51.25 54.21
600 54 40.00
4.00 20.00
2.00 *  mo. .00 mo.
1 2 6 12 1 5 6 12

Figure 2 Serum uric acid and kidney allograft function during the first year after kidney transplantation

eGFR, estimated glomerular filtration rate

The correlations between serum uric acid with allograft ~ serum creatinine were observed at 6 months and 12
function and other laboratory parameters are shown in  months after kidney transplantation. There were no cor-
Table 3 and Figure 3. A negative correlation between  relations between serum uric acid with fasting glucose,

serum uric acid and eGFR and a positive correlation with  LDL, tacrolimus, and cyclosporin levels at 6 months.

Table 3 Correlations between serum uric acid and other laboratory data

12 months

Parameters

eGFR -0.448 <0.001 -0.437 <0.001
Serum creatinine 0.564 <0.001 0.444 <0.001
Fasting glucose 0.026 0.776 - -
LDL -0.112 0.197 - -
Tacrolimus (N=121) -0.002 0.984 - -
Cyclosporin (N=13) -0.158 0.607 - -
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eGFR (mVmin/1.73m?) eGFR (mVmin/1.73m?)

120 120
. . * r=0.448, p < 0.001 .|, . r=0.437, p < 0.001
100 100 : o
80 80
60 60
a0 a0
20 20
0 0
0 2 4 6 7 10 12 14 16 0 2 q 6 7 10 12 14 16

Serum uric (mg/dl) Serum uric (mg/dl)

Figure 3 Correlations between serum uric acid and allograft function at 6 (left) and 12 months (right)

Differences in eGFR between the hyperuricemia and  significance. However, eGFR values at 6 and 12 months
normal uric acid groups are presented in Table 4 and  were notably lower in the hyperuricemia group compared
Figure 4. Although the hyperuricemia group exhibited  to the normal uric acid group. Additionally, the decline
a trend toward a continued decline in eGFR, the in eGFR corresponded with an increase in serum uric

between-group differences did not reach statistical acid in the hyperuricemia group (Figure 5).

Table 4 Estimated glomerular filtration rate in the hyperuricemia and normal uric acid groups

Between-Group

1 month 3 months 6 months 12 months Changes Mean Difference
(95% ClI)
Hyperuricemia 53.48+21 48+19.68 | 45.97+18.22 | 49.30+17.34 -4.18 (-8.52, 0.15)
Normal uric acid 59.21+24.74 | 53.99+19.95 | 56.52+19.44 | 59.13+20.98 -0.07 (-4.56, 4.41)
p-value 0.168 0.083 0.002 0.004 0.191
eGFR (mU/min/1.73m?)
120.00 e s
100.00 ° °
o T
80.00
59.20 59.13
60.00 53.48 53.99 56.52 I
: 48.00 N =3 I 49.30 I )
40.00
2.00 1 L L
- Hyperuricemia Normouricemia
1 3 6 12 1 3 6 12

Figure 4 The changes in estimated glomerular filtration rate in the hyperuricemia and normal uric acid groups
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Serum uric (mg/dl)

49.30

45.97
20

6 12 0

Figure 5 Serum uric acid and estimated glomerular filtration rate in the hyperuricemia group

Discussion

The present study observed a 50% prevalence of
hyperuricemia at 6 months after kidney transplantation.
The hyperuricemia group showed a higher proportion of
male patients with increased height. There was a negative
correlation between serum uric acid and kidney allograft
function at 6 and 12 months after kidney transplantation.
There were no correlations between serum uric acid
with fasting glucose, LDL, tacrolimus, and cyclosporin
levels at 6 months. Although the hyperuricemia group
exhibited a trend toward a continued decline in eGFR,
the between-group differences did not reach statistical
significance. However, eGFR values at 6 and 12 months
were notably lower in the hyperuricemia group compared
to the normal uric acid group.

The 50% incidence of hyperuricemia observed in
this study aligns with previously reported rates, though
prevalence varies across countries. For example,
Erkmen Uyar M et al. reported a prevalence of 37%’
while Clive, David M et al. noted rates as high as 55%."
In our cohort, hyperuricemia was more common in
males and associated with lower eGFR values. The lower
incidence in females may be hormonally mediated, as
estrogen is known to downregulate uric acid transporters,
reducing uric acid reabsorption.™

Hyperuricemia was more frequent among patients
with reduced eGFR, likely due to decreased renal clear-
ance of uric acid. Serum uric acid levels demonstrated a

moderate inverse correlation with allograft function at 6

and 12 months post-transplant. Additionally, serum uric
acid levels increased over time at 1, 3, and 6 months
post-transplant, while eGFR declined during the same
period. Similar trends have been reported in other
studies.®'* Several mechanisms may explain the
detrimental effects of uric acid on kidney allograft
outcomes. These include glomerular hypertrophy and
tubulointerstitial fibrosis due to hyperuricemia, as well
as altered renal plasma flow, arterial stiffness, and
endothelial dysfunction resulting from impaired nitric
oxide production in vascular endothelial cells.""**

In this study, serum uric acid levels were not
significantly associated with fasting glucose or LDL
cholesterol, possibly due to the short follow-up period.
A longer-term study by Sotomayor CG et al. found that
hyperuricemia was associated with an increased risk
of post-transplant diabetes mellitus after 5.3 years of
follow-up.”

No correlation was observed between serum uric
acid levels and tacrolimus or cyclosporin levels in
this study. While no prior research has explored the
relationship between uric acid and tacrolimus, a study
by Einollahi B et al. found an association between
hyperuricemia and higher cyclosporin trough levels.”
Similarly, Marcén R et al. reported a higher prevalence
of hyperuricemia in patients receiving cyclosporin, with
a correlation to cyclosporin levels.® This is likely due to
cyclosporin’s effect in reducing uric acid clearance.®"

The absence of such a relationship in the current study
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may be attributable to the small number of patients
using cyclosporin.

The limitations of our study include its single-center
design, short follow-up period, and the small number of
patients receiving uric acid-lowering therapy. As a result,
the effectiveness of uric acid-lowering therapy in slowing
the decline of eGFR remains uncertain.

