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1.  Background information on the procedure 

1.1.  Type II group of variations 

Pursuant to Article 7.2 of Commission Regulation (EC) No 1234/2008, Roche Registration GmbH 

submitted to the European Medicines Agency on 31 May 2023 an application for a group of variations.  

The following variations were requested in the group: 

Variations requested Type Annexes 

affected 

C.I.z  C.I.z - Changes (Safety/Efficacy) of Human and 

Veterinary Medicinal Products - Other variation  

Type IB I, II and IIIB 

C.I.6.a  C.I.6.a - Change(s) to therapeutic indication(s) - Addition 

of a new therapeutic indication or modification of an 

approved one  

Type II I and IIIB 

C.I.6.a: Extension of indication to include paediatric patients (3 months to 18 years of age) for hepatic 

and cardiac transplants and to extend the indication for renal transplants for paediatric patients starting 

from 3 months, based on pharmacokinetic data, published literature and the Roche Global Safety 

Database. As a consequence, sections 4.1, 4.2, 4.8 and 5.2 of the SmPC are updated. The Package 

Leaflet is updated accordingly. 

Type IB (C.I.z): Update of the precautions to be taken before handling or administering the medicinal 

product in section 4.2 of the SmPC for the CellCept 500 mg tablets formulation in order to be in line with 

the other CellCept formulations. The Package Leaflet is updated to cross reference section 2 in section 6 

for sodium content, in line with the QRD guidance. 

In addition, the MAH took the opportunity to introduce minor editorial changes to the PI and bring the PI 

in line with the latest QRD template version 10.3. 

The group of variations requested amendments to the Summary of Product Characteristics, Annex II and 

Package Leaflet. 

Information on paediatric requirements 

Not applicable 

Information relating to orphan market exclusivity 

Similarity 

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No 

847/2000, the MAH did not submit a critical report addressing the possible similarity with authorised 

orphan medicinal products because there is no authorised orphan medicinal product for a condition 

related to the proposed indication. 

Scientific advice 

The MAH did not seek Scientific Advice at the CHMP. 
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1.2.  Steps taken for the assessment of the product 

The Rapporteur and Co-Rapporteur appointed by the CHMP were: 

Rapporteur: Thalia Marie Estrup Blicher  Co-Rapporteur:  N/A 

 

Timetable Actual dates 

Submission date 31 May 2023 

Start of procedure: 17 June 2023 

CHMP Rapporteur Assessment Report 18 August 2023 

CHMP members comments n/a 

Updated CHMP Rapporteur(s) (Joint) Assessment Report 7 September 2023 

Request for supplementary information (RSI) 14 September 2023 

CHMP Rapporteur Assessment Report 21 February 2024 

PRAC Rapporteur Assessment Report 21 February 2024 

PRAC Outcome 7 March 2024 

CHMP members comments n/a 

Updated CHMP Rapporteur Assessment Report 15 March 2024 

2nd Request for supplementary information (RSI) 21 March 2024 

CHMP Rapporteur Assessment Report 22 June 2024 

PRAC Rapporteur Assessment Report 22 June 2024 

PRAC members comments 04 July 2024 

Updated PRAC Rapporteur Assessment Report 08 July 2024 

PRAC Outcome 11 July 2024 

CHMP members comments 11 July 2024 

Updated CHMP Rapporteur Assessment Report 19 July 2024 

3rd Request for supplementary information (RSI) 25 July 2024 

CHMP Rapporteur Assessment Report 17 September 2024 

PRAC Rapporteur Assessment Report 17 September 2024 

PRAC members comments n/a 

Updated PRAC Rapporteur Assessment Report 27 September 2024 

PRAC Outcome 03 October 2024 

CHMP members comments n/a 

Updated CHMP Rapporteur Assessment Report n/a 

4th Request for supplementary information (RSI) 17 October 2024 

CHMP Rapporteur Assessment Report 30 October 2024 

PRAC Rapporteur Assessment Report 30 October 2024 

PRAC members comments n/a 
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Timetable Actual dates 

CHMP members comments n/a 

Updated PRAC Rapporteur Assessment Report 07 November 2024 

Updated CHMP Rapporteur Assessment Report 07 November 2024 

CHMP Opinion 14 November 2024 
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2.  Scientific discussion 

2.1.  Introduction 

2.1.1.  Problem statement 

Disease or condition 

Heart transplantation (HTx) 

Congenital heart disease (CHD, also referred to as congenital cardiomyopathy) is the most common 

underlying diagnosis in infants younger than 1 year of age, representing a diverse group of diseases that 

can lead to transplantation. Among older patients, cardiomyopathy remains the predominant cause for 

HTx. Paediatric HTx accounts for approximately 14% of the total HTx worldwide (Dipchand et al. 2013) 

The number of paediatric HTx reported to the International Society for Heart and Lung Transplantation 

(ISHLT) registry has increased over time to 442 in 2004, 586 in 2014, and 684 in 2015 (Rossano et al. 

2016). In 2019, there were 507 paediatric HTx performed in the US (14%), in patients up to 17 years of 

age (OPTN 2020). 

Liver transplantation (LTx) 

The number of LTx in Europe recorded in the European Liver Transplant Registry in 2019 was 4,719 and 

paediatric LTx (less than 18 years) in Europe account for approximately 10% of the LTx annually (around 

500 paediatric LTx in 2019). Over the past decade, recipient age, sex, and racial distributions have 

changed little. As in previous years, cholestatic biliary atresia remained the leading cause of liver failure. 

