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Introduction: Single-center and observational studies have suggested that calcium channel
blocking agents may decrease the expression of sepsis in individual populations. In the renal
transplant population, a role for calcium channel blockers in allograft protection and in prevention
of sepsis has been postulated. We hypothesized that any important survival benefit or risk related
to chronic use of calcium channel blocking agents should be discernable through an analysis of a
large database of stable recipients of renal allografts who had enrolled in a large international trial.
Methods: A retrospective analysis of 4,110 renal transplant recipients who enrolled in the
international Folic Acid for Vascular Outcome Reduction in Transplantation trial between
2002 and 2007 and were followed until 2010 was undertaken comparing cohorts (FAVORIT)
of patients either taking (n=1,436) or not taking (n=2,674) calcium channel blocking medica-
tions. The endpoint was all-cause mortality (cardiovascular, noncardiovascular mortality, or
unknown). Results were adjusted for country, age, race, sex, smoker, systolic blood pressure,
diabetes mellitus, low-density lipoprotein, and chronic kidney disease status.

Results: There were no statistically significant differences in incidence rates of cardiovascular,
noncardiovascular, and all-cause mortality between patients taking or not taking calcium chan-
nel blocking medications.

Conclusion: Although physiologic reasoning and small series results suggest a benefit for
calcium channel blocking agents for allograft protection and sepsis prevention in immunosup-
pressed patients, we find no clear survival benefit in a large international renal transplant trial.
Keywords: sepsis, immunosuppression, allograft survival, kidney transplant, calcium channel
blockade, mortality

Introduction

Calcium channel blockers (CCBs) became popular in the 1980s and 1990s for patients
who underwent renal or cardiac transplant as they raised cyclosporine levels and were
associated with improved graft function.'* Although many clinical outcome trials of
calcium channel blockade for prevention of cardiovascular events have been published,
no large prospective trial has specifically addressed whether calcium channel blockade
has any effect on noncardiovascular outcomes in patients who have undergone renal
transplantation. In vitro and prior observational studies have suggested that the use of
calcium channel blocking agents may decrease the expression of sepsis in resistant infec-
tions or enhance antibiotic effectiveness in differing nontransplant populations.>~'” Our
retrospective study suggested a beneficial impact of calcium channel blocking agents on
prevalence of sepsis in immunosuppressed transplant recipients,' a population that has
not been prospectively studied. We, therefore, performed a post hoc analysis of a large
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prospective trial of renal transplant recipients'® to determine the
difference in prevalence of cardiovascular, noncardiovascular
(including infection related), and all-cause deaths between the
two groups of patients, ie, those receiving CCB and those not.

Hypothesis

We hypothesized that any important survival benefit or risk
related to the use of calcium channel blocking agents should
be discernable through an analysis of a large database of
stable recipients of renal allografts who had enrolled in a
large international trial.

Methods

This is a retrospective analysis of the data set from the National
Institutes of Health—funded International Folic Acid for Vas-
cular Outcome Reduction in Transplant (FAVORIT, NCT
00064753) trial, which was designed to determine whether
a combination of vitamins B6, B12, and folic acid would
reduce both elevated homocysteine levels and cardiovascular
endpoints in a large renal transplant recipient cohort. The
full methods and results of this trial are reported elsewhere.'®
Briefly, 4,110 patients were enrolled at 27 clinical sites which
reported data from the baseline visit from August 2002 through
January 2007. All were between 35 and 75 years of age, had
elevated homocysteine levels (>11 mol/L for women and
>12 mol/L for men), and were at least 6 months after kidney
transplant and with stable kidney function. Follow-up contacts
occurred every 6 months through January 31, 2010 to obtain
study-related outcomes through June 24, 2009.