In conclusion, the association between hyperuricemia
and reduced kidney allograft function within the first year
after transplantation was suggested. However, whether
this association reflects a direct detrimental effect of
elevated uric acid on the allograft or is simply a
consequence of declining allograft function remains

unclear and warrants further investigation.
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Post-transplant Lymphoproliferative Disorder

Manoo Tansakul, Surasak Kantachuvesiri
Division of Nephrology, Department of Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

Abstract

Post-transplant lymphoproliferative disorder (PTLD), is a common malignancy found in patients who have
undergone organ transplantation, following non-melanoma skin cancer. In Thailand, the majority of patients who
have received organ transplants and subsequently passed away often succumb to infections, followed by
cardiovascular diseases and cancer. PTLD is one of the malignancy contributing to these fatalities. Assessing the
risk, monitoring for Epstein-Barr virus infection, reducing immunosuppressive medication, and administering
chemotherapy are methods to alleviate and treat PTLD. This allows transplant recipients to use their transplanted

organs for a longer period, accompanied by an improved quality of life.
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sosaan Ao eTinanlsaiila uandeTinnlzausse Fanmewaddulrlsiuiaiiaunafifintumendmdnmsugnag
o¥orztunildudy nsussiiunnudes msfismuidelsmdualauns msanenagd wienslienaivrde uiBiussm
wazdnwnafnnewadauinledusiRnUnAfiAstumendinisugninse e vhligiheaunsalio s iugnaieldu
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Adaendgslngety 30 ¥ wmuwnndmeisesadnlaniou
USHIuvied 6 laounauunIn.

Useiadagiu:

Known case: ESKD due to IgA nephropathy S/P
Living-related kidney transplantation U 2546 (lmﬂlm’s)
Donor serology: Anti-HIV Negative, HBsAg Negative,
Anti-HCV Negative, CMV IgG Positive

Recipient serology: Anti-HIV Negative, HBsAg Negative,
Anti-HCV Negative, CMV IgG Positive

HLA identical sibling, PRA 0%, crossmatch negative,
no induction, maintenance drugs lawn Tacrolimus,
Mycophenolic acid lag Prednisolone

wﬁﬁﬂQﬂdwlmlé’ Immediate graft function, Creatinine
follow up at OPD 1-1.2 mg/dl

Other underlying diseases: Hypertension, Dyslipidemia

6 Wounaumnlsame s (12 Indannvgnaiuln) $dnda

wtuvies Sude Lifeduldnioandou lifivindes enisaa
wiluviosdes 9 Wusndu wdanduidnimiiouadiléddon
fivtos Sawfuivhwtinan 6 Alandulu 6 wew Tudld 1ud
oaynvideriends lufideduden LifleFess ennsdn
wdueslity Sanlsmenunasndud

UseARiuLAy

lifiandendefiunusiane

Vinallaanizne o i Suas 2 8ns fla Lifivenidedindaile
UfaslsauziSelunseunsy

Ufiesguismiuasingsn

Ufjsasldansianfinsosuion

g1ifulsEnu

Tacrolimus (1) 3 tabs po q 12 hours 07.00, 19.00
Mycophenolic acid (250) 2 tabs po g 12 hours 07.00, 19.00
Prednisolone (5) 1 tab po OD.

Metoprolol (100) 0.5 tab po OD.

gUseWusUTIAUNa: Uy Fuana
dlua: tum.tansakul@gmail.com

SuunAI: 20 fupa 2568; USUUTUALY: 4 gy 2568; SUATIUA- 12 1iw1eu 2568

o028

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

license unless otherwise stated.
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Simvastatin (20) 1 tab po hs.

A599319N1¢

Vital signs: T 36.5°C, RR 16/min, PR 80 bpm, BP 115/70
mmHg.

General appearance: Alert, Not pale, No jaundice,
No sign of chronic liver disease.

Lymph nodes: Impalpable LN at the supraclavicular
and cervical area.

Heart: Normal S152, No murmuir.

Lungs: Clear and equal breath sound.

Abdomen: Mild distension, surgical scar at left lower
abdomen, normoactive bowel sound, soft, not tender,
palpable ill-define rubber to hard consistency and
non-movable mass at left lower abdomen.

Extremities: no edema

Per rectum examination: yellow feces and no mass

Kan1sAsIIIeasUfTRmaUaedu

CBC: Hb 13.5 g/dl HCT 41.8% WBC 4800/mm’ N 86% L
14 % Platelet 284,000/mm’

Chemistry: BUN 10 mg/dl, Cr 1.12 mg/dl, eGFR 68 ml/
min/1.73m” Na 140 mmol/L, K 3.69 mmol/L, Cl 98 mmol/L,
HCO3 24 mmol/L, FK506 4 ng/ml

Urinalysis: Clear, PH 6.5, Specific gravity 1.004, protein
negative, RBC 0-1, WBC 0-1 cells/HPF

EBV viral load: not detected

CT chest with whole abdomen: A 5.4 cm mass with central
necrosis at the left lower abdomen compressing the adjacent
descending colon, likely residual lymphoma. Diffuse
enlarged pancreas and pancreatic lymphoma are possible.
Lymphadenopathy involves retrocaval, para-aortic, and
bilateral iliac nodes. Both native kidneys are small, and

the transplanted kidney shows good excretory function.

Q’ﬂ’aﬂlﬁ%'um%ﬁ'l small bowel resection
Pathology: Malignancy with anaplastic feature, size 13.9
cm, free proximal and distal margins.
Immunohistochemistry: LCA positive, AE1/AE3 negative,
CD20 positive, CD3 negative, CD30 negative, cyclin D1
negative, Ki67 positive 90% of tumor cell, Bcl-s positive

In situ hybridization for EBV: negative

{U2839165Un15¥11 Bone marrow study:
Normocellular bone marrows showing adequate trilinear
hematopoiesis.
Immunohistochemistry: Scattered positivity for CD20.
EBER negative

