
Abstract. Background: Outcomes after kidney transplantation
(KTx) remain limited by delayed graft function (DGF) and
acute rejection. Non-invasive biomarkers may help identify
patients at increased risk for these events. We examined the
association between the systemic immune-inflammation index
(SII), a novel inflammatory biomarker, and outcomes after KTx
and evaluated its ability to predict post-transplant prognosis.
Patients and Methods: Adult patients who underwent primary
KTx at our institution between 2016-2019 were included. SII
was calculated from pre-transplant complete blood counts as
the ratio of the neutrophil count to the lymphocyte count
multiplied by the platelet count. The cutoff between high and
low SII was determined by maximizing the area under the
curve. Multivariable logistic and Cox regression were used to
identify factors associated with DGF and patient, rejection-
free, and graft survival respectively. Results: Overall, 378 KTx
recipients were included; 224 (59.3%) had high SII. On
unadjusted analysis, high SII was associated with reduced odds
of DGF, and improved patient and rejection-free survival. After
adjustment, high SII was independently associated with
improved patient survival alone. Multivariable models
incorporating SII performed well for the prediction of DGF (c-
statistic=0.755) and patient survival (c-statistic=0.786), though
rejection-free survival was more difficult to predict (c-
statistic=0.635). Conclusion: SII demonstrated limited utility
as an independent predictor of outcomes after KTx. However,
in combination with other clinically relevant parameters, SII

is a useful predictor of post-KTx prognosis. Validation of this
novel inflammatory biomarker in a multi-institutional study is
needed to further elucidate its practical applications in
transplantation.

Kidney transplantation is the standard of care for patients with
end-stage renal disease (ESRD), offering significant health and
quality of life benefits compared to remaining on dialysis (1).
Despite a steady increase in the number of kidney transplants
performed in the US, delayed graft function (DGF) and acute
rejection (AR) remain prevalent, hindering optimization of
patient and allograft survival (2, 3). In the past decade,
research on the transplant community has given increasing
attention to the development and identification of novel
biomarkers that allow for rapid, safe, non-invasive, and
accurate detection of immunological injury to the kidney
allograft (4, 5). Of particular interest are prognostic and
predictive biomarkers that can identify patients at increased
risk for allograft injury, including DGF and AR (6, 7).

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) are two biomarkers that provide an
indication of inflammatory status and have been shown to be
strong predictors of negative prognosis in a variety of
conditions including cancer (8, 9), cardiovascular disease (10,
11), ESRD (12), and, more recently, kidney and liver
transplantation (13-18). Despite a growing body of evidence
examining the utility of NLR and PLR to predict
immunologic injury, the literature remains divided regarding
the association between these inflammatory markers and
development of DGF and AR. Specifically, while some
studies have demonstrated an association between high NLR
and PLR and development of DGF and AR (14, 15, 18),
others report the opposite findings (16, 17). This lack of
consensus suggests a need for ongoing investigation to
identify additional biomarkers capable of identifying patients
at risk of post-transplant immunologic events.

The systemic immune-inflammation index (SII) was
recently introduced as a novel and powerful prognostic

3349

This article is freely accessible online.

Correspondence to: Dimitrios Moris, MD, MSc, Ph.D., Box 3512,
DUMC, Department of Surgery, Duke University Medical Center,
Durham, NC 27710, U.S.A. Tel: +1 2165716614, e-mail:
dimitrios.moris@duke.edu

Key Words: Systemic immune-inflammation index, kidney
transplantation, biomarkers, delayed graft function, acute rejection.

in vivo 34: 3349-3360 (2020)
doi:10.21873/invivo.12173

The Systemic Immune-Inflammation Index Predicts 
Clinical Outcomes in Kidney Transplant Recipients

SAMANTHA E. HALPERN1, DIMITRIOS MORIS2, BRIAN I. SHAW2, 
MADISON K. KRISCHAK1, DANAE G. OLASO1, SAMUEL J. KESSELI2, 

KADIYALA RAVINDRA2, LISA M. MCELROY2 and ANDREW S. BARBAS2

1School of Medicine, Duke University, Durham, NC, U.S.A.;
2Department of Surgery, Duke University Medical Center, Durham, NC, U.S.A.



marker of outcomes in patients with cancer (19-21). Initially
developed as a prognostic tool for patients undergoing
curative resection for hepatocellular carcinoma (HCC), the
SII represents an integrated indicator based on peripheral
lymphocyte, neutrophil, and platelet counts (19). To date the
SII has not been evaluated in the setting of kidney
transplantation and little is known about its prognostic value
in the transplant field. A recent study examining the
prognostic value of SII among patients undergoing liver
transplantation for HCC demonstrated an independent
association between high SII and overall survival, as well as
superior predictive capacity compared to NLR and PLR in
these patients (22), suggesting the potential utility of SII
more broadly in transplantation.

In pursuit of a novel, safe, non-invasive, and accurate
biomarker of immunologic injury after kidney transplantation,
we sought to define the association between SII and outcomes
after kidney transplantation with particular attention to DGF.
In addition, we investigated whether SII better predicted post-
transplant prognosis compared with the traditional
inflammatory indices PLR and NLR.

Patients and Methods
Study population. All patients who underwent kidney transplantation
at Duke University Hospital between 2016 and 2019 were identified
by chart review. Pediatric (age<18 years), multiorgan transplant and
repeat kidney transplantation recipients, and patients who did not have
a pre-transplant complete blood count (CBC) recorded within 6 months
of kidney transplantation were excluded. This study was approved by
the Duke University Institutional Review Board (Pro00103325).

