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Abstract

Background

Previous clinical studies suggested that mammalian target of rapamycin inhibitors
(mTORI) had antineoplastic effects in renal transplantation cohort. However, overall
cancer incidence and mortality rate in mTORIi-exposed subjects post renal

transplantation are equivocal.

Objective

We aimed to assess the association between the use of mMTOR inhibitor and the risk

of developing specific cancer types and mortality rate in renal transplantation cohort.

RESEARCH DESIGN AND METHODS

We conducted two nationwide, population based, cohort studies using the Taiwan
National Health Insurance Research Database. In the first cohort, enrollees were
defined as patients who received dialysis between 2000 and 2008. We separated this
cohort into receiving renal transplantation group and dialysis group, which were
matched by sex, age, income and area. Among the 9,394 eligible enrollees, we used
Cox regression to assess the risk of cancer between two groups. The second cohort,
subjects were defined as patients who received renal transplantation between 2000
and 2008. We separated the cohort into sirolimus-exposed subjects and

sirolimus-unexposed subjects. We compared the overall cancer incidence, specific
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cancer types incidence and mortality rate between sirolimus-exposed subjects and

sirolimus-unexposed subjects.

RESULTS

An increased risk of cancer was observed in patient post renal transplantation
compared with those who in dialysis, although it was not significant (HR 1.16 [95%
Cl1 0.96-1.41]. A decreased risk of cancer was observed in sirolimus-exposed
subjects rather than sirolimus-unexposed subjects in renal transplantation subjects
(crude HR 0.21 [95% CI 0.13-0.34]; adjusted HR 0.25 [95% CI 0.15-0.41])).
Sirolimus-exposed subjects may decrease the incidence of urothelial cancer and
hepatoma. Colorectal cancer showed an insignificant increased incidence in
sirolimus-exposed subjects compared to sirolimus-unexposed subjects. We found
lower mortality incidence in sirolimus-exposed subjects compared to
sirolimus-unexposed subjects, although this difference was not significant. As

sirolimus dosage increased, mortality incidence trended down.

CONCLUSIONS

The use of MTOR inhibitor may be associated with a decreased risk of cancer and
mortality rate in patients post renal transplantation. Further studies are warranted to

confirm our findings.
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Chapter 1. Introduction
1.1 Background

Patient who receives dialysis for end stage kidney disease has higher cancer risk than the general
population, especially urothelial carcinoma. Previous study revealed that the standardized incidence
ratio for the dialysis period was significantly higher than that for the before renal replacement
therapy period (1). After transplantation, the risk was markedly higher than in both preceding
periods. It meant kidney transplant recipients have higher cancer risk than dialysis, even though
end-stage kidney disease patients (1). It’s mainly due to immunosuppressive agent for preventing
graft rejection. For example, one kind of calcineurin inhibitors, cyclosporin, lead to the loss of
tumor immunosurveillance which was supported by an increased incidence of human
papillomavirus observed in transplant recipients with skin cancers as compared with skin cancers in
patients not on immunosuppressive therapy (2). Similar situation of tumorigenesis was found in
patients who was on tacrolimus therapy for immunosuppression (3). On the contrary, mammalian
target of rapamycin (mTOR) inhibitor, a kind of immunosuppressive agent has anti-carcinogenic
effect through several mechanisms (4). For instance, everolimus, an mTOR inhibitor, is currently
approved for the treatment of hormone receptor (HR)-positive, human epidermal growth factor
receptor 2 (HER2)-negative breast cancer through inhibition of the phosphoinositide 3 kinase
(PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway (5). mTOR inhibitor was used
extensively from 2000, and it supplied another choice after renal transplantation and changed the

balance of immunosuppressant using.

