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Abstract

Objective: We aimed to examine the outcomes associated with the
mammalian target of rapamycin inhibitor (sirolimus or everolimus),
(m-TORI) regimens in kidney transplant recipients (KTR) with
primary diagnoses of hypertension.

Methods: In this retrospective observational study, 187,381 adult
KTRs were classified into the hypertension or non-hypertension
cohort based on their primary renal diagnosis pre-transplant.
Cox regressions were used to analyze the risks for death and
graft loss associated with the following regimens: m-TORi with
or without steroids combined with cyclosporine (m-TORi+CSA),
mycophenolate (m-TORi+MPA) or tacrolimus (m-TORi+Tac);
cyclosporine with or without steroids combined with mycophenolate
(CSA+MPA); and other regimens.

Results: The risk of death-with-graft-function did not differ between
mTORi regimens in KTRs with a primary diagnosis of HTN
[MTORi+CSA vs: mTORi+MPA (HR=0.88; 95% CI=0.68-1.14) and
mTORi+Tac (HR=1.16; 95% CI=0.91-1.47); and mTORIi+MPA vs.
mTORi+Tac (HR=1.31; 95% CI=1.00-1.72)]. However, in KTRs with
a primary diagnosis other than HTN, mTORIi+CSA is associated
with a lower risk of death-with-graft-function than mTORi+MPA
or mTORi+Tac [mTORi+CSA vs. mTORi+MPA: HR=0.81; 95%
Cl=0.71-0.92] and [mTORi+CSA vs. mTORi+Tac: HR=0.76; 95%
CI=0.66-0.87]. In both primary diagnosis cohorts, the risks of overall
and death-censored graft loss are higher with m-TORi+MPA than
the other m-TORIi regimens.

Conclusion: MTORi+MPA is associated with higher risks of graft
loss regardless of pre-transplant primary diagnosis. MTORi+CSA
is associated with a higher likelihood of survival with a functioning
graft in KTRs with a non-HTN primary diagnosis, a benefit not
seen among KTRs with a primary diagnosis of HTN. Therefore,
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outcomes associated with mTORi regimens vary with the pre-
transplant primary diagnosis classification of hypertension or non-
hypertension: these associations may be considered in mTORI
regimen selection after kidney transplantation.
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Introduction

The success of modern immunosuppressant drugs in improving
kidney transplant survival through prevention of rejection have been
reflected in the reduction of acute rejection rates and increase in
allograft survival rates [1]. However, the same agents have contributed
to increased morbidity and mortality in kidney transplant recipients
(KTR). Since the most common cause of renal allograft loss is death
with a functioning graft, clinical measures aimed at decreasing this
complication, including a systematic selection of immunosuppression
regimen would be beneficial [2,3]. Hypertension, a leading cause
of renal failure leading to kidney transplantation that commonly
recurs after kidney transplantation is associated with multiple
cardiovascular risk factors and morbidities that increase the risks of
post-transplant mortality and allograft failure [4,5]. Post-transplant
hypertension contributes to allograft and multi-system vasculopathy
that can lead to poor patient and graft outcomes [6,7]. Calcineurin
inhibitors (CNIs), the cornerstone of current immunosuppression
regimen in kidney transplantation are implicated in the pathogenesis
of post-transplant hypertension through multiple mechanisms
[8]. On the other hand; other rejection prophylaxis drugs such as
mycophenolic acid, azathioprine and the mammalian target of
rapamycin inhibitors such as sirolimus and everolimus (m-TORi)
are believed to be not intrinsically pro-hypertensive [9]; although,
when combined with CNI’s, mTOR-inihibitors could promote
nephrotoxicity and hypertension [7,8]. In US, the triple drug
combination of tacrolimus+mycophenolate+steroids has been the
most utilized immunosuppression regimen in kidney transplantation
[10]. However, when clinical indications dictate the use of alternative
regimens, the m-TORi drugs have been combined with the CNIs,
cyclosporine or tacrolimus or the antimetabolite, mycophenolate
[10]. Hence, we aimed to study the kidney transplant and patient
outcomes associated with the interactions between mTOR-i regimens
and primary diagnosis classification of HTN or non-HTN. Utilizing
existing data of the US Organ Procurement and Transplantation
Network (OPTN) we conducted this observational study analyzing
the risks of overall graft loss (OAGL), death-censored graft loss
(DCGL), and death-with-graft-function (DWGF) associated with
m-TORi regimens in KTR with a primary diagnosis classification of
HTN or non-HTN. The study may be relevant in guiding the selection
of an m-TOR inhibitor regimen for kidney transplant recipients.

Materials and Methods

Data source and study population

This was a retrospective observational cohort study based on
the National UNOS STAR FILE data from the Organ Procurement
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Transplantation Network (OPTN) as of June 17, 2016. The study
protocol was approved by the Institutional Review Board of the
University of Florida. First time solitary-organ kidney transplant
recipients (KTR) from 01/01/2000 through 12/31/2014 with a
conditional three-month patient and graft survival were assigned
to one of two cohorts based on the primary diagnosis at transplant
waitlist enrolment: 1) the hypertension cohort included KTRs
with hypertensive nephrosclerosis and 2) another etiology/non-
hypertension cohort included KTRs with: glomerular diseases;
tubular and interstitial disease; polycystic kidney disease;
congenital, familial, and metabolic kidney diseases; diabetes
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mellitus; renovascular and vascular diseases; neoplasms; re-
transplant/graft failure; or another kidney disease [11]. Inclusion
criteria for this study included: KTR age 18 years or higher and
receipt of a first-time kidney-only transplant. The exclusion
criteria from this study included: kidney re-transplant, multiple
organ transplants, death or graft loss within the first 3 months
after transplant, missing primary diagnosis at transplant wait-list
enrolment, and missing discharge immunosuppression regimen
data. Baseline transplant recipient, donor and clinical data
collected included those listed in Table 1.

Table 1: Baseline characteristics N=187,381.