Study design. Variables of interest were obtained from both
institutional charts and the United Network for Organ Sharing.
Recipient and operative characteristics included basic demographics
(age, sex, race, ethnicity), preoperative characteristics [history of
malignancy, pre-transplant panel reactive antibody (PRA)], indication
for transplant, operative data (estimated blood loss, intraoperative
transfusion requirements, use of ureteral stents, intraoperative drain
placement), and donor variables (donor type, cold and warm ischemia
time, use of machine perfusion, kidney donor profile index (KDPI),
US Public Health Service increased risk status, extended criteria
donor, Epstein-Barr virus and cytomegalovirus serologies, graft
laterality, and number of human leukocyte antigen mismatches).

Inflammatory indices were defined as follows:
I. NLR: Absolute neutrophil count divided by absolute

lymphocyte count.
II. PLR: Absolute platelet count divided by absolute lymphocyte

count.
III. SII: Absolute platelet count multiplied by NLR.
Inflammatory indices of interest were calculated using the most

recent pre-transplant CBC with white blood cell differential,
measured within 6 months prior to kidney transplantation. At our
institution, patients undergoing deceased donor kidney
transplantation (DDKT) have a CBC with differential upon
admission, however those undergoing living donor kidney
transplantation (LDKT) may have blood drawn at their pre-

operative evaluation visit; therefore a CBC cut-off of 6 months pre-
transplant was chosen to capture LDKT patients whose samples
were collected more than 24 hours pre-transplant. 

Outcomes. The primary outcome of interest was DGF, defined as the
need for postoperative dialysis within 7 days of transplantation.
Secondary outcomes included patient survival, rejection-free survival,
and graft survival. To allow adjustment for additional donor variables
that are known to be associated with development of DGF including
extended criteria donor status and KDPI (3), the association between
the inflammatory indices and the primary and secondary outcomes
were assessed for the cohort of DDKT recipients as well as for the
entire patient cohort, which included both DDKT and LDKT
recipients. Sub-group analysis of LDKT recipients was not performed
due to the limited number of patients in this group.

Statistical analysis. Descriptive statistics are presented as medians
and interquartile ranges (IQR) for continuous variables and
proportions for categorical variables. Recipient and operative
characteristics were compared between DDKT and LDKT recipients
using Wilcoxon rank-sum tests for continuous variables and Chi-
squared and Fisher exact tests for categorical variables.

For the comparison of groups with low versus high SII, PLR, and
NLR, cut-off values were selected based on maximization of the
area under the curve using univariable logistic regression models
with DGF as the outcome (23, 24). Selected cut-off values were
additionally used to determine the association between SII, PLR,
and NLR and the secondary outcomes. The optimal cut-off values
for SII, PLR, and NLR were determined separately for DDKT
recipients and the unstratified patient cohort.

Logistic regression was employed to examine the association
between recipient, operative, and inflammatory characteristics and
DGF. Variables included in the final multivariable models were
selected using backwards stepwise regression with an AIC criterion.
Performance of the final models was assessed using the bias-
corrected c-statistic determined based on cross-validation with 1,000
bootstrapped resamples.

Patient, rejection-free, and graft survival were estimated in an
unadjusted fashion using the Kaplan-Meier method. Log-rank tests
were used to compare survival between high and low NLR, PLR,
and SII groups. Cox regression was employed to examine the
association between recipient, operative, and inflammatory
characteristics and each of the secondary outcomes. Model
selection and assessment of model performance were conducted as
described above.

Sensitivity analyses were performed to evaluate the performance
of all multivariable models using the inflammatory indices as
continuous variables. A two-sided p-value less than 0.05 was
considered statistically significant. All analyses were performed
using R version 3.6.1 (Vienna, Austria).

Results

Study population and operative characteristics. A total of
378 primary kidney-only transplant recipients met the
inclusion criteria. Of those, 327 (86.5%) underwent DDKT
and 51 (13.5%) underwent LDKT. Recipient characteristics
for the entire patient cohort and stratified by donor type are
summarized in Table I. Compared to DDKT recipients,
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LDKT recipients were more likely to be White (70.6% vs.
31.8%, p<0.01), have lower pre-transplant class I PRA
[median (IQR) 0 (0-13) vs. 0 (0-0), p<0.01], and higher PLR
and NLR [median (IQR) PLR: 155 (108-218) vs. 124 (98.3-
163), p=0.011; NLR: 3.23 (2.31-4.62) vs. 2.62 (1.92-3.78),
p=0.04]. There were no significant differences in age,
gender, ethnicity, etiology of kidney disease, history of
malignancy, or SII between DDKT and LDKT recipients.

Operative characteristics for the entire patient cohort and
stratified by donor type are summarized in Table II. Among
DDKT recipients, 237 (72.5%) received a kidney from a
donation after brain death donor and 90 (27.5%) received a
kidney from a donation after circulatory death donor. LDKT
was associated with shorter ischemic times, lower
intraoperative blood loss, fewer human leukocyte antigen
mismatches, and use of a left kidney allograft (all p<0.05).
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Table I. Recipient characteristics.

