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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 210115 are owned by Astellas Pharma Inc or are data 
for which Astellas Pharma Inc has obtained a written right of reference.
Any information or data necessary for approval of NDA 210115 Astellas Pharma Inc 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
210115.
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1 Executive Summary

1.1 Introduction
The Applicant has submitted a 505(b)(1) application for Prograf Granules (tacrolimus 
granules for oral suspension).  All pivotal nonclinical studies conducted to support the 
safety of tacrolimus were previously submitted and reviewed for other currently 
approved formulations of tacrolimus for the same indications and for which the Applicant 
has right of reference.  The labeling for this NDA will represent the initial conversion of 
Sections 8 to conform with the Pregnancy and Lactation Labeling Rule (PLLR) format. 

1.2 Brief Discussion of Nonclinical Findings
No new nonclinical findings were reported or discovered during review of this 
application, however several nonclinical findings that were reported were not included in 
the current version of the label and will now be included. Approved target trough and 
starting dose levels are proposed to be the same as those already approved.   All 
changes in the labeling to conform with PLLR format are derived from studies previously 
reviewed for approval of other formulation of tacrolimus. 

1.3 Recommendations

1.3.1 Approvability:   Approvable from Pharmacology/Toxicology perspective 

1.3.3 Labeling

1.3.3.1 Applicant’s proposed labeling (Sections 8.1, 8.2 and 13 only) 
 See APPENDIX A for current versions of labeling for Prograf

8  USE IN SPECIFIC POPULATIONS

8.1  Pregnancy

Pregnancy Exposure Registry
The Transplantation Pregnancy Registry International (TPRI) is a voluntary pregnancy 
exposure registry that monitors outcomes of pregnancy in female transplant recipients 
and those fathered by male transplant recipients exposed to immunosuppressants 
including tacrolimus. Healthcare providers are encouraged to advise their patients to 
register by contacting the Transplantation Pregnancy Registry International at 1-877-
955-6877 or https://www.transplantpregnancyregistry.org/.
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Risk Summary
Tacrolimus can cause fetal harm when administered to a pregnant woman. Data from 
postmarketing surveillance and TPRI suggest that infants exposed to tacrolimus in utero 
are at a risk of prematurity, birth defects/congenital anomalies, low birth weight, and 
fetal distress [see Human Data]. Advise pregnant women of the potential risk to the 
fetus.

In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.

Clinical Considerations
Disease-Associated Maternal and/or Embryo-Fetal Risk
Risks during pregnancy are increased in organ transplant recipients.

The risk of premature delivery following transplantation is increased. Pre-existing 
hypertension and diabetes confer additional risk to the pregnancy of an organ transplant 
recipient. Pre-gestational and gestational diabetes are associated with birth 
defects/congenital anomalies, hypertension, low birth weight and fetal death. 
Cholestasis of pregnancy (COP) was reported in 7% of liver or liver-kidney (LK) 
transplant recipients, compared with approximately 1% of pregnancies in the general 
population. However, COP symptoms resolved postpartum and no long-term effects on 
the offspring were reported.
Maternal Adverse Reactions
PROGRAF may increase hyperglycemia in pregnant women with diabetes (including 
gestational diabetes). Monitor maternal blood glucose levels regularly.
PROGRAF may exacerbate hypertension in pregnant women and increase pre-
eclampsia.  Monitor and control blood pressure. 
Fetal/Neonatal Adverse Reactions
Renal dysfunction and transient neonatal hyperkalemia have been reported at the time 
of delivery in infants of mothers taking PROGRAF. 

Labor or Delivery
There is an increased risk for premature delivery (< 37 weeks) following transplantation 
and maternal exposure to PROGRAF. 

Data
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Human Data
There are no adequate and well controlled studies on the effects of tacrolimus in human 
pregnancy. 

Safety data from the TPRI and postmarketing surveillance suggest infants exposed to 
tacrolimus in utero have an increased risk for miscarriage, pre-term delivery (< 37 
weeks), low birth weight (< 2500 g), birth defects/congenital anomalies and fetal 
distress.
TPRI reported 450 and 241 total pregnancies in kidney and liver transplant recipients 
exposed to tacrolimus, 
respectively. The TPRI pregnancy outcomes are summarized in Table 15.  

Table 15.  TPRI Reported Pregnancy Outcomes in Transplant Recipients with 
Exposure to Tacrolimus 

Kidney Liver
Pregnancy Outcomes* 462 253

Miscarriage 24.5% 25%
Live births 331 180

Pre-term delivery (< 37 
weeks) 49% 42%

Low birth weight (< 2500 g) 42% 30%
Birth defects 8%† 5%

* Includes multiple births and terminations.
† Birth defect rate confounded by concomitant  exposure in over half of offspring 

with birth defects.

Additional information reported by TPRI in pregnant transplant patients receiving 
tacrolimus included diabetes during pregnancy in 9% of kidney recipients and 13% of 
liver recipients and hypertension during pregnancy in 53% of kidney recipients and 
16.2% of liver recipients.
Animal Data
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8.2  Lactation

Risk Summary
Controlled lactation studies have not been conducted in humans, however tacrolimus 
has been reported to be present in human milk. The effects of tacrolimus on the 
breastfed infant, or on milk production have not been assessed. Tacrolimus is excreted 
in rat milk. The developmental and health benefits of breastfeeding should be 
considered along with the mother’s clinical need for PROGRAF and any potential 
adverse effects on the breastfed child from PROGRAF or from the underlying maternal 
condition. 