Iué'ﬂ'lﬂsﬂﬂﬁ?iﬂﬁﬂﬁﬂ Non EBV related post-transplant
lymphoproliferative disorder (PTLD) %1 monomorphic
PTLD (Diffuse large B-cell lymphoma stage IV) Qjﬂ’JEJ
lasun1ssnulag CHOP regimen (Cyclophosphamide,
Doxorubicin, Vincristine, Prednisolone) ﬁgwuﬂ 7 ﬂ%ﬂ
safunsasunagiidu Siolimus (trough level 4-6)
waz Prednisolone fnn1u CT whole abdomen wWuln
A soft tissue mass abutting the descending colon almost
resolved UaguugUagldsunisusuiiudalsadu clinical
remission wara N siIlUunfn

unidn

Post-transplant lymphoproliferative disorder (PTLD)
fonmewadanlnlefuushAnundiiintuniendsnisugn
feetory FudunzFeiinuldveslunguitheugnanee ey
wulduszannsesay 20 winlidusiuduugsaindyia
non melanotic skin cancer lng PTLD snwuldvagas
JreruINUayIEEETNeveInsUgnaeeiety Jagdunisugn
drelafsiuandtasuniu uanduiinistrtnmaunule
FuildlumsinwifiaslsalaneFeiszerantine 91nn1s
Anwmudn mngthelasunisugnanglaasiidnsinisdedin
findad! (mortality rate per 100 patient-years at risk)
AnigUaeiildsunisnenlauazgasiisenisugnanela
Tnesnsnsdedinfiniddiludosas 1.2, 16.5 uas 2.4 A
a1 auneuUgnangeivisuisUsswalasenudiuauglae
fildsunisugnanelalul we. 2565 wnfls 710 519 uaz
IsenuanmnsidedinvesiiendsUgnateln Tngwuh
amzdaidaduavendn sosauniededinnnlsamile
wazviaanden diuanmgnisideiinonuzsuliiiosas
5.3 yasfiheiiAsTinonun’

FTUININGN
finnsAnundoundslulssmalnenansliidiuinus Seiiny
Wé’ﬂﬁﬂﬂﬂgﬂmﬂlmﬁwﬂﬁﬂaﬂﬁa Transitional call carcinoma,
Hepatocellular carcinoma, Renal cell carcinoma snsaau
dmsunzseiu q W PTLD wulsusvanadesas 7.6 vasauld
mL%qﬁiﬁiuumiﬂgﬂdwsﬂmﬁy’wuw 3INYeYaveINgY French
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and ANZDATA renal PTLD registries #U31%35z8343a79]
#Uaeiinndg PTLD anansanuld 2 ¥aeseee (Biphasic phase)*
Ao svozusamuliinielu 2 Yusmdsgnanela Jefnazdiius
fumsindehsasudlauns (Epstein-Barr virus infection)
wagsvazyednnundinugnatelaluud 7-10 Ulnegdae

dulugjSesay 80 iy PTLD syezving®

WeIsNLA

nalnasiinlsaves PTLD uwualdy 2 Useian @e PTLD
Fduiug funisandelhdadualaund wazlydusiusfu
nsfadelisadualaund mnduasldfunisindelasa
Bualaundivsnm B cell 9svili B cell tAinnisudasanniu
ﬁdgﬂﬁ 11ne B cell fiiniToasdl EBV membrane protein o
latent membrane protein 1 (LMP1) uag latent membrane
protein 2 (LMP2) fivhwiiditearulaily infected B cell

PRIMARY INFECTION

PERSISTENT INFECTION

EBV-Infected

EBV-infected : Memory B-cell

EBV-Infected

T

B-cell B-cell l

o w

£ L

Native Primary CTL Memory Secondary CTL:
T-cell Response T-cell Response

v

gnvianean T cell uenanil

§38l Nuclear protein 7ifin
nmsiadehyadualaung e Epstein-Barr virus
nuclear antigen 2 (EBNA-2) Tnedu transcription complex
fhnsnsedunisuanioanyes cellular gene 1y c-MYC’
HaaATEYil infected B cell fnsutsfaunduauindu
PTLD I¢f Gsluannzgfiduiuun Infected B cell 9zgn
T cell posruaulaliiAnnisutsiiiin Und uslugiae
Ugnaneeioardsliiuenagiideiili T cell shannunily
dmfu PTLD Alaifuiusiumsindelisadualauswuld
Uvatannin¥esar 30 vesthe PTLD wavn nalnniaifn
Felamsudaau Geeraduninufinunfvesni suandoen
Y098 viFeflhoinsindeunteundwililianusansas
wudehadualaunsly ueninieradunsindehamdu
visaJunzSaonthuides (Primary lymphoma) #lafld PTLD
usinuneunasUananeedene (Co-incidence)

RANSPLANT PATIENTS PTLD

Chronic
stimulation

Cytokine

IMMUNOSUPPRESION

o
\ 1

3UN 1 n1sfaLge Epstein Barr Virus 91 B cells sauiunislasuennagiauiuiliin PTLD

CTL; cytotoxic T-lymphocyte, EBV; Epstein Barr Virus, PTLD; post-transplant lymphoproliferative disorder

ﬁﬂLLUaﬂgﬂmwmﬂ Srivatsa K, Taj M. Childhood post-transplant lymphoproliferative disorder. Paediatrics and Child

Health. 2021;31(3):95-101°

Jadudes

Hadoidesiiduiusitunnng PTLD slussozusnuassves
vdauanafaned 1 T,maﬂa%’wé’ﬂsﬁuﬁ’msﬁumsamgﬁmaq
T cell wagszdugiduiusodelrfadualauis® anms
Anuluansgoiininuieuldflasunsugnangledisindse

WohSadualaurfiduay (EBV seronegative ) duiusse
n5idu PTLD &4 3.6 wh WlaieuiugtaeildsumsUgnansle
fiflnddedolhsmbualauisifuuan (EBV seropositive)™
Tuta9U .. 1980-1990 dn15ldenanil Potent monoclonal
(OKT3) way Polyclonal anti-lymphocyte globulin
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agaunsvanslun1sinwnd1 (Induction therapy) Fanuin
figuAin13al PTLD igetu'®>" Erin C Hall wagani évhns
Anwmunnsldien OKT3 wag Alemtuzumab duusiunziSe
soutndeslasianizeinuausonsiu (Non-Hodgkin’s
Lymphoma) usegslsfny lununneilunguanldild
NM133nwIAe7 Polyclonal anti-T cell way IL2 receptor
antagonists'® uaﬂmﬂﬁﬁsﬁagamiﬁﬂm BENEFIT-EXT study
wansliimiluauldifgidedolsadudlaunfiduay (eBv
seronegative) wadlasueilungu costimulation-blocker
Ao belatacept duiusiunisiia PTLD Tnglanizugids
AevtdnwessEULUsEEm (Primary CNS lymphoma)®
dmsvrianisugnatgeiiznuiinadenisiin PTLD s
n1sUgnanealdduiussaanisiin PTLD wndiefovay 32
sesasnAesiugeu Wla Yen fiu anudssegiifesas 3-12
dlamuideegidosay 1-2 drutladoidesdu q eyl
\in PTLD 16 Aod1uauwes HLA mismatch wazszeziaves
mslaenagll s

a13197 1 Jaduidessienisiiin PTLD TugUleivinnisugn
eyl

A1e PTLD finunieluszer 1-2 Yusnvasnisugnane
aduay

msindewelisadualauis (Primary EBV infection)

wiliavesmsugnaneedensy
@ld > Yo > iala > ¢ > dugeu > 1a)