Characteristic All kidney DDKT LDKT p-Value
transplants (N=378) (N=327) (N=51)

Age (years), median (IQR) 55 (45-63) 55 (46-63) 54 (43-62) 0.28
Gender, n (%) 0.64

Female 167 (44.2) 146 (44.6) 21 (41.2)
Male 211 (55.8) 181 (55.4) 30 (58.8)

Race, n (%) <0.01
White 140 (37.0) 104 (31.8) 36 (70.6)
Black 213 (56.3) 201 (61.5) 12 (23.5)
Asian 5 (1.3) 5 (1.5) 0 (0)
Other 20 (5.3) 17 (5.2) 3 (5.9)

Ethnicity (Hispanic), n (%) 11 (2.9) 11 (3.4) 0 (0) 0.37
PRA at transplant (%), median (IQR)

Class I 0 (0-10) 0 (0-13) 0 (0-0) <0.01
Class II 0 (0-0) 0 (0-0) 0 (0-0) 0.29

Etiology of kidney disease, n (%) 0.066
Alport syndrome 4 (1.1) 3 (0.9) 1 (2.0)
Calcineurin inhibitor nephrotoxicity 9 (2.4) 5 (1.5) 4 (7.8)
Chronic glomerulonephritis 11 (2.9) 10 (3.1) 1 (2.0)
Congenital obstructive uropathy 7 (1.9) 5 (1.5) 2 (3.9)
Focal glomerular sclerosis 34 (9.0) 29 (8.9) 5 (9.8)
HIV nephropathy 4 (1.1) 4 (1.2) 0 (0)
Hypertensive nephrosclerosis 80 (21.2) 75 (22.9) 5 (9.8)
IgA nephropathy 17 (4.5) 15 (4.6) 2 (3.9)
Lithium toxicity 3 (0.8) 3 (0.9) 0 (0)
Malignant hypertension 7 (1.9) 7 (2.1) 0 (0)
Polycystic kidney disease 36 (9.5) 30 (9.2) 6 (11.8)
Sickle cell anemia 4 (1.1) 4 (1.2) 0 (0)
Systemic lupus erythematosus 13 (3.4) 13 (4.0) 0 (0)
Type 1 diabetes mellitus 12 (3.2) 8 (2.4) 4 (7.8)
Type 2 diabetes mellitus 104 (27.5) 90 (27.5) 14 (27.5)
Vasculitis 3 (0.8) 3 (0.9) 0 (0)
Other 30 (7.9) 23 (7.0) 7 (13.7)

History of pre-transplant malignancy, n (%) 38 (10.1) 35 (10.7) 3 (5.9) 0.45
Breast 5 (1.3) 5 (1.5) 0 (0) >0.9
Colorectal 3 (0.8) 3 (0.9) 0 (0) >0.9
Hematological 9 (2.4) 7 (2.1) 2 (3.9) 0.35
Lung 1 (0.3) 1 (0.3) 0 (0) >0.9
Prostate 6 (1.6) 6 (1.8) 0 (0) >0.9
Renal cell 8 (2.1) 7 (2.1) 1 (2.0) >0.9
Skin 10 (2.6) 10 (3.1) 0 (0) 0.37
Thyroid 2 (0.5) 2 (0.6) 0 (0) >0.9

NLR, median (IQR) 2.67 (1.94-3.89) 2.62 (1.92-3.78) 3.23 (2.31-4.62) 0.039
PLR, median (IQR) 126 (99.7-168) 124 (98.3-163) 155 (108-218) 0.011
SII, median (IQR) 555 (350-869) 545 (343-855) 617 (418-941) 0.077

DDKT: deceased donor kidney transplants; LDKT: living donor kidney transplants; IQR: Interquartile range; NLR: neutrophil to lymphocyte ratio;
PLR: platelet to lymphocyte ratio; PRA: pre-transplant panel reactive antibody; SII: systemic immune-inflammation index. Statistically significant
p-values are shown in bold.



Inflammatory indices. For the entire patient cohort, high SII,
PLR, and NLR, were defined as >475.5, >103.4, and >3.3
respectively. Overall, 224 (59.3%) patients had high SII, 266
(70.4%) had high PLR, and 136 (36.0%) had high NLR.
Compared to those with high SII, patients with low SII had
significantly lower levels of circulating neutrophils and
platelets and higher levels of circulating lymphocytes in pre-
transplant peripheral blood samples (Figure 1). Levels of
circulating lymphocytes were also significantly higher
among patients with low PLR and low NLR compared to
patients in the respective higher groups. 

Association between inflammatory indices and DGF. Overall,
DGF occurred in 124 (32.8%) patients. When stratified by
donor type, DGF occurred in 122 (37.3%) DDKT recipients
and two (3.9%) LDKT recipients. On unadjusted analysis of
the entire patient cohort, high SII was associated with
significantly reduced odds of DGF [odds ratio (OR)=0.60,

95% confidence interval (CI)=0.39-0.92, p=0.02]. High NLR
was also associated with reduced odds of DGF (OR=0.60,
95% CI=0.37-0.94, p=0.03), while high PLR was not
associated with DGF on unadjusted analysis (OR=1.49, 95%
CI=0.92-2.46, p=0.1). When adjusted for age, etiology of
kidney disease, cold ischemia time, and donor type (donor
brain death, donor circulatory death, living), high SII and
high NLR were no longer associated with DGF, whereas
high PLR was independently associated with a 92% increase
in the odds of DGF (SII: OR=0.64, 95% CI=0.39-1.04,
p=0.07; NLR: OR=0.65, 95% CI=0.38-1.09, p=0.1; PLR:
OR=1.92, 95% CI=1.12-3.33, p=0.02). After the addition of
each inflammatory index to the model, the model including
PLR was associated with a c-index of 0.761 (95% CI=0.693-
0.792), outperforming models including SII (c-index 0.755,
95% CI=0.704-0.787) and NLR (c-index 0.755, 95%
CI=0.701-0.786). Of note, the sensitivity analysis using, SII,
PLR, and NLR as continuous rather than categorical

Table II. Operative characteristics.

