
Oncotarget44833www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/              Oncotarget, 2017, Vol. 8, (No. 27), pp: 44833-44841

Conversion to mammalian target of rapamycin inhibitors in 
kidney transplant recipients with de novo cancers

Chi Yuen Cheung1, Maggie Kam Man Ma2 , Wai Leung Chak1, Ka Foon Chau1 and 
Sydney Chi Wai Tang2

1 Department of Medicine, Renal Unit, Queen Elizabeth Hospital, Yau Ma Tei, Hong Kong SAR
2 Department of Medicine, Division of Nephrology, The University of Hong Kong, Queen Mary Hospital, Yau Ma Tei, Hong 
Kong SAR

Correspondence to: Sydney Chi Wai Tang, email: scwtang@hku.hk
Keywords: cancer, everolimus, kidney transplant, sirolimus
Received: December 12, 2016 Accepted: January 17, 2017 Published: January 30, 2017

Copyright: Cheung et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC BY 
3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT
Objective: To investigate the impact of mammalian target of rapamycin (mTOR) 

inhibitor conversion together with minimization of calcineurin inhibitor on allograft 
outcome and patient survival in kidney transplant recipients with post-transplant 
cancers.

Methods: A retrospective study of all kidney transplant recipients diagnosed to 
have post-transplant cancers between the period 1/1/1994 and 30/6/2015. Patients 
were divided into 2 groups: mTOR inhibitor group and non-conversion group. Outcome 
included allograft function, patient survival, graft survival, acute rejection and cancer 
recurrence. 

Results: 115 patients (56 in mTOR inhibitor group and 59 in non-conversion 
group) were analyzed. Median follow up was 28 months (range: 1 month – 20 years). 
The allograft function at 1-year remained similar between both groups. There was 
no significant difference in the patient survival, graft survival and rejection free 
survival between both groups. More patients in the non-conversion group developed 
recurrence of cancers than mTOR inhibitor group but statistically not significant. 

Conclusions: Use of mTOR inhibitors together with calcineurin inhibitor 
minimization offer a reasonable option in kidney transplant recipients who developed 
post-transplant cancers in view of stable renal function, low rejection rate and low 
cancer recurrence rate.

INTRODUCTION

Cancer is an important comorbidity in kidney 
transplantation because the incidence and prevalence of 
post-transplant cancers have increased in the past 10-
15 years [1-3]. Long-term immunosuppression is an 
important contributor to the increased number of post-
transplant cancers. However, it is still not clear how the 
immunosuppressive regimen should be adjusted for those 
patients who developed cancers. Although reduction of 
immunosuppressive agents is widely accepted, there has 
been concern that it may adversely affect the patient and 
allograft survival [4-6]. 

The role of mammalian target of rapamycin (mTOR) 
inhibitors in kidney transplantation has attracted much 

attention because of its dual immunosuppressive and 
antitumor effects [7-10]. However, the role of mTOR 
inhibitors in patients who developed post-transplant 
cancers is less certain. One commonly used strategy is to 
stop the calcineurin inhibitors (CNIs), introduce mTOR 
inhibitors and then minimize the mycophenolate [11]. 
Switching from CNIs to mTOR inhibitors has been shown 
to be associated with regression of post-transplant Kaposi 
sarcoma [12, 13]. In addition, randomization studies also 
showed that conversion from CNIs to sirolimus reduced 
the risk of non-melanoma skin cancer (NMSC) recurrence 
after kidney transplantation [8, 9]. However, complete 
elimination of CNIs may be associated with a greater 
risk of acute or chronic rejection and graft failure. On 
the contrary, minimization of CNI doses in association 
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with mTOR inhibitors seems to be well tolerated without 
increasing the risk of rejection [14]. 

Although there have been some case series 
concerning the use of mTOR inhibitors in kidney 
transplant recipients after cancer diagnosis, the main 
approach in these studies was the elimination of the CNIs. 
On the other hand, information on the use of mTOR 
inhibitors with CNI minimization in post-transplant 
cancers was scarce. Hence we investigate the impact 
of conversion to mTOR inhibitors together with CNI 
minimization on the allograft outcome and patient survival 
in kidney transplant recipients who developed de novo 
cancers.