Children are typically undergoing transplant at higher acuity than in the past and this is likely due to the 

lack of suitable donor organs. Blood group incompatible (ABOi) LTx occurred in 5.4% of recipients in 

2017-2019, an increase from 3.5% in the previous era (Kwong et al. 2021). 

State the claimed therapeutic indication 

New text (in bold and underlined): 

CellCept is indicated in combination with ciclosporin and corticosteroids for the prophylaxis of acute 

transplant rejection in adult and paediatric (3 months to 18 years of age) patients receiving 

allogeneic renal, cardiac, or hepatic transplants. 

Management 

Immunosuppression therapy is used to prevent rejection of the donor organ thereby enabling organ and 

patient survival. It is commonly separated into induction therapy (given at time of transplant), 

maintenance therapy (chronic medications), and acute rejection therapy (for the treatment of acute 

complications). 

The model of alloimmune response, involving both naïve and memory lymphocytes, in the rejection of 

transplanted organs has been described in detail in the literature (Halloran et al. 2004). Rejection 

episodes are not an organ-specific complication and can occur for any transplanted organ. Additionally, 

there is little evidence to suggest that the mechanism of rejection is different in adults compared with 

children. 
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CellCept, in combination with ciclosporin and corticosteroids, is currently indicated in the EU for the 

prophylaxis of acute transplant rejection in patients receiving allogeneic renal, cardiac, or hepatic 

transplants, including children from 2 years of age with renal transplants. No dosing recommendation is 

available in paediatric population for use in cardiac or hepatic transplant. However, CellCept is used off-

label in the paediatric population with liver and heart transplants and in renal transplant patients below 2 

years of age and most maintenance immunosuppressive protocols in children are similar to the protocols 

used in adults and employ a three-drug regimen consisting of a calcineurin inhibitor (CNI) (such as 

Cyclosporin A (CsA) or tacrolimus (TAC)), an antimetabolite agent (mycophenolate mofetil (MMF) or less 

commonly azathioprine (AZA)), and tapering doses of glucocorticoids over the first year post 

transplantation (Kobashigawa et al. 2006; Costanzo et al. 2010). Hence, there is an unmet need for 

approved medicinal product for prophylaxis of transplant rejection in paediatric patients. 

2.1.2.  About the product 

Mycophenolate mofetil is the 2-morpholinoethyl ester of mycophenolic acid (MPA). MPA is a selective, 

uncompetitive and reversible inhibitor of inosine monophosphate dehydrogenase (IMPDH), and therefore 

inhibits the de novo pathway of guanosine nucleotide synthesis without incorporation into DNA. Because 

T- and B-lymphocytes are critically dependent for their proliferation on de novo synthesis of purines 

whereas other cell types can utilise salvage pathways, MPA has more potent cytostatic effects on 

lymphocytes than on other cells.  

In addition to its inhibition of IMPDH and the resulting deprivation of lymphocytes, MPA also influences 

cellular checkpoints responsible for metabolic programming of lymphocytes. It has been shown, using 

human CD4+ T-cells, that MPA shifts transcriptional activities in lymphocytes from a proliferative state to 

catabolic processes relevant to metabolism and survival leading to an anergic state of T-cells, whereby 

the cells become unresponsive to their specific antigen. 

Mycophenolate mofetil (MMF, CellCept) has been available to prescribers in the EU for more than 20 years 

and has remained an established component of immunosuppression protocols over this time.  

CellCept was first granted marketing approval in the United States (US) on 3 May 1995 for the 

prophylaxis of RTx rejection in adults receiving allogeneic RTx. On 14 February 1996, the initial Marketing 

Authorisation in the EU was granted for the prophylaxis of RTx rejection in adults. On 17 August 1998, 

Cellcept was approved for cardiac transplant (EMEA/H/C/00082/II/0010), and on 09 November 2000 for 

liver transplant (EMEA/H/C/00082/II/0024) in the EU. The product was subsequently approved in 119 

countries worldwide. On 16 July 2001, the European Medicines Agency (EMA) approved the prevention of 

acute rejection for the paediatric RTx population aged 2 to 18 years (procedure 

EMEA/H/C/00082/II/0027).  

2.1.3.  The development programme/compliance with CHMP 
guidance/scientific advice 

No scientific advice was given. 

2.2.  Non-clinical aspects 

2.2.1.  Introduction 

Mycophenolate mofetil (MMF) is a prodrug, that hydrolysed to 2-morpholinoethyl ester of Mycophenolic 

acid (MPA) is an immunosuppressive agent. MMF has 1.3 to 2.36 times higher oral bioavailability than 
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MPA and is rapidly and fully hydrolysed to MPA in the liver and intestine. Thus, pharmacologically active 

MPA levels are reached subsequent to MMF dosage of three‐quarters to less than one‐half of the 

corresponding amount of MPA. 

At the time of MA approval, no Environmental Risk Assessment (ERA) was required. Moreover, CellCept 

has not been re-registered in Europe since such requirements came into force (2006). In order to fulfil 

the requirements of an extension to a paediatric indication a full ERA with the existing data, partially 

assessed in compliance with GLP, was submitted. Since MMF is rapidly and fully hydrolysed to MPA in the 

liver and intestine, the ERA has been performed for the pharmacologically active substance mycophenolic 

acid (MPA). Further to the CHMP request, the ERA has been performed according to the revised EMA 

Guideline on ERA for Human Non-GMO Medicines (EMEA/CHMP/SWP/4447/00 Rev.1) of 15 February 

2024. 

No new data was provided on the pharmacology, pharmacokinetics or toxicology of MMF.  

2.2.2.  Ecotoxicity/environmental risk assessment 

Phase I: Initial screening and exposure estimation 

A PBT screening was carried out. The method used to determine the logDow values was non-GLP, non-

OECD. However, the method followed the principles of the shake-flask method according to OECD 107. 