Characteristic All kidney DDKT LDKT p-Value
transplants (N=378) (N=327) (N=51)

Cold ischemic time (minutes), median (IQR)
All kidneys 1,097 (782-1498) 1,192 (933-1534) 78 (62-119) <0.01
Non-pumped kidneys only 276 (81-904) 904 (623-1140) 78 (62-119) <0.01

Warm ischemic time (minutes), median (IQR) 28 (23-33) 29 (23-33) 26 (23-29) 0.013
Total ischemic time (minutes), median (IQR) 1,138 (810-1521) 1,223 (955-1563) 100 (88-143) <0.01
Estimated blood loss (ml), median (IQR) 150 (100-200) 150 (100-200) 100 (75-200) 0.038
Transfusion requirement (units), median (IQR)

RBCs 0 (0-0) 0 (0-0) 0 (0-0) 0.14
FFP 0 (0-0) 0 (0-0) 0 (0-0) 0.58
Cryo 0 (0-0) 0 (0-0) 0 (0-0) -
Platelets 0 (0-0) 0 (0-0) 0 (0-0) -

Pump used, n (%) 273 (72.2) 273 (83.5) 0 (0) <0.01
Donor type, n (%) -

Living 51 (13.5) 0 (0) 51 (100)
DBD 237 (62.7) 237 (72.5) 0 (0)
DCD 90 (23.8) 90 (27.5) 0 (0)

PHS increased risk, n (%)a 109 (28.8) 109 (33.3) - -
Extended criteria donor, n (%)a 51 (13.5) 51 (15.6) - -
Donor serology, n (%)

EBV-positive 359 (95.0) 316 (96.6) 43 (84.3) <0.01
CMV-positive 238 (63.0) 209 (63.9) 29 (56.9) 0.33

KDPI (%), median (IQR)a 56 (34-71) 56 (34-71) - -
HLA mismatch, median (IQR) 4 (3-5) 4 (4-5) 4 (3-5) <0.01
Graft laterality, n (%) <0.01

Right 181 (47.9) 180 (55.0) 1 (2.0)
Left 190 (50.3) 140 (42.8) 50 (98.0)
Dual 7 (1.9) 7 (2.1) 0 (0)

Ureteral stent used, n (%) 258 (68.3) 226 (69.1) 32 (62.7) 0.36
Drain placed in OR, n (%) 89 (23.5) 80 (24.5) 9 (17.6) 0.29

IQR: Interquartile range; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; RBC: red blood cells; DBD: donors from brain
death; DCD: donor from circulatory death; cryo: cryoprecipitate; FFP: fresh frozen plasma; EBV: Epstein-Barr virus; CMV: cytomegalovirus; PHS:
public health service; HLA: human leukocyte antigen; KDPI; kidney donor profile index; DDKT: deceased donor kidney transplants; LDKT: living
donor kidney transplants; SII: systemic immune-inflammation index. OR: operating room. aRecorded for deceased donors only. Statistically
significant p-values are shown in bold.
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variables revealed superior performance of the SII model
compared to those incorporating PLR or NLR (Table III).

Among DDKT recipients, only high NLR (>1.6) was
associated with DGF, conferring 49% reduced odds of DGF
on unadjusted analysis (OR=0.51, 95% CI=0.28-0.93,
p=0.03). When adjusted for age, cold ischemia time, donor
type (donor brain death vs. donor circulatory death), US
Public Health Service increased risk status, and KDPI, high
NLR remained associated with a 53% decrease in the odds
of DGF (OR=0.47, 95% CI=0.25-0.88, p=0.02). Neither high
SII (>492.9) nor high PLR (>104.4) were independent
predictors of DGF among DDKT recipients (SII: OR=0.63,
95% CI=0.39-1.03, p=0.06; PLR: OR=1.68, 95% CI=0.99-
2.89, p=0.057). After the addition of each inflammatory
index to the model, the model including SII was associated
with a c-index of 0.697 (95% CI=0.629-0.738),
outperforming models including PLR (c-index 0.695, 95%
CI=0.612-0.730) and NLR (c-index 0.696, 95% CI=0.625-
0.737). A sensitivity analysis using all inflammatory indices
as continuous variables revealed superior performance of the
SII model compared to those incorporating PLR or NLR.

Association between inflammatory indices and patient,
rejection-free, and graft survival. Patient survival was
significantly increased among patients with high SII, high PLR,
and high NLR (SII: log-rank p<0.01; PLR: log-rank p<0.01;
NLR: log-rank p=0.02) (Figures 2-4, part A). Only high SII
was associated with improved rejection-free survival (log-rank
p=0.045) (Figure 2B). There was no difference in graft survival
between SII, PLR, and NLR groups (SII: log-rank p=0.2; PLR:

log-rank p=0.5; NLR: log-rank p=0.5) (Figures 2-4, part C).
Among DDKT recipients, patient survival was increased
among those with high SII and high PLR (SII: log-rank
p=0.02; PLR: log-rank p=0.02); there was no difference in
patient survival between DDKT recipients with high versus
low NLR (log-rank p=0.5). Rejection-free survival and graft
survival were similar among DDKT recipients with high versus
low SII, PLR, and NLR (all log-rank p>0.05).

