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1  |  INTRODUC TION

Intestine transplantation (IT) is an established treatment for intesti-
nal failure, which may be a result of short bowel syndrome, resection 
from trauma, vascular catastrophes, Crohn's disease, or specifically 
in the pediatric population; necrotizing enterocolitis and gastroschi-
sis. Parenteral nutrition is the mainstay therapy, but it has its own set 
of complications including catheter- related infections and thrombo-
sis, electrolyte abnormalities, and cholestatic liver disease.1 Patients 
with such complications are potential candidates for IT, and in the 

case of advanced cholestatic liver disease, multivisceral transplan-
tation (MVT).

Intestine transplantation rates are significantly lower than that 
of other solid organ transplants with only 104 patients receiving IT 
in the United States in 2018, and 61 of them being MVT. Children 
previously constituted more than half the transplant recipients, 
but in 2018 accounted for only 35.6% of transplants.2 Advances 
in immunosuppression therapy have allowed for improved rates of 
success.3 Immunosuppression consists of induction with either a 
T- cell- depleting agent or an interleukin- 2 receptor antagonist. This 
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Abstract
This is a descriptive study reviewing the outcomes of mammalian target of rapamy-
cin inhibitors (mTORs) in intestinal (IT) and multivisceral transplantation (MVT). This 
study included 22 patients, 20 adults, and two children, and an overall mean age of 
46 years old at the time of transplantation. Twelve patients (54.5%) received IT, and 
the remainder (45.5%) MVT. The mean time between transplantation and mTORs 
initiation was 24 months. The indication was worsening renal function in 13 patients 
(59%), with 9/13 (69.2%) noted to have an increase in glomerular filtration rate of at 
least	10	ml/min/1.73m2. The indication for four patients (18.2%) was a history of neu-
roendocrine tumor. After mTOR initiation, 50% of patients were reduced or weaned 
off	tacrolimus	and	13.7%	off	prednisone.	mTORs	were	discontinued	in	11/22	patients.	
Six patients (54.5%) stopped due to side effects, two (18.1%) for surgery, and one 
(9%) for acute cellular rejection. Side effects were edema (33.3%), headaches (33.3%), 
diarrhea	 (16.7%),	 and	 oral	 ulcers	 (16.7%).	 The	 average	 duration	 of	mTORs	 prior	 to	
discontinuation	due	to	side	effects	was	7	months.	mTORs	may	function	in	their	own	
niche of patients due to the potential renal safety profile, but use is most limited by 
tolerance to side effects.
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target of rapamycin (mTOR), multivisceral transplantation
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is commonly followed by maintenance with a calcineurin inhibi-
tor, such as tacrolimus, used in conjunction with corticosteroids. 
Another common regimen adds mycophenolate to the calcineurin 
inhibitor and corticosteroids. The side effects of immunosuppres-
sion include metabolic disorders, increased propensity for infec-
tions, renal dysfunction, and development of malignancies. There 
are alternative agents available including mammalian (mechanistic) 
target of rapamycin inhibitors (mTORs), which prevent immune cells 
from proliferating in the presence of cytokines. There is currently a 
dearth of literature assessing the efficacy and safety of mTORs for 
IT and MVT recipients. This study reviews the frequency, indication, 
and outcomes of mTORs use in this transplant population at two 
centers in the United States.

2  |  PATIENTS AND METHODS

This is an observational study evaluating patients at two transplant 
centers in the United States. The transplant centers were the Henry 
Ford Adult Intestinal Transplant Program and Duke University Adult 
and Pediatric Intestinal Transplant Program. Patients included in this 
study underwent IT or MVT between January 2009 and October 
2018, and were initiated on the mTORs, everolimus or sirolimus, at 
any time post- transplantation. There were no exclusion criteria for 
an evaluation in this study.

The immunosuppression protocols, which include induction and 
maintenance therapy are included in the Supplemental Material. In 
brief, the maintenance immunosuppression protocol at Henry Ford 
Hospital included prednisone (40 mg daily, weaned by 5 mg weekly 
until 10 mg dose is achieved) continued indefinitely, and tacroli-
mus started at 2 mg twice daily with target trough levels 12– 15 ng/
ml. Duke University's adult transplant protocol includes predni-
sone (20 mg daily, weaned by 2.5 mg biweekly until dose of 5 mg 
is achieved) continued indefinitely, mycophenolate 1 g twice daily, 
and tacrolimus 1 mg twice daily with target levels being 12– 16 ng/
ml. For pediatric patients, the maintenance therapy was predni-
sone (10 mg/kg daily, weaned daily until a dose of 0.125 mg/kg/
day is achieved) continued indefinitely, and tacrolimus 0.05 mg/kg 
twice daily with a target of 12– 16 ng/ml. At any point in initiation, 
maintenance, or tapering of immunosuppressants, the treating pro-
vider may have diverged from the hospital protocol per their clinical 
judgment.