For purposes of this investigation, all patients randomized
and enrolled in the FAVORIT trial (n=4,110) were classified
as receiving or not receiving a calcium channel blocking agent
(nondihydropyridine or dihydropyridine) at randomization into
the study. Demographic information is listed in Table 1. There
were 2,447 nondiabetic patients, 166 with Type 1 diabetes and
1,497 with Type 2 diabetes. All demographic listings, laboratory
tests, and medication use are reported as of the baseline visit in
the main study prior to randomization. Prescription medications
taken regularly during the past month were recorded during
participant interviews. Exclusion criteria included associated
comorbidities that could be expected to limit survival (cancer,
end-stage human immunodeficiency virus, hepatic, pulmonary,
or cardiac disease) as well as recent (<3 months) cardiovascular
and renal events or surgical procedures.

History of cardiovascular events included the following
classifications:

e Myocardial infarction or coronary artery revasculariza-
tion (ie, coronary artery bypass surgery or angioplasty)

e Stroke (thromboembolic or hemorrhagic)

e Carotid arterial revascularization (endarterectomy or
angioplasty)

e Abdominal or thoracic aortic aneurysm repair

e Renal arterial revascularization (bypass surgery or
angioplasty)

e Lower extremity arterial revascularization (bypass surgery
or angioplasty)

e Lower extremity amputation above the ankle.

Adjudicated events were prespecified and included the
following:

e All-cause mortality

e Cardiovascular mortality

e Noncardiovascular mortality (pulmonary, malignancy,
infection, trauma, surgery, suicide, renal, and others)

e Cardiovascular morbid events (nonfatal myocardial
infarction or stroke, carotid, peripheral vascular or coro-
nary revascularization).

All events were centrally adjudicated. For purposes of
this analysis, only the first three categories are addressed.

Statistical analysis

Baseline data were summarized using either mean and SD or
median and interquartile range for continuous variables and
using count and percentage for categorical variables. Tests
of equality between patients with versus without calcium
channel blocker use were conducted using two-sample #-test,
Wilcoxon rank-sum test and Pearson’s x? test, respectively.
Differences in risk for clinical outcomes associated with
calcium channel blocker use were assessed via Kaplan—Meier
curves as well unadjusted and adjusted Cox models. Adjusted
models included age, race, sex, low-density lipoprotein cho-
lesterol, smoking status, systolic blood pressure, diabetes,
and chronic kidney disease class, and all Cox models were
stratified by country (US, Canada, and Brazil); assessment
of the proportional hazards assumption was conducted via
test of Schoenfeld residuals. These relationships were then
assessed within subgroups of patients according to their graft
vintage. p-values less than 0.05 were considered significant.
No adjustment was made for multiple comparisons. All
analyses were conducted using STATA 14 (College Station,
TX, USA).

Results

Table 1 lists the baseline demographics of the cohorts with
respect to their use of calcium channel blocking agents.
Thirty-six percent of the enrolled patients in this trial were
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Table | Baseline demographics by CCB use

Baseline

No
(N=2,674)

Yes p-value
(N=1,436)

Diabetes category
No DM
Type |
Type 2

Immunotherapy (Immunosuppressants)

Cal+BMS+Pred
Cal+Pred
BMS+Pred
Cal+BMS
BMS+Sirol+Pred
Cal+Sirol+Pred
Other
Age (years) mean £ SD
Non-White
Country
USA
Canada
Brazil
Female
Smoker (current)
Prevalent CVD

Hypertension

Graft vintage (years) median (interquartile ranges)

Allograft source

Nonliving

Living
BMI (kg/m?) mean £ SD
Creatinine (mmol/L) mean £ SD
eGFR (mL/min) mean + SD
CKD

GFR 290

60< GFR <90

30< GFR <60

15< GFR <30

GFR <I5
Cholesterol (mg/dL) mean + SD
Triglycerides (mg/dL) mean £ SD
HDL cholesterol (mg/dL) mean + SD
LDL cholesterol (mg/dL) mean + SD
Homocysteine (mol/L) mean = SD
Cardiovascular history

Prior MI/CHD

Prior stroke/CBVD

Prior AAA repair/leak

Prior CVD (any)

Prior renal revascularization

Prior amputation

1,637 (61.2%)
108 (4.0%)
929 (34.7%)

1,732 (64.8%)
301 (11.6%)
185 (6.9%)
165 (6.2%)
89 (3.3%)

80 (3.0%)