On multivariable analysis, high SII, high PLR, and high
NLR were all independently associated with significantly
increased patient survival [SII: hazard ratio (HR)=0.24, 95%
CI=0.07-0.76, p=0.02; PLR: HR=0.27, 95% CI=0.09-0.75,
p=0.01; NLR: HR=0.13, 95% CI=0.02-0.98, p=0.047]. After
the addition of each inflammatory index, the model including
NLR was associated with a c-index of 0.788 (95% CI=0.690-
0.832), outperforming models including SII (c-index 0.786,
95% CI=0.648-0.846) and PLR (c-index 0.774, 95%
CI=0.655-0.834) (Table IV). On sensitivity analysis
including each inflammatory index as a continuous variable,
the SII model demonstrated superior performance compared
to the PLR and NLR models. For the entire patient cohort,
none of the inflammatory indices were independently
associated with rejection-free or graft survival (Table V).

Among DDKT recipients, only high PLR (>104.4) was
independently associated with increased patient survival
(HR=0.30, 95% CI=0.10-0.91, p=0.03). The models including
SII and PLR demonstrated comparable performance (SII: c-
index 0.776, 95% CI=0.552-0.842; PLR: 0.776, 95%
CI=0.644-0.840), both outperforming the NLR model (c-
index 0.722, 95% CI=0.577-0.773). In the sensitivity analysis
including each inflammatory index as a continuous variable,
the PLR model was superior, demonstrating marginally better
performance compared to the SII model. Among DDKT
recipients, neither SII nor PLR or NLR were independently
associated with rejection-free survival or graft survival.

Discussion

In this single-institution analysis of patients undergoing
primary kidney transplantation, we evaluated the ability of
SII, a novel inflammatory biomarker, to predict post-
transplant prognosis and compared its prognostic capabilities
to those of PLR and NLR. On unadjusted analysis, high SII
was associated with reduced odds of DGF and improved
patient and rejection-free survival; however, after adjustment
high SII was independently associated with improved patient
survival alone. Models for the prediction of DGF, patient
survival, and rejection-free survival, that included SII as a
dichotomous or continuous variable performed well
compared to those including only PLR or NLR. Although it
remains difficult to identify patients at risk of poor post-
transplant prognosis based on SII alone, our study suggests
that when considered in combination with other relevant
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Figure 1. Circulating levels of neutrophils, lymphocytes, and platelets
in peripheral blood samples of patients with low versus high systemic
immune-inflammation index (SII). High SII was defined as >475.5.
****Significantly different at p<0.01.



clinical parameters, SII may represent a useful non-invasive
prognostic biomarker for use in kidney transplantation.

The association between inflammation and suboptimal
outcomes after kidney transplantation is well-documented. In
particular, the downstream activation and differentiation of
recipient lymphocytes during ischemia-reperfusion injury
contributes to immediate allograft injury underlying DGF and
stimulates development of a lymphocyte-mediated response
to foreign allograft tissue that later manifests as AR (3, 25).
Several recent studies examining the impact of induction
immunosuppression on post-transplant prognosis found
reduced rates of DGF and AR as well as improved long-term

patient and graft survival among kidney transplant recipients
receiving lymphocyte-depleting agents, further highlighting
the role of circulating lymphocytes in determining both early
and late post-transplant outcomes (26, 27). In the present
study, low SII was driven in part by significantly increased
levels of circulating lymphocytes in peripheral blood samples,
suggesting that relative elevation of lymphocytes may
underlie the association between low SII and development of
DGF and reduced patient and rejection-free survival.
Although our findings stand in contrast to those employing
SII for prognostication in cancer (19-22), the inflammatory
response to cancer entails an increase in neutrophils and
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Table III. Bivariable and multivariable analysis of delayed graft function in the whole patient cohort.

Bivariate Multivariable (+SII) Multivariable (+PLR) Multivariable (+NLR)

Variable OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Age 1.00 (0.98-1.02) 0.84
Gender (female) 0.45 (0.29-0.71) <0.01 0.47 (0.28-0.78) <0.01 0.46 (0.27-0.76) <0.01 0.44 (0.26-0.73) <0.01
Race (White) 0.50 (0.31-0.79) <0.01
Ethnicity (Hispanic) 1.74 (0.49-5.88) 0.37
PRA class I at transplant 0.99 (0.98-1.00) 0.013
PRA class II at transplant 0.98 (0.97-0.99) 0.011 0.99 (0.97-1.00) 0.072 0.99 (0.97-1.00) 0.064 0.99 (0.97-1.00) 0.080
Etiology of kidney disease

Other Ref Ref Ref Ref
Type 2 diabetes mellitus 2.29 (1.31-4.04) <0.01 2.29 (1.24-4.28) <0.01 2.67 (1.44-5.04) <0.01 2.22 (1.19-4.16) 0.012
Hypertensive 1.71 (0.93-3.15) 0.087 1.39 (0.71-2.73) 0.34 1.68 (0.86-3.31) 0.13 1.37 (0.69-2.71) 0.36
nephrosclerosis