Baseline Characteristics N=44803 (23.91%)

Hypertension Cohort

Non-Hypertension Cohort
N=142578 (76.09%)

Recipient Age (years)

18-49 18261 (40.76) 63037 (44.21)
50-64 17756 (39.63) 58126 (40.77)
65 and+ 8786 (19.61) 21415 (15.02)

Gender, N (%)

Male 29328 (65.46) 84602 (59.34)
Female 15475 (34.54) 57976 (40.66)

Recipient Race

White 15920 (35.53) 84417 (59.21)
Black 19693 (43.95) 26988 (18.93)
Hispanic 6173 (13.78) 20451 (14.34)
Other 3016 (6.73) 10720 (7.52)
Missing 1(0.00) 2 (0.00)
Recipient BMI
<21 kg/m? 3770 (8.41) 14158 (9.93)
21-24 kg/m? 10942 (24.42) 34545 (24.23)
25-59 kg/m? 16079 (35.89) 48821 (34.24)
> 30 kg/m? 14012 (31.27) 45054 (31.60)
Recipient HCV Antibody
Pos. 2695 (6.02) 5466 (3.83)
negative 38990 (87.03) 127571 (89.47)
Unknown 2537 (5.66) 8221 (5.77)
Missing 581 (1.30) 1320 (0.93)
Recipient CMV Antibody
pos. 30242 67.50 85009 (59.62)
Neg. 12317 27.49 50502 (35.42)
unknown 2244 5.01 7067 (4.96)
Recipient History of Diabetes
Yes 6026 (13.45) 54520 (38.24)
No 38133 (85.11) 86343 (60.56)
Unkown/Missing 644 (1.44) 1715 (1.20)

Induction Agent

ATG 16932 (37.79)

51062 (35.81)

Alemtuzumab 4514 (10.08) 13985 (9.81)
IL-2 receptor blockers 12529 (27.96) 43576 (30.56)
Other agents 1503 (3.35) 5971 (4.19)
None 9325 (20.81) 27984 (19.63)

Maintenance Regimen

CSA+MPA 4569 (10.20) 17021 (11.94)
Tac+MPA 33339 (74.41) 105189 (73.78)
mTori+MPA 695 (1.55) 1907 (1.34)
mTORi+Tac 1171 (2.61) 3804 (2.67)
mTORi+CSA 1593 (3.56) 2987 (2.09)
Other 3436 (7.67) 11670 (8.18)
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Steroids Maintenance

Yes 32606 (72.78) 104271 (73.13)
No 9786 (21.84) 31596 (22.16)
Missing 2411 (5.38) 6711 (4.71)

Delayed Graft Function

Yes 8112 (18.11) 20347 (14.27)
No 36689 (81.89) 122230 (85.73)
Missing 2 (0.00) 1 (0.00)

Donor Race

White 28276 (63.11) 102133 (71.63)
Black 8368 (18.68) 15553 (10.91)
Hispanic 6396 (14.28) 18824 (13.20)
Other 1756 (3.92) 6055 (4.25)
Missing 7 (0.02) 13 (0.01)

Donor Age

<50 year 32034 (71.50) 102570 (71.94)

>50 year 12769 (28.50) 40008 (28.06)

Donor Gender

Male 23930 (53.41) 73244 (51.37)

Female 20873 (46.59) 69334 (48.63)
Donor Type

Living 13487 (30.10) 60699 (42.57)

Deceased 31316 (69.90) 81879 (57.43)

Cold Ischemia Time

0-23 hr 37510 (83.72) 125152 (87.78)

24-41 hr 6638 (14.82) 16111 (11.30)
>42hr 655 (1.46) 1315 (0.92)
HLA Mismatch

0-3 15962 (35.63) 59955 (42.05)

>3 28718 (64.10) 82063 (57.56)

Missing 123 (0.27) 560 (0.39)

Primary Insurance

Private

13225 (29.52)

62056 (43.52)

Other

31576 (70.48)

80522 (56.48)

Exposure and outcomes
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KTR were followed from the date of kidney transplant until
the first of death or graft loss (defined as a return to dialysis or re-
transplantation), end of the five-year observation or end of OPTN
follow-up. The outcomes of the study were: 1) over-all graft loss
(OAGL) defined as death from any cause or loss of renal allograft
determined by return to dialysis or retransplantation. 2) death-
censored graft loss (DCGL) defined as loss of renal allograft from
any cause censored for death and 3) death with a graft function
(DWGEF) defined as death from any cause censored for graft loss.
Cox multivariable regression analyses (also termed “Cox models”)
were conducted to study the risks of OAGL, DCGL and DWEFG in
the 5 years following transplant associated with the primary renal
diagnosis classification of HTN or another (non-HTN) etiology and
m-TORi immunosuppression regimens. The immunosuppression
regimens used in the study were based on the UNOS STAR KIDPAN_
IMMUNO_DISCHARGE_DATA and included: mammalian target
of rapamycin inhibitor (sirolimus or everolimus), (m-TORi) with/
without steroids and included the following: A) m-TORi+cyclosporine
(also termed as m-TORi+CSA); B) m-TORi+mycophenolate (also
termed as m-TORi+MPA); C) m-TORi+tacrolimus (also termed
as m-TORi+Tac); D) cyclosporine+mycophenolate (also termed as
CSA+MPA); E) tacrolimus+mycophenolate (also termed Tac+MPA);
and F) all the other regimens not classified above were included under

the category termed “other regimens”. Clinically relevant recipient
and donor demographics and transplant characteristics enumerated
in Table 1 were used as covariates in the Cox models for OAGL,
DCGL and DWGEF [12]. Subsequent Cox regressions were performed
to analyze relative risks for OAGL, DCGL, and DWGF associated
with the interactions between primary diagnosis classification
(HTN or non-hypertension) and discharge immunosuppression
regimens (including steroid or non-steroid-containing CSA+MPA,
m-TORi+CSA, mTORi+MPA, mTORi+Tac, or other regimens
versus the reference regimen; Tac+MPA with or without steroids).
Use of maintenance steroids and induction immunosuppression
regimens were included among the covariates in the Cox models.
Comparisons between m-TORIi regimens and between CSA+MPA
and m-TORi regimens were conducted based on point estimates and
confidence limits in the main Cox models.

Statistical analysis

Baseline categorical covariates were reported in absolute counts
and percentages. Cox multivariable regressions were conducted for a
composite over-all graft loss outcome and 2 cause-specific outcomes
of DCGL and DWGF. Results were expressed as hazard ratio (HR)
accompanied by 95% confidence interval (CI) and P value. Discharge
immunosuppression regimens that included m-TORi, CSA+MPA
and “other” (versus Tac+MPA, as reference) were used as covariates
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in the Cox models. Comparisons between m-TORi regimens
and between CSA+MPA and m-TORi regimens were conducted
by estimation of differences in the log of HRs and derivation of
standard errors from the log of 95% CIs in the main Cox models.
Results were presented as HRs and 95% CIs and P value, adjusted for
multiple comparisons. All other statistical analyses in this study were
performed using SAS software, version 9.2 (SAS Institute, Inc., Cary,
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11.94% and Tac+MPA in 74.41% and 73.78% in the HTN and other
(non-hypertension) groups, respectively. The baseline demographic
and clinical characteristics of recipients and donors as well as
transplant-related variables are exhibited in Table 1.