109 (4.1%)
51.69+9.43
540 (20.6%)

1,915 (71.6%)
312 (11.7%)
447 (16.7%)
1,076 (40.2%)
273 (10.2%)
535 (20.1%)
2,342 (87.6%)
40(1.7,74)

1,488 (55.6%)
1,168 (43.7%)
29.0816.33
1.6240.46
48.42+15.63

38 (1.5%)
511 (19.5%)
1,818 (69.4%)
252 (9.6%)

| (0.0%)
184.25+43.93
198.64+199.92
45.93+13.49
100.48+34.15
15.69+6.70

378 (14.2%)
179 (6.7%)
103 (3.9%)
535 (20.1%)
145 (5.4%)
68 (2.5%)

0.008
810 (56.4%)

58 (4.0%)

568 (39.6%)

0.09

963 (67.1%)

176 (12.3%)

87 (6.1%)

79 (5.5%)

35 (2.4%)

27 (1.9%)

69 (4.8%)

52.36+9.45 0.031

405 (28.9%) <0.001
<0.001

1,085 (75.6%)

186 (13.0%)

165 (11.5%)

452 (31.5%) <0.001

178 (12.4%) 0.033

285 (20.0%) 0.95

1,436 (100.0%) <0.001

4.1(1.6,7.6) 0.75

883 (61.5%) <0.001

537 (37.4%) <0.001

29.3446.06 021

|.65+0.50 0.040

49.43£17.18 0.06
0.08

31 (2.2%)

308 (22.0%)

920 (65.7%)

142 (10.1%)

0 (0.0%)

185.21+44.14 0.5l

198.97+143.79 0.96

46.81+14.70 0.06

100.34+33.38 0.90

16.6048.13 0.010

188 (13.2%) 038

92 (6.4%) 0.74

60 (4.2%) 0.59

285 (20.0%) 0.95

76 (5.3%) 0.89

42 (2.9%) 0.47

Abbreviations: CBVD, cerebrovascular disease, Cal, calcineurin inhibitors; Sirol, sirolimus; BMS, bone marrow suppressants; Pred, prednisone; CCB, calcium channel
blocker; DM, diabetes mellitus; LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; CHD, coronary heart disease; CKD,
chronic kidney disease; BMI, body mass index; MI, myocardial infarction; AAA, abdominal aortic aneurysm; CVD, cardiovascular disease.

receiving calcium channel blocking agents at entry into

the study. CCB use was statistically more common among

patients who listed themselves as non-White, had hyperten-

sion, were recipients of allografts from nonliving donors, or

had Type 2 diabetes. The use of calcium channel blocking
agents was higher in patients receiving calcineurin inhibitors.
Females, patients in Brazil, and individuals with live-related
allografts were less likely to be receiving calcium channel
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blocking agents. Interestingly, cardiovascular history did not
appear to be associated with CCB usage.

Table 2 lists the noncardiovascular and cardiovascular
mortality over the course of the FAVORIT study. Event
rates are described by number, percentage, and per 100
patient years of follow-up and are reported as unadjusted
and adjusted hazard ratios for other clinical factors. The Cls
for all causes of death crossed unity, and there appear to be
no differences in the noncardiovascular or cardiovascular
mortality based upon baseline use of CCBs. Cardiovas-
cular, noncardiovascular, and all-cause mortality during
the study were not impacted by calcium channel blockade
whether pre-existent cardiovascular disease was present or
absent.

Figure 1 illustrates the observation that patient survival
curves during FAVORIT were not impacted by calcium
channel blocking agent use at baseline. Figure 2 focuses on
organ survival rates (death censored) and demonstrates that
the use of calcium channel blocking agents at baseline did
not result in better graft organ success.