8.3 Females and Males of Reproductive Potential

Contraception
PROGRAF can cause fetal harm when administered to pregnant women. Advise female 
and male patients of reproductive potential to speak to their healthcare provider on 
family planning options including appropriate contraception prior to starting treatment 
with PROGRAF [see Use in Specific Populations (8.1), Nonclinical Toxicology (13.1)].

Infertility
Based on findings in animals, male and female fertility may be compromised by 
treatment with PROGRAF [see Nonclinical Toxicology (13.1)].

13  NONCLINICAL TOXICOLOGY

13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenicity studies were conducted in male and female rats and mice. In the 80-
week mouse oral study and in the 104-week rat oral study, no relationship of tumor 
incidence to tacrolimus dosage was found. The highest dose used in the mouse was 3.0 
mg/kg/day (0.9 to 2.2 times the AUC at clinical doses of 0.075 to 0.2 mg/kg/day) and in 
the rat was 5.0 mg/kg/day (0.265 to 0.65 times the AUC at clinical doses of 0.075 to 0.2 
mg/kg/day) [see Boxed Warning and Warnings and Precautions (5.2)]. 

A 104-week dermal carcinogenicity study was performed in mice with tacrolimus 
ointment (0.03% - 3%), equivalent to tacrolimus doses of 1.1-118 mg/kg/day or 3.3-354 
mg/m2/day. In the study, the incidence of skin tumors was minimal and the topical 
application of tacrolimus was not associated with skin tumor formation under ambient 
room lighting. However, a statistically significant elevation in the incidence of 
pleomorphic lymphoma in high-dose male (25/50) and female animals (27/50) and in 

Reference ID: 4248532

(b) (4)



NDA#210115  Reviewer: Aaron Ruhland

6

the incidence of undifferentiated lymphoma in high-dose female animals (13/50) was 
noted in the mouse dermal carcinogenicity study. Lymphomas were noted in the mouse 
dermal carcinogenicity study at a daily dose of 3.5 mg/kg (0.1% tacrolimus ointment). 
No drug-related tumors were noted in the mouse dermal carcinogenicity study at a daily 
dose of 1.1 mg/kg (0.03% tacrolimus ointment). The relevance of topical administration 
of tacrolimus in the setting of systemic tacrolimus use is unknown.

The implications of these carcinogenicity studies to the human condition are limited; 
doses of tacrolimus were administered that likely induced immunosuppression in these 
animals, impairing their immune system’s ability to inhibit unrelated carcinogenesis.

No evidence of genotoxicity was seen in bacterial (Salmonella and E. coli) or 
mammalian (Chinese hamster lung-derived cells) in vitro assays of mutagenicity, the in 
vitro CHO/HGPRT assay of mutagenicity, or in vivo clastogenicity assays performed in 
mice; tacrolimus did not cause unscheduled DNA synthesis in rodent hepatocytes.

Tacrolimus subcutaneously administered to male rats at paternally toxic doses of 2 
mg/kg/day (1.6 to 4.3 times the clinical dose range ) or 3 
mg/kg/day (2.4 to 6.4 times the clinical dose range ) 
resulted in a dose-related decrease in sperm count. Tacrolimus given orally at 1.0 
mg/kg (0.8 to 2.2 times the clinical dose range  

) to male and female rats, prior to and during mating, as well as to dams 
during gestation and lactation, was associated with embryolethality and adverse effects 
on female reproduction. Effects on female reproductive function (parturition) and 
embryolethal effects were indicated by a higher rate of post-implantation loss and 
increased numbers of undelivered and nonviable pups. When given at 3.2 mg/kg (2.6 to 
6.9 times the clinical dose range based on body surface area), tacrolimus was 
associated with maternal and paternal toxicity as well as reproductive toxicity including 
marked adverse effects on estrus cycles, parturition, pup viability, and pup 
malformations.

1.3.3.2  FDA’s proposed edits to labeling (redline version; Sections 8.1, 8.2 and 13 
only)

8.1  Pregnancy

Pregnancy Exposure Registry
There is a pregnancy registry that monitors pregnancy outcomes in women exposed to 
PROGRAF during pregnancy. The Transplantation Pregnancy Registry International 
(TPRI) is a voluntary pregnancy exposure registry that monitors outcomes of pregnancy 
in female transplant recipients and those fathered by male transplant recipients exposed 
to immunosuppressants including tacrolimus. Healthcare providers are encouraged to 
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advise their patients to register by contacting the Transplantation Pregnancy Registry 
International at 1-877-955-6877 or https://www.transplantpregnancyregistry.org/.

Risk Summary
Tacrolimus can cause fetal harm when administered to a pregnant woman. Data from 
postmarketing surveillance and TPRI suggest that infants exposed to tacrolimus in utero 
are at a risk of prematurity, birth defects/congenital anomalies, low birth weight, and 
fetal distress [see Human Data]. Advise pregnant women of the potential risk to the 
fetus.

Administration of oral tacrolimus to pregnant rabbits and rats throughout the period of 
organogenesis was associated with maternal toxicity/lethality, and an increased 
incidence of abortion, malformation and embryofetal death at clinically relevant doses 
(0.5 to 6.9 times the recommended clinical dose range [0.2 to 0.075 mg/kg/day], on a 
mg/m2 basis).  Administration of oral tacrolimus to pregnant rats after organogenesis 
and throughout lactation produced maternal toxicity, effects on parturition, reduced pup 
viability and reduced pup weight at clinically relevant doses (0.8 to 6.9 times the 
recommended clinical dose range, on a mg/m2 basis).  Administration of oral tacrolimus 
to rats prior to mating, and throughout gestation and lactation produced maternal 
toxicity/lethality, marked effects on parturition, embryofetal loss, malformations, and 
reduced pup viability at clinically relevant doses (0.8 to 6.9 times the recommended 
clinical dose range, on a mg/m2 basis).  Interventricular septal defects, hydronephrosis, 
craniofacial malformations and skeletal effects were observed in offspring that died. 
[see Pregnancy (8.1)] 

The background risk of major birth defect and miscarriage in the indicated population is 
unknown. In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, 
respectively.