Primary diagnosis of hypertension and immunosuppression
regimens as risk factors for outcomes: Main Cox models

NG, USA). Compared with another primary renal diagnosis, hypertension

was associated with a 10%, 6% and 15% higher relative risk of
overall graft loss (OAGL), death-censored graft loss (DCGL) and
death with a graft function (DWGF); respectively. Compared
with the non-lymphocyte depleting agent, basiliximab, induction
of immunosuppression with anti-thymocyte globulin was
associated with a lower risk of OAGL, DCGL, and DWGF; while,
alemtuzumab was associated with a higher risk of DCGL. The
inclusion of steroids in the maintenance immunosuppression
regimen was a risk factor for OAGL, DCGL, and DWGF. Other
significant risk factors for OAGL, DCG, and DWGF are shown
in Table 2.

Results
Baseline patient demographics and clinical characteristics

We studied 187,381 adult kidney transplants from Jan. 01, 2000
through Dec. 31, 2014. Primary diagnosis at the time of transplant
waitlist enrolment was hypertension in 44,803 (23.91%) and
other kidney diseases in 142,578 (76.09%) of KTR included in the
analysis. Discharge maintenance immunosuppression regimen was
m-TORi+MPA in 1.55% and 1.34%, m-TORi+Tac in 2.61% and
2.67%, m-TORi+CSA in 3.56% and 2.09%, CSA+MPA in 10.20% and

Table 2: Risk factors for outcomes in the five years following kidney transplant @: Main Cox Multivariable Regression Results.

Over-All Graft Loss Death-Censored Graft Loss Death with Graft Function

Risk Factor [reference] HR® 95% CIc P HR" 95% CIc P HR® 95% CI°P

LL UL® LLe UL LLY UL®
[F")T&?rgi%igggzr Hypertension 1.10 1.07 1.13<.001 1.06 102 1.10 .001 115 111 1.19<.001
Induction Agent [basiliximab]:
Antithymocyte globulin 0.93 0.91 0.96<.001 0.92 0.89 0.96<.001 0.95 0.91 0.98 .005
alemtuzumab 1.04 0.996 1.09 .08 1.10 1.04 1.16 .002 0.98 0.92 1.04 .46
none 1.01 0.98 1.04 .67 0.99 0.95 1.04 .73 1.04 1.00 1.09 .052
other 1.09 1.03 1.15 .002 1.12 1.04 1.21 .002 1.08 1.00 1.17 .051
Maintenance Regimen [tacrolimus+
mycophenolate]
CSA+MPAf 1.28 1.24 1.32<.001 1.26 1.21 1.32<.001 1.29 1.24 1.36<.001
other regimens? 1.26 1.21 1.31<.001 1.32 1.26 1.39<.001 1.21 1.14 1.28<.001
mTOR+CSA" 1.43 1.34 1.52<.001 1.34 1.22 1.46<.001 1.52 1.39 1.66<.001
mTOR+MPA! 1.71 1.59 1.84<.001 1.78 1.61 1.96<.001 1.65 1.49 1.83<.001
mTOR+Taci 1.37 1.28 1.45<.001 1.39 1.28 1.51<.001 1.33 1.22 1.46<.001
Missing 1.01 0.95 1.06 .81 1.05 0.97 1.13 .23 0.96 0.89 1.04 .38
Maintenance Steroids [no steroids] 1.1 1.08 1.14<.001 1.06 1.02 1.11 .006 1.17 1.12 1.22<.001
Recipient Age [18-49 years]
50-64 years 0.996 0.97 1.02 .74 0.62 0.60 0.64<.001 2.10 2.02 2.19<.001
>65 years 1.42 1.38 1.46<.001 0.61 0.58 0.64<.001 3.68 3.51 3.85<.001
Recipient Race [Caucasian]
African American 1.14 1.11 1.18<.001 1.55 1.49 1.62<.001 0.79 0.75 0.82<.001
Hispanic 0.78 0.76 0.82<.001 0.94 0.83 0.99 .03 0.65 0.61 0.68<.001
Other 0.73 0.70 0.77<.001 0.87 0.81 0.94<.001 0.61 0.57 0.66<.001
Unknown 2.29 0.32 16.3 .41 3.66 0.52 26.02 .19 0.01 0.00 4.571E22 .87
Recipient Female [male] 0.94 0.92 0.96<.001 1.01 098 1.04 .54 0.87 0.84 0.90<.001
Recipient BMI¥ (kg/im?),[21-24]
<21 1.14 1.09 1.19<.001 1.13 1.07 1.20<.001 1.17 1.10 1.24<.001
25-29 0.98 0.95 1.01 .11 1.04 0.99 1.08 .09 0.91 0.87 0.95<.001
>30 1.04 1.01 1.07 .02 1.16 1.12 1.21<.001 0.90 0.86 0.94<.001
Recipient Prior Diabetes [absent]
Unknown/Missing 1.09 0.99 1.20 .06 1.00 0.89 1.14 .94 1.27 1.10 1.46<.001
Present 1.40 1.37 1.43<.001 1.00 0.97 1.04 .99 1.97 1.90 2.04<.001
Delayed Graft Function [absent]
Missing 3.83 0.96 15.2 .06 2.89 0.41 2047 .29 5.61 0.79 39.89 .08
Present 1.47 1.43 1.51<.001 1.53 1.47 1.58<.001 1.41 1.36 1.46<.001
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Donor Ethnicity/Race [Caucasian]

African American 1.30 1.26 1.34<.001 1.41 1.36 1.47<.001 1.15 1.09 1.20<.001

Hispanic 1.02 0.98 1.05 .37 1.06 1.01 112 .01 0.97 0.92 1.02 .20
Other 1.06 0.99 1.12 .08 1.06 0.97 1.15 .20 1.06 097 115 .22
Unknown 1.15 048 277 .75 0.77 0.19 3.06 .71 1.71 0.55 5.30 .35
Donor Age >50 years [18-49 yrs.] 1.36 1.33 1.39<.001 1.55 1.51 1.61<.001 1.20 1.16 1.24<.001

Donor Gender, Female [male] 1.12 1.09 1.14<.001 1.18 1.15 1.22<.001 1.05 1.02 1.08 .003
Kidney Donor Type

Living [deceased] 0.72 0.70 0.74<.001 0.73 0.70 0.76<.001 0.70 0.67 0.72<.001

Recipient Hepatitis C Antibody [neg.]

Missing 1.34 1.22 1.46<.001 1.44 1.28 1.63<.001 1.28 1.12 1.46<.001

Positive 1.45 1.39 1.51<.001 1.42 1.34 1.51<.001 1.51 1.42 1.61<.001

Unknown 1.03 0.98 1.08 .29 1.1 1.04 1.18 .002 0.96 0.90 1.03 .29
Cold Ischemia Time [<24 hr.]