1.2 Purpose

Our study mainly discussed about the relationship between mTOR inhibitor and cancer incidence,

and incidence of specific cancer types. Whether mTOR inhibitor could decrease the carcinogenic

doi:10.6342/NTU201602214



effect of CNI or not. Because the main outcome of mTOR inhibitor used after renal transplantation
was cancer incidence out of survival rate in the great majority previous studies, we discussed the

mortality rate as the secondary outcome in our study.
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Chapter 2. Research design and methods

2.1 Study population

We obtained the population for this study from the National Health Insurance Research Database
(NHIRD) in Taiwan between 1 January 2000 and 31 December 2008. The National Health Insurance
(NHI) program started in Taiwan in March 1995 . By the end of 2008, more than 99% of the entire
Taiwanese population was enrolled in this program (6, 7). According to the Regulations Governing
the Review of the Medical Services, the Bureau of National Health Insurance (BNHI) supplied for a
review system that medical experts can inspect reimbursement claims filed by contracted medical
institutions and screen the type, volume, quality, and appropriateness of medical services provided
under the NHI program. The claims review system can identify the quality of NHI fee schedule,
drug list, clinical guidelines, and patient situations. In accordance with the NHI Act, false diagnoses
or inappropriate medical services will yield a severe penalty (7,8). The National Health Research
Institute (NHRI) maintains and shields the privacy of all datum and claims data from the BNHI
reimbursement data files. From the system, the NHIRD, NHRI has established a comprehensive
computerized database (9). Specific data subsets in the NHIRD also applied for research purposes
after ethical approval is obtained. In Taiwan, diagnoses of cancer must be confirmed by tissue
pathology and are usually accurate. Catastrophic Illness Registry enrolled insured patients with
eligible cancer who apply for a catastrophic illness certificate. The diagnosis of illness by physicians
and a formal review by the BNHI provide the issuance of the certificate. Every enrollee of NHI was
given a unique personal identification number in NHIRD. Researcher was able to link electronic
data by identification number between different databases (9). With approval from the Ethics
Review Board at the National Taiwan University College of Public Health, we conducted a
retrospective, nationwide, population-based, dialysis cohort study and renal transplantation cohort

study among all enrollees in the NHI between 1 January 2000 and 31 December 2008. We excluded
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the subject whose age was younger than twenty years old, the diagnosis of cancer was less than one

year after sirolimus using and mortality of subject was less than one year after sirolimus using.

2.2 Exposure and outcome definitions

The primary exposure of interest was the cancer incidence between dialysis subjects and renal
transplantation subjects. Renal transplantation subjects were defined according to codes (V420)
from the International Classification of Diseases (ICD-9). On the other hand, the subjects of dialysis
which were matched by sex, urban, income, age (i.e., with the same birth calendar year), were
defined base on codes (585) from ICD-9. The secondary outcome of interest was sirolimus user as
compared to user of nonsirolimus-containing immunosuppressive agents in renal transplantation
subjects. Incidence estimates and measures of association were calculated for cancers that occurred
12 months after the use of sirolimus or nonsirolimus-containing immunosuppressive agents.
Furthermore, the outcome of interest which was diagnosis of specific cancer types, such as
urothelial carcinoma, hepatoma and so on, due to high cancer incidence of urothelial carcinoma and
hepatoma post renal transplantation in Taiwan according to previous study was analyzed in renal
transplantation subjects. Finally, in renal transplantation subjected, mortality rate between sirolimus

exposed user and sirolimus unexposed user was analyzed.

2.3 Statistical analyses

We used Cox regression to assess the risk of cancer incidence between dialysis subjects and renal
transplantation subjects. The hazard ratios (HRs) and 95% Cls for cancer incidence were calculated
and estimated as unadjusted and adjusted for covariates (including sex, age, urbanization, income,

diabetes, hypertension, cardiovascular event, coronary artery disease, cardiomyopathy, heart failure,
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arrhythmia, dyslipidemia, anemia, brain infarction and brain hemorrhage). We assessed the dose- or
duration-response effects according to the category of exposure and test by significant assessment of
the b coefficients (i.e., P value) of exposure, which was regarded as a continuous variable.
Sensitivity analyses based on the therapy of sirolimus were conducted to assess whether the effect of
sirolimus would be altered by adding potentially confounding drugs, including steroid and other
immunosuppressive agents. All analyses were conducted using the SAS version 9.4 software

package (SAS Institute, Cary, NC).
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Chapter 3. Results