Clinical Considerations
Disease-Associated Maternal and/or Embryo-Fetal Risk
Risks during pregnancy are increased in organ transplant recipients.

The risk of premature delivery following transplantation is increased. Pre-existing 
hypertension and diabetes confer additional risk to the pregnancy of an organ transplant 
recipient. Pre-gestational and gestational diabetes are associated with birth 
defects/congenital anomalies, hypertension, low birth weight and fetal death. 
Cholestasis of pregnancy (COP) was reported in 7% of liver or liver-kidney (LK) 
transplant recipients, compared with approximately 1% of pregnancies in the general 
population. However, COP symptoms resolved postpartum and no long-term effects on 
the offspring were reported.
Maternal Adverse Reactions
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PROGRAF may increase hyperglycemia in pregnant women with diabetes (including 
gestational diabetes). Monitor maternal blood glucose levels regularly.
PROGRAF may exacerbate hypertension in pregnant women and increase pre-
eclampsia.  Monitor and control blood pressure. 
Fetal/Neonatal Adverse Reactions
Renal dysfunction and transient neonatal hyperkalemia have been reported at the time 
of delivery in infants of mothers taking PROGRAF. 

Labor or Delivery
There is an increased risk for premature delivery (< 37 weeks) following transplantation 
and maternal exposure to PROGRAF. 

Data
Human Data
There are no adequate and well controlled studies on the effects of tacrolimus in human 
pregnancy. 

Safety data from the TPRI and postmarketing surveillance suggest infants exposed to 
tacrolimus in utero have an increased risk for miscarriage, pre-term delivery (< 37 
weeks), low birth weight (< 2500 g), birth defects/congenital anomalies and fetal 
distress.
TPRI reported 450 and 241 total pregnancies in kidney and liver transplant recipients 
exposed to tacrolimus, 
respectively. The TPRI pregnancy outcomes are summarized in Table 15.  

Table 15.  TPRI Reported Pregnancy Outcomes in Transplant Recipients with 
Exposure to Tacrolimus 

Kidney Liver
Pregnancy Outcomes* 462 253

Miscarriage 24.5% 25%
Live births 331 180

Pre-term delivery (< 37 
weeks) 49% 42%

Low birth weight (< 2500 g) 42% 30%
Birth defects 8%† 5%

* Includes multiple births and terminations.
† Birth defect rate confounded by concomitant  exposure in over half of offspring 

with birth defects.
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Additional information reported by TPRI in pregnant transplant patients receiving 
tacrolimus included diabetes during pregnancy in 9% of kidney recipients and 13% of 
liver recipients and hypertension during pregnancy in 53% of kidney recipients and 
16.2% of liver recipients.
Animal Data

Administration of oral tacrolimus to pregnant rabbits throughout organogenesis 
produced maternal toxicity and abortion at 0.32 mg/kg (0.5 to 1.4 times the 
recommended clinical dose range [0.2 to 0.075 mg/kg/day], on a mg/m2 basis). At 1 
mg/kg (1.6 to 4.3 times the recommended clinical dose range), embryofetal lethality and 
fetal malformations (ventricular hypoplasia, interventricular septal defect, bulbous aortic 
arch, stenosis of ductus arteriosus, omphalocele, gallbladder agenesis, skeletal 
anomalies) were observed.  Administration of 3.2 mg/kg oral tacrolimus (2.6 to 6.9 times 
the recommended clinical dose range) to pregnant rats throughout organogenesis 
produced maternal toxicity/lethality, embryofetal lethality and decreased fetal body 
weight in the offspring of C-sectioned dams; and decreased pup viability and 
interventricular septal defect in offspring of dams that delivered.  

In a peri-/postnatal development study, oral administration of tacrolimus to pregnant rats 
during late gestation (after organogenesis) and throughout lactation produced maternal 
toxicity, effects on parturition, and reduced pup viability at 3.2 mg/kg (2.6 to 6.9 times 
the recommended clinical dose range); among these pups that died early, an increased 
incidence of kidney hydronephrosis was observed.  Reduced pup weight was observed 
at 1.0 mg/kg (0.8 to 2.2 times the recommended clinical dose range).

Administration of oral tacrolimus to rats prior to mating, and throughout gestation and 
lactation produced maternal toxicity/lethality and reduced pup viability at 3.2 mg/kg (2.6 
to 6.9 times the recommended clinical dose range).  Interventricular septal defects, 
hydronephrosis, craniofacial malformations and skeletal effects were observed in 
offspring that died.   effects on parturition  

 were observed at 1 mg/kg (0.8 to 2.2 times the 
recommended clinical dose range).  [  

 Nonclinical Toxicology (13.1)]  
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8.2  Lactation

Risk Summary
Controlled lactation studies have not been conducted in humans, however tacrolimus 
has been reported to be present in human milk. The effects of tacrolimus on the 
breastfed infant, or on milk production have not been assessed. Tacrolimus is excreted 
in rat milk and in pre-/postnatal rat studies, exposure to tacrolimus during the post-natal 
period was associated with developmental toxicity in the offspring at clinically relevant 
doses [see Pregnancy (8.1)]. 
The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for PROGRAF and any potential adverse effects on the 
breastfed child from PROGRAF or from the underlying maternal condition. 