24-41 hours 1.06 1.03 1.09<.001 1.08 1.03 1.12<.001 1.05 1.00 1.09 .03
>42 hours 1.20 1.09 1.31<.001 1.30 1.16 1.47<.001 1.1 097 127 .14
HLA' mismatch [0-3]

4-6 1.09 1.06 1.11<.001 1.15 1.12 1.19<.001 1.03 1.00 1.07 .047
Missing 1.04 0.84 128 .73 1.1 0.84 146 .46 0.98 0.72 1.34 .92

Recipient CMV™ Antibody [neg.]

Positive 0.99 0.96 1.01 .30 0.98 0.95 1.01 .21 0.99 0.96 1.03 .88

Unknown 1.04 099 1.10 .11 0.99 0.92 1.06 .78 1.10 1.02 1.18 .02

Primary Insurance [private]

Other than Private 1.31 1.28 1.34<.001 1.24 1.20 1.29<.001 1.36 1.31 1.41<.001

Unknown 0.02 0.002.259E12 .80 0.01 0.00 1.048E1 .85 0.01 0.00 1.522E .92

aModel based on Recipients Conditional 3 Months Patient and Graft Survival
®Hazard Ratio, ¢ Confidence Interval, ‘Lower Limit, *Upper Limit
fcyclosporine+mycophenolate,

9All other regimens,

"mammalian target of rapamycin (sirolimus or everolimus)+cyclosporine,
'mammalian target of rapamycin (sirolimus or everolimus)+mycophenolate,
’mammalian target of rapamycin (sirolimus or everolimus)+tacrolimus

“body mass index, - human leukocyte antigen,

mCytomegalovirus

Outcomes of calcineurin inhibitor-mycophenolate versus Discussion

m-TORi regimens in hypertension and non-hypertension KTR

groups In this study, we analyzed the risks of (overall and death-

censored) graft loss and death with graft function associated with the
mammalian target of rapamycin inhibitor regimens in KTRs stratified
based on their primary diagnosis of hypertension or another etiology.
The study found that the risks of graft loss and patient death varied
between different m-TORi regimens used in kidney transplantation.
Specifically, m-TORi+MPA was associated with higher risks of
overall and death-censored graft loss than other m-TORi regimens
irrespective of the primary renal diagnosis classification. On the
other hand, m-TORi+CSA was associated with a lower risk of death-
with-graft-function (DWGF) than other m-TORi regimens in KTRs
with primary diagnoses other than hypertension. The risk of DWGF
did not differ among the m-TORi regimens in KTRs with primary

In both the HTN and non-hypertension KTR cohorts, the risks
of all 3 outcomes were higher with the three m-TORi regimens,
CSA+MPA, and other regimens compared with the standard
(Tac+MPA) regimen (Table 2).

Outcomes associated with interactions between different
m-TORi regimens and primary diagnosis classification of HTN or
non-hypertension in KTRs

Cox models with interaction terms showed that in both the non-
HTN and HTN cohorts, mTORi with mycophenolate was associated
with higher risks of overall and death-censored graft loss than mTORi
with cyclosporine or tacrolimus (Table 3). The risks of overall and

Volume 2 ¢ Issue 1 » 1000116

death-censored graft loss associated with mTORi with cyclosporine
or tacrolimus were not significantly different between the primary
diagnosis cohorts.

On secondary analyses, the risk of death with graft function
(DWGEF) did not differ among KTRs with primary diagnosis of HTN
on m-TORi+CSA, m-TORi+MPA, and m-TORi+Tac. In KTRs with
a non-hypertension primary diagnosis, m-TORi+CSA was associated
with a lower risk of death with graft function than m-TORi+MPA or
m-TORi+Tac.

diagnoses of HTN.

Our analysis showed that the standard Tac+MPA regimen
is superior to the other regimens studied (Table 2). This finding is
consistent with the results of previous studies and could explain
why Tac+MPA is the most frequently utilized regimen after kidney
transplantation [12-17]. In a small minority of KTRs however,
clinical indications dictate the avoidance or discontinuation of the
standard Tac+MPA regimen and substitution therefor of an m-TORi
regimen. Under prevailing clinical practice, m-TORi is being used in
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Table 3: Comparisons of Risks for Outcomes in the Five Years Following Kidney Transplant @ between Calcineurin Inhibitor+Mycophenolate and Sirolimus Regimens:

Cox Multivariable Regression Results.

Over-All Graft Loss

Maintenance Post-Transplant
HR" 95% CI°

Immunosuppression Regimen

LLY ULeP
Reference:
tacrolimus+mycophenolate
Non-Hypertension, Primary Diagnosis
CSA+MPAf 1.26 1.22-1.31<.001
other regimens ¢ 1.25 1.20-1.31 .009
mTOR+CSA ™" 1.42 1.31-1.54<.001
mTOR+MPA 1.67 1.53-1.82<.001
mTOR+Tac! 1.36 1.27-1.46<.001
Secondary comparisons:
m-TOR+CSA vs. m-TOR+MPA 0.85 0.76-0.96 .01
m-TOR+CSA vs. m-TOR+Tac 1.04 0.94-1.16 .32
m-TOR+MPA vs. m-TOR+Tac 1.11 1.23-1.37 .02
Hypertension, Primary Diagnosis
CSA+MPA! 1.32 1.24-1.41<.001
other regimens ¢ 1.27 1.18-1.36<.001
mTOR+CSA ™" 1.45 1.31-1.61<.001
mTOR+MPA 1.80 1.57-2.05<.001
mTOR+Tac! 1.38 1.23-1.54<.001
Secondary comparisons:
m-TOR+CSA vs. m-TOR+MPA 0.81 0.65-0.95 .02
m-TOR+CSA vs. m-TOR+Tac 1.05 0.90-1.32 .35
m-TOR+MPA vs. m-TOR+Tac 1.30 1.10-1.55 .006

aModel based on recipients with conditional 3-month patient and graft survival
®Hazard Ratio, ¢ Confidence Interval, “Lower Limit, *Upper Limit
fcyclosporine+mycophenolate,

9All other regimens,

"mammalian target of rapamycin (sirolimus or everolimus)+cyclosporine
'mammalian target of rapamycin (sirolimus or everolimus)+mycophenolate
imammalian target of rapamycin (sirolimus or everolimus)+tacrolimus