All decisions including initiation of mTORs, changes to the im-
munosuppression regimen or dosages, and frequency of laboratory 
evaluation were left to the discretion of the treating physician. There 
was no structured protocol for initiating mTORs, but providers typ-
ically started at a dose of 1mg for adults with goal trough levels 
4– 6 ng/ml, and 0.5 mg for pediatrics with goal trough levels 3– 5 ng/
ml. Trough levels were checked on a weekly or biweekly basis when 
titrating the dose, and monthly once goal troughs were achieved. 
Once the mTOR trough was at goal, tacrolimus was tapered for goal 
levels of 4– 6 ng/ml at Henry Ford Hospital, and 3– 5 ng/ml at the 
Duke University. There was no official institutional protocol for 

tapering mycophenolate at the Duke University. The tapering reg-
imen was at the discretion of the provider with no formal protocol 
in place.

Data were gathered from the electronic medical record. 
Information collected included type of transplantation and indica-
tion, date of both transplantation and initiation of mTOR therapy, 
and indication for mTORs. Data were also collected regarding pa-
tients' renal function including the presence of chronic kidney dis-
ease prior to transplant, estimated glomerular filtration rate (GFR) 
before and after mTOR therapy, and evidence of proteinuria. GFR 
was estimated using the Chronic Kidney Disease Epidemiology 
Collaboration equation for adults and using the updated Schwartz 
formula for pediatric patients. The frequency of evaluating renal 
function was at the discretion of the provider with typically yearly 
measurements. Proteinuria was noted based on the urine albumin- 
to- creatinine ratio, or standard urine dipstick evaluation. Changes 
in proteinuria were defined as mild if noted to be up to 30 mg/dl or 
1+ proteinuria. This was also checked on a yearly basis. Other im-
munosuppressant therapy used in patients' care was also recorded. 
Outcomes including side effects, infections, rejection were noted. 
If mTORs therapy was discontinued, the reason for discontinuation 
was recorded along with the total duration of mTORs therapy.

3  |  RESULTS

The total number of patients undergoing IT and MVT at the two 
centers	 was	 72,	 with	 62.5%	 adults,	 and	 37.5%	 pediatrics.	 mTORs	
were	initiated	in	30.6%	(22/72)	patients.	This	patient	population	had	
a mean age of 46 years at the time of transplantation, with 90.9% 
(20/22) being adults, and 9.1% (2/22) being pediatrics. The ages 
ranged from 2 to 62 years of age. Isolated IT was received by 54.5% 
(12/22) patients, and 45.5% (10/22) patients received MVT. The in-
dications for transplantation in order of frequency were short bowel 
syndrome (45%), dysmotility (22%). Five patients had a history of 
neoplasm including four with neuroendocrine tumor (NET), and one 
with desmoid tumors. mTORs were initiated between months 1 and 
78	 after	 transplantation,	 with	median	 time	 being	 15	months,	 and	
mean time 25 months. For patients that were started on mTORs due 
to history of neoplasm, the mean time for mTORs initiation from the 
date of transplant was 19 months. The mTOR of choice was sirolimus 
in 63.6% (14/22) patients, and everolimus in 36.4% (8/22) patients.

The indication for mTORs initiation was worsening renal function 
in 59.0% (13/22) patients and the history of neoplasm in 18% (4/22) 
patients, specifically neuroendocrine tumor (NET). Other indications 
included the addition of immunosuppression, development of ulcer-
ative enteritis, eosinophilic esophagitis, anxiety, and headaches.

The mean GFR for patients starting mTORs for renal dysfunction 
ranged	 from	18	 to	57	ml/min/1.73	m2	 (mean	29	ml/min/1.73	m2). 
Only one of these patients was noted to have chronic kidney dis-
ease pretransplant. These patients' GFR improved to a mean of 41.5, 
median	43.5	ml/min/1.73	m2. The remainder of patients who had 
mTORs initiated for reasons other than renal dysfunction had GFR 
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greater	than	60	ml/min/1.73	m2. All but a single patient in our cohort 
maintained or improved their renal function, with that patient having 
worsening renal insufficiency that eventually required dialysis. Time 
to GFR improvement was not recorded in data collection. There 
was	no	proteinuria	noted	 in	72.7%	 (16/22)	patients	prior	 to	 start-
ing mTORs. Proteinuria was noted to be developing or worsening in 
40.9% (9/22) patients, and this was noted to be mild in 55.6% (5/9) 
patients Proteinuria was not the reason for mTOR discontinuation 
for any of the patients.