The logDow values are below the Phase I trigger value of 4.5 according to the EMA guideline and no 

further PBT assessment is thus warranted. 

In a risk assessment of surface water, the potential environmental risks of MPA were evaluated using the 

default factors as stated in EMA guidance on ERA. The predicted environmental concentration for the 

surface water PECSW while using the default FPEN of 0.01 was calculated as 11 μg/L, which exceeds the 

phase I trigger value of 0.01 μg/L.  

Trigger values for soil 

For triggering a risk assessment for the soil compartment the PECSW was used in combination with the 

organic carbon normalised adsorption partition coefficient (KOC). Because the highest KOC,SLUDGE for MPA is 

37 L/kg (i.e. <1,000 L/kg), no soil risk assessment is required. 

Trigger values for groundwater 

A risk assessment for groundwater via bank filtration was triggered for MPA since the KOC,SLUDGE is  

37 L/kg (i.e. ≤10,000 L/kg), and MPA is not readily biodegradable. Because a soil assessment is not 

triggered, no risk assessment for groundwater via pore water is required. 

Trigger values for secondary poisoning 

With measured n-octanol/water distribution coefficient (logDOW) values of 2.28 at pH 5, 0.48 at pH 7 and 

-1.69 at pH 9 (i.e. <3) a risk assessment for secondary poisoning is not required. 

Phase II: Environmental fate and effects analysis  

Tier A: Initial environmental fate and effects analysis 

In order to evaluate the potential risks to the environment from the use of the MPA, phase II Tier A ERA 

studies reported in Table 1 have been conducted with MPA. PNEC values were derived accordingly based 

on the identified NOEC/EC10 values. 
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Table 1: List of OECD/ISO studies with MPA. 

Study Protocol 

Algae and Cyanobacteria growth inhibition study OECD 201  

Daphnid sp. Reproduction study OECD 211  

Shortened life-cycle study with zebrafish OECD 229/210  

Adsorption-Desorption test using batch 

equilibrium method 
OECD 106  

Biodegradation in activated sludge OECD 314B  

Inbibition of nitrification of activated sludge micro-

organisms 
ISO 9509 (1989) 

Respiration inhibition study with activated sludge OECD 209 

Biodegradation study OECD 301 F  

 

The MAH submitted a non-GLP study conducted according to ISO 9509 (1989) to investigate the inbibition 

of nitrification of activated sludge micro-organisms by chemicals and waste waters, used to derive the 

PNEC for micro-organisms in STP. The NOEC for inhibition of nitrification was determined to be 27.8 

mg/L. 

In addition, in a GLP study according to OECD 209 conducted in 1999, the 3h effect values EC10 = 69 

mg/L, EC20 = 164 mg/L and EC50 = 2213 mg/L were derived. 

Two water/sediment fate studies according to FDA 3.11 from 1994 and 1995 were provided. These 

studies were performed at very high dosages, 1 and 5 mg MMF/L, respectively. These dosages are about 

a factor 2,200 (for 1 mg/L dosage) and a factor 11,000 (for 5 mg/L dosage) higher than the calculated 

PECSW. At the lower dose of 1 mg/L only 5.5% of the applied radioactivity was bound to sediment, 

whereas the values was slightly above 10% (11.2%) at the high dosage of 5 mg/L. Especially in the study 

with the carboxyl-14C labelled MMF a high mineralisation of about 60% was observed. It was assumed 

that the metabolite (presumably 14C-MPA) was easily biodegradable. This is in conformance with the high 

mineralisation observed with carboxyl-14C labelled MPA in the biodegradation in activated sludge study. In 

view of the high mineralisation rate in sediment/water studies and the low DT50 values in the activated 

sludge study (1.7 days for primary and 2.9 d for ultimate degradation) a sediment toxicity test was 

considered not be required. 

Biodegradability. A non-GLP study on ready biodegradability was performed on Mycophenolate mofetil 

(MMF, prodrug) according to OECD 301 F (BMG study no. 337/a-05), demonstrating that the substance is 

not readily biodegradable (4.3% biodegradation after 28 days). 

KOC – soil fate and effects assessment. Adsorption constants to the organic carbon fraction in three soils 

and two activated sewage sludges were determined following OECD guideline 106 using 14C-labelled 

MPA. The average KOC (range in brackets) was 348 (168–557) L/kg in all three soils and 33.5 (30–37) 

L/kg in both sludges, respectively. The experimental data show that MPA will not adsorb to organic 

substrates. Based on the single and average adsorption constants for various soils and sewage sludges, 

MPA can be classified as low to medium mobile in soils and having a very high mobility in sewage sludges 



 
 

  
  

EMA/554250/2024 Page 13/115 

according to the McCall classification scheme. Hence, no consideration of the soil compartment  through 

landspreading of sewage sludge is necessary for MPA. 

Algae growth inhibition study. An OECD 201 test (conducted in 1999) over 96 hours was performed in 

compliance with GLP with the green algae Raphidocelis subcapitata. The 96 h EC10 value was 12 µg/L 

GMC based on growth rate. 

Cyanobacteria growth inhibition study. A cyanobacteria study according to OECD 201 and over 72 hours 

was performed with MPA in compliance with GLP with the cyanobacteria Anabaena flos-aquae. The 72 h 

EC10 value based on growth rate was 155 µg/L GMC. 

Daphnid reprotoxicity study. An OECD 211 test in compliance with GLP was performed with MPA with 

Daphnia magna under semi-static media exchange conditions over 21 days. The lowest NOEC for Daphnia 

magna for reproduction/fecundity is 0.929 mg/L (i.e. 929 µg/L) MMC. 

