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AbstrAct

Background: Lung transplantation (LTx) is a well-accepted treatment that can prolong survival of patients 
with advanced lung disease.

Objective: To evaluate the association between serum cyclosporine level (SCL) pattern and mortality of 
LTx recipients.

Methods: This retrospective cohort study included 1019 observations on 38 patients who underwent LTx 
in Masih Daneshvari Hospital from 2000 to 2013. The analysis applied a joint model with shared random 
effects.

Results: The mean±SD age of the recipients was 36±14.5 years. The findings indicated that sex, age, body 
mass index (BMI), the underlying disease, and cytomegalovirus infection were not associated with mor-
tality. The mortality risk for the recipients with acute rejection (AR) history was 1.54 times that of the 
recipients who had none (95% CI: 1.08–2.19). The association parameter in the joint model (α = ‑0.8) 
showed that higher SCL was associated with lower mortality risk (95% CI: 1–1.011). A slightly linear 
decreasing trend in SCL mean was found after 10 months post‑LTx; a significant 2% per month (95% CI: 
-0.03 to -0.019).

Conclusion: AR history was found to be a risk factor in mortality in Iranian LTx recipients. Given the asso-
ciation between the higher SCL and lower mortality found in this study, it is recommended to pay serious 
attention to SCL changes in the overall post-transplantation survival assessment in Iranian LTx recipients.
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IntroductIon

Lung transplantation (LTx) is a treat-
ment for patients with end-stage lung 
disease [1]. Survival rates were 79% 

and 53% at one and five years, respectively, 
according to ISHLT report. Low and high 

age, underlying disease, and rejection within 
the first year after LTx were significant risk 
factors for death [2]. Reported survival rates 
were 67% and 40% at one and five years, re-
spectively, in Iran. Furthermore, underlying 
disease was a significant factor of the recipi-
ent’s median lifespan [3]. At least one episode 
of acute rejection (AR) within the first year was 
reported in 35% of adult lung recipients, with 
89% of these being treated between 2004 and 
2010 [2]. Between 2004 and 2010, those on a 
cyclosporine-based regimen had the highest 
reported ARs within the first year. AR rates 
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are categorized based on the use of induction 
therapy and a maintenance immunosuppres-
sion regimen. The highest rejection rates were 
reported for the combination of cyclosporine 
and azathioprine therapy [2].

Cyclosporine, as a maintenance immunosup-
pressive regimen, has been introduced in solid 
organ transplantation and revolutionized this 
field [4]. However, therapeutic drug monitor-
ing of cyclosporine to optimize efficacy and 
safety is still of clinical interest. No consensus 
has yet been attained on the criteria needed 
to increase immunosuppressive efficacy while 
limiting the side effects of cyclosporine. No 
relationship could be found between admin-
istered doses and clinical effects; fixed doses 
of cyclosporine is not the best way to use the 
drug. Therefore, the monitoring of the serum 
cyclosporine level (SCL) is mandatory to mod-
ify the individual doses of the drug to avoid 
side-effects. In addition, the correlation be-
tween SCL and clinical outcomes has been in-
vestigated in kidney transplant recipients [5]. 

Cyclosporine is one of the most commonly-
used immunosuppressive drugs for Iranian 
recipients. It was observed that 2-hour post-
dose cyclosporine was a predictor of long-term 
graft survival in kidney transplantation in the 
first six months post-transplantation [6]. The 
therapeutic drug monitoring of the SCL has 
been established as part of the routine clini-
cal treatment for patients after organ trans-
plantation [4]. According to the LTx manual, 
the optimal SCLs are 250–300 ng/mL in 1–3 
months, 250–300 in 3-6 months, 200–250 in 
6-12 months, and 150-250 ng/mL after one 
year. The target ranges for recipients older 
than 55 years or for those with cystic fibrosis 
and Burkholderia cepacia are 250–300, 250–
300, 200–250, and 150–250 ng/mL, respec-
tively [7]. 

The main objective of this study was to char-
acterize the association between SCL and 
mortality controlling for other acute factors in 
Iranian LTx recipients. The SCL is a longitu-
dinal variable that could be taken into account 
using longitudinal models. Recently, the joint 
modeling of two outcomes has been proposed 

especially when one is a time-to-event out-
come and the other is a longitudinal outcome 
[8]. This methodology considers a sub-model 
for each outcome and relates them through 
random effects, providing the most valid and 
efficient inferences. A joint model was applied 
in this study to characterize the relationship 
between SCL and mortality. Finding the sig-
nificant risk factors associated with mortality 
was the other objective of this study.