We identified 4,697 dialysis subjects and 4,697 renal transplantation subjects by matching with sex
and age between 1 January 2000 and 31 December 2008. Table 1 summarized the demographic and
clinical characteristics of the study population. The median age was 48.3 years at dialysis group and
45.3 years at renal transplantation group. Regarding the potential confounders, the dialysis subjects
were more likely to have diabetes, coronary artery disease, CV event, stroke, intracranial
hemorrhage and congestive heart failure than renal transplantation subjects. Table 2 showed an
increased risk of cancer in renal transplantation subjects compared with dialysis subjects, although

this difference was insignificant (HR 1.16 [95% CI 0.96-1.41]).

We summarized the demographic and clinical characteristics of sirolimus-exposed subjects and
sirolimus-unexposed subjects in renal transplantation subjects (Table 3). In these subjects, we noted
significant lower incidence of all cancer in sirolimus-exposed subjects than non-sirolimus-exposed
subjects (crude HR 0.21 [95% CI1 0.13-0.34]; adjusted HR 0.25 [95% CI 0.15-0.41]). Similar
results were observed in urothelial cancer subjects (crude HR 0.25 [95% CI 0.13-0.48]; adjusted
HR 0.33 [95% CI 0.16-0.65]) and HCC subjects (crude HR 0.15 [95% CI 0.03-0.70]; adjusted HR
0.19 [95% C1 0.04-0.88]). Except colorectal cancer showed an insignificant increased incidence in
sirolimus-exposed subjects compared with non-sirolimus-exposed subjects (crude HR 1.87 [95% ClI
0.16-21.1), the other cancers revealed insignificant decreased incidence in sirolimus-exposed
subjects compared with non-sirolimus-exposed subjects, such as breast cancer (crude HR 0.23 [95%
C10.02-2.13]; adjusted HR 0.48 [95% CI 0.04-05.18) and lymphoma (crude HR 0.95 [95% ClI
0.06-15.4]; adjusted HR 0.84 [95% CI1 0.03-23.3]) (Table 4). In sensitivity tests, the significance of
the decreased risks of all cancer in sirolimus-exposed subject was not altered by adding potentially

confounding immunosuppressive agents (Table 5).
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In renal transplantation subjects, we found lower mortality incidence in sirolimus-exposed subjects
compared to sirolimus-unexposed subjects, although this difference was not significant (crude HR:
0.82, [95% CI 0.52-1.29]; adjusted HR 0.86 [95% CI 0.53-1.40]) (Table 6). Similar result was
noted in survival curve between sirolimus-exposed subjects and sirolimus-unexposed subjects
(p=0.11) (Figure 1). The dose- or duration-response relationships between the use of sirolimus and a
decreased mortality were observed based on the cumulative dose of the sirolimus (Table 7). As
sirolimus dosage increased, the mortality rate decreased gradually, although this difference was not

significant.
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Chapter 4. Discussion

In this cohort of 1776 renal transplants, sirolimus user was associated with a decreased cancer
incidence. Cancer incidence appeared lower for a number of specific cancer types, though these
associations were not absolute statistically significant except hepatoma and urothelial cancer. Even
though we adjusted confounding factors, the trend of lowering incidence of hepatoma and urothelial
cancer still existed. The reduced cancer incidence in our study might both result from the
antineoplastic effect of sirolimus and the result of reducing CNIs. Furthermore, not only the benefit
of decreased cancer incidence, but the trend of decreased mortality incidence in sirolimus user in
our study. We also observed the dose-response effect between sirolimus dosage and survival rate

which was never mentioned in previous studies.