RESULTS

Total 1227 kidney transplant recipients had 
follow up during the study period and 124 (10.1%) 
of them developed cancers. Among these cancers, 23 
were hematological cancers (all were post-transplant 
lymphoproliferative disorders (PTLD)) and 101 were 
solid organ cancers. The most common sites of solid 
organ cancers included kidney (n = 19), colorectum (n 
= 13), liver (n = 11), lung (n = 10) and breast (n = 6). 
The mean age at transplant was 44.5 +/- 12.1 years and 
the mean age at diagnosis of cancer was 53.8 +/- 12.1 
years. The median duration from transplant to cancer was 

8.8 years (2 months - 26.8 years). The overall mortality 
was 59.7 (74/124) %. The most common causes of death 
were cancer progression (n = 37), followed by sepsis (n 
= 21) and ischemic heart disease (n = 6). On the other 
hand, 19 patients had graft failure (14 due to chronic 
allograft nephropathy, 1 due to acute rejection and 4 due 
to unknown causes). 

In order to study the effects of mTOR inhibitors in 
our cohort, 9 patients were excluded from analysis. Seven 
were on mTOR inhibitors before cancer and 2 had graft 
nephrectomy (one due to renal cell carcinoma and the 
other due to non-Hodgkin lymphoma within the grafts) 
with subsequent withdrawal of immunosuppression. As a 
result, 115 patients were further analyzed (Table 1). The 
median follow up was 28 months (range: 1 month - 20 
years). Fifty-six patients belonged to the mTOR inhibitor 
group (mean follow up 40 +/- 39 months) and 59 belonged 
to the non-conversion group (mean follow up 50 +/- 59 
months). There was no significant difference in the follow-
up duration between both groups (P = 0.26). Their baseline 
demographic and clinical characteristics were depicted in 
Table 2. 

Table 3 showed the immunosuppressive regimen 
before and after diagnosis of cancers in both groups. In 
the mTOR inhibitor group, azathioprine was withdrawn 
in 23 patients while mycophenolate was withdrawn in 19 
patients. On the other hand, only 3 patients had elimination 

Table 1: Number of patients according to the site and stage of cancer.
Sites of cancer

(n = 115)
Localized
(n = 64)

Advanced
(n = 51)

PTLD  5 13
Kidney and ureter 17  3
Bladder  4  0
Prostate  3  1
Testis  1  1
Cervix  3  0
Ovary  1  1
Vulva  1  0
Esophagus  1  1
Stomach  2  2
Colorectum and anus  4  9
Liver  7  4
Pancreas  0  1
Breast  1  4
Lung  3  7
Nasopharynx  0  1
Oral cavity and tongue  1  1
Thyroid  3  0
NMSC  4  0
Melanoma  1  0
KS  2  2

KS: Kaposi sarcoma; NMSC: non melanoma skin cancer; PTLD: post-transplant lymphoproliferative disorders; 
Definition of localized and advanced disease shown in the Material and Methods section.
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of CNIs. They were then replaced immediately with 
mTOR inhibitors (sirolimus in 35 patients and everolimus 
in 21 patients). As a result, 53 patients (94.6%) were on 
prednisolone + CNI + mTOR inhibitor regimen and 3 
(5.4%) patients were on prednisolone + mTOR inhibitors. 
The dose of CNIs was substantially reduced after the 
diagnosis of cancer. On the other hand, azathioprine was 
withdrawn in 9 patients and mycophenolate in 3 patients 
in the non-conversion group. Although a smaller dose 
of CNIs was also used in the non-conversion group, the 
dose reduction of CNIs was not as much as that in the 
mTOR inhibitor group. As a result, the trough levels of 
both cyclosporine and tacrolimus were significantly lower 
in the mTOR inhibitor group (Table 4). The trough level 
of sirolimus was 8.2 +/- 2.1 ng/mL while the trough level 
of everolimus was 4.9 +/- 1.2 ng/mL. 

Renal function remained similar between both 
groups before cancer development and 1 year after cancer 
(Table 4). If only those patients with eGFR > 30 ml/

min/1.73m2 were analyzed, the eGFR at 1 year was better 
in mTOR inhibitor group (n = 41) than non-conversion 
group (n = 27) although it was not statistically significant 
(61 vs 58 ml/min/1.73m2, P = 0.70). Only 4 patients in 
our cohort developed biopsy proven acute rejection after 
cancer (2 in each group). Two had type 1A acute cellular 
rejection, 1 had acute antibody-mediated rejection and 1 
had borderline acute rejection. There was no significant 
difference in the rejection free survival between both 
groups (P = 0.48). More patients (7/59, 11.9%) in the non-
conversion group developed recurrence of cancers than 
mTOR inhibitor group (3/56, 5.4%). However, there was 
no significant difference in the disease free survival (P = 
0.26, Figure 1). 