MAterIAls And Methods

Study Population
We conducted a retrospective cohort study on 
38 LTx recipients at Masih Daneshvari Hos-
pital (National Research Institute of Tuber-
culosis and Lung Diseases), affiliated to Sha-
hid Beheshti University of Medical Sciences, 
Tehran, Iran, from 2000 to 2013. There were 
71 LTx recipients in this center during this 
period, 30 of whom died within the first two 
weeks post-LTx. Three recipients with miss-
ing SCLs were also excluded from the study. 

The primary outcome variable was time 
from LTx to death or the end of the study. 
The recipient’s fasting SCL, which was mea-
sured over the study period, was the other 
outcome of interest. The date of LTx and 
follow-up visits were known. Patients were 
followed up on weekly, for three months af-
ter LTx, and monthly from the third month 
to the first year. Subsequent follow-ups were 
performed whenever recipients had complica-
tions or undesirable changes in the SCL or re-
ceived drugs that may have interacted with the 
SCL. The measuring date and SCL for every 
recipient in each visit from ICU to the latest 
follow-up visit were known. Seven recipients 
were switched to tacrolimus: 1 with severe 
neuropathy, 2 with diabetic ketoacidosis, and 
4 with progressive onset of chronic rejection. 
We used their serum immunosuppressive level 
information until starting cyclosporine taper-
ing. In this study, the occurrence of AR grade 
1 and higher according to pathological find-
ings was included as a binary variable; occur-
rence of at least one episode vs. none. Clas-
sification of AR based on the intensity of the 
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infiltrates (graded in the following manner 
grade A0 [none], A1 [minimal], A2 [mild], 
A3 [moderate], and A4 [severe]) was per-
formed according to ISHLT [9]. Since almost 
all the donors in Iran were infected with cy-
tomegalovirus (CMV), all recipients received 
ganciclovir or valcyte up to three months af-
ter LTx. CMV antigens were checked weekly 
up to three months, and monthly thereafter. 
At least one measure of positive CMV anti-
gen (CMV Ag+) (with some duplication of the 
patients) was included in the modeling. CMV 
infection was considered a binary variable (at 
least one episode vs. none). The recipient’s sex, 
age, body mass index (BMI in kg/m²), and 
the underlying disease at LTx were included 
in the analyses. All of the recipients were cat-
egorized into three main groups in terms of 
their pre-transplantation underlying disease: 
bronchiectasis, chronic obstructive pulmonary 
disease (COPD), and pulmonary fibrosis (as 
the reference group). 

Statistical Analysis
When an outcome variable such as a biomark-
er, is measured repeatedly during follow-up, 
the occurrence of a fatal event can cause sig-
nificant missing data for the biomarker. In this 
case, there are two endpoints: time-to-event 
outcome, which is time to an event of interest, 
and longitudinal outcome, which is observed 
over time. Applying a two-stage model and 
time-dependent Cox model data may lead to 
biased estimations if the survival outcome is 
affected by the longitudinal trajectory [8, 10]. 
Joint modeling can be used to provide valid 
and efficient inferences [11], evaluate effect of 
prognostic factors on both endpoints simulta-
neously [12], to adjust inferences about lon-
gitudinal data containing outcome-dependent 
non-ignorable missing data [13], and to char-
acterize the relationship between longitudi-
nal observations and time-to-event of inter-
est. There are different approaches to fit joint 
modeling [11-13]. This study used shared 
random effects for two sub-models. A linear 
mixed effect model for jth longitudinal measure 
for the ith recipient was as follows: 
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An accelerated failure time Weibull model 
with a shape parameter p with random effects 
was considered for the survival time. The 
corresponding hazard function at time ti for 
the ith recipient was as follows: 

                     (2)

Where ui is a shared random effect follow-
ing normal distribution and independent of 
eij~N(0, σ2I), α is an association parameter 
that links two sub-models. Xk is a variable and 
βk is the corresponding effect. In the surviv-
al component of the model, the hazard ratio 
(HR) showing a ratio of the hazard rates cor-
responding to the conditions described by two 
levels of an explanatory variable is estimated. 
HR was calculated as follows [14].