8.3 Females and Males of Reproductive Potential

Contraception
PROGRAF can cause fetal harm when administered to pregnant women. Advise female 
and male patients of reproductive potential to speak to their healthcare provider on 
family planning options including appropriate contraception prior to starting treatment 
with PROGRAF [see Pregnancy (8.1), Nonclinical Toxicology (13.1)].

Infertility
Based on findings in animals, male and female fertility may be compromised by 
treatment with PROGRAF [see Nonclinical Toxicology (13.1)]. 

13  NONCLINICAL TOXICOLOGY

13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis 
Carcinogenicity studies were conducted in male and female rats and mice. In the 80-
week mouse oral study and in the 104-week rat oral study, no relationship of tumor 
incidence to tacrolimus dosage was found. The highest dose used in the mouse was 3.0 
mg/kg/day (0.9 to 2.2 times the AUC at clinical doses of 0.075 to 0.2 mg/kg/day) and in 
the rat was 5.0 mg/kg/day (0.265 to 0.65 times the AUC at clinical doses of 0.075 to 0.2 
mg/kg/day) [see Boxed Warning and Warnings and Precautions (5.2)]. 

A 104-week dermal carcinogenicity study was performed in mice with tacrolimus 
ointment (0.03% - 3%), equivalent to tacrolimus doses of 1.1-118 mg/kg/day or 3.3-354 
mg/m2/day. In the study, the incidence of skin tumors was minimal and the topical 
application of tacrolimus was not associated with skin tumor formation under ambient 
room lighting. However, a statistically significant elevation in the incidence of 
pleomorphic lymphoma in high-dose male (25/50) and female animals (27/50) and in 
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the incidence of undifferentiated lymphoma in high-dose female animals (13/50) was 
noted in the mouse dermal carcinogenicity study. Lymphomas were noted in the mouse 
dermal carcinogenicity study at a daily dose of 3.5 mg/kg (0.1% tacrolimus ointment). 
No drug-related tumors were noted in the mouse dermal carcinogenicity study at a daily 
dose of 1.1 mg/kg (0.03% tacrolimus ointment). The relevance of topical administration 
of tacrolimus in the setting of systemic tacrolimus use is unknown.

The implications of these carcinogenicity studies to the human condition are limited; 
doses of tacrolimus were administered that likely induced immunosuppression in these 
animals, impairing their immune system’s ability to inhibit unrelated carcinogenesis.

Mutagenesis
No evidence of genotoxicity was seen in bacterial (Salmonella and E. coli) or 
mammalian (Chinese hamster lung-derived cells) in vitro assays of mutagenicity, the in 
vitro CHO/HGPRT assay of mutagenicity, or in vivo clastogenicity assays performed in 
mice; tacrolimus did not cause unscheduled DNA synthesis in rodent hepatocytes.

Impairment of Fertility
Tacrolimus subcutaneously administered to male rats at paternally toxic doses of 2 
mg/kg/day (1.6 to 4.3 times the recommended clinical dose range [0.2 to 0.075 
mg/kg/day], on a mg/m2 basis) or 3 mg/kg/day (2.4 to 6.4 times the recommended 
clinical dose range) resulted in a dose-related decrease in sperm count. Tacrolimus 
administered orally at 1.0 mg/kg (0.8 to 2.2 times the clinical dose range) to male and 
female rats, prior to and during mating, as well as to dams during gestation and 
lactation, was associated with embryolethality and adverse effects on female 
reproduction. Effects on female reproductive function (parturition) and embryolethal 
effects were indicated by a higher rate of pre- and post-implantation loss and increased 
numbers of undelivered and nonviable pups. When administered at 3.2 mg/kg (2.6 to 
6.9 times the clinical dose range), tacrolimus was associated with maternal and paternal 
toxicity as well as reproductive toxicity including marked adverse effects on estrus 
cycles, parturition, pup viability, and pup malformations.

2 Drug Information

2.1 Drug
CAS Registry Number: 104987-11-3 

Generic Name: FK506; Prograf 0.2 mg and 1 mg granules for oral suspension  

Proposed Trade Name:  

Chemical Name: 3S-[3R*[E(1S*,3S*,4S*)] ,4S*,5R* ,8S*,9E,12R*,14R*,15S*,16R*, 
18S*,19S*,26aR* -5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a -hexadecahydro-5, 
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19-dihydroxy -3-[2-(4-hydroxy-3-methoxycyclohexyl) -1-methylethenyl]-14,16-dimethoxy 
-4,10,12,18-tetramethyl-8-(2-propenyl) -15,19-epoxy-3H-pyrido[2,1-c] [1,4] 
oxaazacyclotricosine-1,7,20,21(4H,23H) -tetrone, monohydrate

Molecular Formula/Molecular Weight: C44H69NO12 / 804.018 g/mol

Structure or Biochemical Description:  

Pharmacologic Class:  Calcineurin inhibitor; immunosuppressant 

2.2 Relevant INDs, NDAs, BLAs and DMFs
 IND 64,148
 NDA 050708:  Prograf® Capsules 
 NDA 050709: Prograf® Injection.  

o NDA 050708 and NDA 050709  were originally approved on April 8, 1994 
for the indication of prophylaxis of organ rejection in patients receiving 
allogeneic liver transplants and the additional indications of prophylaxis of 
organ rejection in patients receiving allogeneic kidney transplants and 
heart transplants were approved on April 22, 1997 and March 29, 2006, 
respectively.