There were a total of five patients with a history of neoplasm 
who underwent transplantation. Indication for mTOR initiation 
was a history of cancer in four of these patients, with all four hav-
ing a history of NET. The 5th patient initiated mTORs for renal 
insufficiency and had a history of desmoid tumors. All patients at 
our institutions who had a history of NET during this study pe-
riod and underwent IT or MVT received mTOR therapy and are 
included in this study. All patients with a history of NET had a 
recurrence of NET with locations being liver (2), tricuspid valve (1), 
and thoracic lymph nodes and bony metastasis (1). The time frame 
of	 recurrence	 was	 between	 1	 and	 7	 years	 post-	transplantation.	
The patient who had a history of desmoid tumor did not have re-
currence after mTOR initiation.

The minor indications for starting mTORs were for added immu-
nosuppression, development of ulcerative enteritis believed to be 
due to mycophenolate, eosinophilic esophagitis, anxiety, and head-
aches. There was a patient who developed acute rejection within the 
first month of transplantation, and everolimus therapy was initiated 
to reduce further episodes of rejection without increasing goal tac-
rolimus trough levels. Eosinophilic esophagitis, anxiety, and head-
aches are side effects of tacrolimus or steroid therapy, and these 
side effects are reduced after initiating mTORs.

Changes in immunosuppression therapy with mTORs are listed 
in Table 1. All 22 patients were initially on both prednisone and tac-
rolimus,	with	22.7%	(5/22)	also	being	on	mycophenolate,	and	4.5%	
(1/22) being on azathioprine. The single patient given azathioprine 
as an adjunct to their immunosuppression had a history of Crohn's 
disease. After mTOR initiation, there was a reduction in other immu-
nosuppression in 68.2% (15/22) patients. This includes 18.2% (4/22) 
patients being weaned off tacrolimus, and 18.2% (4/22) patients 
weaned off steroids. The goal tacrolimus trough level was reduced in 
45.5% (10/22) patients. Of the five patients on mycophenolate, 80% 
(4/5) were able to completely come off it. The decision and meth-
odology to taper immunosuppression were at the discretion of the 
treating provider. Information regarding an exact tapering schedule 
for each patient was not available in the retrospective chart review.

Rejection	 was	 noted	 in	 27.3%	 (6/22)	 of	 patients	 on	 mTORs,	
with details regarding rejection episodes being listed in Table 2. 
Patients with rejection were noted to have below goal trough lev-
els for mTORs and tacrolimus. Upon rejection, patients were treated 
with	 parental	 steroids	 for	 3–	7	 days.	 The	 tacrolimus	 dose	 was	 in-
creased, with an often high than the prior goal trough level. There 
is insufficient information to compare rejection episodes with no 
specific data collection made regarding the extent of rejection, and 

treatment course upon therapy. mTORs were discontinued in 11 pa-
tients (50%) after being on for a mean of 11.2 months. Sirolimus was 
stopped in eight patients, and everolimus in three patients. The rea-
sons for discontinuation were side effects in 54.5% (6/11) patients, 
surgeries in 18.2% (2/11) patients, and 0.09% (1/11) each for need 
for dialysis, acute cellular rejection, and death. Side effects result-
ing in discontinuation were edema (33.3%), headaches (33.3%), di-
arrhea	(16.7%),	and	ulcers	(16.7%).	These	patients	were	on	mTORs	
for	 a	mean	of	7	months	prior	 to	discontinuation.	The	 side	effects	
generally improved within a month of stopping mTOR therapy. The 
patient who discontinued mTORs due to acute cellular rejection was 
on mTORs for 10 months. This patient initially had low mTOR and 
tacrolimus trough levels prior to rejection, but despite increases in 
doses with goal trough levels achieved, the patient again developed 
acute rejection prompting discontinuation of the mTOR.