Polyclonal anti-lymphocyte antibodies

Asuusnalaiiengiey

A17¢ PTLD Winunelu 7-10 Yvasnsugnaneaieas

LY

J2EEIA1VRINITIEINANTANTY

winvaseiugnlasunisugnaie

A3UUTIARTITilengun

anLkUasaIn Allen UD. Post-transplant lymphoproliferative
disorders, Epstein-Barr virus infection, and disease in
solid organ transplantation: Guidelines from the
American Society of Transplantation Infectious
Diseases Community of Practice. Clinical Transplantation.
2019;33(9)-e13652"

21M15N9AdLn

FUhe PTLD ansnsoionmsuansldvannvanesamnsneil 2
Juiusiiaves PTLD wazetersifeados Inswnnndiade
vo9fian PTLD' fornsuaveturziiieadosmendeu
widtes (Extranodal masses) W nsginig a1l Jen fanida
AU wagsyuuUszam laenudnsesay 20-25 vesghe PTLD
fiszuuUszamiiendes uazfosar 20 fuUaednients
msoteariildfunisugnane’ v Leblond wazanz'® lévh
sy PTLD Alifniusiunishndolfadudlaus
sdBuflenmsuansuszana 6.4 Indsldsunsugnaneeios
deflsuty PTLD fidwiusfunisinidoldadualaund
oefit 15 U usllunguauld PTLD fifigiidedelsadualaus
\Huausindisassentinisminia

A197199 2 DINSUATDINTTHERNSTBS PTLD

91n13 ‘ BINTIUEN
Sanealeneu Aonuundedln
Wwiinan Ausule

Husauiooannaunalsfu | AanlanaunuRirls

Wuee fouNaaduln

oouwndy Taidlusa FOUNBUTADNLEU

UInuusing asvlianunzvesdldngg
WU NEvoauda
a P a v a o
pauldendeu 7573 LA LNANUR N
LHONDBANIULANDIVNS Adlanay
21M15vesaldveq fanuRaUnf
YPITTUUUIEEW

sintlasann Allen UD. Post-transplant lymphoproliferative
disorders, Epstein-Barr virus infection, and disease in
solid organ transplantation: Guidelines from the American
Society of Transplantation Infectious Diseases Community
of Practice. Clinical Transplantation. 2019;33(9)-e13652"

NaN3I9WBIURUANS

fUe PTLD namsiaidennuin a indaidensin 819
fAnauRnnivesenlauasduldduogiuateasdl PTLD
Uiieades dmsumsasramaviesdfiRnsiiieadestude
Th¥adualaung wu EBV antivirus capsid antigen (VCA) IgG,

188 U Nephrol Soc Thail 2025; 31(2): 184-194

https://he01.tci-thaijo.org/index.php/JNST/index



Case Report JNST

Anti-Epstein-Barr virus Nuclear Antigen 1 (Anti-EBNA-1)
G Tiioussdugiduiusiodehimdudlautd Anti-early
antigen (EA) waz anti-VCA leM Wlumsitedunsindelhda
Wudlausluauldnfiduiuund dwsu EBER (EBV-encoded
small nuclear RNA) LH1n157523 RNA saadiladaidualauns
Tuilouile dau EBV viral load Fayalunistnanldifads PTLD
Aouthedrin Gailvinaaudiliaunsadinanivg EBV negative
PTLD 19 muwuimiansufjufives American society of
transplantation infectious disease community of practice™
LLuxﬁ']dwmimw\mé’ugﬁsﬁal,%ah%’al,ﬁualmuw% (Serology
status) ileUsziiutiadeidesdmiunisiinag PTLD rigunis
Ugnaeeiedy dwsudsemelveiivuinisussidiugsesu
msUgnanglsluftheifinnglnnedetissezaning® wusih
Tns19AnNTeI9Y EBV antivirus capsid antigen (VCA) IgG
wag/u3e EBV nuclear antigen (EBNA) IgG Tun1suseiiiu
HUssnaunisUgnatglaynsie ann1snwinuinauld
fifodle PTLD udldannsnifngiivedelfadualaus
(EBV seronegative) {utladuidesdrdnydivinliian PTLD 167

ANWUZVINNANYTIE

Tugftheiiasdonne PTLD Tuftheugnansefonsiliy
g1nandl wugiliiasanlduuimaieituiunquidae
piiduiuunAlunsussdiunsaniulsaves PTLD wu N3
MieneisdaauiiinaTuTINYeteN Yowiad Lagdudansu
Tunsalfiguasiionnisvesszuudssamsaudaouuginlsl
Wenasdudinanliiia (Magnetic resonance imaging)
Yo3szuUUsEaminfy ionuuiugilunisifade
wntu? wenaniansaliiniesdiensnveansdundes
fldwnaluladsufuvennios PET (Positron Emission
Tomography) LaziAsesenYIstneNinmes (PET/CT scan)
321n15789dy n1sUsziliuszeslsa waynisweinsallsa
TeilugfUae PTLD™ 91ndsa German registry of adult PTLD %110
urglasunmssnulvivneuds n15vi1 PET/CT scan udaliny
seelsalvimnuuugrithifllsa PTLD snlddedesay 922

ANPAZNINNNZING

nansrame s inelagldtudomamaiunnsgugean
(Gold standard) Tun153fiads PTLD §sa12g PTLD anansn
wistuieeenidu 4 gy Ay World Health Organization
2017 classification system for tumors of hematopoietic
and lymphoid tissues® #3197 3