Fish, short-term reproduction assay. This GLP test was based on a detailed review paper of the OECD 

about fish life-cycle tests taking into account relevant aspects of the OECD guidelines 229 and 210. The 

aim of the study was to determine lethal and sub-lethal effects of MPA on the reproduction of mature 

Danio rerio (zebrafish) and on survival and growth of the early-life stages of this species. To achieve this, 

a series of concentrations of the test item in aqueous solution was prepared. The test organisms were 

exposed to these concentrations as well as to controls without the test item. During the test period the 

test solutions were renewed in a flow-through system. The NOEC was 10.9 µg/L based on mortality (post-

hatch survival) and on numbers of healthy fish of the F1 generation while the EC10 was established at 5.8 

µg/L. 

Tier A Risk assessment 

Surface water: 

As the phase I surface water assessment was above the trigger value of 0.01 µg/L, the MAH calculated a 

refined PECSW using consumption data in a phase II A assessment. The MAH provided consumption data 

from France, Germany, Italy, Spain and UK from IQVIA in the years 2018-2022. Consumption was largest 

in the UK in 2021 (331.5 mg/inhabitant/year), and this value was used to refine the PECSW. Using the 

equation Specific consumption / (365 d x default wastewater per inhabitant x default dilution) a refined 

PECSW was determined as 0.454 µg/L. 

 

 

For MPA a study for biodegradation in surface water according to OECD 314B was performed. Using the 

assessed DegT50, primary value of 1.7 days, a biodegradation rate k of 0.017 h-1 was calculated. Using 

this value in SimpleTreat 4.0, this results in a removal rate of MPA in sewage treatment of 0.118 (i.e. 

11.8%). 

Applying the removal rate to the value of 0.454 μg/L resulted in a PECSW-REFINED with removal in sewage 

treatment of 0.401 μg/L. 

The surface water predicted no-effect concentration PNECSW was calculated as the lowest of the chronic 

surface water ecotoxicity EC10/LC10 values of 5.8 µg/L for fish divided by an assessment factor of 10. 

This results in an PNECSW of 0.58 µg/L. 

PNECSW = 5.8 µg/L ÷ 10 = 0.58 μg/L 
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The surface water PEC÷PNEC risk characterisation ratio (RCRSW) using the PECSW based on consumption 

data and elimination in sewage treatment of 0.401 μg/L and the PNECSW of 0.58 µg/L as derived above 

was: 

RCRSW = 0.401 μg/L ÷ 0.58 μg/L = 0.69 

The resulting value of a RCRSW of 0.69 did not exceed the trigger (i.e. <1) and therefore a risk caused by 

MPA to surface waters was not to be expected. 

Risk assessment for sediment: 

The PECSED was derived using Eq. 14–17 as well as default values of the revised EMA Guidance 

Document. The PECSED is based on adsorption to suspended solids. In view of many default values, the 

PECSED ultimately depends on the (KOC) and on the surface water PEC (PECSW). The PECSED for the risk 

assessment is derived for the maximum KOC in soil (i.e. 575 L/kg) as a worst case. 

PECSED, dry weight = PECSED, wet × 4.6 = 0.005 mg/kg × 4.6 = 0.024 mg/kg dry weight 

The sediment PNEC will be derived from a chronic sediment ecotoxicity test with larvae of the midge 

Chironomus riparius, following OECD guideline 218 and performed in compliance with GLP. A study 

according to OECD 218 with the sediment dweller Chironomus riparius will be performed as a post-

marketing commitment. 

Risk assessment for sewage treatment plant: 

The sewage treatment PEC (PECSTP) was approximated as the surface water PEC multiplied by 10 (the 

default surface water dilution factor used in the PECSW calculation): 

PECSTP = 0.401 μg/L × 10 = 4.01 μg/L = 0.00401 mg/L 

The bacterial PNEC for sewage treatment (PNECSTP) was calculated as the respiration inhibition EC10 of 69 

mg/l divided by an assessment factor of 10: 

PNECSTP = 69 mg/L ÷ 10 = 6.9 mg/L 

Hence, the sewage treatment PEC÷PNEC risk characterisation ratio (RQSTP) is calculated as: 

RQSTP = 0.00401 mg/L ÷ 6.9 mg/L = 0.0006 

In conclusion the PEC÷PNEC risk characterisation ratio of 0.0006 does not indicate a risk caused by MPA 

to sewage treatment. 

Risk assessment for groundwater (via bank filtration): 

The groundwater PEC (PECGW) is approximated in a Tier A assessment as the PECSW divided by 4. The 

groundwater PNEC (PNECGW) was derived from the PNECSW of 0.58 µg/L divided by an additional 

assessment factor of 10. 

The groundwater PEC÷PNEC risk characterisation ratio (RCRGW) was calculated as follows: 

RCRGW = PECGW ÷ PNECGW 

RCRGW = (PECSW ÷ 4) ÷ (PNECSW ÷ 10) 

RCRGW = (0.401 µg/L ÷ 4) ÷ (0.58 µg/L÷ 10) = 1.73 

The MAH concluded that in view of an RCRGW of 1.73 a potential risk caused by MPA to groundwater 

cannot be excluded. A Tier B assessment for the groundwater was triggered. 
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If the RQGW is ≥1, further evaluation is needed in Tier B. Because the PECSW was already refined, a 

further refinement of the PECGW was performed by a groundwater modelling for a realistic worst-case 

scenario according to SiMBaFi – a bank filtration simulation model. 