4  |  DISCUSSION

This study aimed to review the use of mTORs for IT and MVT im-
munosuppression over 9 years at two major healthcare centers 
in the United States. It is based on an observational review of pa-
tients' medical records. It demonstrated that mTOR initiation was 
for renal dysfunction in more than half of all cases, with mean GFR 
for	these	patients	being	30.7	ml/min/1.73	m2. All but one of these 
patients had improvement in GFR, with a mean increase of 14.5 ml/
min/1.73	m2.	mTOR	was	typically	initiated	between	2	and	72	months	
post- transplantation with the median time being 16 months. The 
disease burden of chronic kidney disease is great in transplant pa-
tients given the intensity of the transplantation surgery, propensity 
to infections, and need for immunosuppression that further com-
promises the renal function as a side effect. Previous studies have 
shown that GFR drops 50% after the first 3 months of transplanta-
tion	and	down	72%	at	1	year.4 IT recipients have a 25.1% incidence of 
severe	chronic	kidney	disease	with	GFR	less	than	30	ml/min/1.73	m2 
at 5 years post- transplantation.5 Previous studies have shown that 
tacrolimus therapy was associated with a 48.3% lower hazard of 
development of severe CKD in comparison to cyclosporine- based 
immunosuppression. 5 This was attributed to fewer acute kidney 
injuries secondary to fewer rejection episodes. 5 Both the time at 
which mTORs were initiated and the indication in our study exem-
plify the significant disease burden that renal disease has on trans-
plantation patients.

Development or increase in the level of proteinuria was ob-
served in 40.9% patients. Proteinuria is a substantial side effect of 
mTORs therapy with a previous study observing it in 64% of patients 
after initiating sirolimus therapy.6 Guidelines suggest that initiating 
mTORs should only be performed in patients with GFR greater than 
40	ml/min/1.73	m2, and with mild proteinuria. If patients have mild 
proteinuria, they may be treated with angiotensin- converting en-
zyme inhibitors, but heavier proteinuria may require discontinuation 
of the drug.7 The patients in our study only developed mild protein-
uria and did not require discontinuation of mTORs due to the level 
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of proteinuria. No information regarding the use of angiotensin- 
converting enzyme inhibitors was recorded and we cannot extrapo-
late on their role in patients' proteinuria and overall care.

The history of neuroendocrine tumors was a frequent indication 
for starting mTORs in our study. There is evidence in the literature of 
mTORs having reduced incidence of neoplastic disease. One study 
has shown indication to prevent secondary skin cancer prevention 
post- renal transplantation and another to reduce hepatocellular can-
cer development post- liver transplantation.8,9 Chronic immunosup-
pression in the transplant population results in increased rates of 
cancer development and ultimately increased mortality. Our study 
does not provide evidence that mTORs are effective in preventing 
NET. There may be a role of mTORs in delaying relapse of malig-
nancy, but randomized controlled studies need to be performed 
for further analysis. In our study, two patients who were started 
on mTORs for the history of neuroendocrine tumors were able to 
remain on mTORs and were weaned down or off other immunosup-
pressants. The last patient with a history of neuroendocrine tumors 
had to stop mTORs therapy due to the need for cardiac surgery. 
Having a drug that acts as both an immunosuppressant and reduces 

the risk of malignancy development may be an advantage of mTORs 
and may signify the use of this class of medication more frequently 
in the future.

In	 our	 population,	 six	 patients	 (27.3%)	 developed	 rejection	
while on mTORs. Four of the patients were able to continue 
mTORs, and in fact ultimately reduce their dose of tacrolimus. 
One patient (4.5%) had to completely stop therapy due to re-
jection. That patient had been on mTORs for 10 months and 
experienced multiple rejection episodes while on this agent. 
Unfortunately, our study did not collect drug levels for the immu-
nosuppression medications, the timing of the rejection, or rates 
of rejection in patients not on mTORs. It is possible that rejection 
episodes may have been due to sub- therapeutic levels of tacro-
limus and/or the mTORs or be related to the efficacy of their 
immunosuppression regimen. The incidence of acute rejection in 
IT adult patients has been previously noted at 44.8% in the first 
year, and 53.1% in 2 years. This describes an overall rate with-
out taking into account type of immunosuppression. 10 Previous 
studies have shown that early introduction of sirolimus therapy 
in the first- year post- transplantation yields fewer and less severe 