ﬂfjuﬁuﬁﬂ A& Non destructive PTLD” gtheauluedind

a1nshutetusnndsnisuanaieedeas Tae Non destructive
PTLD sinduiusfumsindohiadualauns Snvasves
FuiioarUsenauludne Plasma cell, Small lymphocytes way
Immunoblast winsnniuuslasiaiesdeuimdosdni

ﬂfcjuﬁ'ﬂaﬂ Polymorphic PTLD® Jungu Destructive
PTLD gurednnuldynyimdinisugnaieedesy mini
%ULﬁalﬂgau Immunohistochemical aﬂﬁmamﬂﬁ% B cell
war T cell anndnfesas 90 duitusiumsinidelasa
Wudlauns wmnasaaiiugnIsuenanunsnateiugues BCL6
somatic 8ula

naufians Monomorphic PTLD? udnnguiifinsvhane
Tnssadrsvesmesomindos fthwannsadu PTLD 1évs
Prausnuazdnendinisugnieetony dnuvasiuieves
A28 Aunuein15313de Non Hodgkin’s lymphoma
wililldiusanduioria Mantle cell waz Follicular cell
non Hodgkin’s lymphoma #28 #1n1n15geu Immu-
nohistochemical @ulugjuinninsesay 90 1Ju Diffuse
large Bcell lymphoma Fevndou CD20 azlinauan
Monomorphic PTLD anunsanuldvislufiasiiasfinde
wazlifndelhfadualaus

ﬂéjmﬁﬁ' Classic Hodgkin’s lymphoma® guassinidu
PTLD TugisingvesnisUgnangedens laeaniendanis
11 hematopoietic stem cell transplantation éjﬂwmzﬁmﬁl@
WlaAunaein1s3iady Hodgkin’s lymphoma #1nvi
n3¢a1 Immunohistochemical CD20 aglinaau CD30 uay
CD15 aglvimauin snnninseeaz 90 Tu Hodgkin’s lymphoma
Fuiusiunmsanidelhdadvalaus

n1stasnunisia PTLD

mstlesiunmsiin PTLD deliifinsAnwlunisiuSeuiiey
A8nnsdeatu PTLD d138lafian Fedfagunistiesiu
PTLD ﬁﬂjayjaﬁgﬂwum 3 3% laun chemoprophylaxis,
immunoprophylaxis ¢ preemptive management

A5 lden chemoprophylaxis

341 acyclovir, valacyclovir, ganciclovir, valganciclovir
Segmaniitasannisulsiveadelimdualaung idoya
1NN15ANYY Systematic review 989 MA AlDabbagh
waganiz” wuiluauldivinnisugnaiseoazunlden
Chemoprophylaxis lai19z1du acyclovir, valacyclovir,
ganciclovir wa valganciclovir Wisuiuladlaelunistlesiu
WU INISAR PTLD fiduiusiunisindohsadualauns
W 2 naulaisinefiu
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A9719% 3 ANwTN1INeNSINgIvas PTLD

Non-destructive PTLDs

Plasmacytic hyperplasia

Infectious mononucleosis

Florid follicular hyperplasia

Polymorphic PTLD

Monomorphic PTLDs ** (classified according to the
lymphoma they resemble)

B-cell neoplasms

Diffuse large B-cell lymphoma

Burkitt lymphoma

Plasma cell myeloma

Plasmacytoma

Other*

T-cell neoplasms

Peripheral T-cell lymphoma, NOS

Hepatosplenic T-cell lymphoma

Other*

Classic Hodgkin lymphoma PTLD**

**Classified as those for the respective lymphoid or
plasmacytic neoplasm; *Indolent small B-cell lymphomas
are not included among the PTLDs, except for EBV-positive
marginal zone lymphomas

falUasann Classification of PTLDs according to WHO

2017 classification’

A5 Immunoprophylaxis

A5 Intravenous immunoglobulin \ienTinaannis
wishreadeli¥adudlauts Atul Humar wasany” Tévh
nMsfnyIUsuifisuserinnguitlden Ganciclovir sy
ﬂfju‘ﬁi@f Ganciclovir $2ufulél Intravenous immunoglobulin
Tueulddivinisugnaneeteizlasduineetoarigiidede
hiadualaufifuan §uuineeteigiivedol’a
Bualanaduay wuiitinmswuidelhdadudlauslundsd
usnudagnansetens sresnawesmsnude hiadudlaus
dausn uazseiudelhdadualauns wutiisaosngunising
lalsunnansiusgrsliedrAgmieada

mslinssneniievinisnsanudelada (Preemptive
management)

nslferdnubisadualauns vsenisaneinagdl Tnevih
A19 monitor quantitative EBV DNA ludon MInRTIINUY
quantitative EBV DNA 34l#nns§nun #3n135n579 quantitative
EBV DNA aasfinnsanvinlunguilgfuuianneioaziind
sim%ah%’méualmmiﬂuau (Recipient EBV seronegative)
An15Anw1989 Timothy C Lee uwagAmz® inn1sAnu
preemptive management Iuﬂuisﬁlﬁﬂﬁﬁﬂmiﬂqﬂdwﬁu
Tnel¥nnssnvudlenisnsiany EBV viral loads (4000
copies/microg DNA) 33¥11n15aa81nAil Nan15Ane)
N13¥1 preemptive management @11150angUAN1Tal
Y93 PTLD a1nfowaz 16 wdesovay 2 19

1u KDIGO clinical practice guideline for the care of
kidney transplant recipients? lfiugthmsiamumsinite
h¥adualauslunguenuidosgs Ao flhevgnaiseiens
fiffuineotesigidadehsmbvalavifiduuin §3u
vinmetoriipivadel¥adualavifiduay (D+/R) Tas
Gunsanmeludaviusnndsugnangle (Fuuzihsedu 20)
ninduasanandafondussesinan 3-6 Wounds
nmsugnaneedeay (2D) mé’ammfum’mnﬂ 3 LAOUIUATY
niladundsiinisdgnatseders (20) 919R913AUIATI9
WsdusledUaeldfunisinwiesnisadnle wazfiansan
ane1naniiileriinisnsiamy EBV viral load Tunguauld
ﬁﬁgﬁm’aL%”aia%“alﬁualmmﬂﬂuau (EBV-seronegative)
(2D) wulALIAUAU American society of transplantation
infectious disease community of practice' wugulw
ammﬂmgﬁlﬁmﬂu preemptive intervention (Akuz1n