The refined groundwater PEC÷PNEC risk characterisation ratio (RCRGW-REFINED) was calculated: 

RCRGW-REFINED = PECGW-REFINED ÷ PNECGW 

RCRGW = PECGW-REFINED ÷ (PNECSW ÷ 10) 

RCRGW = 0.115 µg/L ÷ (0.58 µg/L ÷ 10) = 1.99 

As result for the Tier B groundwater risk assessment, a potential risk caused by MPA to groundwater 

cannot be excluded.  

 

Summary of main study results 

Substance (INN/Invented Name): Mycophenolic acid (MPA)  

CAS-number (if available): 24280-93-1 

PBT screening  Result Conclusion 

Bioaccumulation potential- log 
Dow 

Shake-flask 
method (non-GLP) 

logDow at pH 5 = 2.28 
logDow at pH 7 = 0.48 
logDow at pH 9 = -1.69 

 
pKa1 = 4.58 (COOH) 
pKa2 = 8.04 (phenol) 

Not PBT 
(logDow < 4.5) 

PBT-assessment 

Parameter Result relevant 
for conclusion 

 Conclusion 

Bioaccumulation 

 

logDow  logDow at pH 5 = 2.28 

logDow at pH 7 = 0.48 
logDow at pH 9 = -1.69 

Not Bio-

accumulative 
(B) (logDow < 
3) 

BCF Not determined - 

Persistence OECD 301F 
 

Not readily biodegradable P 

Toxicity NOEC (fish) 
 
CMR substance 
(MPA) 

0.00132 mg/L T  

PBT-statement : The compound is not considered a PBT substance 

Phase I  

Calculation Value Unit Conclusion 

PECSW, default 11 g/L > 0.01 
threshold  

Phase II Physical-chemical properties and fate 

Study type Test protocol Results Remarks 

Adsorption-Desorption OECD 106 KOC ads for soil: 348 (168-

557) L/kg 
KOC ads for sludge: 33.5 (30-
37) L/kg 
 

KOC < 10,000 

L/kg 
 

Ready Biodegradability Test OECD 301 F Not readily biodegradable 
 

- 

Aerobic and Anaerobic 
Transformation in Aquatic 
Sediment systems 
(MP-SW system) 

OECD 308 
 

Not performed 
 

- 

Phase IIa Effect studies  
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Study type  Test protocol Endpoint value Unit Remarks 

Algae, Growth Inhibition 
Test/Green algae 
(Raphidocelis subcapitata)  

OECD 201 ErC10 
NOErC 
 
EyC10 

12.0 
9.0 
 
8 

µg/L (Growth Rate) 
 
 
(Biomass) 
 
not acceptable 

Algae, Growth Inhibition 
Test/Blue-green algae 
(Anabaena flos-aquae) 

OECD 201 EC10 
NOEC 

155 
83.9 

µg/L Growth Rate 

Daphnia sp. Reproduction 
Test  

OECD 211 EC10 
NOEC 

929 
630 

µg/L  

Fish, short-term reproduction 
assay (extended)/ Danio rerio 

(zebrafish) 

Extended OECD 
229 

NOEC 
 
EC10 

1.32 
 
5.8 

µg/L Growth F1 
 
Mortality F1 

Activated Sludge, Respiration 

Inhibition  

OECD 209 EC10 69 mg/L Total 

respiration 

Sediment dwelling organisms OECD 218 NOEC  mg/kg Pending 

 

2.2.3.  Discussion on non-clinical aspects 

Only data regarding the environmental risk assessment (ERA) have been submitted in this application, 

which was considered acceptable by the CHMP. Several GLP-compliant OECD as well as non-GLP, non-

OECD studies were submitted to support the environmental risk assessment of MMF/MPA.  

Some studies required according to the EMA guideline on ERA were not submitted and others were 

deemed not acceptable due to the design of the studies. An updated ERA should be provided taking the 

new studies into account. Also, the risk assessment for the aquatic compartment is not accepted as the 

most sensitive NOEC should be used, which results in a risk for this compartment. This should also be 

included in an updated ERA. 

Hence, at the CHMP request, the MAH submitted an updated ERA in compliance with the guideline on the 

Environmental Risk Assessment of Medicinal Products for Human Use (EMEA/CHMP/SWP/4447/00 Rev. 1) 

published on 15 February 2024. In the study on biodegradation in water (#41485) more than 10% of 

applied radioactivity was bound to the sediment at test end. This sorption behaviour was confirmed in the 

study on biodegradation in activated sludge (OECD 314 B) where again more than 10% AR was bound to 

the sludge as NER on day 14. Hence, a study on toxicity to sediment swelling organisms (e.g. OECD 218) 

was deemed necessary. The MAH provided a letter of agreement to provide a study on toxicity to 

sediment dwelling organisms according to OECD 218 by Q1 2026, as requested, which is considered 

acceptable by the CHMP. 

As result of the risk assessment, a potential risk caused by MPA to groundwater cannot be excluded. 

Therefore, precautionary and safety measures are included in sections 5.3 and 6.6 of the summary of 

product characteristics (SmPC). 

The MAH calculated a refined PEC surface water value based on consumption data from 2018-2022 in the 

(EU) country with the highest consumption. The method is considered acceptable according to ECHA 

guidelines, and a refined PECSW was established at 0.454 µg/L. However, the risk assessment for the 

aquatic compartment should be updated and re-submitted using the most sensitive effect value NOEC = 

1.32 µg/L. Using the most sensitive NOEC value from the extended OECD 229 study, a risk for the 

aquatic compartment is identified. The MAH acknowledges that there is also a risk to surface water for 

fish using the NOEC of 1.32 µg/L. The ERA report and SmPC will be amended by Q1 2026.  
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2.2.4.  Conclusion on the non-clinical aspects 

The updated data submitted in this application lead to a significant increase in environmental exposure 

further to the use of MMF/MPA.  