Renal transplantation was associated with a marked increase in cancer risk at a wide variety of sites,
and this phenomenon was mainly due to immunosuppressive agent (10). Nevertheless, an increased
cancer incidence turned into insignificant with the use of mTOR inhibitors in a recent decade
according to our results (Table 2). We supposed the possible reason may be due to mTOR inhibitors
which had antineoplastic effect was used extensively from 2000. Our results of this large
population-based study indicated that the use of sirolimus may be associated with decreased risks of
cancer and mortality in patients post renal transplantation. The majority of the published preclinical
studies have suggested that mTOR inhibitors have antineoplastic effects (11). The possible
mechanism by which mTOR inhibitors cause cell differentiation and induce cancer cell apoptosis
has been demonstrated in prior studies (12,13). Besides, in vivo study, it showed that VEGF,
CXCR3 and CXCR3-binding ligands (CXCL10 and CXCL11) are overexpressed in
post-transplantation renal cancer tissues following CNI (CsA) treatment and mTOR inhibitors could

inhibite CNI-induced over-expression of the angiogenic cytokine VEGF, and the chemokine
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receptor CXCR3 and its ligands in post-transplantation tumor tissues (13). Our results are consistent
with prior in vitro studies and provide clinical evidence for a decreased risk of cancer that is

associated with the use of mTOR inhibitors in patients post renal transplantation.

Previous studies have been conducted to investigate the association between the use of MTOR
inhibitors and the risk of developing cancer, but only few clinical studies focused on the relationship
between mTOR inhibitors and specific cancer types (11). Yanik et al. (14) conducted a retrospective
analysis in a population from SRTR in the U.S. to assess the influence of sirolimus on the risk of
specific cancer types. A reduction of risk for specific cancer types in patients treated with sirolimus
was observed except prostate cancer (unadjusted HR 1.70 [95% CI 1.05-2.74], adjusted HR 1.86
[95% CI 1.15-3.02]). However, the reduction of risk for each cancer type did not attain statistical
significance. Most previous studies mentioned about nonmelanoma skin cancers, because these are
a common malignant complication following a kidney transplant in western countries, not in Asia
countries (15). But we observed different significance of specific cancer types compared to the
results of SRTR. Our results revealed the reduction of risks of urothelial cancer and hepatoma were
significant, and these results had been proved in previous studies (16) (17). Incidence of colorectal
cancer incidence increased insignificantly. Similar result was mentioned in previous study in 2005,
which showed one de novo colorectal cancer in eleven patients with solid tumors in the
sirolimus/everolimus alone group (18). However, in vitro study showed that mTOR is commonly
activated in colon cancer. mTOR complex 1 (mTORCL1) is a major downstream target of the
PI3K/ATK pathway and activates protein synthesis by phosphorylating key regulators of messenger
RNA translation and ribosome synthesis. Rapamycin analogs are non-ATP-competitive mTORC1
inhibitors, and suppress proliferation and tumor angiogenesis and invasion (19). It needed further

study to identify the difference between in vivo and in vitro.
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Calcineurin inhibitors were widely recommended for the primary prevention of graft rejection in
patients post renal transplantation, and it has been proved to increase cancer incidence (20). The
regimen consisting of cyclosporine, azathioprine with prednisolone could be distinguished by the
highest risk of malignancy occurrence (5.2%) (20). Therefore, increased cancer incidence post renal
transplantation is considered as calcineurin inhibitors neoplastic effect. Comparison sirolimus users
alone with other immunosuppressive agent users was difficult to practice in our study, because the
sample size was too small and there were only 21 subjects in sirolimus alone group. According to
our analysis, sirolimus supplied anti-neoplastic effect to renal transplantation subjects whether
calcineurin inhibitors exposure or not. In addition, sirolimus might neutralize neoplastic effect of
calcineurin inhibitors. As concern about steroid, azathioprine and mycophenolate might be major
confounders in our study, we conducted an additional sensitivity analysis to investigate the effect of
concomitant use of sirolimus and steroid, azathioprine or mycophenolate. In our additional
sensitivity analysis, the use of sirolimus showed a significant decrease in the risk of cancer within

the groups that concomitantly used steroid, azathioprine or mycophenolate (p=0.01).

A potential bias that may result from confounding indications is the association between end-stage
kidney disease and cancer risk. End-stage kidney disease and cancer have many mutual risk factors,
and end-stage kidney disease is suggested to be associated with an increased risk of certain cancers.
A recent study also indicated that the longer dialysis duration was related to the risk of cancer and
certain other cancer-related causes of death (21). The potential causality or association between
end-stage kidney disease and cancer has not been clearly established, and it remains unclear whether
the association between these two diseases is direct or indirect, and whether the cancer risk would

be influenced by the dialysis induced anuria. There are limitations of our database in that the
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NHIRD did not include detailed results from laboratory tests; thus, we were unable to provide exact

measurements of uremic toxin level or urine amount status.