 NDA 204096:  Astagraf 
 DMF 16833:  Tacrolimus (FK506) Drug Substance, Astellas Pharma Tech Co., 

Ltd.  Letter of authorization included in application

Reference ID: 4248532



NDA#210115  Reviewer: Aaron Ruhland

13

2.3 Drug Formulation

2.4 Comments on Novel Excipients
All excipients are qualified for oral administration at the quantity proposed. 

2.6 Proposed Clinical Population and Dosing Regimen

Patient Population Recommended Initial Oral 
Dosage (two divided 
doses every 12 hours)

Observed Whole Blood 
Trough Concentrations

Adult Kidney transplant
In combination with     
azathioprine

0.2 mg/kg/day
(capsules)

month 1-3: 7-20 ng/mL
month 4-12: 5-15 ng/mL

In combination with 
MMF/IL-2 receptor
antagonist

0.1 mg/kg/day
(capsules)

month 1-12: 4-11 ng/mL

Adult Liver transplant 0.10-0.15 mg/kg/day
(capsules)

month 1-12: 5-20 ng/mL

Pediatric Liver transplant 0.15-0.20 mg/kg/day
(capsule or granules)

month 1-12: 5-20 ng/mL

Adult Heart transplant 0.075 mg/kg/day
(capsules)

month 1-3: 10-20 ng/mL
month ≥ 4: 5-15 ng/mL

2.7 Regulatory Background

IND 64,148
 Pre-NDA meeting 10-17-2016 (minutes dated 11-16-2016)

o Review dated 1-5-2017 (author: Aaron Ruhland)
 FDA agreed that the nonclinical testing of tacrolimus conducted to 

support approval of Prograf capsules could be cross-referenced 
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(NDAs 50-708 Prograf capsules, 50-709 Prograf injection and 
204096 Astagraf XL). 

 FDA agreed with the Applicant’s plan to not submit content to 
Module 2.6, nonclinical written and tabulated summaries or data to 
Module 4. 

NDA 204096
 Type C Meeting (meeting cancelled); comments dated  7-17-2014)

o FDA agreed that on the basis of the known nonclinical profile for 
tacrolimus, no additional nonclinical work was necessary for tacrolimus 
granules. 

3 Studies Submitted

3.1 Studies Reviewed 

 No new nonclinical studies were submitted for review.
 For pivotal studies conducted to support acute toxicity, repeat dose toxicity, 

genotoxicity, safety pharmacology and carcinogenicity, see Pharmacology review 
of NDA 050708.  

3.3 Previous Reviews Referenced

 NDA 050708:  Prograf Capsules 
o Original NDA review:  Lauren E Black, PhD (dated ~12/15/1993)

Excerpts from NDA 050708 review regarding reproductive toxicity of tacrolimus: 

General reproductive performance in rats (Segment I). 

CD rats (30/sex/group) were given oral vehicle (Suspending agents in distilled 
water) or FK506 at doses of 0.32, 1 or 3.2 mg/kg (LD, MD, and HD, respectively).  
The clinical maintenance dose of FK506 is approximately 0.15 mg/kg (or 10 ng/mL, 
whole blood levels), equivalent on a body surface area basis (correction factor of 
6.3) to a rat dose of approximately 1 mg/kg, the MD.  Males were doses for 60 days 
prior to mating, during mating (a maximum of 15 days), and up until Day 13 of 
gestation, when they were sacrificed and necropsied.  Females were dosed for 14 
days prior to mating, during mating (a maximum of 15 days), during gestation 
(typically 20-21 days; dams not delivering by day 25 were sacrificed to determine 
cause) , and during lactation (21 days).  One-third of the dams were sacrificed and 
necropsied at Day 13 of gestation; two-third were permitted to continue through 
parturition and nursing.  Litters were culled to 10 pups each at Day 4 of lactation to 
an equal number/sex where possible using a random number table.  Clinical 
observations, indices of reproductive performance, estrous cycle observations, 
body weight, food consumption, and necropsy results of sires, dams, and pups 
were monitored during the study with the exception of food consumption during 
cohabitation and mating .
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Four deaths occurred on study, a control animal died from gavage error; 3 animals 
died in the 3.2 mg/kg group (HD).  One male was sacrificed in extremis on Day 76 
following signs of emaciation, labored breathing, sensitivity to touch, circling, 
tremors and leaning.  Two females died, one on Day 43 (lactation Day 2) with no 
signs except blood in one uterine horn; the other on Day 51 (Day 10 of lactation), 
showed abnormal signs of emaciation, swollen ventral abdomen, enlarged spleen, 
mottled lungs, and abscess in one uterine horn. Clinical signs suggestive of 
neurological involvement and soft stools were evident in HD males; additionally, 
decreased body weight gains (BWG) and food consumption (FC) were noted. In the 
HD groups, lower body weight gains were seen during gestation, but this was 
attributable to the low total litter weights. Evidence of maternal toxicity was 
decreased body weights at lactation day 7 in the HD only; also HD dams showed 
reduced food consumption during gestational intervals 0-7 and 7-13 and during 
lactation. Maternal toxicity was not evident at the MD. No effects of drug were seen 
on production or release of corpora lutea or conception rate; however, effects on 
other aspects of female reproduction were marked at the HD. These effects were 
lengthened diestrus, increased copulatory interval (average time until confirmed 
mating, and increased pre- and post-implantation losses (early resorptions only). 
These effects resulted in a 40% and 79% reductions in live litter size at the 
gestation day 13 and postpartum, respectively. Increased preimplantation loss was 
also evident at the MD. Preimplantation losses for the 4 groups were: control, 5 lost 
from 2 dams; LD, 9 lost from 4 dams; MD, 28 lost from 7 dams; and HD, 27 lost 
from 6 dams. Although this effect was evident at a low incidence in the controls, the 
site and dam incidence was 5-fold and 3.5- fold the control Incidence, respectively, 
at the MD level. The dose-trend and litter distribution suggest the biological 
significance of this effect. Marked effects on parturition were observed including 
increased average time to delivery among HD dams (23 vs. 21days); 75% of the 
HD dams failed to deliver spontaneously; 4 dams displayed partial deliveries with 
retained pups found to be nonviable in utero at terminal necropsy (7 pups from 4 
dams); 3 MD dams retained pups (4 pups from 2 dams) or placenta (1 placenta, 1 
dam); 1 LD dam retained 1 pup; and no retentions were evident in control animals. 
The dose dependence and litter distribution of this effect suggest drug related 
abnormalities in parturition in the MD group.
While the pups delivered of the HD dams were normal in weight, viability was 
significantly reduced, with only 30% of the pups surviving to lactation day 7; pups 
surviving to day 7 also survived to day 21 . Mean weights were reduced In this 
group at day 7, but subsequent weighings showed that between days 7 and 14, 
mean weights increased to control levels and remained equal until day 21. As 
reported by the sponsor (no data table included; requested 7/2) there were no 
consistent skeletal or visceral abnormalities in the pups which died; however, 1 pup 
from each of 2 dams was noted to have an unusual intraventricular septal defect. 
(An additional dam was seen to have a pup retained in utero which had ablepharia, 
cleft palate, and craniorachischisis.) Among the MD pups which died, one had a 
vertebral malformation, another had a 7th rib, and another had hydronephrosis. 
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(After 1 HD dam died, her litter was sacrificed; of these pups, 3 had 
hydronephrosis.) 