- Considering the above data, MMF/MPA should be used according to the precautions stated in the SmPC 

in order to minimize any potential risks to the environment. 

In the context of the obligation of the MAH to take due account of technical and scientific progress, the 

CHMP recommends the following points are recommended for further investigation: 

The MAH should provide a study on toxicity to sediment dwelling organisms according to OECD 218 by Q1 

2026. In addition, the MAH should update and re-submit the risk assessment for the aquatic 

compartment using the most sensitive effect value by Q1 2026 

2.3.  Clinical aspects 

2.3.1.  Introduction 

GCP 

The MAH has provided a statement to the effect that clinical trials conducted outside the community were 

carried out in accordance with the ethical standards of Directive 2001/20/EC. 

• Tabular overview of the MAH sponsored paediatric clinical pharmacology studies, paediatric 

clinical studies and retrospective studies reported in the scientific literature 

 

Paediatric kidney transplantation: 
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Table 2 Comparative Data: Paediatric Kidney Transplantation (Roche Study reports) 

 

 

Table 3 Comparative Data: Paediatric Kidney Transplantation (Literature References) 
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Paediatric heart transplantation: 

Table 4 Comparative Data: Paediatric Heart Transplantation (Literature References) 

 

 

Paediatric liver transplantation: 

Table 5 Comparative Data: Paediatric Liver Transplantation (Roche Study Report) 
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Table 6 Comparative Data: Paediatric Liver Transplantation (Literature References) 
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The paediatric extrapolation approach used is based primarily on PK-comparison with the adult reference 

population, under the assumption that a similar exposure produces a similar efficacy. This follows the 

recommendation in the guideline on the role of pharmacokinetics in the development of medicinal products 
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in the paediatric population (EMEA/CHMP/EWP/147013/2004). The approach is supported by one paediatric 

clinical study in liver transplant patients, study PA16497, previously submitted paediatric clinical studies in 

renal transplant patients and by published studies in the literature. All submitted clinical studies of MAH, 

except for the study PA16497 in paediatric liver transplant recipients, have previously been assessed. 

2.3.2.  Pharmacokinetics 

ADME 

Similarity in MPA absorption and disposition between paediatric and adult transplant 

Recipients 

The key characteristics of MPA absorption and disposition observed in adult transplant recipients are also 

seen in paediatric patients (Filler et al. 2008; Barau et al. 2012). Concentration-time profiles of paediatric 

renal transplant recipients receiving MMF at a dose of 600 mg/m2 twice daily in combination with CsA 

were comparable to those in adults on 1 g MMF twice daily (again with concomitant CsA) in the first 3 

weeks after transplantation (Weber et al. 1998; Filler et al. 2004b). Similar to adults, children rapidly 

absorb MMF and form the active compound, MPA, which peaks at 45 minutes after oral intake. MPA is 

highly bound to albumin. Albumin binds many drugs, preferentially drugs with acidic functionalities such 

as MPA. Its reference values change with age. Recently Sethi et al. (2016) characterized the ontogeny of 

albumin by determining albumin concentration in age cohorts with sufficient data points and in relevant 

age categories. Levels of albumin progressively increase in the plasma during maturation. Increases from 

one age group to the next were modest, such that no one group was significantly different from the next. 

However, values from infants up to 3 years were significantly lower than for adults. Free fractions of MPA 

in plasma were no different in paediatric (1.7%) than in adult (1.9%) transplant patients when serum 

albumin concentrations were in the physiological range (Weber et al. 1998). These binding values in 

transplanted children were confirmed by studies in paediatric patients after haematopoietic stem cell 

transplantation (HSCT), where a difference between boys (1.7%) and girls (2.6%) was found according to 

Zhang et al. (2016).  

Similar to adults, there is a second peak in concentrations because of enterohepatic recirculation (EHC) of 

the main metabolite MPAG. Similar to adults, when combining immunosuppressant drugs in a therapeutic 

strategy, CsA interferes with MPA disposition (EHC) and decreases MPA plasma levels (Filler et al. 2000; 

Dhawan 2011). Absence of such an interaction with TAC has equally been found in children and adults 

(Filler et al. 2004b). Similar to adults there is a non-stationarity seen in the exposure to MPA when 

comparing values in the immediate post-transplantation phase (6 months) with values in the stable 

post-transplantation period (6 months) (Weber et al. 1999).  

Drug distribution depends to a great extent on body composition. The body composition of neonates and 

young infants differs from that of adults: they have more extracellular and total body water, which may 

lead to lower plasma levels of drugs when they are administered on a weight basis (Siber et al. 1975). 

MPA concentrations critically depend on the liver's capacity for glucuronidation and for EHC. Weight-

corrected doses for drugs eliminated by glucuronidation generally are similar in children compared to 

those in adults (Anderson 2010) because enzymatic activity of uridine diphosphate 

glucuronosyltransferase (UGT) differs significantly less between children and adults than what is observed 

for key cytochrome-P450 isozymes (Anderson 2010). 

However, this may not apply to very young children. UGT activity in neonates is deficient at birth and 

increases significantly during the first years of life to reach adult levels by 2−4 years of age (Miyagi and 

Collier 2007; Anderson 2010). In early neonatal life, glucuronidation is substantially lower (50%−70% of 
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adult values) (Loebstein and Koren 1998). The pharmacological consequences of reduced glucuronide 

formation in neonates has been shown with acetaminophen, a drug also extensively conjugated by 

phenolic glucuronidation in adults. In case of acetaminophen, increased sulfation in neonates could make 

up for the reduced glucuronidation pathway (Levy et al. 1975; Miller et al. 1976). Older children appear 

to have slightly increased UGT activity compared with adult levels.  