Total 71 patients (28 in mTOR inhibitor group and 
43 in non-conversion group) died during the follow up 
period. Twelve patients in the mTOR inhibitor group and 
24 in the non-conversion group died of cancer progression. 
In the mTOR inhibitor group, all patients who died of 

Table 2: Demographic and clinical characteristics of patients with and without conversion to mTOR inhibitor-based 
therapy.

mTOR inhibitor
(n = 56)

Non-conversion
(n = 59) P value

Age at cancer (years) 54.6 +/- 10.7 53.6 +/- 12.7 0.64
Age at transplant (years) 44.6 +/- 11.8 44.8 +/- 12.3 0.94
Duration from transplant to cancer (years) 9.9 +/- 6.5 8.9 +/- 7.2 0.39
Male, n (%) 36 (64.3) 31 (52.5) 0.20
Causes of ESRD, n (%)
Glomerulonephritis
Diabetes
Hypertension
Unknown
Others

27 (48.2)
5 (8.9)
6 (10.7)
6 (10.7)
12 (21.5)

29 (49.2)
2 (3.4)
3 (5.1)

10 (16.9)
15 (25.4)

0.46

Deceased / Living transplant, n (%) 45 (80.4) / 11 (19.6) 52 (88.1) / 7 (11.9) 0.25

First / Second transplant, n (%) 53 (94.6) / 3 (5.4) 58 (98.3) / 1 (1.7) 0.28
Biopsy proven rejection before cancers, n (%) 15 (26.8) 17 (29.8) 0.81

Localized / Advanced, n (%) 32 (57.1) / 24 (42.9) 32 (54.2) / 27 (45.8) 0.74

Hematological / Solid organ cancers, n (%) 11 (19.6) / 45 (80.4) 7 (11.9) / 52 (88.1) 0.25
Induction therapy, n (%) 7 (12.5) 13 (22.0) 0.18
CNI therapy, n (%)
 Cyclosporine
 Tacrolimus

36 (64.3)
20 (35.7)

43 (72.9)
16 (27.1)

0.32
0.32

Concomitant immunosuppression, n (%)
 Prednisolone
 Azathioprine
 Mycophenolate

55 (98.2)
23 (41.1).
19 (33.9)

56 (94.9)
28 (47.5)
 6 (10.2)

0.33
0.49

<0.01
Cyclosporine trough level (ng/mL) 126 +/- 44 126 +/- 25 0.99
Tacrolimus trough level (ng/mL) 6.3 +/- 1.3 6.3 +/- 1.4 0.99
Median serum creatinine (umol/L) 114 (68-271) 104 (66-261) 0.71
eGFR (ml/min/1.73m2) 58 +/- 19 57 +/- 19 0.84
Amount of proteinuria (g/day) 0.18 +/- 0.19 0.28 +/- 0.33 0.20

CNI: calcineurin inhibitor; ESRD: end stage renal disease; eGFR: estimated glomerular filtration rate
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cancer already had advanced disease during diagnosis. 
Five patients died of carcinoma of lung, 2 carcinoma of 
colon, 1 carcinoma of esophagus, 1 carcinoma of breast, 
1 renal cell carcinoma, 1 nasopharyngeal carcinoma and 
1 carcinoma of ovary. On the other hand, 22 patients 
who died in the non-conversion group had advanced 
cancers (5 PTLD, 4 colon, 4 liver, 2 stomach, 2 lung, 1 
breast, 1 prostate, 1 pancreas, 1 kaposi sarcoma and 1 
oral cavity) while 2 patients had cancer recurrence (1 
liver and 1 esophagus). The 1-year and 3-year patient 
survival in mTOR inhibitor group were 80.4% and 52.0% 
respectively while the 1-year and 3-year patient survival in 
non-conversion group were 83.0% and 44.7% respectively 
(P = 0.17). On the other hand, 5 patients had graft failure 
(2 due to chronic allograft nephropathy and 3 due to 
unknown causes) in the mTOR inhibitor group and 11 
patients lost their grafts (1 due to acute antibody-mediated 
rejection and 10 had chronic allograft nephropathy) in the 

non-conversion group. For the 2 patients who had chronic 
allograft nephropathy in the mTOR inhibitor group, 1 
patient already had eGFR less than 30ml/min/1.73m2 
during conversion while the other patient had graft 
failure 5 years after conversion to mTOR inihibitor. The 
1-year and 3-year death-censored graft survival in mTOR 
inhibitor group were 97.9 % and 90.3% respectively while 
the 1-year and 3-year death-censored graft survival in non-
conversion group were 93.2% and 80.2% respectively (P 
= 0.17).