Additional 
immunosuppression prior to 
mTORs

Tacrolimus reduced or 
discontinued

Prednisone 
discontinued

Mycophenolate 
weaned off

Azathioprine, tacrolimus, 
prednisone

Discontinued Discontinued

Tacrolimus, prednisone Discontinued Discontinued

Tacrolimus, prednisone Discontinued No

Tacrolimus, prednisone Discontinued No

Tacrolimus, prednisone Reduced Discontinued

Tacrolimus, prednisone Reduced Discontinued

Mycophenolate, tacrolimus, 
prednisone

Reduced No Discontinued

Mycophenolate, tacrolimus, 
prednisone

Reduced No Discontinued

Mycophenolate, tacrolimus, 
prednisone

Reduced No Discontinued

Tacrolimus, prednisone Reduced No N/Ap

Tacrolimus, prednisone Reduced No N/Ap

Tacrolimus, prednisone Reduced No N/Ap

Tacrolimus, prednisone Reduced No N/Ap

Tacrolimus, prednisone Reduced No N/Ap

Mycophenolate, tacrolimus, 
prednisone

No No Discontinued

Mycophenolate, tacrolimus, 
prednisone

No No No

Tacrolimus, prednisone No No

Tacrolimus, prednisone No No

Tacrolimus, prednisone No No

Tacrolimus, prednisone No No

Tacrolimus, prednisone No No

Tacrolimus, prednisone No No

TA B L E  1 Changes	in	immunosuppressive	 
regimen with mTOR therapy initiation
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rejection episodes. 11 Combination therapy with sirolimus and 
tacrolimus has also been studied to be more effective at reduc-
ing acute cellular rejection than monotherapy alone.12 Our study 
did not introduce mTORs until a mean time of 24 months. We also 
did not have a control group to compare rejection in transplant 
recipients without mTOR therapy. It is difficult to extrapolate the 
clinical utility of mTORs in preventing rejection, and we must rely 
on other literature.

In our study, more than half of the total patients (68.2%) were 
able to be weaned down or off other immunosuppressants with one 
patient (4.5%) being able to stop all other anti- rejection drugs. The 
most	 frequent	 indication	 (27.3%)	 to	 stop	mTORs	was	 side	 effects	
such as edema, headaches, ulcers, and leukopenia. Side effects 
may be managed conservatively with edema controlled with diuret-
ics (loop or aldosterone receptor antagonists), though this may be 
limited by renal insufficiency. Headaches can be managed with an-
algesic therapy and attempts to reduce either prednisone or calci-
neurin inhibitor dosing. Gastrointestinal symptoms may self- resolve 
over time, but can be controlled with anti- nausea medications, and 
anti- motility agents like loperamide; oral ulcers with pharmacy- 
compounded agents containing topical anesthetics, antacid sus-
pensions, and diphenhydramine. If conservative management fails, 
and mTOR therapy must be discontinued, side effects of edema, ul-
cers, and leukopenia generally improved about 1 month after mTOR 
discontinuation. A previous study has observed peripheral edema 
in 55% of patients on mTORs, which may not resolve with the dis-
continuation of these agents.13 This was noted to be improving in 
our population, typically over the month after stopping mTORs. 
Gastrointestinal side effects are also commonly observed with 

mTORs and include mouth ulcers, oral mucositis, dyspepsia, consti-
pation, diarrhea, nausea, and vomiting.14,15

Mammalian target of rapamycin inhibitors make a case for an al-
ternative immunosuppression drug for IT and MVT patients with a 
niche in chronic kidney disease and malignancies. The greatest bar-
rier to mTOR use in this study was the drugs' side effects.

5  |  CONCLUSION

This multicenter observational study suggests that mTORs may 
function in its own niche as an immunosuppressant due to its renal 
safety profile. Tolerance of therapy remains challenging with 50% 
patients stopping mTOR therapy due to side effects in 55% of these 
patients. All patients with a history of neoplasm re- developed neo-
plasm despite use with mTOR therapy. Long- term prospective, mul-
ticenter studies with larger populations are needed to establish if 
these medications can be effectively used in this very challenging 
patient population.
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TA B L E  2 Description	of	rejection	episodes	including	time	and	treatment	of	rejection

Patient
Time of mTOR initiation 
after transplantation Indication for mTOR

Time of rejection after 
transplantation Treatment of rejection

1 2 months Additional 
immunosuppression

14 months Thymoglobulin, and intravenous 
solumedrol

2 10 months History of NET 13 months Intravenous solumedrol

3 2 months Renal dysfunction 14 months Thymoglobulin, and intravenous 
solumedrol

4 17	months Renal dysfunction 1st episode: 26 months 1st episode: Low levels of mTOR 
and tacrolimus, both doses were 
increased

2nd	episode:	27	months 2nd	episode:	IV	solumedrol	×	7	days,	
1 dose IV immunoglobulin, and 
1 dose thymoglobulin, increased 
tacrolimus dose

5 3 months Renal dysfunction 1st episode: 9 months 1st episode: Tacrolimus had been 
stopped due to side effects. 
Prednisone was increased to 
20 mg, and tacrolimus had been 
restarted

2nd episode: 13 months 2nd episode: Mycophenolate was 
re- added to the regimen

6 1 month Ulcerative enteritis from 
mycophenolate

2 months Thymoglobulin and infliximab

https://orcid.org/0000-0001-8967-0542
https://orcid.org/0000-0001-8967-0542
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