UGT1A9 is amongst the most abundantly expressed UGTs in neonatal liver. Its activity develops in an 

age-dependent manner (Miyagi et al. 2012) with zero activity at birth and increasing to its maximum by 4 

months of age. Activity does not differ between genders. Enzyme activity is correlated with expression. 

Expression of UGT1A9 correlated strongly with age, but only in children younger than 1 year. Adult 

expression was reached by 3.8 months; maximum expression was reached by 12 months of age. After 1 

year of age, intrinsic clearance of a UGT1A9 model substrate (4-methylumbelliferone) slowly decreases to 

reach adult levels at approximately 20 years of age 

The foetal liver is capable of enterohepatically recycling glucuronides. The activity of β-glucuronidase in 

the liver is highest in the neonatal liver and decreases to steady-state adult levels by 4 months of age 

(Miyagi and Collier 2007). Hence, the balance of glucuronide metabolism and disposition shifts very early 

in the neonate from cleavage and recirculation to conjugation and clearance. 

PK in adult reference population and in paediatric renal transplant population 

Exposure target in adult reference population – kidney transplantation (Study MYC058) 

A relationship between exposure to MPA and prevention of rejection was established in adult kidney 

transplant patients to determine the appropriate dosing of MMF (Study MYC058). In this concentration-

controlled study, 150 patients were dosed with MMF to achieve three different target exposure levels; 

patients were randomly assigned 1:1:1 to either a low (16.1 hmg/L), intermediate (32.2 hmg/L) or high 

(60.6 hmg/L) exposure. Multiple MPA and 7-O-MPA glucuronide (MPAG) concentration profiles were 

determined early and late after transplantation. Patient MMF dosage was individualised based on the 

observed MPA area under the plasma concentration-time curve from time 0 h to time 12 h (AUC0-12h) to 

achieve these target levels. The primary efficacy comparison (biopsy-proven rejection vs. successful 

completion of study with no biopsy-proven rejection) was analysed using logistic regression for the 

variable median ln(MPA AUC0-12h). This analysis led to the conclusion that an MPA AUC0-12h of 27.2 hmg/L 

as the target value in the early post-transplant period provided an optimal benefit in the prevention of 

rejection with an acceptable safety profile. 

The target exposure (AUC0-12h) of 27.2 h·g/mL established in Study MYC058 was used to select the 

appropriate dose in Roche's renal transplant program and also guided dosing in paediatric liver transplant 

patients. 

Comparison of pharmacokinetics across transplant indications in adults 

A comparison of PK parameters of MPA in adult renal, cardiac, and hepatic transplant patients at various 

times after transplantation as derived from studies conducted by Roche is shown in Table 7 below. 

Whereas Tmax and Cmax reflect MMF to MPA conversion and absorption characteristics, the inter-dosing 

interval AUC0-12h is influenced by besides the extent of absorption, the MPA disposition and EHC. The 

comparison shows a high degree of similarity in absorption and disposition behaviour of MPA during early 

and late phases after transplantation in the three groups of patients. In the early post-transplant period 

(40 days post transplant) renal, cardiac and hepatic transplant patients all had mean AUCs 

approximately 20%−40% lower and mean Cmax values approximately 32%−44% lower compared to the 

late transplant period (3 to 6 months post-transplant).  
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Table 7 Comparative Pharmacokinetic Parameters of Mycophenolic Acid in Adult Renal, 
Cardiac, and Hepatic Transplant Patients 

 

 

Paediatric kidney transplantation  

The paediatric program consisted of two paediatric studies, an initial dose-ranging pilot study (MYC2190) 

and a single pivotal study (MYCS2675), enrolling a total of 140 paediatric renal transplant patients 

(defined as an individual between 3 months and 18 years of age, inclusive); all patients in these two 

studies received MMF. Study MYCS2675 provided the basis for the labelled dose recommendation of 

600 mg/m2 for the prophylaxis of rejection in paediatric renal allograft patients. The development of MMF 

for paediatric use was based extensively on the balanced risk-benefit profile previously established in 

adults.  
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Dose-ranging Study MYC2190 

The pilot paediatric study (Study MYC2190) using CellCept capsules was conducted to determine the PK 

of MPA and MPAG in patients aged 3 months through 18 years of age and to determine the dose which 

would deliver in this paediatric patient population a target MPA exposure of AUC0-12h of 27.2 g·h/mL. This 

target exposure had previously been derived from the PK/PD Study MYC058 in adult kidney transplant 

patients. In that PK/PD study this exposure of 27.2 g·h/mL had been computed to be associated, on 

average, with a 1 g twice daily (b.i.d) dose for adults in the early post-transplant period ⎯ a dose which 

had been established as safe and efficacious in the primary adult renal transplant trials.  

The dose selected after evaluating the results from Study MYC2190 was then subsequently tested in the 

paediatric pivotal Study MYCS2675.  

Study Summary 

The patients received 15, 23, or 30 mg/kg CellCept b.i.d. for the prevention of renal allograft rejection. In 

this study, 23 mg/kg b.i.d. most closely achieved the adult target MPA AUC0-12h of 27.2 g·h/mL. The 

study was originally intended to last for 3 years. However, the study was terminated early by the 

Sponsor, because, based on PK data collected in this paediatric population, it was possible to make more 

specific dosing recommendations, which were then implemented in a follow-on study (2190v2). At study 

closure, most patients had received MMF for 1-2 years. Most patients then enrolled into Study 2190v2 in 

which they could continue on MMF at a dosage of 23 mg/kg b.i.d. until they had completed 3 years on 

MMF.  