Death-Censored Graft Loss
HR" 95% CI¢

Death with Graft Function
HR® 95% CI°

LLYUL°P LL® UL°P

1.25 1.18-1.32<.001 1.27 1.21-1.34<.001

1.32 1.24-1.40<.001 1.22 1.14-1.29<.001

1.32 1.18-1.47<.001 1.33 1.20-1.48<.001

1.75 1.55-1.98<.001 1.51 1.35-1.51<.001

1.40 1.27-1.54<.001 1.61 1.43-1.82<.001

0.75 0.64-0.89 .008 0.81 0.71-0.92 .004
0.94 0.82-1.09 .29 0.76 0.66-0.87<.001

1.25 1.07-1.46<.001 0.94 0.80-1.10 .31

1.30 1.19-1.41<.001 1.39 1.26-1.52<.001

1.34 1.22-1.47<.001 1.18 1.06-1.32 .002
1.37 1.19-1.58<.001 1.55 1.32-1.82<.001

1.82 1.54-2.16<.001 1.76 1.44-2.16<.001

1.36 1.17-1.58<.001 1.34 1.12-1.61 .001
0.75 0.60-0.94 .02 0.88 0.68-0.14 .25

0.01 0.82-1.24 .52 1.16 0.91-1.72 0.19
1.34 1.07-1.68 .002 1.31 1.00-1.72  0.053

kSecondary comparisons: inv. log [HR1- HR2]+/- 1.96 x (sq. rt. [(inv log-Se1) 2+(inv log-Se2)?]; P values corrected for multiple comparisons

KTR who are at increased risk for or have developed malignancies
or are intolerant of the CNI-mycophenolate regimens [18-21].
Additionally, the m-TORi’s are associated with the reduction of risks
for some viral infections [22-29] and attenuation of nephrotoxicity by
allowing either CNI discontinuation or dose reduction [30-34].

This study showed that compared with other primary renal
diagnoses, hypertension is associated with 10%, 6% and 15% higher
relative risks of overall graft loss, death-censored graft loss and death-
with-graft-function; respectively. These results are expectable because
pre-transplant hypertension is a risk factor for chronic post-transplant
hypertension [35-37] and it has been independently correlated with
reduced renal allograft survival and increased transplant recipient
mortality. Our present finding of lower allograft survival associated
with m-TORi regimens compared with Tac+MPA supports previous
reports [38-42]. Isakova et al. [43] have shown that compared with
m-TORi with CNI, m-TORi without CNI is associated with a greater
risk of death and/or allograft loss. Our current findings are consistent
with Isakova’s findings as the m-TORi without CNI regimen
represented by m-TORi+MPA showed inferior outcomes compared
with the two m-TORi+CNI (CSA or Tac) regimens (Tables 2 and 3).

Our results showed that aside from being a predictor of higher
risks of graft loss and mortality overall, a pre-transplant diagnosis of
hypertension can also help predict the outcomes of specific m-TORi

regimens after kidney transplantation. Among the m-TORi regimens,
m-TORi+MPA appears to be the most inferior due to its association
with higher risks of overall and death-censored graftloss than the other
2 m-TORiregimens (Table 3). The inferiority of m-TORi (SRL)+MPA
compared with CNI+MPA and m-TORi (SRL)+Tac have been shown
previously by other authors [40, 44]. Our results further showed that
in KTRs with primary diagnoses of HTN, the risk of death with graft
function were not different among the 3 m-TORi regimens. On the
other hand, in KTRs with non-HTN primary diagnoses, the risk of
DWGF was lower with m-TORi+CSA than the m-TORi (+MPA
or Tac) regimens (Table 3). We hypothesize that m-TORi+Tac
which has been associated with greater hyperglycemic effects than
m-TORi+CSA [41] caused relatively more post-transplant diabetes
exacerbations in the non-HTN cohort due to the higher percentage
of diabetic patients in this cohort than in the HTN cohort at baseline
(38.2% vs. 13.5%, respectively: p<.001), (Table 1). On the other hand,
in the HTN cohort, CSA in the m-TORIi regimens likely contributed
to the post-transplant exacerbations of hypertension [6,45,46]. The
foregoing mechanism is supported by Kumar et al. who has shown
that biopsy-proven chronic allograft injury from HTN could be found
in 36% of SRL+CSA-treated (vs. 16% of SRL+Tac-treated and 14% of
Tac+MPA-treated) KTRs [47]. Additionally, the pro-dyslipidemic
effect of SRL+CSA could have worsened the cardiovascular risk
profile of KTRs in the HTN cohort [8]. Limitations of this study
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include, 1) The lack of data on post-transplant hypertension. 2)
Biases implicit in a database analysis. 3) The absence of data on
drug doses and blood levels. On the other hand, the use of a large
national data repository for all transplant centers in the US allowed
the analysis of large numbers of kidney transplants over a fourteen-
year period. This would have been very difficult to achieve through a
randomized clinical trial due to logistical and financial constraints.
Our findings are novel and clinically useful as no previous study has
demonstrated the usefulness of primary diagnosis classification (into
HTN or non-HTN) in tailoring m-TORi regimen prescriptions for
KTR. As demonstrated by our analyses the risks of OAGL and DCGL
were lower with m-TORi+CSA than m-TORi+MPA, similar between
m-TORi+CSA and m-TORi+Tac and higher with m-TORi+MPA
versus m-TORi+Tac regardless of the pre-transplant primary renal
diagnosis classification (of hypertension or another etiology). The
risk of death- with-graft-function was lower with m-TORi+CSA
than m-TORi+MPA and m-TORi+Tac in KTRs with primary renal
diagnosis of hypertension: this benefit was lost in KTRs with primary
renal diagnoses other than hypertension.

Conclusion

In summary, our study suggests that in a kidney transplant
recipient with clinical indication for an m-TORi (+/- steroids)
immunosuppressant regimen, m-TORi+MPA is not a desirable
choice due to its higher risks for overall and death-censored graft
losses than m-TORi+CSA or m-TORi+Tac. When choosing between
last two foregoing regimens, a primary diagnosis of HTN may
indicate that either may be used; while, a primary diagnosis other
than hypertension may indicate the preferential use of m-TORi+CSA.
We conclude that the classification of the KTR’s pre-transplant renal
diagnosis into HTN or another (non-HTN) etiology could be a
useful baseline pre-transplant factor to consider in the selection of an
m-TORI regimen for maintenance immunosuppression.

Acknowledgement

This work was supported in part by Health Resources and Services
Administration contract 234-2005-37011C. The content is the responsibility
of the authors alone and does not necessarily reflect the views or policies of
the Department of Health and Human Services, nor does mention of trade
names, commercial products, or organizations imply endorsement by the U.S.
Government. This work was supported by the Gatorade Trust through funds
distributed by the University of Florida, Division of Nephrology, Hypertension
and Renal Transplantation and the Central Florida Kidney Center, Inc. Eminent
Scholar Chair in Nephrology and Hypertension.

References

1. Meier-Kriesche HU, Schold JD, Srinivas TR, Kaplan B (2004) Lack of
improvement in renal allograft survival despite a marked decrease in acute
rejection rates over the most recent era. Am J Transplant 4: 378-383.