Developmental toxicity study in rats of p.o. FK506 (Segment II)

Female CD rats (40/group), designated the F0 generation, were given oral vehicle 
or FK506 at doses of 0.32, 1.0, or 3.2 mg/kg from gestation days 7-17 (during F1 
organogenesis). On gestation day 20, half of the F0 females warn subjected to 
Caesarian section and necropsy; 10 of the remaining 20 were permitted to deliver. 
From those 10 litters, effects on the F1 litter viability were enumerated; culling of the 
F1 pups was performed on lactation Day 4. Following lactation day 21, the F1 pups 
were further selected (2/sex/litter) for testing developmental and behavioral 
parameters (1 /sex/liter), as well as for evaluating fertility and reproductive 
parameters (1 /sex/litter; at aged 90 days) and effects on the F2 generation. The 
following behavioral and developmental indices were tested in the F1 rats: static 
righting reflex, pinna detachment, cliff aversion, eye opening, air-drop righting 
reflex, neuropharmacological evaluation {Irwin test), auditory response, rotarod 
performance, activity and emotionality {Digiscan® activity monitor), and passive 
avoidance test. The latter two tests are known to be sensitive behavioral indicators 
of adverse effects on neurological development. No effects of F0 dosing were seen 
on the behavior, development, or reproductive function of the F1 generation, nor 
were any effects seen on the viability, weight, or clinical appearance of the F2 pups. 
Maternally toxic effects were seen in the HD F0 dams; these effects were reduced 
body weight gain (41 %) during gestation days 13-18 and reduced food 
consumption (23 %) during days 7-14. Two mortalities which may have been 
related to drug treatment (exact cause undetermined) were both in the HD group 
and occurred on days 13 and 23 of gestation; the former was associated with 
dilated kidney and blood in the urine; the latter was associated with parturition.

Effects on the F1 generation included decreased fetal body weights in the MD and 
HD groups, and was consistent with a slightly increased incidence of developmental 
variations (101 HD pups rather than 67 in controls showing unossified bones and 
rib variations). A slight (not statistically significant) increase in post-implantation loss 
was seen in the HD only which correlated with a slight Increase in late resorptions 
(0.2/dam rather than 0/dam in controls) and decrease in live litter size at birth (a 
20% reduction in the number born live/number of implantations; effect not evident at 
caesarian section). Decreased pup viability was also seen on days 0 and 1 in the 
HD group; pups living to day 4 were still alive at day 21. Of the pups found dead on 
these days (8), 2 were cannibalized, 1 had an interventricular septa I defect (seen 
also in the previous study). No observations seen in pups found dead were seen in 
more than 1 pup; no effects appeared to be dose-responsive.

Perinatal and lactation study of FK506 in rats (Segment III)
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Female CrI:CD VAE/Plus rats, designated the F0 generation, were given oral 
vehicle or FK506 at doses of 0.32, 1.0 or 3.2 mg/kg (LD, 25 mated; MD, 31 mated; 
and HD, 33 mated; respectively) from gestation day 17 through parturition (on 
gestation day 21 or lactation day 0) through lactation day 21, when the F1 
generation was weaned; culling of the F1 pups was performed on lactation day 4. 
The F1 was only exposed in utero for 5 days after organogenesis, and are likely to 
have been exposed to FK506 or its metabolites during nursing as shown in the 
section below on pharmacokinetics. The F1 pups were selected (2/sex/litter) for 
testing developmental and behavioral parameters (1/sex/litter, as well as for 
evaluating fertility and reproductive parameters (1 /sex/litter; at age 90 days) and 
effects on the F2 generation. The following behavioral and developmental indices 
wore tested in the F1 rats: static righting reflex, pinna detachment, generalized hair 
growth, tooth eruption, cliff aversion, eye opening, corneal reflex, pupillary reflex, 
air-drop righting reflex, neuropharmacological evaluation (Irwin test), pain response, 
testicular descent, auditory response, vaginal opening, rotarod performance, activity 
and emotionality (Digiscan® activity monitor), and passive avoidance test. The 
latter two tests are known to be sensitive behavioral indicators of adverse effects on 
neurological development. The only affects seen in the behavioral and 
developmental tests was slight delays in eye opening and testicular descent. No 
mortalities or changes in normal clinical signs were detected on study. 