Focal glomerular sclerosis 0.92 (0.36-2.18) 0.86 0.80 (0.29-2.03) 0.65 1.00 (0.36-2.57) 0.99 0.81 (0.30-2.06) 0.67
Polycystic kidney disease 1.32 (0.57-2.94) 0.51 1.21 (0.48-2.94) 0.68 1.36 (0.54-3.30) 0.51 1.30 (0.52-3.16) 0.56

Pre-transplant malignancy 1.07 (0.51-2.14) 0.85
Cold ischemic time 1.001 (1.000-1.001) <0.01 1.000 (1.000-1.001) 0.29 1.000 (1.000-1.001) 0.20 1.000 (1.000-1.001) 0.27
Warm ischemic time 1.05 (1.02-1.08) <0.01
Machine perfusion used 2.83 (1.66-5.04) <0.01
Donor type

DBD Ref Ref Ref Ref
DCD 2.36 (1.44-3.89) <0.01 2.37 (1.39-4.08) <0.01 2.41 (1.41-4.16) <0.01 2.33 (1.37-3.99) <0.01
Living 0.088 (0.014-0.29) <0.01 0.10 (0.015-0.43) <0.01 0.10 (0.015-0.43) <0.01 0.11 (0.015-0.44) <0.01

PHS increased risk 0.55 (0.33-0.90) 0.020
Extended criteria donor 1.61 (0.88-2.95) 0.12
KDPI 1.01 (1.00-1.02) 0.088
HLA mismatch 1.24 (1.06-1.47) <0.01
Graft laterality

Left Ref
Right 1.68 (1.08-2.61) 0.021
Dual 3.63 (0.78-18.98) 0.099

SII>475.5 0.60 (0.39-0.92) 0.020 0.64 (0.39-1.04) 0.074
PLR>103.4 1.49 (0.92-2.46) 0.11 1.92 (1.12-3.33) 0.019
NLR>3.3 0.60 (0.37-0.94) 0.029 0.65 (0.38-1.09) 0.10
C-Indexa 0.755 (0.704-0.787) 0.761 (0.693-0.792) 0.755 (0.701-0.786)
C-Indexa,b 0.751 (0.688-0.783) 0.749 (0.677-0.780) 0.749 (0.679-0.780)

IQR: Interquartile range; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; DBD: donors from brain death; DCD: donor from
circulatory death; PHS: public health service; HLA: human leukocyte antigen; KDPI; kidney donor profile index; OR: odds ratio; SII: systemic
immune-inflammation index; PRA: pre-transplant panel reactive antibody Statistically significant p-values are shown in bold. aC-Index (95%
confidence interval) determined based on 1,000 bootstrapped resamples. bSII, PLR, and NLR used as continuous rather than categorical variables.
Statistically significant p-values are shown in bold.
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Figure 2. Kaplan-Meier survival analysis of the whole cohort stratified
by high versus low systemic immune-inflammation index (SII). A:
Patient survival. B: Rejection-free survival. C: Graft survival.

Figure 3. Kaplan-Meier survival analysis of the whole cohort stratified
by high versus low platelet-to-lymphocyte ratio (PLR). A: Patient
survival. B: Rejection-free survival. C: Graft survival.



platelets with a concurrent reduction in lymphocytes (9),
suggesting that the underlying pathophysiology of cancer
versus organ rejection may explain the contrast in these
findings, and may also dictate the expected associations
between inflammatory biomarkers and outcomes among
diverse conditions.

To our knowledge, this is the first study to apply SII to
prognostication in kidney transplantation, however,
inflammatory biomarkers including NLR and PLR have
previously been used in this setting. Interestingly, several
institutional cohort studies examining the associations
between NLR and PLR and DGF and AR remain divided in
their findings (14-18). Among those studies reporting an
association between high NLR and PLR and the development
of immunological injury, the primary cited mechanism
involves neutrophilia and thrombocytosis occurring during
ischemia-reperfusion injury, both of which contribute to the
formation of immunogenic microthrombi within the renal
vasculature (3, 14, 15, 25). Conversely, those studies
reporting increased incidence of DGF and AR among patients
with low NLR and PLR attributed their findings to a relative
increase in circulating lymphocytes (16, 17). Our findings
contribute to both sides of this debate, demonstrating
independent associations between high PLR and DGF and
between high NLR and improved patient survival. In the
context of the preceding studies and the known
pathophysiology of ischemia-reperfusion injury and allograft
immunogenicity, the association between high PLR, increased
circulating platelets, and DGF, suggests that the formation of
platelet microthrombi may be a more significant contributor
to early allograft injury, whereas low NLR, a relatively
elevated level of lymphocytes, and poor long-term prognosis
further emphasize the central role of a lymphocyte-mediated
response in ongoing allograft injury over time.