There was no significant difference in the 
distribution of hematological malignancies and solid 
organ cancers in both treatment arms (Table 2). If we just 
focused on those patients with hematological malignancies 
(all PTLD in our cohort), there were 4 with localized 
disease and 7 with advanced disease in the mTOR 
inhibitor group while there were 1 with localized disease 
and 6 with advanced disease in the non-conversion group. 

Table 3: Change of immunosuppressive regimen before and after cancer
mTOR inhibitor

(n = 56)
Non-conversion

(n = 59)

Drug regimen before cancer, n (%)
 Pred/Aza/CsA
 Pred/Aza/FK
 Pred/MMF/CsA
 Pred/MMF/FK
 Pred/CsA
 Pred/FK
 CsA/Aza

16 (28.6)
 6 (10.7)
 8 (14.3)
11 (19.6)
11 (19.6)
 3 (5.4)
 1 (1.8)

19 (32.2)
 6 (10.2)
 1 (1.7)
5 (8.5)

20 (33.9)
 5 (8.5)
 3 (5.0)

Dosage before cancer (mg)
 Pred
 Aza
 MMF
 CsA
FK

7.5 (5.0-7.5)
50 (25-100)

1000 (500-1500)
150 (50-250)
 3.0 (1.0-5.0)

7.5 (5.0-30)
50 (25-100)

1000 (1000-1500)
 175 (100-400)
  4.0 (2.0-14)

Drug regimen after cancer, n (%)
 Pred/Aza/CsA
 Pred/Aza/FK
 Pred/MMF/CsA
 Pred/MMF/FK
 Pred/CsA
 Pred/FK
 CsA/Aza
CsA
 Pred/CsA/Sirolimus
 Pred/FK/Sirolimus
 Pred/Sirolimus
 Pred/CsA/Everolimus
 Pred/FK/Everolimus
 Pred/Everolimus

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

23 (41.1)
11 (19.6)
 1 (1.8)

10 (17.8)
 9 (16.1)
 2 (3.6)

 14 (23.7)
  3 (5.1)
  0 (0)

  3 (5.1)
 26 (44.1)
 11 (18.6)
  1 (1.7)
  1 (1.7)
  0 (0)
  0 (0)
  0 (0)
  0 (0)
  0 (0)
  0 (0)

Dosage after cancer (mg)
Pred
Aza
MMF
CsA
FK

  5.0 (5.0-7.5)
   0 (0)
   0 (0)

  50 (0-175)
  1.5 (0-4.0)

   5.0 (0-10)
   50 (0-100)

1000 (0-1000)
  150 (100-300)

   3.5 (0-4.5)
Aza: azathioprine; CsA: cyclosporine; FK: tacrolimus; MMF: mycophenolate mofetil; Pred: prednisolone;
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There was no significant difference in the localized or 
advanced PTLD in both groups (P = 0.60). None of the 
patients with PTLD developed cancer recurrence or acute 
allograft rejection. Eight patients died (7 due to sepsis and 
1 due to ischemic heart disease) in the mTOR inhibitor 
group and 7 patients died (5 due to cancer progression 
and 1 due to sepsis) in the non-conversion group. There 
was no significant difference in patient survival (P = 0.12) 
or death-censored graft survival (P = 0.44) between both 
treatment groups. For solid organ tumors, there was also 
no significant difference in patient survival (P = 0.16), 
death-censored graft survival (P = 0.19) and cancer 
recurrence free survival (P = 0.31) between both groups 
of patients.

Five patients discontinued mTOR inhibitors within 
the first 2 years of study period because of various side 
effects, 1 due to severe aphthous and colonic ulcers, 
1 due to hemolytic uremic syndrome, 1 due to severe 
gastrointestinal upset, 1 due to interstitial lung disease 
and `1 due to increasing proteinuria. On the other hand, 
none of the patients in the non-conversion group reported 
serious side effects.

DISCUSSION

 There has been emerging data showing that mTOR 
pathway plays a significant role in the development of 
different types of cancers [11]. Although the protective 
effect of mTOR inhibitors on cancer development in 
transplant recipients has been shown in different studies 
[10, 12, 15, 16], a recent meta-analysis study by Yanik 
EL et al. showed that there was no association between 
sirolimus and the incidence of cancers after excluding 
NMSC [17]. Currently it is still not certain what would be 
the best immunosuppressive drug regimen in the kidney 
transplant recipients who developed de novo cancers. 
Different studies have demonstrated that mTOR inhibitors 
might be beneficial in the treatment of Kaposi sarcoma, 
recurrent skin cancer, PTLD and renal cell carcinoma [18]. 
The most common practice is to withdraw CNIs abruptly 
and then replace with mTOR inhibitors [6, 11]. However, 
complete avoidance or withdrawal of CNIs could be 
associated with a greater risk of acute or chronic rejection 
and graft failure [14, 19]. In addition, a retrospective study 

Figure 1: Kaplan-Meier curve showing the cancer free survival in mTOR inhibitor group and non-conversion group.
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showed that conversion to mTOR inhibitors after CNI 
withdrawal might increase the risk of developing class II 
donor-specific antibodies, which probably favor chronic 
antibody-mediated rejection and thus reduce allograft 
survival [20]. 