S¥@U weak/low evidence)

n133nwI

11330971 PTLD fuuanienisinuiiivainvatsuay
felufinisfnvinvunisnaasndouifisuunaznguis
Uszansnmlunisinw dwmsuludagduiuwimienidnm
PTLD lauA nsanvunaenagil nslenlungs Monoclonal
B cell antibody therapy suadvivn waz n1sHIAALAE
NSABUAS

N138AYUIALINAI

msanrwnenagidieli T cell Mdmwaduzisa PTLD
1#Astu Tnein1sAineiues R Reshef. uazAe™ Wyl
n1saneInagiasilviiianisnevausanisinw PTLD
fafevay 45 lneuvadumavauedlasauysalievay 37 uaz
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v

MRvALDIENTS NBIUNEUSoRaY 8 MsAnwlfwuinauld
fislunnfioulveg Bulk disease) 1y PTLD szergnan uas
fuheengunninlinevaussienisanenand ileldlunis
$hw1 PTLD wagnuinnisanginagiinugUfnisaliianis
aanlniesesay 32 lay British Committee for Standards
in Haematology (BCSH) and the British Transplantation
Society (BTS) wugilvianenagiasiosas 30-50 uag
WI1saumeaentungy Antiproliferative drugs @iunis
Wagug1nagiian Calcineurin inhibitor ({1 mTOR inhibitor
galifiveyataaulunisinw PTLD Tutagdu

Monoclonal B cell antibody therapy

n1510e1 Rituximab (Anti-CD20) @u1saanauIniou
v93 PTLD 19 InaillumsSnundauunasainlasunisaneing
9ilun133nw1 PTLD %lla non destructive PTLD, polymor-
phic PTLD uag Monomorphic PTLD Tngianglufeudidex
€020 Winauin mngdhelashwimenisaneinagiisiuniy
1ABn Rituximab wuailinisnavaueInean1sinel (Overall
response) fuuAdosay 44 fv 79 wazAOUALEINTINY
Tngauysal Faugi¥ouay 20 f9 552

awAUUn

e nafividniionmaanvuiadeusasimaduziss
1nen135nw1 PTLD sageafivrivnlinisnovaussranis
SwdauSetay 42 Sedosaz 92 winudnInsidedin
PNNINYIEeRsTeray 13-50 lnewuddulngdedinan
nsinide grssnaividauansdagudl 2 fnssnundae

o

M13199 4 BUAITNITTNYITEYTENIaN1sANWITY

195N

Sequential therapy™ fie 1314 Rituximab W&IMLAIBEN
Lﬂﬁﬂ’]ﬁmqm CHOP (Cyclophosphamide, Doxorubicin,
Vincristine, Prednisolone) @1u1908aAKaT19LA8997N
guafivald Tnsannnizidadonunisi (Leukopenia) lada
Youay 68 Msnnteanldidorar 41 uavannatnafuwes
puadindumeliidedinlddefosay 11 uenainily
guheidu PTLD wesszuvUszammnlefunissnuisie
MTRIX regimen® (Methotrexate cytarabine rituximab
uaz Thiotepa) liNan1snaUaUDIRoNITSNYITINDITOAE
65 dwsuuuIMINsInwIFEIsauTinAweglutaansing
LARITINNSeT 4

NITNIAAKAZNITRIULE

forsaunlunguidu PTLD svedu wasilinunisuws
n3¥a18 (Localized PTLD) ifloanvuinvasion

AsWeINsallsa

Jaqiudelifiveyaifivsnadmiviniedlenlilunig
wensallsaues PTLD e1anarsanldinauinisneinsallsa
vosfthoniSwantimdestugialy Intemational Prognostic
Index for Diffuse Large B-cell Lymphoma (IPI)* Tnglainessi
mqﬁ'mmdw 60 U, Ann Arbor staging Szezil 3-4, ECOG
performance status > 2, 54U Serum LDH 11nn31@A1UN#
waznuNziSeeundeiiofoarsusgratfeenisiumi
Fen15ld Pl scoring 9rsuanwensailsAnarsnsinis
50nTINlA

o i = o
f29819819 11 UN155NE

BTK inhibitor lbrutinib

Inhibition of PI3K and mTOR

Idelalisib (PI3K inh.), Sirolimus/Everolimus (mTOR inh.)

Proteosome inhibitor

Bortezomib

Radioimmunotherapy

90Y-ibritumomalb

Checkpoint inhibitor

Pembrolizumab, Nivolumab

Anti-CD30 therapy

Brentuximab vendotin

BTK, Bruton’s tyrosine kinase; PI3K, phosphoinositide 3 kinase

#nLkUas91n Dierickx D, Habermann TM. Post-Transplantation Lymphoproliferative Disorders in Adults. New England
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PTLD SUBTYPE FIRST-LINE THERAPY

Reduction of

Early lesions ——p . )
immunosuppressive (RI)
« R, if possible and:
Systemic > (F;:ftummab alone
» Chemoimmunotherapy
Polymorhic

« R, if possible and:
» RT + rituximab
or
» Surgery =+ rituximab
or
» Rituximab alone

Localized —¥

« R, if possible and/or:
» Rituximab alone
or
» Chemoimmunotherapy

Monomorphic ——

INITIAL RESPONSE ~ SECOND-LINE THERAPY

Complete Manage immunosuppression
response and monitor EBV PCR
Persistent or Rituximab and
progressive —» monitor EBV PCR
disease
» Monitor EBV PCR and:
Complete » Observation
response or
P » Continue R, if possible +
maintenance rituximab
Chemoimmunotherapy
Persistent or or Clinical trial
—> progressive —»| or
disease EBV-specific cytotoxic T-cell
immunity (if EBV driven)
Complete See appropriate histology
—> 0
response guidelines for follow-up
Persistent or If Rl was initial therapy, then
progressive = | rituximab or chemoimmunotherapy

diseas or
If rituximab monotherapy
was initial therapy, then
chemoimmunotherapy

or

Clinical trial or EBV specific
cytotoxic T-cell immunity
(if EBV-driven)

gﬂﬁ 2 LUINNNITINYI PTLD 13 National Comprehensive Cancer Network (NCCN) guidelines
AnLUag1n network NCC. Post-transplant lymphoproliferative disorder (PTLD). 2015(2):2-4°*