2. Artz MA, Boots JMM, Ligtenberg G, Roodnat JI, Christiaans MH, et al. (2004)
Conversion from cyclosporine to tacrolimus improves quality-of-life indices, renal
graft function, and cardiovascular risk profile. Am J Transplant 4: 937-945.

3. Kasiske BL, Anjum S, Shah R, Skogen J, Kandaswamy C et al. (2004)
Hypertension after kidney transplantation. Am J Kidney Dis 43: 1071-1081.

4. Hart A, Smith JM, Skeans MA, Gustafson SK, Stewart DE, et al. (2017)
OPTN/SRTR 2015 Annual Data Report: Kidney. Am J Transplant 17: 21-116.

5. Opelz G, Wujciak T, Ritz E (1998) Association of chronic kidney graft failure
with recipient blood pressure. Collaborative Transplant Study. Kidney Int 53:
217-222.

6. Mange KC, Cizman B, Joffe M, Feldman HL (2000) Arterial hypertension and
renal allograft survival. JAMA 283: 633-638.

7. Mahendra M, John P Vella (2011) Hypertension after kidney transplant. Am
J Kidney Dis 57: 331-341.

1

o

1

o

12.

1

w

14.

15.

16.

1

~

18.

19.

20.

2

-

2

N

2

w

24,

25.

2

(o]

27.

doi: 10.4172/2576-3962.1000116

Divac N, Naumovi¢ R, Stojanovi¢ R, Prostran M (2016) The role of
immunosuppressive medications in the pathogenesis of hypertension and
efficacy and safety of antihypertensive agents in kidney transplant recipients.
Curr Med Chem 23: 1941-1952.

Tedla, F, Hayashi R, McFarlane Sl, Salifu MO (2007) Hypertension after renal
transplant. The Journal of Clinical Hypertension 9: 538-545.

. Axelrod DA, Naik AS, Schnitzler MA, Segev DL, Dharnidharka VR, et al. (2016)

National variation in use of immunosuppression for kidney transplantation: a
call for evidence-based regimen selection. Am J Transplant 16: 2453-2462.

. Scientific Registry of Transplant Recipients. Technical methods for the

program-specific ~ reports.  https://www.srtr.org/about-the-data/technical-
methods-for-the-program-specific-reports/Accessed 4/14/2018.

Bagley SC, White H, Golomb BA (2001) Logistic regression in the medical
literature: standards for use and reporting, with particular attention to one
medical domain. J Clin Epidemiol 54: 979-985.

. Snowsill TM, Moore J, Mujica Mota RE, Peters JL, Jones-Hughes TL, et

al. (2017) Immunosuppressive agents in adult kidney transplantation in the
National Health Service: a model-based economic evaluation. Nephrol Dial
Transplant 32: 1251-1259.

Vincenti F, Jensik SC, Filo RS, Miller J, Pirsch J (2002) A long-term
comparison of tacrolimus (FK506) and cyclosporine in kidney transplantation:
Evidence for improved allograft survival at five years. Transplantation 73:
775-782.

Gonwa T, Johnson C, Ahsan N, Alfrey EJ, Halloran P, et al. (2003)
Randomized trial of tacrolimus+mycophenolate mofetil or azathioprine versus
cyclosporinet+mycophenolate mofetil after cadaveric kidney transplantation:
results at three years. Transplantation 75: 2048-2053.

Mendez R, Gonwa T, Yang HC, Weinstein S, Jensik S, et al. (2005) A
prospective, randomized trial of tacrolimus in combination with sirolimus
or mycophenolate mofetil in kidney transplantation: results at 1 year.
Transplantation 80: 303-309.

. Morales JM, Dominguez-Gil B (2006) Impact of tacrolimus and mycophenolate

mofetil combination on cardiovascular risk profile after kidney transplantation.
J Am Soc Nephrol 17: S296-S303.

Knoll GA, Kokolo MB, Mallick R, Beck A, Buenaventura CD, et al. (2014)
Effect of sirolimus on malignancy and survival after kidney transplantation:
systematic review and meta-analysis of individual patient data. BMJ 349:
g6679.

Gonzalez E, Andrés A, Polanco N, Hernandez A, Morales E, et al. (2009)
Transplant Proc 41: 2332-2333.

Flechner S, Friend P, Campistol J, Weir M, Diekmann F, et al. (2009) De
novo immunosuppression with mammalian target of rapamycin inhibitors and
posttransplantation malignancy in focus. Transplant Proc. 41: S42-S44.

. Valantine H (2007) Is there a role for proliferation signal/mTOR inhibitors

in the prevention and treatment of de novo malignancies after heart
transplantation? Lessons learned from renal transplantation and oncology. J
Heart Lung Transplant 26: 557-564.

. Andrassy J, Hoffmann VS, Rentsch M, Stangl M, Habicht A, et al. (2012)

Is cytomegalovirus prophylaxis dispensable in patients receiving an mTOR
inhibitor-based immunosuppression? A systematic review and meta-analysis.
Transplantation 94: 1208-1217.

. Belliere J, Kamar N, Mengelle C, Allal A, Sallusto F, et al. (2016) Pilot

conversion trial from mycophenolic acid to everolimus in ABO-incompatible
kidney-transplant recipients with BK viruria and/or viremia. Transpl Int 29:
315-322.

Baid-Agrawal S, Pascual M, Moradpour D, Somasundaram R, Muche M
(2014) Hepatitis C virus infection and kidney transplantation in 2014: what's
new? Am J Transplant 14: 2206-2220.

Shertz CA, Cardenas ME (2011) Exploiting and subverting Tor signaling in
the pathogenesis of fungi, parasites, and viruses. PLoS Pathog 7: €1002269.

. Brennan DC, Aguado JM, Potena L, Jardine AG, Legendre C, et al. (2013)

Effect of maintenance immunosuppressive drugs on virus pathobiology:
evidence and potential mechanisms. Rev Med Virol 23: 97-125.