Unlike other studies [6, 21, 22], only 3 patients 
(5.4%) in the mTOR inhibitor group in our study had 
CNI withdrawal. Approximately 95% of patients were 
switched to the combination of prednisolone, low dose 
CNI and mTOR inhibitor. In our cohort, the trough level 
of sirolimus was 8.2 +/- 2.1 ng/mL while the trough level 
of everolimus was 4.9 +/- 1.2 ng/mL. On the other hand, 
the CNI trough level was maintained at a much lower level 
when compared with the patients in the non-conversion 
group. In the mTOR inhibitor group, the cyclosporine 
trough level was 52 +/- 17 ng/mL and the tacrolimus 
trough level was 3.6 +/- 1.0 ng/mL. Despite significant 
reduction of CNI dosage after diagnosis of cancer, the 
overall rejection rate remained low in our study. Only 
4 patients (3.5%) suffered from acute rejection (2 from 
each group) after a median follow up of 28 months and 
there was no significant difference in the rejection free 
survival between both treatment arms. Although there 
were fewer episodes of cancer recurrence (5.4% vs 11.9%) 
in the mTOR inhibitor group than in the non-conversion 
group, the difference was not statistically significant. One 
possible explanation was that the follow-up period in our 
cohort was too short to show the effectiveness of mTOR 
inhibitors in the prevention of cancer recurrence.

The eGFR of patients in the mTOR inhibitor group 
at both 6-month and 1-year was similar to those in the non-
conversion group. The lack of significant improvement in 
renal function in the mTOR inhibitor group could be the 
result of the relatively late mTOR inhibitor conversion in 
our cohort (mean 10.4 years). In addition, another study 
also showed that eGFR improvement was less among 
patients who had mTOR inhibitor conversion due to 
cancers when compared with those who had conversion 
due to chronic graft dysfunction [23].

In the mTOR inhibitor group, all patients who died 
of cancer progression were due to advanced-stage solid 

organ tumors. On the other hand, none of the patients with 
PTLD (n = 11) died of malignancies. This is in contrast 
to the patients with PTLD in the non-conversion group (n 
= 7) where 5 of them died of cancer progression. It is not 
clear whether this discrepancy could be due to the potent 
anti-proliferative effect of mTOR inhibitors. However, it 
seems that mTOR inhibitors were less effective in patients 
with advanced stage or disseminated solid organ cancers. 
In addition, the optimal dose of mTOR inhibitors for 
treatment of various tumors remains unknown and the 
failure of treatment in some cancers could be the result 
from the lower dose of mTOR inhibitors used in our 
cohort.

The major limitations of this study included 
retrospective design and heterogeneity of different types 
and stages of cancers which made it difficult to compare 
our results with other studies. In addition, we could not 
analyze sirolimus and everolimus individually because 
of the low overall rate of mTOR inhibitor use. Since 
the number of patients with post-transplant cancers is 
relatively small, it is highly unlikely that a prospective, 
randomized trial with an adequate sample size and 
duration of follow-up can be performed to detect the 
differences of using mTOR inhibitor in these patients. 
As a result, retrospective studies based on institutional 
experiences, such as our study, are still an attractive 
option for providing further knowledge about the role of 
mTOR inhibitor for preventing or treating post-transplant 
cancers. In fact, our study has already recruited the largest 
number of kidney transplant recipients who had mTOR 
inhibitor conversion due to post-transplant cancers. 
Moreover, the presence of a control group in our study 
allows comparisons between patients converted to mTOR 
inhibitors and those remained on CNI-based therapy.