Discussion
Although there has been considerable interest in blocking
of calcium channels for the control of various multidrug

resistant infectious diseases including malaria, schistosomia-
sis, tuberculosis, and inflammatory responses,*!” our retro-
spective analysis of this large renal transplant trial database
does not provide any support for the hypothesis that calcium
channel blocking agent use provides protection from infec-
tious, all-cause, or cardiovascular mortality. A recent study
also demonstrated that calcium sensitizing agents would
not improve organ dysfunction in sepsis.!’ Calcium channel
blocking agents may be useful in control of hypertension,
rate control in atrial fibrillation, and perhaps in prevention
of graft rejection when prescribed pre- or early postrenal
allograft. Despite early positive observational reports, there
appears to be no compelling evidence to support long-term
use of calcium channel blockade for a purely survival benefit
in this population. While other databases may be available for
similar populations that may confirm or extend our observa-
tions, they have not yet reported outcomes related to calcium
blockade use. No similar outcome data are available for
other populations of chronically immunosuppressed due to
other nonrenal solid organ transplantation or other underly-
ing disease. Although our analysis is retrospective, and may
have an indication bias for use of calcium channel blockade,
given the size of the trial, its results, and prior negative trials
with respect to cardiovascular outcomes in kidney transplant

Table 2 Effect of baseline use of calcium channel blockade on noncardiovascular, cardiovascular, and all-cause mortality in the

FAVORIT trial

Outcome
event, and incidence rate
per-100 person-year (py)

Number and % of participants with

Unadjusted model® Adjusted model®

No Yes

HR (Yes vs No),
95% ClI, p-value

HR (Yes vs No),
95% Cl, p-value

Any noncardiovascular death

PH test

Death (I, P, M)
PH test

Death (S,P, M, R, I)
PH test

179 (6.7%), 1.7

128 (4.8%), 1.2

136 (5.1%), 1.3

107 (7.5%), 1.8

87 (6.1%), 1.5

93 (6.5%), 1.6

Suicide 0 (0.0%), 0.0 2 (0.1%), 0.0

Pulmonary 14 (0.5%), 0.1 12 (0.8%), 0.2
PH test

Malignancy 48 (1.8%), 0.5 28 (2.0%), 0.5
PH test

Infection 66 (2.5%), 0.6 47 (3.3%), 0.8
PH test

Renal 8 (0.3%), 0.1 4 (0.3%), 0.1
PH test

Any cardiovascular death 115 (4.4%), 1.1 76 (5.4%), 1.3

All-cause mortality

305 (11.4%), 2.9

188 (13.1%), 3.2

1.08 (0.85-1.37), 0.54

0.044
122 (0.93-1.61),0.15
0.12
1.23 (0.95-1.61), 0.12
0.12
.56 (0.72-3.37), 0.26
0.03
1.05 (0.66—1.67), 0.85
0.39
129 (0.88-1.87), 0.19
0.72
091 (0.27-3.02), 0.88
0.26
120 (0.90-1.60), 0.22
111 (0.93-1.33),0.25

0.99 (0.76-1.30), 0.96

0.1
.16 (0.85-1.57), 035
022
117 (0.87-1.57), 0.3
0.24
1.88 (0.78-4.58), 0.16
0.6l
0.93 (0.56-1.55), 0.7
0.87
123 (0.80-1.88), 0.35
0.68
0.73 (0.66-3.06), 0.66
0.17
121 (0.88-1.65), 0.24
.06 (0.86-1.29), 0.59

Notes: *Stratified by country. "Adjusted for country, age, race, sex, smoker, systolic blood pressure, diabetes mellitus, low-density lipoprotein, and chronic kidney disease

status.

Abbreviations: FAVORIT, Folic Acid for Vascular Outcome Reduction in Transplantation trial; HR, hazard ratio; PH, proportionality of hazards (Cox regression); S, death

due to suicide; P, death due to pulmonary; M, death due to malignancy; |, death due to infection; R, death due to renal failure.
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All-cause mortality

1.0
p-value=0.22
0.9
©
2
g
a 08
CCB (no CCB (yes
07 (no) (yes)
0 1 2 3 4 5 6 7

Years since randomization
Number at risk
CCB (no) 1,484 1,417 1,350 1,118 754 491 154 0

CCB(yes) 881 844 793 668 455 288 96 0

CVD death
1.0
p-value=0.23
0.9
0.8
CCB (no CCB (yes
07 (no) (yes)
0 1 2 3 4 5 6 7