Maternal toxicity was shown by decreased body weight gain (BWG; 72%) and food 
consumption (FC; 40%) in the HD F0 dams during gestation days 17, 18, 19, and 
20, the period during which dosing commenced. Body weight gains were increased 
(>2x) in the HD dams during lactation days 0-21; during days 7-14, all groups 
gained similarly; during days7-14, the HD group gained 40% more than the other 
groups; and during days 14-21 when control, LD, and MD dams lost 14-22 g of 
weight, HD dams gained 8 g. These effects on BWG during lactation are 
paradoxical when compared with FC patterns; FC among HD dams was reduced 
significantly during lactation days 0-7 (30%) and days 7-14 (17%). 

Only one dam on study did not deliver and was confirmed gravid; a HD dam. The 
results of the Segment I study showed a marked adverse effect of 3.2 mg/kg FK506 
on the parturition index. The birth index (the number of live newborns per no. of 
implantations) was not reduced in this study; however the HD F1 pups showed 
reduced viability between lactation days 0 and 4 (78% of the number born viable 
remained at day 4 in the HD, vs. 95-97% in the other groups). Body weights of the 
HD F1 pups were lower than weights of control pups during lactation (approximately 
20%) and maturation (10% lower, out to 20 weeks). Body weights of the MD F1 
animals was also reduced (approximately 10%) to a degree which was statistically 
significant by lactation day 7. Among the F1 pups which died, 48 pups from 10 HD 
litters were examined for gross abnormalities: 6/48 showed kidney hydronephrosis 
but no other abnormalities were evident. Following maturation of the F1 generation, 
young adults were mated; no effects on the F1 reproductive capacities or the F2 
pups were noted. 
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Comment: The Segment Ill study in rats evaluated doses of 0.32, 1.0, and 3.2 
mg/kg; dams were dosed after organogenesis and during lactation. Maternal toxicity 
was evident at 3.2 mg/kg and expressed as decreased body weight gains and food 
consumption during gestation, decreased food consumption during lactation, and 
increased body weight gains during lactation. Also evident at this dose was reduced 
pup viability during lactation days 0-4 and reduced pup weights which were evident 
as late as 20 weeks of age. The only effect seen at doses below those which were 
maternally toxic was reduced pup weights in litters from dams given 1.0 mg/kg. This 
effect was evident only during the later stages of lactation, indicating that FK506 
may inhibit lactation.

Segment II reproductive toxicity study in New Zealand white rabbits

Pregnant does were dosed orally with vehicle or FK506 at doses of 0.1, 0.32, or 1.0 
mg/kg during organogenesis of the fetus, day 6-18 in the rabbit. Parturition normally 
occurs at day 30 in this species; on day 29, all dams were sacrificed and full 
examination was made of reproductive organs and fetuses.. Maternal toxicity was 
evident In the LD, MD and HD groups for the day 6-18 time period as evidenced by 
a 50% decrease in body weight gain in the LD group, no BWG in the MD group, 
and a 154 g (approximately 5%) weight loss in the HD  group. Decreased food 
consumption was also seen in the MD (10%} and HD (50%} groups during the 
dosed interval. Clinical signs were also seen in the MD and HD group including 
reduced stool, soft stool, increased lacrimation, and stained fur (inadequate 
grooming). Two dams aborted; one on day 29 and the other on day 23 in the MD 
and HD groups, respectively. Adverse effects on reproduction and fetal health were 
evident in the MD and HD groups. At the HD, a 4-fold increase (over control level) 
was seen in post-implantation loss, which corresponded with decreased litter sizes. 
Also seen in the HD fetuses was an increased Incidence of developmental 
variations (over control levels; unossified sternebrae, fetal and litter· incidence 
increased 50%; greater than 12 pairs of full ribs, fetal incidence increased 2- fold; 
increased 27 presacral vertebrae, 2-3 fold increases in fetal and litter incidence) 
and malformations (cardiovascular: ventricular hypoplasia, interventricular septal 
defect, bulbous aortic arch and stenosis of arch and ductus arteriosis; omphalocele, 
interrupted ossification of vertebral arch, vertebraI malformation, rib malformation. 
and gallbladder agenesis). The total number of HD malformations was 22 out of 12 
fetuses, from 8 does; litters from a total of 16 does were examined in the HD group. 
The rates of malformations in the MD groups was similar to control; 2 malformations 
in 2 fetuses, from 2 litters out of 18 does. While the vertebral malformation 
appeared once at the MD, twice at the HD (2%), and not at all in the LD and control 
groups, and appeared to be dose-responsive, this is a common malformation seen 
in historical controls at a rate of 0.6%; therefore, in this reviewer's opinion, 
increased rates of malformation are not seen at the MD. (A similar case is true for 
the increased 27th presacral vertebrae and unossified sternebrae; slightly 
increased rates of variations or trends upward were evident at the MD, but only for 
the most common variations.)
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11 Integrated Summary and Safety Evaluation