 In conclusion, it is still uncertain whether 
conversion to mTOR inhibitors after cancer development 
will have any benefit in long-term patient and graft 
survival in kidney transplant recipients. Our study 
shows that use of mTOR inhibitors together with CNI 
minimization may be able to offer a reasonable option 
in view of the relatively stable renal function, very low 

Table 4: Renal function and amount of proteinuria after cancers
mTOR inhibitor

(n = 56)
Non-conversion

(n = 59) P value

Median serum creatinine (umol/L)
 6-month
1-year 113 (62-321)

119 (45-815)
107 (57-334)
106 (66-355)

0.71
0.32

eGFR (ml/min/1.73m2)
 6-month
1-year

59 +/- 21
58 +/- 29

59 +/- 22
54 +/- 20

0.99
0.50

Proteinuria, 1-year (g/day) 0.68 +/- 0.92 0.38 +/- 0.56 0.17
CsA trough level (ng/mL) 52 +/- 17 75 +/- 23 <0.01
FK trough level (ng/mL) 3.6 +/- 1.0 4.6 +/- 1.3 0.04

CsA: cyclosporine; eGFR: estimated glomerular filtration rate; FK: tacrolimus
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rejection rate and low cancer recurrence rate. However, 
treatment should also be individualized according to the 
different clinical condition in each patient. Further studies, 
especially on the optimal dose of mTOR inhibitors in post-
transplant solid organ tumors, are required.

MATERIALS AND METHODS

This was a retrospective study of all kidney 
transplant recipients who were diagnosed to have post-
transplant cancers and had been followed up in 2 large 
transplant centers in Hong Kong, namely Queen Elizabeth 
Hospital and Queen Mary Hospital, between the period 
1/1/1994 and 30/6/2015. This study was approved by 
the research ethics committee. All cancer events were 
collected from the Hong Kong Renal Registry database. 
The Renal Registry is a direct, online, computerized 
registry system developed by the Central Renal 
Committee, Hospital Authority (HA), to collect data of 
all patients who received renal replacement therapy under 
HA. The data is entered directly by renal doctors or nurses 
of the individual renal unit and each unit can access their 
own patient data [24]. It is therefore an accurate and up-
to-date record of all comorbidities and complications of 
all renal replacement therapy patients including kidney 
transplant recipients managed under the HA. All cancers 
were diagnosed and verified with histology and other 
relevant information, such as radiological imaging, and 
coded according to the 10th World Health Organization 
International Classification of Disease (WHO ICD-10). 
All basic demographic and clinical data were extracted 
patients’ medical record. 

All patients in our study received CNIs, 
either tacrolimus or cyclosporine, as part of the 
maintenance immunosuppressive therapy after kidney 
transplantation. . When cancer was diagnosed, the dose 
of immunosuppressive drugs was reduced. Starting from 
2006, those kidney transplant recipients with newly 
diagnosed cancers would have their immunosuppressive 
regimen converted to an mTOR inhibitors (either sirolimus 
or everolimus)-based therapy which consisted of abrupt 
withdrawal of mycophenolate / azathioprine together with 
either CNI minimization or elimination. However, mTOR 
inhibitors would not be considered in those patients 
who refused conversion therapy. As a result, the kidney 
transplant recipients with de novo cancers were divided 
into 2 groups; namely mTOR inhibitor group (conversion 
to either sirolimus or everolimus after cancer) and non-
conversion group. In mTOR inhibitor group, the initial 
doses of sirolimus and everolimus were 2 mg per day and 
0.75 mg twice daily respectively. The doses of sirolimus 
and everolimus were then adjusted according to the whole 
blood trough concentration. The target range was 5-10 
ng/mL for sirolimus and 3-8 ng/mL for everolimus. The 
CNI doses were concurrently reduced to reach our target 
trough levels of 3-5 ng/mL for tacrolimus and 50-80 ng/

mL for cyclosporine. The outcome included the allograft 
function, patient survival, graft survival, acute rejection 
and cancer recurrence. Changes in allograft function were 
determined by comparing serum creatinine level and 
estimated glomerular filtration rate (eGFR) at 6 month 
and 1 year after diagnosis of cancers to that at the time of 
diagnosis. eGFR is calculated by the abbreviated MDRD 
equation : 186 x (Creatinine / 88.4)-1.154 x (Age)-0.203 x 
(0.742 if female) x (1.210 if black) [25].

In order to study the effects of mTOR inhibitors in 
patients with established cancers, patients who already 
received mTOR inhibitors before cancers were excluded. 
For solid organ cancers, localized disease was defined as 
those cancers confined to the primary site of organ while 
advanced disease was defined for those with lymph node 
or distant metastasis. For hematological malignancies, 
localized disease was defined as involving single 
lymph node region while advanced disease was defined 
as involving 2 or more lymph node regions or extra-
lymphatic organs.