Krams SM, Martinez OM (2008) Epstein-Barr virus, rapamycin, and host
immune responses. Curr Opin Organ Transplant 13: 563-568.

e Page 7 0f 8 e


https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00332.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00332.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00332.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00427.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00427.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2004.00427.x
https://www.ajkd.org/article/S0272-6386(04)00378-6/fulltext
https://www.ajkd.org/article/S0272-6386(04)00378-6/fulltext
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.14124
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.14124
https://www.kidney-international.org/article/S0085-2538(15)60385-4/pdf
https://www.kidney-international.org/article/S0085-2538(15)60385-4/pdf
https://www.kidney-international.org/article/S0085-2538(15)60385-4/pdf
https://jamanetwork.com/journals/jama/fullarticle/192357
https://jamanetwork.com/journals/jama/fullarticle/192357
https://www.ajkd.org/article/S0272-6386(10)01581-7/fulltext
https://www.ajkd.org/article/S0272-6386(10)01581-7/fulltext
http://www.eurekaselect.com/137991/article
http://www.eurekaselect.com/137991/article
http://www.eurekaselect.com/137991/article
http://www.eurekaselect.com/137991/article
https://europepmc.org/abstract/med/17617764
https://europepmc.org/abstract/med/17617764
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13758
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13758
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13758
https://www.srtr.org/transplant-centers/?organ=kidney&recipientType=adult&query=
https://www.srtr.org/transplant-centers/?organ=kidney&recipientType=adult&query=
https://www.srtr.org/about-the-data/technical-methods-for-the-program-specific-reports/Accessed 4/14/2018
https://www.srtr.org/about-the-data/technical-methods-for-the-program-specific-reports/Accessed 4/14/2018
https://www.jclinepi.com/article/S0895-4356(01)00372-9/fulltext
https://www.jclinepi.com/article/S0895-4356(01)00372-9/fulltext
https://www.jclinepi.com/article/S0895-4356(01)00372-9/fulltext
https://academic.oup.com/ndt/article/32/7/1251/3860032
https://academic.oup.com/ndt/article/32/7/1251/3860032
https://academic.oup.com/ndt/article/32/7/1251/3860032
https://academic.oup.com/ndt/article/32/7/1251/3860032
https://insights.ovid.com/pubmed?pmid=11907427
https://insights.ovid.com/pubmed?pmid=11907427
https://insights.ovid.com/pubmed?pmid=11907427
https://insights.ovid.com/pubmed?pmid=11907427
https://insights.ovid.com/pubmed?pmid=12829910
https://insights.ovid.com/pubmed?pmid=12829910
https://insights.ovid.com/pubmed?pmid=12829910
https://insights.ovid.com/pubmed?pmid=12829910
https://insights.ovid.com/pubmed?pmid=16082323
https://insights.ovid.com/pubmed?pmid=16082323
https://insights.ovid.com/pubmed?pmid=16082323
https://insights.ovid.com/pubmed?pmid=16082323
https://jasn.asnjournals.org/content/17/12_suppl_3/S296.long
https://jasn.asnjournals.org/content/17/12_suppl_3/S296.long
https://jasn.asnjournals.org/content/17/12_suppl_3/S296.long
https://www.bmj.com/content/349/bmj.g6679.long
https://www.bmj.com/content/349/bmj.g6679.long
https://www.bmj.com/content/349/bmj.g6679.long
https://www.bmj.com/content/349/bmj.g6679.long
https://www.sciencedirect.com/science/article/pii/S0041134509007714?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0041134509007714?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0041134509008938?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0041134509008938?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0041134509008938?via%3Dihub
https://www.jhltonline.org/article/S1053-2498(07)00259-8/fulltext
https://www.jhltonline.org/article/S1053-2498(07)00259-8/fulltext
https://www.jhltonline.org/article/S1053-2498(07)00259-8/fulltext
https://www.jhltonline.org/article/S1053-2498(07)00259-8/fulltext
https://insights.ovid.com/pubmed?pmid=23269449
https://insights.ovid.com/pubmed?pmid=23269449
https://insights.ovid.com/pubmed?pmid=23269449
https://insights.ovid.com/pubmed?pmid=23269449
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12718
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12718
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12718
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12718
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.12835
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.12835
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.12835
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002269
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002269
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.1733
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.1733
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.1733
https://insights.ovid.com/pubmed?pmid=19060543
https://insights.ovid.com/pubmed?pmid=19060543

Citation: Santos AH, Gregg JJA, Alquadan K, Womer KL (2019) Outcomes of Mammalian Target of Rapamycin Inhibitor Regimens in Kidney Transplant
Recipients with Pre-Transplant Primary Diagnosis of Hypertension and Other Etiologies: An Observational Study. J Nephrol Ren Dis 2:1.

28.

29.
30.

31.

32.
33.

34.

35.
36.

37.

38.

Volume 2 « Issue 1+ 1000116

Havenith SH, Yong SL, van Donselaar-van der Pant KA, van Lier RA, Ten
Berge |J, et al. (2013) Everolimus-treated renal transplant recipients have a
more robust CMV-specific CD8+ T-cell response compared with cyclosporine-
or mycophenolate-treated patients. Transplantation 95: 184-191.

Hill JA, Hummel M, Starling RC, Kobashigawa JA, Perrone SV, et al. (2007)
A lower incidence of cytomegalovirus infection in de novo heart transplant
recipients randomized to everolimus. Transplantation 284: 1436-1442.

Sanchez-Fructuoso Al (2008) Everolimus: an update on the mechanism of
action, pharmacokinetics and recent clinical trials. Expert Opin Drug Metab
Toxicol 4: 807-819.

Patel JK, Kobashigawa JA (2006) Everolimus: an immunosuppressive agent
in transplantation. Expert Opin Pharmacother 7: 1347-1355.

Tedesco-Silva H Jr, Vitko S, Pascual J, Eris J, Magee JC et al. (2007) 12-month
safety and efficacy of everolimus with reduced exposure cyclosporine in de
novo renal transplant recipients. Transpl Int 20: 27-36.

Pascual J (2006) Everolimus in clinical practice-renal transplantation. Nephrol
Dial Transplant 21: 18-23.

Sawinski D, Trofe-Clark J, Leas B, Uhl S, Tuteja S, et al. (2016) Calcineurin
inhibitor minimization, conversion, withdrawal, and avoidance strategies
in renal transplantation: a systematic review and meta-analysis. Am J
Transplant 16: 2117-2138.

Kasiske BL (1987) Possible causes and consequences of hypertension in
stable renal transplant patients. Transplantation 44: 639-642.

Ponticelli C, Montagnino G, Aroldi A, Angelini C, Braga, M, et al. (1993)
Hypertension after renal transplantation. Am J Kidney Dis 21: 73-78.

Opelz G, Déhler B; Collaborative Transplant Study (2005) Improved long-
term outcomes after renal transplantation associated with blood pressure
control. Am J Transplantation 5: 2725-2731.

Dharnidharka VR, Schnitzler MA, Chen J, Brennan D, Axelrod D, et al. (2016)
Differential risks for adverse outcomes 3 years after kidney transplantation
based on initial immunosuppression regimen: a national study. Transpl Int
29: 1226-1236.

39.

40.

41.

42.

43.

44.

45.

46.