Except cancer incidence, we also focused on mortality rate between sirolimus-exposed subjects and
sirolimus-unexposed subjects. We searched the PubMed database for articles published up to April
2016 and identified four original clinical studies focusing on the assessment of survival rate in
patients exposed to sirolimus. Most results of previous clinical studies appeared to be neutral in
regard to survival rate. After renal transplantation, few studies showed good survival rate in
sirolimus-unexposed subjects (22). On the contrary, some studies supported that an increased
survival rate came with an increased dosage of sirolimus (23). In our study, sirolimus-exposed
subjects had insignificant lower mortality rate compared to sirolimus-unexposed subjects (p=0.39).
The survival curve of sirolimus-exposed subjects seemed to be better than the curve of
sirolimus-unexposed subjects (p=0.11). Base on the result, we analyzed the relationship between
sirolimus cumulative defined daily dose and mortality rate further. It seemed to be a trend that as the
sirolimus cddd increased, the mortality rate decreased, although the result was insignificant. This
finding had never been mentioned in previous clinical studies. It was a future work that whether
there was a threshold of effective sirolimus cddd in survival rate prolongation or not, but the

dose-response effect between sirolimus and survival rate gave us a guild to follow it.

We also had incomplete data on several variables known to be associated with cancer, such as
unhealthy life habit, obesity, a family history of cancer, recurrent or de novo cancer, smoking or
alcohol consumption. Furthermore, a detection bias could occur in our study in those patients
receiving renal transplantation might have access to a better economic status and an increased
opportunity to receive cancer screening, which would result in higher cancer detection rates and
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would also decrease subsequent cancer rates. Some confounders about mortality, such as accident,

could not be corrected in our database, which might relate to detection bias.
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Chapter 5. Conclusions

This study provided clinical evidence that mTOR inhibitors had an antineoplastic effect on cancer
among patients post renal transplantation. An increased survival rate in mTOR inhibitor users may
make a benefit out of cancer incidence. Even though mTOR inhibitors have these advantages, they
are unable to replace with calcineurin inhibitors completely nowadays. The complexity of the links
between renal transplantation, cancer, and mTOR inhibitors warrants clarification through further

studies.
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Table 1. Characteristics in dialysis subjects and transplantation subjects

N
Sex
female
male
Age, years
= 40
41-50
51-60
61-70
>70
Mean (SD)
Median (IQR)
Dialysis duration
Covariates
Hypertension
Hyperlipidemia
Diabetes
CAD
CV event
Cardiomyopathy
Stroke
ICH

Anemia
Arrhythmia
CHF

Dialysis
4697

2212 (47.1)
2485 (52.9)

1600 (34.1)
957 (20.4)
1298 (27.6)
751 (16.0)
91 (1.9)
47.3+12.6
48.3

3457 (73.6)
1831 (39.0)
2101 (44.7)
1694 (36.1)
1730 (36.8)

172 (3.7)

701 (14.9)
949 (20.2)

2689 (57.3)
708 (15.1)
1308 (27.9)

-17 -

Transplantation
4697

2212 (47.1)
2485 (52.9)

1600 (34.1)
1492 (31.7)
1178 (25.1)
385 (8.2)
42 (0.9)
448+ 11.2
45.3

3592 (76.5)
1817 (38.6)
1328 (28.3)
978 (20.8)
1001 (21.3)
97 (2.07)

302 (6.4)
436 (9.3)

2642 (56.3)
537 (11.4)
618 (13.2)
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Table 2. All cancer between dialysis subjects and transplantation subjects
Dialysis (n=4697) | Transplantation (n=4697) HR (95% CI) P-value