nsUgnansateazamdsanidu PTLD

szoznaunzauiagiudihiiveyauite ndeya
483 UNOS database® ndsanndnamugthe 69 518 e
nsUgneeetoazdmdadu PTLD Tnenindesay 24.6 veq
Aurelasunmsvananeeieiznelulusnndinissnw PTLD
pdsanfanugiaelUliifaeseglanduandu PTLD 6
fifwugi1ves BCSH and BTS guideline™ wugihlvigneng
oYt mdin1siny PTLD Wasuudoghatos 1T (Fuugih
S¥AU Grade B, level 3)

ungay

Az PTLD Wunzifsiianmnsanulsves Jannule
luraeszeeiian 7-10 ¥ anendalasunisdgnanele lag
dnduius fuguaeilifgfisedoliadualaunsnounns
Ugnangedenr uazszeznavensiisueinagll n1sshw
wantutagdu Ae Nsansedvenaiivaznislignaivin
fuaanusafumstgnaneeteardnldvmninulsaasuud,

Tngnudngdfnisainisiiin PTLD wasUgnatueieizBnass
Aoud ey

LONA181989
1. Kaballo MA, Canney M, O’Kelly P, Williams Y, O’Seaghdha
CM, Conlon PJ. A comparative analysis of survival of patients
on dialysis and after kidney transplantation. Clin Kidney J
2018;11(3):389-93. doi: 10.1093/ckj/sfx117.
amnauUgnateeforzuriasemelne. steaudeyanisugnene
93818Us29U WAl 2565. 2565:17-41.
. Laowalert S, Prasongsook N, Ativitasvas T, Liwlompaisan
W, Thanak P, Techawathanawanna N, et al. INCIDENCE
AND SURVIVAL OF MALIGNANCY FOLLOWING KIDNEY
TRANSPLANTATION AT A SINGLE CENTER IN THAILAND.
Transplantation 2020;104(S3):S415. doi: 10.1097/01.
tp.0000700720.77351.38.
Caillard S, Lamy FX, Quelen C, Dantal J, Lebranchu Y, Lang

192 U Nephrol Soc Thail 2025; 31(2): 184-194

https://he01.tci-thaijo.org/index.php/JNST/index



Case Report JNST

10.

11.

12.

13.

P, et al. Epidemiology of posttransplant lymphoproliferative
disorders in adult kidney and kidney pancreas recipients:
report of the French registry and analysis of subgroups
of lymphomas. Am J Transplant 2012;12(3):682-93. doi:
10.1111/j.1600-6143.2011.03896 .x.

Faull RJ, Hollett P, McDonald SP. Lymphoproliferative
disease after renal transplantation in Australia and New
Zealand. Transplantation 2005;80(2):193-7. doi: 10.1097/01.
tp.0000165098.49658.f3.

Opelz G, Dohler B. Lymphomas after solid organ transplanta-
tion: a collaborative transplant study report. Am J Transplant
2004,4(2):222-30. doi: 10.1046/.1600-6143.2003.00325.x.
Liebowitz D. Epstein-Barr virus and a cellular signaling
pathway in lymphomas from immunosuppressed
patients. N Engl J Med 1998;338(20):1413-21. doi: 10.1056/
nejm199805143382003.

Craig FE, Johnson LR, Harvey SA, Nalesnik MA, Luo JH,
Bhattacharya SD, et al. Gene expression profiling of
Epstein-Barr virus-positive and -negative monomorphic
B-cell posttransplant lymphoproliferative disorders.
Diagn Mol Pathol 2007;16(3):158-68. doi: 10.1097/PDM.
0b013e31804f54a9.

Srivatsa K, Taj M. Childhood post-transplant lymphoprolif-
erative disorder. Paediatrics and Child Health 2021;31(3):
95-101. doi: https://doi.org/10.1016/j.paed.2020.12.001.
Allen UD, Preiksaitis JK, the ASTIDCoP. Post-transplant
lymphoproliferative disorders, Epstein-Barr virus infection,
and disease in solid organ transplantation: Guidelines
from the American Society of Transplantation Infectious
Diseases Community of Practice. Clinical Transplantation
2019;33(9):e13652. doi: https://doi.org/10.1111/ctr.13652.
Dharnidharka VR, Lamb KE, Gregg JA, Meier-Kriesche HU.
Associations between EBV serostatus and organ transplant
type in PTLD risk: an analysis of the SRTR National Registry
Data in the United States. Am J Transplant 2012;12(4):976-83.
doi: 10.1111/j.1600-6143.2011.03893 x.

Walker RC, Marshall WF, Strickler JG, Wiesner RH, Velosa
JA, Habermann TM, et al. Pretransplantation assessment
of the risk of lymphoproliferative disorder. Clin Infect Dis
1995;20(5):1346-53. doi: 10.1093/clinids/20.5.1346.

Cockfield SM. Identifying the patient at risk for post-transplant
lymphoproliferative disorder. Transpl Infect Dis 2001;3(2):70-8.

14.

15.

16.

17.

18.

19.

20.

21.

22.

doi: 10.1034/j.1399-3062.2001.003002070.X.

Sprangers B, Riella LV, Dierickx D. Posttransplant Lympho-
proliferative Disorder Following Kidney Transplantation: A
Review. Am J Kidney Dis 2021;78(2):272-81. doi: 10.1053/].
ajkd.2021.01.015.

Pestana JO, Grinyo JM, Vanrenterghem Y, Becker T, Campistol
JM, Florman S, et al. Three-year outcomes from BENEFIT-
EXT: a phase Ill study of belatacept versus cyclosporine
in recipients of extended criteria donor kidneys. Am J
Transplant 2012;12(3):630-9. doi: 10.1111/j.1600-6143.
2011.03914.x.

Nalesnik MA, Jaffe R, Starzl TE, Demetris AJ, Porter K, Burnham
JA, et al. The pathology of posttransplant lymphoproliferative
disorders occurring in the setting of cyclosporine A-prednisone
immunosuppression. Am J Pathol 1988;133(1):173-92.

Penn |, Port G. Central Nervous System Lymphomas In Organ
Allograft Recipients. Transplantation 1995;59(2).