Statistical analyses

SPSS (SPSS 20.0, Inc., Chicago, IL USA) was used 
to perform the statistical analyses. Continuous data were 
either expressed as mean +/- standard deviation (SD) or 
median (range) and categorical data were expressed as 
percentages. Categorical data were compared with chi-
square or Fishers exact tests while continuous data were 
compared with t-test.or Mann-Whitney U test. .Log rank 
test and Kaplan Meier survival analysis were used to 
compare the patient survival, graft survival, rejection free 
survival and cancer free survival after diagnosis of cancer 
between the 2 groups. For purposes of the analyses and 
defining years of follow-up, patients were censored at the 
time of event, the date of death, the last reported contact 
or 31st December 2015. A P-value of less than 0.05 was 
defined as statistically significant.

All authors read and approved the final manuscript

CONFLICT OF INTEREST

There is no conflict of interest.

Authors’ contributions

Chi Yuen Cheung, Maggie Kam Man Ma, Ka Foon 
Chau, Wai Leung Chak collected, analyzed and interpreted 
the patient data. Chi Yuen Cheung and Sydney Chi Wai 
Tang were major contributors in writing the manuscript. 

REFERENCES

1. Vajdic CM, McDonald SP, McCredie MR, van Leeuwen 
MT, Stewart JH, Law M, Chapman JR, Webster AC, 



Oncotarget44840www.impactjournals.com/oncotarget

Kaldor JM, Grulich AE.  Cancer incidence before and after 
kidney transplantation.  JAMA. 2006; 296: 2823-31.

2. Cheung CY, Lam MF, Chu KH, Chow KM, Tsang KY, 
Yuen SK, Wong PN, Chan SK, Leung KT, Chan CK, Ho 
YW, Chau KF.  Malignancies after kidney transplantation: 
Hong Kong renal registry.  Am J Transplant. 2012; 12: 
3039-46.

3. Li WH, Chen YJ, Tseng WC, Lin MW, Chen TJ, Chu SY, 
Hwang CY, Chen CC, Lee DD, Chang YT, Wang WJ, Liu 
HN.  Malignancies after renal transplantation in Taiwan: 
a nationwide population-based study.  Nephrol Dial 
Transplant. 2012; 27: 833-9.

4. Hope CM, Krige AJ, Barratt A, Carroll RP.  Reductions 
in immunosuppression after haematological or solid organ 
cancer diagnosis in kidney transplant recipients.  Transpl 
Int. 2015; 28: 1332-5.

5. Branco F, Cavadas V, Osório L, Carvalho F, Martins L, 
Dias L, Castro-Henriques A, Lima E.  The incidence of 
cancer and potential role of sirolimus immunosuppression 
conversion on mortality among a single-center renal 
transplantation cohort of 1,816 patients.  Transplant Proc. 
2011; 43: 137-41.

6. Chiurchiu C, Carreño CA, Schiavelli R, Petrone H, Balaguer 
C, Trimarchi H, Pujol GS, Novoa P, Acosta F, González C, 
Arriola M, Massari PU; Argentinian Registry of Everolimus 
Treated Renal Transplant Recipients.  Results of the 
conversion to everolimus in renal transplant recipients with 
posttransplantation malignancies.  Transplant Proc. 2010; 
42: 277-9.

7. Alberú J, Pascoe MD, Campistol JM, Schena FP, Rial 
Mdel C, Polinsky M, Neylan JF, Korth-Bradley J, 
Godberg-Alberts R, Maller ES.  Lower malignancy rates 
in renal allograft recipients converted to sirolimus-based, 
calcineurin inhibitor-free immunotherapy: 24-Month results 
from the CONVERT trial. Transplantation. 2011; 92: 303-
10.

8. Campbell SB, Walker R, Tai SS, Jiang Q, Russ GR. 
Randomized controlled trial of sirolimus for renal transplant 
recipients at high risk for nonmelanoma skin cancer. Am J 
Transplant. 2012; 12: 1146-56.

9. Euvrard S, Morelon E, Rostaing L, Goffin E, Brocard 
A, Tromme I, Broeders N, del Marmol V, Chatelet V, 
Dompmarin A, Kessler M, Serra AL, Hofbauer GF, et al.  
Sirolimus and secondary skin-cancer prevention in kidney 
transplantation. N Engl J Med. 2012; 367: 329-39.

10. Campistol JM, Eris J, Oberbauer R, Friend P, Hutchison B, 
Morales JM, Claesson K, Stallone G, Russ G, Rostaing L, 
Kreis H, Burke JT, Brault Y, et al.   Sirolimus therapy after 
early cyclosporine withdrawal reduces the risk for cancer in 
adult renal transplantation.  J Am Soc Nephrol. 2006; 17: 
581-9.