All cancer 143 241 1.16 (0.96, 1.41) 0.11
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Table 3. Characteristics in sirolimus-exposed subjects and sirolimus-unexposed

subjects

N
Sex
female
male
Age, years
= 40
41-50
51-60
61-70
>70
Mean (SD)
Median (IQR)
Dialysis duration
Covariates
Hypertension
Hyperlipidemia
Diabetes
CAD
CV event
Cardiomyopathy
Stroke
ICH

Anemia
Arrhythmia
CHF

Sirolimus-exposed

888

446 (50.2)
452 (49.8)

366 (41.2)
281 (31.6)
185 (20.8)
53 (6.0)
3(0.4)
434+ 11.0
43.9

733 (82.6)
371 (42.2)
276 (31.1)
207 (23.3)
211 (23.8)
24 (2.7)
56 (6.3)
84 (9.5)
583 (65.7)
90 (10.1)
144 (16.2)

-19 -

Sirolimus-unexposed

888

446 (50.2)
452 (49.8)

366 (41.2)
253 (28.5)
216 (24.3)
47 (5.3)

6 (0.7)
43.9+11.0
44.8

659 (74.1)
365 (41.1)
245 (27.6)
187 (21.1)
192 (21.6)
25 (2.9)
64 (7.2)
86 (9.7)

485 (54.6)
89 (10.0)
107 (12.0)
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Table 4. Specific cancer types incidence associated with sirolimus exposure

Cancer Sirolimus | Sirolimus- Crude HR (95% CI) Adjusted HR (95% CI)
-exposed | unexposed
(n=888) (n=888)

All cancer 21 120 0.21 (0.13, 0.34) 0.25 (0.15, 0.41)
Urothelial 11 48 0.25 (0.13, 0.48) 0.33 (0.16, 0.65)
cancer
HCC 2 25 0.15 (0.03, 0.70) 0.19 (0.04, 0.88)
Colorectal 2 3 1.87 (0.16, 21.12) 0.94 (0.05, 17.09)
cancer
Lung cancer 1 1 0.94 (0.05, 15.21) -
Prostate 0 4 - -
cancer
Breast 1 5 0.23 (0.02, 2.13) 0.48 (0.04, 5.18)
cancer
Lymphoma 1 1 0.95 (0.06, 15.41) 0.84 (0.03, 23.30)

Sirolimus-exposed subjects and unexposed subjects were under 1:1 match by sex,
age, income and urbanization. Adjusted for sex, age, income, urbanization, diabetes,
hypertension, cardiovascular event, coronary artery disease, cardiomyopathy, heart

failure, arrhythmia, dyslipidemia, anemia, brain infarction and brain hemorrhage.
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Table 5. Sensitivity test for adjusted HRs of cancer in potentially confounding drugs

Confounding drug HR (95% CI)

Main model 0.163 (0.040, 0.658)
Main model + steroid 0.134 (0.028, 0.648)
Main model + Mycophenolate 0.163 (0.040, 0.658)
Main model + Azathioprine 0.163 (0.040, 0.658)

P value
0.01

0.01

0.01
0.01

Main model, adjusted for sex, age, income, urbanization, diabetes, hypertension,

cardiovascular event, coronary artery disease, cardiomyopathy, heart failure,

arrhythmia, dyslipidemia, anemia, brain infarction and brain hemorrhage.

-21-

doi:10.6342/NTU201602214



Table 6. Mortality rate associated with sirolimus exposure

Sirolimus | Sirolimus- Crude HR (95% Cl) Adjusted HR (95% CI)
-exposed | unexposed
(n=888) (n=888)

Mortality | 34 126 0.824 (0.52, 1.29) 0.864 (0.53, 1.40)
P value 0.39 0.55
Adjusted for sex, age, income and urbanization
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Table 7. Mortality incidence associated with sirolimus cDDD

Crude OR (95% CI) Adjusted OR (95% ClI)
<24 1.00 (reference) 1.00 (reference)
24-52 0.85(0.34, 2.13) 0.84 (0.29, 2.37)
>52 0.69 (0.31, 1.51) 0.85 (0.35, 2.01)

Adjusted for sex, age, income and urbanization
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Figure 1. Survival curve associated with and without sirolimus-exposed
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