47.

doi: 10.4172/2576-3962.1000116

Xie X, Jiang Y, Lai X, Xiang S, Shou Z, et al. (2015) mTOR inhibitor versus
mycophenolic acid as the primary immunosuppression regime combined with
calcineurin inhibitor for kidney transplant recipients: a meta-analysis. BMC
Nephrol 16: 91.

Flechner S, Glyda M, Cockfield S, Grinyé J, Legendre Ch, et al. (2011)
The ORION Study: comparison of two sirolimus-based regimens versus
tacrolimus and mycophenolate mofetil in renal allograft recipients. Am J
Transplantation 11: 1633-1644.

Santos AH Jr, Chen C, Casey MJ, Womer KL, Wen X (2017) New-onset
diabetes after kidney transplantation: can the risk be modified by choosing
immunosuppression regimen based on pretransplant viral serology? Nephrol
Dial Transplant 33: 177-184.

Santos AH Jr, Casey MJ, Wen X, Womer KL (2017) Association of baseline
viral serology and sirolimus regimens with kidney transplant outcomes: a 14-
year registry-based cohort study in the United States. Transplantation 101:
377-386.

Isakova T, Xie H, Messinger S, Cortazar F, Scialla J, et al. (2013) Inhibitors
of mTOR and risks of allograft failure and mortality in kidney transplantation.
Am J Transplantation 13: 100-110.

Srinivas TR, Schold JD, Guerra G, Eagan A, Bucci CM, et al.
(2007) Mycophenolate mofetil/sirolimus compared to other common
immunosuppressive regimens in kidney transplantation. Am J Transplantation
7:586-594.

Hoorn EJ, Walsh SB, McCormick JA, Zietse R, Unwin RJ, et al. (2012)
Pathogenesis of calcineurin inhibitor-induced hypertension. J Nephrol 25:
269-275.

Margreiter R (2002) Efficacy and safety of tacrolimus compared with
ciclosporin microemulsion in renal transplantation: a randomised multicentre
study. Lancet 359: 741-746.

Kumar SA, Saeed M, Ranganna M, Malat K, Sustento-Reodica G, et al.
(2008) Comparison of four different immunosuppression protocols without
long-term steroid therapy in kidney recipients monitored by surveillance
biopsy: Five-year outcomes. Transplant immunology 20: 32-42.

Author Affiliation

Department of Medicine, Division of Nephrology, Hypertension and Renal
Transplantation, College of Medicine, University of Florida, Gainesville FL, USA

Top

-

~
Submit your next manuscript and get advantages of SciTechnol
submissions

80 Journals

%+ 21 Day rapid review process
< 3000 Editorial team

** 5 Million readers

% More than 5000

% Quality and quick review processing through Editorial Manager System

Submit your next manuscript at e www.scitechnol.com/submission

e Page 8 0f 8 e


https://insights.ovid.com/pubmed?pmid=23222818
https://insights.ovid.com/pubmed?pmid=23222818
https://insights.ovid.com/pubmed?pmid=23222818
https://insights.ovid.com/pubmed?pmid=23222818
https://insights.ovid.com/pubmed?pmid=18091519
https://insights.ovid.com/pubmed?pmid=18091519
https://insights.ovid.com/pubmed?pmid=18091519
https://www.tandfonline.com/doi/abs/10.1517/17425255.4.6.807?journalCode=iemt20
https://www.tandfonline.com/doi/abs/10.1517/17425255.4.6.807?journalCode=iemt20
https://www.tandfonline.com/doi/abs/10.1517/17425255.4.6.807?journalCode=iemt20
https://www.tandfonline.com/doi/abs/10.1517/14656566.7.10.1347?journalCode=ieop20
https://www.tandfonline.com/doi/abs/10.1517/14656566.7.10.1347?journalCode=ieop20
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1432-2277.2006.00414.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1432-2277.2006.00414.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1432-2277.2006.00414.x
https://academic.oup.com/ndt/article/21/suppl_3/iii18/1816170
https://academic.oup.com/ndt/article/21/suppl_3/iii18/1816170
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13710
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13710
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13710
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.13710
https://journals.lww.com/transplantjournal/Abstract/1987/11000/Possible_Causes_and_Consequences_of_Hypertension.9.aspx
https://journals.lww.com/transplantjournal/Abstract/1987/11000/Possible_Causes_and_Consequences_of_Hypertension.9.aspx
https://www.sciencedirect.com/science/article/pii/027263869370098J
https://www.sciencedirect.com/science/article/pii/027263869370098J
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2005.01093.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2005.01093.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2005.01093.x
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12850
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12850
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12850
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12850
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-015-0078-5
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-015-0078-5
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-015-0078-5
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-015-0078-5
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2011.03573.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2011.03573.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2011.03573.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2011.03573.x
https://academic.oup.com/ndt/article/33/1/177/4554912
https://academic.oup.com/ndt/article/33/1/177/4554912
https://academic.oup.com/ndt/article/33/1/177/4554912
https://academic.oup.com/ndt/article/33/1/177/4554912
https://insights.ovid.com/pubmed?pmid=28121742
https://insights.ovid.com/pubmed?pmid=28121742
https://insights.ovid.com/pubmed?pmid=28121742
https://insights.ovid.com/pubmed?pmid=28121742
https://www.scholars.northwestern.edu/en/publications/inhibitors-of-mtor-and-risks-of-allograft-failure-and-mortality-i
https://www.scholars.northwestern.edu/en/publications/inhibitors-of-mtor-and-risks-of-allograft-failure-and-mortality-i
https://www.scholars.northwestern.edu/en/publications/inhibitors-of-mtor-and-risks-of-allograft-failure-and-mortality-i
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2006.01658.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2006.01658.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2006.01658.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-6143.2006.01658.x
http://www.jnephrol.com/Navigator.action?cmd=navigate&urlkey=Abstract&t=JN&UidArticle=A091BC30-2ED6-4F4E-B05C-F2B101F26264
http://www.jnephrol.com/Navigator.action?cmd=navigate&urlkey=Abstract&t=JN&UidArticle=A091BC30-2ED6-4F4E-B05C-F2B101F26264
http://www.jnephrol.com/Navigator.action?cmd=navigate&urlkey=Abstract&t=JN&UidArticle=A091BC30-2ED6-4F4E-B05C-F2B101F26264
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(02)07875-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(02)07875-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(02)07875-3/fulltext
https://www.sciencedirect.com/science/article/pii/S0966327408000749?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0966327408000749?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0966327408000749?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0966327408000749?via%3Dihub

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Data source and study population 
	Exposure and outcomes 
	Statistical analysis 

	Results
	Baseline patient demographics and clinical characteristics 
	Primary diagnosis of hypertension and immunosuppression regimens as risk factors for outcomes: Main 

	Discussion
	Conclusion
	Acknowledgement 
	Table 1
	Table 2
	Table 3
	References