Years since randomization

Number at risk

CCB (no) 1,462 1,396 1,330 1,101 735 480 153 0

CCB(yes) g73 834 789 656 444 284 o1 0

Non-CVD death

1.0
0.9
0.8
07 CCB (no)
0 1 2 3

p-value=0.49

CCB (yes)

4 5 6 7

Years since randomization

Number at risk
CCB (no) 1,484 1,417

1,350 1,118 754 491 154
CCB(yes) gg1 844 793 668

455 288 96 0

Figure | The effect of baseline CCB use in kidney transplant recipients: Kaplan—-Meier patient survival curves.

Abbreviations: CVD, cardiovascular disease; CCB, calcium channel blocker.

patients, it is unlikely that additional trials of calcium channel
blockade for survival benefit will be financially supported
to address this issue.

Limitations

As the FAVORIT study was designed to test the hypothesis
that cardiovascular outcomes might be improved by reduction
in elevated homocysteine, our retrospective analysis focuses
not only on cardiovascular mortality but also noncardiovascu-
lar mortality, centrally adjudicated as primarily due to noncar-
diovascular causes such as infection, pulmonary, malignancy,
trauma, surgery, suicide, or renal. The records reviewed did
not address the reasons for the initial prescription of the
calcium channel blocking agent, dosage, duration of use, or
whether they were continued during the study. Therefore, any
changes in blood pressure management (crossover by new
CCB prescription, elimination), or resultant blood pressure
during the study cannot be analyzed. Females were less likely
to receive CCBs. There were no significant differences noted
between groups with respect to prior history of cardiovascular

disease, body mass index, duration of functioning allograft, or
allograft function. As would be expected, the group receiving
CCBs was more likely to have a diagnosis of hypertension.
While one can never totally exclude an indication bias (sicker
patients receiving CCBs), the data suggest that regional
variation and gender played a role in CCB usage, but prior
cardiovascular events and graft function did not. Patient or
physician preference can also not be excluded as a reason
for prescription of calcium channel blockade. We find the
fact that the use of CCBs comported no excess survival risk
quite reassuring. No central record was available for nonfatal
infectious or septic episodes; therefore, possible effects of
calcium channel blockade on expression of nonfatal infec-
tions and/or sepsis cannot be excluded.

Despite these methodologic limitations, this is the larg-
est transplant study in which such an analysis was possible.
Although we did not detect a signal for survival advantage
for calcium channel blockade, there is no data to suggest that
these agents, which are effective in lowering blood pressure,
caused harm. It is possible that those who received them

International Journal of Nephrology and Renovascular Disease 2018:1 |
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Nonliving donor graft survival by CCB use

1.0
p=0.004
1.0
©
>
s 09
=l
»
0.9
0.8 CCB (no) CCB (yes)
0 1 2 3 4 5 6 7

Years since randomization
Number at risk
CCB (no) 1,452 1,380 1,291 1,055 699

CCB(yes) 871 822 758 630 410

452
263

141 0
82

Living donor graft survival by CCB use

p=0.22

0.9

0.9

CCB (no) CCB (yes)

0.8

0 1 2 3 4 5 6 7

Years since randomization
Number at risk

Figure 2 The effect of baseline CCB use in kidney transplant recipients: Kaplan—Meier allograft survival curves.

Abbreviation: CCB, calcium channel blocker.

indeed had more resistance to antihypertensive agents and
would have had worse results without their use. Our com-
ments regarding usage of these medications are limited to all-
cause mortality and not efficiency of blood pressure lowering.

Conclusion

Calcium channel blocking medications are often used after
solid organ transplantation, predominantly for blood pressure
control. This retrospective analysis of a large international
trial does not demonstrate any signal of excess risk or survival
benefit associated with the use of calcium channel block-
ing agents in patients who have undergone successful renal
allograft transplantation. Possible effects of calcium channel
blockade on expression of nonfatal infections and/or sepsis
cannot be excluded and will require additional research on
lower cost generic medications that may serve as adjunctive

therapy for resistant infections.?
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