The joint model was fitted to each covariate 
one-at-a-time and finally significant covari-
ates were retained in the final model. Data 
were presented as mean±SD for continues 
variables and frequency (%) for categorical 
variables. Estimations were reported along 
with 95% CIs and p values. Data analyses were 
performed using proc nlmixed in Statistical 
Analysis System (SAS ver 9.2). All tests were 
two-tailed. A p value <0.05 was considered 
statistically significant.

results

A total of 38 patients who had been undergone 
LTx was included in the study. The mean±SD 
age of recipients at LTx was 36±14.5 years. 
The mean of follow-up period was 3±1.7 years. 
Characteristics of the recipients are presented 
in Table 1; 11 (29%) recipients experienced 
AR; 20 (53%) recipients had CMV.

A total of 1019 SCL measurements was re-
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corded. The minimum and maximum num-
bers of SCL measurements were 4 and 64, 
respectively. The SCL measuring time points 
were different for each patient. For the recipi-
ents who experienced AR, attention was paid 
to the SCL before and after the rejection. The 
mean SCL one month before and after AR 
was 103.5 and 200.3 ng/mL, respectively. The 
pattern of recipients’ SCL over time in months 
followed a smooth curve (Figure 1). The fluc-
tuation showed a quadrature form at the first 
10 months post-LTx and had a slightly de-

creasing linear trend for the SCL afterwards.

Univariate joint analysis (not shown) indicated 
that sex and age were not associated with risk 
of death (p=0.302, p=0.216, respectively). Re-
cipients with a higher BMI at LTx had a lower 
mortality risk though the difference was not 
significant (p=0.891). For the risk of death, no 
significant difference was found between re-
cipients who categorized into bronchiectasis 
(p=0.525) and COPD (p=0.403) vs. those with 
pulmonary fibrosis. AR history was signifi-
cantly associated with risk of death (p=0.030). 
CMV infection did not have any significant ef-
fects on mortality (p=0.613). The result of the 
final joint model is shown in Table 2. The risk 
of mortality for recipients who had at least 1 
episode of AR was 1.54 times that of recipients 
who had none (95% CI: 1.08–2.19). Moreover, 
the joint model demonstrated that there was 
a highly significant quadrature form in SCL 
during the first 10 months post-LTx. A sig-
nificant linear decreasing trend in SCL after 
10 months—2% per month in average (95% 
CI: -0.03 to -0.019) fited the data very well 
(p<0.001). 

Table 2 shows that the association parameter 
estimate (α = -0.8) was negative and signifi-
cant, demonstrating strong evidence of an as-
sociation between the sub-models (Eq 1) and 
(Eq 2) (p=0.001). This shows that a higher 
level of SCL was associated with lower risk of 
death. In addition, the significant variance of α 
(not shown) confirmed significant heterogene-
ity among recipients (p=0.038).

dIscussIon

Previous reports showed a low survival rate 
and median life after LTx in Iran [3, 15] and 
associated risk factors with survival in Irani-
an recipients [3]. This study, not only evalu-
ated the association between SCL pattern and 
mortality, but also studied significant deter-
minants of mortality. A new and precise joint 
model took into account the time-dependent 
measurements of SCL. Recently, joint model-
ing has been used frequently to evaluate the 
associations between longitudinal and time-

Table 1: The recipients’ characteristics

Characteristic Mean±SD or n (%)

Age at transplant (yrs) 36±14.5

Sex

Male 28 (74)

Female 10 (26)

BMI (kg/m²) 20.2±4.5

AR*

None 27 (71)

At least once 11 (29)

CMV†

None 18 (47)

At least once 20 (53)

Underlying lung disease

Pulmonary fibrosis 13 (34)

Bronchiectasis 16 (42)

COPD‡ 9 (23)
*Acute rejection; †Cytomegalovirus; ‡Chronic obstructive pulmo-
nary disease

Figure 1: Recipients’ profile plot with average 
trend line of serum cyclosporine level (ng/mL) 
over time
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to-event data such as CD4 count and survival 
in AIDS studies [16]; urine measurements 
and acute kidney injury after surgery [17]; 
and IgG antibody titer and recurrence of pem-
phigus [18]. 

Calcineurin immunosuppression regimens 
have used sequential protocols, to reduce the 
incidence of early calcineurin-associated neph-
rotoxicity, decrease the incidence and duration 
of delayed graft function, and decrease the 
early AR incidence [19]. The significant ef-
fect of SCL in solid organ transplantations has 
previously been reported [5] although scare 
studies have been conducted on LTx. This 
study revealed that a higher SCL was signifi-
cantly associated with a lower mortality risk. 
Moreover, this study found that the mean SCL 
decreased over the study period.