11. Campistol JM. Minimizing the risk of posttransplant 
malignancy.  Transplantation. 2009; 87(8 Suppl): S19-22.

12. Stallone G, Schena A, Infante B, Di Paolo S, Loverre A, 
Maggio G, Ranieri E, Gesualdo L, Schena FP, Grandaliano 

G. Sirolimus for Kaposi’s sarcoma in renal-transplant 
recipients. N Engl J Med. 2005; 352: 1317-23.

13. Campistol JM, Gutierrez-Dalmau A, Torregrosa JV.  
Conversion to sirolimus: a successful treatment for 
posttransplantation Kaposi’s sarcoma.  Transplantation. 
2004; 77: 760-2.

14. Ponticelli C, Scolari MP.  Calcineurin inhibitors in renal 
transplantation still needed but in reduced doses: a review.  
Transplant Proc. 2010; 42: 2205-8.

15. Kauffman HM, Cherikh WS, Cheng Y, Hanto DW, Kahan 
BD.  Maintenance immunosuppression with target-of-
rapamycin inhibitors is associated with a reduced incidence 
of de novo malignancies.  Transplantation. 2005; 80: 883-9.

16. Schena FP, Pascoe MD, Alberu J, del Carmen Rial M, 
Oberbauer R, Brennan DC, Campistol JM, Racusen L, 
Polinsky MS, Goldberg-Alberts R, Li H, Scarola J, Neylan 
JF; Sirolimus CONVERT Trial Study Group.  Conversion 
from calcineurin inhibitors to sirolimus maintenance 
therapy in renal allograft recipients: 24-month efficacy and 
safety results from the CONVERT trial.  Transplantation. 
2009; 87: 233-42.

17. Yanik EL, Siddiqui K, Engels EA.  Sirolimus effects on 
cancer incidence after kidney transplantation: a meta-
analysis.  Cancer Med. 2015; 4: 1448-59.

18. Campistol JM, Albanell J, Arns W, Boletis I, Dantal J, 
de Fijter JW, Mortensen SA, Neumayer HH, Øyen O, 
Pascual J, Pohanka E, Schena FP, Serón D, et al.  Use of 
proliferation signal inhibitors in the management of post-
transplant malignancies--clinical guidance.  Nephrol Dial 
Transplant. 2007; 22 Suppl 1: i36-41.

19. Ekberg H, Tedesco-Silva H, Demirbas A, Vítko S, Nashan 
B, Gürkan A, Margreiter R, Hugo C, Grinyó JM, Frei 
U, Vanrenterghem Y, Daloze P, Halloran PF; ELITE-
Symphony Study.  Reduced exposure to calcineurin 
inhibitors in renal transplantation.  N Engl J Med. 2007; 
357: 2562-75.

20. Croze LE, Tetaz R, Roustit M, Malvezzi P, Janbon B, 
Jouve T, Pinel N, Masson D, Quesada JL, Bayle F, Zaoui 
P.  Conversion to mammalian target of rapamycin inhibitors 
increases risk of de novo donor-specific antibodies.  Transpl 
Int. 2014; 27: 775-83.

21. Manuelli M, De Luca L, Iaria G, Tatangelo P, Sforza D, 
Perrone L, Bellini MI, Angelico R, Anselmo A, Tisone 
G.  Conversion to rapamycin immunosuppression for 
malignancy after kidney transplantation.  Transplant Proc. 
2010; 42: 1314-6.

22. Boratyńska M, Watorek E, Smolska D, Patrzałek D, 
Klinger M.  Anticancer effect of sirolimus in renal allograft 
recipients with de novo malignancies.  Transplant Proc. 
2007; 39: 2736-9.

23. Cotovio P, Neves M, Santos L, Macário F, Alves R, 
Mota A.  Conversion to everolimus in kidney transplant 
recipients: to believe or not believe?  Transplant Proc. 2012; 
44: 2966-70.



Oncotarget44841www.impactjournals.com/oncotarget

24. Leung CB, Cheung WL, Li PK.  Renal registry in Hong 
Kong-the first 20 years.  Kidney Int Suppl. 2015; 5: 33-8.

25. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, 
Hendriksen S, Kusek JW, Van Lente F; Chronic Kidney 
Disease Epidemiology Collaboration.  Using standardized 
serum creatinine values in the modification of diet in renal 
disease study equation for estimating glomerular filtration 
rate.  Ann Intern Med. 2006;145: 247-54.