The pre-transplant inflammatory profile of kidney
transplant recipients may be attributed in part to chronic
inflammation resulting from prolonged dialysis dependence
(28). In a cohort study of patients with ESRD on
hemodialysis, Yaprak and colleagues found that high NLR
and PLR were associated with increased all-cause mortality,
supporting the association between systemic inflammation
and poor prognosis in this group (12). Prolonged pre-
transplant dialysis is a known risk factor for reduced patient
and graft survival (29, 30), partially explaining the transplant
community’s preference for LDKT, which, when available,
provides timelier access to transplantation and reduced time
on dialysis (2, 30). However, in our study, both NLR and
PLR were significantly higher among LDKT recipients
compared to DDKT recipients, which, in the context of the
study by Yaprak et al., suggests that we might expect worse
prognosis in this patient subgroup. However, in LDKT
recipients specifically, pre-transplant alloreactivity – antigen
recognition by recipient lymphocytes – and lymphocyte
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Figure 4. Kaplan-Meier survival analysis of the whole cohort stratified
by high versus low neutrophil-to-lymphocyte ratio (NLR). A: Patient
survival. B: Rejection-free survival. C: Graft survival.



activation have been found to contribute to DGF and the
occurrence of AR during the first year after transplantation
(31, 32), suggesting that recipient lymphocytes are of
particular importance in this population where the degree of
ischemia-reperfusion injury is lessened by reduced cold
ischemia times and often improved allograft quality compared
to DDKT. Although our ability to evaluate the association
between inflammatory biomarkers and post-transplant
prognosis among LDKT recipients was limited by the small
sample size, in the context of our study as a whole, we can
infer that higher NLR and PLR among LDKT recipients may
reflect a reduction in circulating lymphocytes, aligning with
a reduced incidence of DGF in this subgroup and possibly

portending improved long-term post-transplant prognosis.
Additionally, in a recent study, Azab et al. found that on
average, NLR was significantly higher among non-Hispanic
white patients compared to all other racial groups (33),
suggesting that our findings may be attributed in part to the
predominantly white racial composition of the LDKT group. 

In light of the complex pathophysiology of immediate and
delayed immunologic injury post-kidney transplantation, the
use of SII as a holistic marker of inflammation and the relative
contributions of different immune pathways may be a valuable
addition to the field of transplantation. Overcoming the
inconsistencies in NLR and PLR highlighted by the
conflicting associations in our study and others by
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Table IV. Bivariable and multivariable analysis of patient survival in the whole patient cohort.

Bivariate Multivariable (+SII) Multivariable (+PLR) Multivariable (+NLR)

Variable HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Age 1.06 (1.00-1.11) 0.047 1.06 (1.01-1.12) 0.031 1.06 (1.00-1.12) 0.039 1.06 (1.00-1.12) 0.033
Gender (female) 0.61 (0.21-1.77) 0.36
Race (White) 0.40 (0.11-1.41) 0.15
Ethnicity (Hispanic) 2.92 (0.38-22.3) 0.30
PRA Class I at transplant 1.00 (0.98-1.02) 0.96
PRA Class II at transplant 1.00 (0.97-1.02) 0.77 1.00 (0.97-1.03) 0.86 0.99 (0.97-1.02) 0.63 1.00 (0.97-1.02) 0.74
Etiology of kidney disease

Other Ref
Type 2 diabetes mellitus 1.19 (0.34-4.12) 0.79
Hypertensive 1.07 (0.25-4.46) 0.93
nephrosclerosis 

Focal glomerular sclerosis 1.71 (0.33-8.83) 0.52
Polycystic kidney disease - -

Pre-transplant malignancy 2.70 (0.76-9.58) 0.13
Cold ischemic time 1.000 (1.000-1.001) 0.99
Warm ischemic time 1.03 (0.96-1.10) 0.44
Machine perfusion used 0.85 (0.29-2.50) 0.78
Donor type

DBD Ref Ref Ref Ref
DCD 0.20 (0.026-1.54) 0.12 0.18 (0.024-1.42) 0.10 0.15 (0.020-1.20) 0.075 0.17 (0.022-1.33) 0.091
Living 0.68 (0.15-3.05) 0.62 0.81 (0.18-3.64) 0.78 0.77 (0.17-3.49) 0.74 0.80 (0.18-3.63) 0.78

PHS increased risk 1.06 (0.33-3.45) 0.92
Extended criteria donor 2.71 (0.83-8.80) 0.098
KDPI 1.01 (0.99-1.03) 0.41
HLA mismatch 1.17 (0.80-1.73) 0.42
Graft laterality

Left Ref
Right 0.57 (0.19-1.71) 0.32
Dual 3.44 (0.43-27.29) 0.24

SII>475.5 0.24 (0.078-0.77) 0.016 0.24 (0.074-0.76) 0.016
PLR>103.4 0.28 (0.099-0.78) 0.015 0.27 (0.094-0.75) 0.012
NLR>3.3 0.13 (0.017-0.98) 0.047 0.13 (0.017-0.98) 0.047
C-Indexa 0.786 (0.648-0.846) 0.774 (0.655-0.834) 0.788 (0.690-0.832)
C-Indexa,b 0.817 (0.654-0.873) 0.792 (0.693-0.833) 0.771 (0.649-0.826)

IQR: Interquartile range; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; DBD: donors from brain death; DCD: donor from
circulatory death; PHS: public health service; HLA: human leukocyte antigen; KDPI; kidney donor profile index; OR: odds ratio; SII: systemic
immune-inflammation index; PRA: pre-transplant panel reactive antibody. aC-Index (95% confidence interval) determined based on 1,000 bootstrapped
resamples. bSII, PLR, and NLR used as continuous rather than categorical variables. Statistically significant p-values are shown in bold.



incorporating neutrophil, lymphocyte, and platelet counts in a
single metric may offer a more robust indication of the state
of the recipient immune system at the time of transplantation.
Likewise, predictive models incorporating SII demonstrated
robust prognostic capabilities, particularly with regard to DGF
and patient survival in which model c-statistics exceeded
0.750. However, given that our models still performed well
when SII was included as a continuous covariate, the true
utility of SII in kidney transplantation may be in placing
patients along a continuum of relative immune contributions
rather than into high or low strata. Indeed, classifying patients
into high and low groups based on a single biomarker remains
difficult, particularly when considering diverse patient groups

across institutions and throughout time (34). Furthermore, the
concept of ‘normal’ SII is undefined and the interest in this
setting rests less with whether patients have objectively higher
or lower SII compared to normal, but with how particular
levels of inflammation and immune activation relate to the
expected post-transplant course.