Leblond V, Davi F, Charlotte F, Dorent R, Bitker MO, Sutton
L, et al. Posttransplant lymphoproliferative disorders not
associated with Epstein-Barr virus: a distinct entity? J Clin
Oncol 1998;16(6):2052-9. doi: 10.1200/jc0.1998.16.6.2052.
auauUgnageTetzuislseinalng. wwInianisussidiy
;j"“uu%mﬂvlm (Kidney transplant candidate/Recipient)
wlasasunsugnanslalufaslaneFessszergaiie. 2020
(MaAL2563).

Preiksaitis JK, Diaz-Mitoma F, Mirzayans F, Roberts S, Tyrrell
DLJ. Quantitative Oropharyngeal Epstein-Barr Virus Shedding
in Renal and Cardiac Transplant Recipients: Relationship to
Immunosuppressive Therapy, Serologic Responses, and the
Risk of Posttransplant Lymphoproliferative Disorder. The
Journal of Infectious Diseases 1992;166(5):986-94. doi:
10.1093/infdis/166.5.986.

Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH,
Zucca E, et al. Recommendations for initial evaluation,
staging, and response assessment of Hodgkin and
non-Hodgkin lymphoma: the Lugano classification. J Clin
Oncol 2014;32(27):3059-68. doi: 10.1200/jc0.2013.54.8800.
Bianchi E, Pascual M, Nicod M, Delaloye AB, Duchosal MA.
Clinical usefulness of FDG-PET/CT scan imaging in the
management of posttransplant lymphoproliferative
disease. Transplantation 2008;85(5):707-12. doi: 10.1097/
TP.0b013e3181661676.

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2025; 31(2): 184-194 193



fuana uazmaly

23.

24.

25.

26.

27.

28.

29.

Zimmermann H, Denecke T, Dreyling MH, Franzius C, Reinke
P, Subklewe M, et al. End-of-Treatment Positron Emission
Tomography After Uniform First-Line Therapy of B-Cell
Posttransplant Lymphoproliferative Disorder Identifies
Patients at Low Risk of Relapse in the Prospective German
PTLD Registry. Transplantation 2018;102(5):868-75. doi:
10.1097/tp.0000000000002006.

Swerdlow SH CE, Harris NL, Jaffe ES, Pileri SA, Stein H, et al.
World Health Organization Classification of Tumours of
Haematopoietic and Lymphoid Tissues, IARC Press, 4th
edition. Lyon 2017.

Dierickx D, Habermann TM. Post-Transplantation Lymphopro-
liferative Disorders in Adults. New England Journal of Medicine
2018;378(6):549-62. doi: 10.1056/NEJMra1702693.
AlDabbagh MA, Gitman MR, Kumar D, Humar A, Rotstein
C, Husain S. The Role of Antiviral Prophylaxis for the
Prevention of Epstein-Barr Virus-Associated Posttransplant
Lymphoproliferative Disease in Solid Organ Transplant
Recipients: A Systematic Review. Am J Transplant 2017,
17(3):770-81. doi: 10.1111/ajt.14020.

Humar A, Hébert D, Davies HD, Humar A, Stephens D,
O’Doherty B, et al. A randomized trial of ganciclovir versus
ganciclovir plus immune globulin for prophylaxis against
Epstein-Barr virus related posttransplant lymphoproliferative
disorder. Transplantation 2006;81(6):856-61. doi: 10.1097/01.
tp.0000202724.07714.a2.

Lee TC, Savoldo B, Rooney CM, Heslop HE, Gee AP, Caldwell
Y, et al. Quantitative EBV viral loads and immunosuppression
alterations can decrease PTLD incidence in pediatric liver
transplant recipients. Am J Transplant 2005;5(9):2222-8. doi:
10.1111/}.1600-6143.2005.01002.x.

Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H,
Garvey CA, et al. KDIGO clinical practice guideline for the
care of kidney transplant recipients: a summary. Kidney Int

2010;77(4):299-311. doi: 10.1038/ki.2009.377.

30.

31.

32.

33.

34.

35.

36.

Reshef R, Vardhanabhuti S, Luskin MR, Heitjan DF, Hadjiliadis
D, Goral S, et al. Reduction of immunosuppression as
nitial therapy for posttransplantation lymphoproliferative
disorder(k). Am J Transplant 2011;11(2):336-47. doi:
10.1111/j.1600-6143.2010.03387 .x.

Parker A, Bowles K, Bradley JA, Emery V, Featherstone C, Gupte
G, et al. Management of post-transplant lymphoproliferative
disorder in adult solid organ transplant recipients - BCSH
and BTS Guidelines. Br J Haematol 2010;149(5):693-705. doi:
10.1111/j.1365-2141.2010.08160.x.

Trappe R, Oertel S, Leblond V, Mollee P, Sender M, Reinke
P, et al. Sequential treatment with rituximab followed by
CHOP chemotherapy in adult B-cell post-transplant
lymphoproliferative disorder (PTLD): the prospective
international multicentre phase 2 PTLD-1 trial. Lancet Oncol
2012;13(2):196-206. doi: 10.1016/51470-2045(11)70300-x.
Ferreri AJM, Cwynarski K, Pulczynski E, Ponzoni M,
Deckert M, Politi LS, et al. Chemoimmunotherapy with
methotrexate, cytarabine, thiotepa, and rituximab (MATRix
regimen) in patients with primary CNS lymphoma: results
of the first randomisation of the International Extranodal
Lymphoma Study Group-32 (IELSG32) phase 2 trial. The
Lancet Haematology 2016;3(5):e217-e27. doi: 10.1016/52352-
3026(16)00036-3.

network Ncc. Post transplant lymphoproliferative disorder
(PTLD). 2015(2):2-4.

A predictive model for aggressive non-Hodgkin’s
lymphoma. N Engl J Med 1993;329(14):987-94. doi: 10.1056/
nejm199309303291402.

Johnson SR, Cherikh WS, Kauffman HM, Pavlakis M, Hanto DW.
Retransplantation after post-transplant lymphoproliferative
disorders: an OPTN/UNOS database analysis. Am J Transplant
2006;6(11):2743-9. doi: 10.1111/j.1600-6143.2006.01543 x.

194 U Nephrol Soc Thail 2025; 31(2): 184-194

https://he01.tci-thaijo.org/index.php/JNST/index



3

WdiN IHL
THAILAND

ROLOGY SOCIETY OF

Journal of the

Nephrology

Society of Thailand