A number of studies have shown that age is 
related to mortality. According to the ISHLT 
registry, in which 830 recipients received 
transplants because of idiopathic pulmonary 
fibrosis, age is related to early (90-day) mor-
tality [20]. In 2012, a study revealed that older 
age at the time of transplantation can predict 
increased risk of death significantly (HR=1.03) 
[21]. Another research reported a significant 
association between age greater than 55 years 
post-LTx with an increased risk of mortality 

an transplantation day, and one and five years 
post-transplantation [22]. This study showed 
that age was not associated with mortality 
based on our findings. Although the effect of 
age was not significant, the effect direction 
was compatible with the global findings im-
plying that the older the age, the higher the 
mortality risk. 

Despite these studies, not all research has con-
firmed an effect of sex. In 2012, an investiga-
tion on 174 patients found that female recipi-
ents had lower survival rates [21], supporting 
the conclusions of a similar study on 240 pa-
tients [23]. Similar result was found in other 
studies [23-25]. However, a study including 
332 patients found a non-significant effect 
of sex on mortality within 90 days post-LTx 
[24]. It was found no significant effect of sex 
on mortality rate post-LTx.

The effect of BMI was also investigated. Ac-
cording to the Institute of Medicine (IOM) 
guideline, underweight is defined as a BMI 
<18.5 kg/m2; normal weight, BMI of 18.5–
24.9 kg/m2; overweight, BMI of 25–29.9 kg/
m2; and obesity, BMI ≥30 kg/m2. Mortality 
was shown to be higher in underweight, over-
weight, and obese patients than those with nor-
mal weight in 11,411 recipients in United Net-
work for Organ Sharing data [26]. Moreover, 

Table 2: The results of joint modeling of time-to-event data and cyclosporine levels

Survival component of the model

Term in the model HR† (95% CI) p value

Intercept 0.16 (0.07 to 0.32) <0.001

AR* (at least once vs. none) 1.54 (1.08 to 2.19) 0.017
Serum cyclosporine level (SCL)

Term in the model Estimate (95% CI) p value

Intercept 0.36 (0.21 to 0.52) <0.001

Time  0.13 (0.04 to 0.21) 0.002

Time2 ‑0.02 (‑0.03 to ‑0.01) <0.001

Time ‑0.02 (‑0.03 to ‑0.019) <0.001

Association parameter

α ‑0.8 (‑0.81 to ‑0.78) 0.001
*Acute rejection, †Hazard ratio
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patients with a BMI <17 kg/m2 or >25 kg/m2 
had a higher risk of mortality within 90 days 
post-transplant [23]. In a nationwide cohort 
including 5978 recipients using Cox model, it 
was shown that both underweight and obese 
recipients had a higher mortality, controlling 
for the underlying disease. It was concluded 
that healthy weight for patients with lung dis-
ease should be considered a long time before 
transplantation [27]. In the current sample, 
no significant association was found between 
BMI and mortality rate. Nevertheless, almost 
60% of studied patients were underweight at 
the time of LTx, which may explain the non-
significance effect of BMI on mortality. 

Underlying diseases other than emphysema 
were predictive of decreased survival (HR=6.5) 
[21]. In a single-center study, a multivariable 
Cox regression model demonstrated no sta-
tistical significant relationship between mor-
tality within first year and the pre-transplant 
diagnosis [25]. The findings in another re-
search [23] showed that the disease category 
was not a risk factor of death during the first 
three months after LTx. The present findings 
showed that the underlying disease was not 
associated with a higher risk of death. 

The ISHLT report in 2011 revealed that acute 
rejection affects the risk of death [2]. Based 
on our findings, AR was a significant risk fac-
tor associated with mortality. Unlike the find-
ings of Edwards, et al (2011), CMV infection 
was not a significant risk factor for mortality 
among Iranian LTx recipients. The non-sig-
nificant effect of some of the factors might be 
due to the low number of recipients. There-
fore, a multicenter study including more re-
cipients might differentiate the effect of the 
factors more accurately.

In summary, AR was found to be a risk factor 
for mortality in Iranian LTx recipients. Al-
though SCL should be monitored regularly af-
ter LTx, given the association found between 
the SCL and mortality in this study, it is rec-
ommended to pay serious attention to changes 
in SCL in the overall survival assessment in 
Iranian LTx recipients in this center. Though 
joint modeling is an observation-oriented ap-

proach, i.e., the actual sample size of this study 
was 1019, the small number of recipients was 
the main limitation of this study that limited 
generalization of the results. These findings 
could be a jumping off point for future mul-
ticenter studies with higher sample sizes. In 
addition, Bayesian analysis might be used to 
overcome the small sample size limitation.
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