It appears that the Applicant omitted important information regarding the potential for 
tacrolimus to cause abortion and other specific birth defects.  The text added by this 
reviewer is the exact language in the current, approved labeling, covers pertinent 
aspects of the nonclinical study results, and needs no additions/deletions.  It is 
recommended that the current, approved language and the nonclinical study findings 
they convey in Section 8 of the label be included in the Animal Data subsection of this 
revised labeling.  For kidney transplantation, the clinical starting oral doses of Prograf is 
0.2 mg/kg/day, and for heart transplant the clinical starting oral dose of Prograf is 0.075 
mg/kg/day.  These doses represent the low and high range of potential clinical starting 
doses (e.g. for liver transplant the starting oral dose of Prograf capsules is 0.10 to 0.15 
mg/kg/day) and will be used to calculate exposure margins for nonclinical sections of 
the label.  Pertinent data in the study summaries (see below) supports the calculation of 
safety margins and the current language:

 Rabbit:
o Maternal toxicity

 Observations at 0.1, 0.32 and 1.0 mg/kg:
 50% decrease in body weight gain at lowest dose, no body 

weight gain at mid-dose, or body weight loss at high dose.
 Decreased food consumption (at 0.32 and 1.0 mg/kg, only)
 Clinical signs:  reduced stool, soft stool, increased 

lacrimation, stained fur (at 0.32 and 1.0 mg/kg, only)
 Exposure margins over human dose range (0.075 – 0.2 mg/kg or 

4.5 – 12.0 mg/day), based on BSA: 
 Rabbit dose:

o 1.0 mg/kg (12 mg/m2)
 Margin over 0.075 mg/kg (2.775 mg/m2): 4.3-

fold
 Margin over 0.2 mg/kg (7.4 mg/m2): 1.6-fold

o 0.32 mg/kg (3.84 mg/m2)
 Margin over 0.075 mg/kg (2.775 mg/m2): 1.4-

fold
 Margin over 0.2 mg/kg (7.4 mg/m2): 0.5-fold

o 0.1 (1.2 mg/m2)
 Margin over 0.075 mg/kg (2.775 mg/m2): 0.43-

fold
 Margin over 0.2 mg/kg (7.4 mg/m2): 0.16-fold

 The range of doses described in the current, approved labeling are 
correct.  

o Abortion and post-implantation loss 
 Observed at 0.32 mg/kg and 1.0 mg/kg

 Single incident at each dose.  At 0.32mg/kg: (0.5 to 1.4-fold)
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 Increased post-implantation loss seen at 1.0 mg/kg as well.  
At 1.0 mg/kg: (1.6 to 4.3-fold) 

 Safety margin over human dose range (calculated above):  
 0.5 – 4.3-fold 

 It appears the Applicant has replaced the term “abortion”  
  Additionally, the Applicant only proposes  

  Therefore, the Applicant’s proposed changes are not 
acceptable.  The full range of margins as shown in the current, 
approved labeling should be reported.  The term “abortion” should 
continue to be used as it is accurate and has been used in other 
PLLR conversions for transplant drugs where applicable. 

o  Fetal malformations
 Observed at 1.0 mg/kg 

 Safety margin over human dose range (see above for calculations):
 1 – 4.3 fold  

o Reporting this margin the labeling in association with 
the described effects is not necessary since the range 
for these doses is already provided describing other 
effects such as abortion and maternal toxicity 

 Applicant culls some language on specific birth anatomical defects 
and classifies them according to organ class.  The descriptive 
language in the current approved labeling should be continued.  

 Rats 
o Maternal Toxicity 

 Observations at 3.2 mg/kg (19.2 mg/m2)
 Safety margins over human dose range (0.075 – 0.2 mg/kg or 4.5 – 

12.0 mg/day): 
 Margin over 0.075 mg/kg (2.775 mg/m2): 6.9 -fold
 Margin over 0.2 mg/kg (7.4 mg/m2): 2.6-fold

o Late resorptions: 
 Observed as 3.2 mg/kg
 Same dose range as for maternal toxicity 

o Decreased live births
 Observed as 3.2 mg/kg
 Same dose range as for maternal toxicity 

o Decreased pup weight
 Observed as 3.2 mg/kg
 Same dose range as for maternal toxicity 

o Decreased pup viability
 Observed as 3.2 mg/kg
 Same dose range as for maternal toxicity 
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o Peri-postnatal development 
 Reduced pup weight, 

 Reported at 1.0 and 3.2 mg/kg (6 and 19.2 mg/m2, 
respectively)

 Safety margin over human dose range:
o 1.0 mg/kg 

 Margin over 0.075 mg/kg (2.775 mg/m2): 2.2-
fold

 Margin over 0.2 mg/kg (7.4 mg/m2): 0.81-fold
o 3.2 mg/kg

 Margin over 0.075 mg/kg (2.775 mg/m2): 6.9 -
fold

 Margin over 0.2 mg/kg (7.4 mg/m2): 2.6-fold

 Reduced pup viability (and associated kidney hydronephrosis) 
 Reported at 3.2 mg/kg (19.2 mg/m2)

o 3.2 mg/kg
 Margin over 0.075 mg/kg (2.775 mg/m2): 6.9 -

fold
 Margin over 0.2 mg/kg (7.4 mg/m2): 2.6-fold

12 Appendix/Attachments

APPENDIX A:   Current Prograf Labeling
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