There are several limitations to our study that warrant
discussion. Firstly, this study examined a cohort of kidney
transplant recipients at a single academic institution, which may
limit its generalizability. However, among studies exploring the
use of inflammatory biomarkers in kidney transplantation, ours
is the largest to date, providing considerable new data to this
area of investigation. Additionally, patients undergoing repeat
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Table V. Bivariable and multivariable analysis of rejection-free survival in the whole patient cohort.

Bivariate Multivariable (+SII) Multivariable (+PLR) Multivariable (+NLR)

Variable HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value

Age 0.97 (0.95-0.99) 0.017 0.97 (0.95-1.00) 0.022 0.97 (0.95-0.99) 0.014 0.97 (0.95-0.99) 0.017
Gender (female) 0.88 (0.46-1.72) 0.72
Race (White) 0.79 (0.40-1.59) 0.51
Ethnicity (Hispanic) - -
PRA Class I at transplant 0.99 (0.98-1.01) 0.47
PRA Class II at transplant 0.98 (0.96-1.01) 0.20
Etiology of kidney disease

Other Ref
Type 2 diabetes mellitus 0.73 (0.30-1.76) 0.48
Hypertensive 1.36 (0.59-3.10) 0.47
nephrosclerosis

Focal glomerular sclerosis 0.58 (0.13-2.56) 0.47
Polycystic kidney disease 0.80-0.23-2.79) 0.72

Pre-transplant malignancy 0.58 (0.14-2.40) 0.45
Cold ischemic time 1.000 (1.000-1.001) 0.18
Warm ischemic time 1.00 (0.96-1.05) 0.96
Machine perfusion used 1.76 (0.77-4.02) 0.18
Donor type

DBD Ref
DCD 1.76 (0.87-3.53) 0.11
Living 0.63 (0.19-2.14) 0.46

PHS increased risk 1.10 (0.53-2.27) 0.80
Extended criteria donor 1.01 (0.39-2.62) 0.98
KDPI 1.00 (0.99-1.02) 0.85
HLA mismatch 1.32 (1.02-1.73) 0.039
Graft laterality

Left Ref
Right 1.17 (0.61-2.25) 0.64
Dual - -

SII>475.5 0.52 (0.27-1.00) 0.049 0.53 (0.28-1.03) 0.061
PLR>103.4 0.72 (0.37-1.43) 0.35 0.68 (0.34-1.34) 0.26
NLR>3.3 0.76 (0.37-1.54) 0.45 0.75 (0.37-1.52) 0.42
C-Indexa 0.635 (0.530-0.707) 0.611 (0.518-0.685) 0.607 (0.514-0.680)
C-Indexa,b 0.624 (0.503-0.703) 0.612 (0.515-0.692) 0.592 (0.488-0.663)

IQR: Interquartile range; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; DBD: donors from brain death; DCD: donor from
circulatory death; PHS: public health service; HLA: human leukocyte antigen; KDPI; kidney donor profile index; OR: odds ratio; SII: systemic
immune-inflammation index; PRA: pre-transplant panel reactive antibody. aC-Index (95% confidence interval) determined based on 1,000 bootstrapped
resamples. bSII, PLR, and NLR used as continuous rather than categorical variables. Statistically significant p-values are shown in bold.



kidney transplantation were excluded from our study due to
concerns regarding confounding of inflammatory indices by
pre-transplant immunosuppression; we were therefore unable to
ascertain the prognostic utility of SII among the broader
population of kidney transplant recipients including those who
have undergone prior transplantation. Finally, the association
between inflammatory indices and post-transplant outcomes
was assessed using pre-transplant data from a single timepoint.
Among patients in our study, the particular time of blood
sample collection varied as LDKT recipients may have had pre-
transplant blood drawn at a pre-operative evaluation visit prior
to the transplant hospital admission, which may have been
weeks up to 6 months prior to transplantation, versus DDKT
recipients who routinely have blood drawn at the time of
admission, typically within 24 hours pre-transplant.
Additionally, given the dynamic nature of immune activation,
data taken from multiple pre-transplant timepoints may provide
a better understanding of patients’ immune systems and how
they may respond to transplantation. However, with the goal of
applying inflammatory indices such as SII to clinical practice,
collation of data across multiple pre-transplant time points may
not be feasible at the institutional or national level that will be
needed to validate this metric in a large multi-institutional study.

Conclusion

In this single-institution analysis of primary kidney transplant
recipients, we found that high SII was associated with improved
post-transplant prognosis, including reduced odds of DGF and
improved patient and rejection-free survival. While SII was not
an independent predictor of immunologic injury, when used in
combination with other known risk factors for poor post-
transplant prognosis, SII was a powerful predictor of DGF and
patient survival following kidney transplant. Given the
widespread availability of this safe and non-invasive
inflammatory biomarker, determination of SII in the pre-
transplant setting may improve prognostication to tailor pre-
transplant decision-making for kidney transplantation recipients
in order to optimize both early and late post-transplant outcomes.
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