Pharmacokinetic results 

For the 11 patients who received 23 mg/kg, the mean MPA AUC0-12h was 28.111.9 g·h/mL and 

maximum concentration (Cmax; n=12) was 8.574.62 g/mL on Day 14. Because of the substantial inter-

subject variability, additional analyses were performed which indicated that calculating doses based on 

estimated body surface area (BSA) (mg/m2) reduced the coefficient of variation by about 10% 

(Study MYC2190). Table 8 was then constructed from linear regression of MPA AUC0-12h versus dose from 

MYC2190 data and adult data. The dose which was predicted to provide a MPA AUC0-12h closest to the 

desired 27.2 g·h/mL was 600 mg/m2.  

Table 8 Projected MPA AUC to CellCept Dose from Adult and Paediatric Data 

 

 

Pivotal Study MYCS2675 

Study MYCS2675 is the pivotal study of the renal paediatric program as it provides the majority of the 

safety, PK, and efficacy data. 
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Study Summary 

Study MYCS2675 was a single-arm, open-label, safety, and PK study in 100 paediatric patients receiving 

a first or second renal allograft. Pharmacokinetic sampling was performed in a subset of 55 of the 100 

paediatric patients (age range 1-18 years; the age distribution is shown in Figure 1. Results from three 

age groups were compared (3 months to 6 years, 6 to 12 years, and 12 to 18 years). Each patient 

received MMF suspension dosed at 600 mg/m2 b.i.d. (body surface area (BSA)) up to a maximum of 1 g 

b.i.d., with ciclosporin and corticosteroids administered as per local centre practice. After nine months in 

the study, patients with a BSA of at least 1.25 m2 who were able to swallow capsules and preferred the 

convenience of capsules to that of suspension, could elect to receive the capsule formulation of MMF. 

 
Figure 1 Distribution of Age of the Number of Paediatric Patients in Study MYCS2675 for which 
Full Pharmacokinetic Profiles Were Determined 

 

Blood sampling to determine full PK profiles of MPA and MPAG were collected at Day 7, Month 3, and 

Month 9 in a subset of 55 of the 100 paediatric patients in Study MYCS2675. The PK-subset was generally 

representative of the larger sample. Allograft biopsies and treatment of acute rejection were monitored to 

allow determination of rejection-related endpoints through six months post-transplant. Safety parameters 

included deaths, malignancies, opportunistic infections, and other adverse events (AEs). 

 

Pharmacokinetic results 

Pharmacokinetic parameters for MPA and 7-O-mycophenolic acid glucuronide (MPAG) stratified by age 

and time after transplantation in the pharmacokinetically characterized patients are given in Table 9 and 

Table 10, respectively. 

A 1.9-fold increase in mean dose-adjusted MPA AUC0-12h was observed in the later post-transplant period 

(Day 7 vs. Month 3 post transplant) for all patients. The increase was 1.11-fold between Months 3 and 9. 

MMF suspension given to patients 1 to 18 years of age produced no statistically significant differences 

(p   0.05) in mean MPA plasma concentrations or in mean computed parameters (e.g., AUC0-12h) between 

the three age groups, with one exception. The dose-adjusted maximum concentration (Cmax) at Month 9 

in the oldest group (12-18 years) was lower than in children of younger age. This observation is 

considered to be of minor relevance as the therapeutic effect is associated with the average exposure 

during a dosing interval (area under the plasma concentration-time curve from time 0 h to time 12 h 

[AUC0-12h]) rather than with maximum concentrations. Importantly, the mean dose-adjusted MPA AUC0-12h 

for all patients was similar to the desired target MPA AUC0-12h (27.2 hmg/L). There was a statistically 
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significant difference in mean dose-adjusted MPAG AUC0-12h across the age groups at all time points, with 

values increasing from the youngest to the oldest group, see Table 10. 

Six of the patients in Study MYCS2675 studied for PK parameters were between the age of 1-2 years. A 

listing of their individual demographic details is given in Table 11 along with calculated PK parameters. 

Although few in number, the values for mean calculated MPA PK parameters in the <2-year age group 

were similar to those of the other age groups (Table 10). The mean MPA AUC0-12h was numerically lower 

(22.5 h mg/L) than the target mean MPA AUC0-12h, with a wide degree of variability (95% CI: 17.2-27.8 h 

mg/L), due to the small sample size. Figure 2 shows that dose-adjusted MPA AUC0-12h was not affected 

by age in the range of 1 18 years. Patients in the <2-year subgroup had the lowest mean dose-adjusted 

MPAG AUC0-12h at the earlier time points, but by Month 9 the value was similar to that observed for the 

<6-year group. 

A retrospective demographic analysis of patients <2 years old across the paediatric studies performed in 

renal transplant patients revealed one additional patient in this low age group who had been included in 

Study MYC2190. His data are included in Table 11. The BSA of this child aged 1 year, 8 months at 

enrolment was much lower than the one in the patients of even younger age from Study MYCS2675. 

Likewise, his dose-adjusted AUC0-12h was substantially lower than what had been found in the six subjects 

in Study MYCS2675. 

Table 9 Mean Computed MPA PK Parameters by Age and Time After Transplantation 
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Table 10 Mean Computed MPAG PK Parameters by Age and Time After Transplantation 

 

 

Table 11 Listing of Patients Less Than Two Years Old: Pooled Data from Studies MYCS2190V1 

and MYCS2675 
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Figure 2 Dose Adjusted MPA AUC on Day 7 Versus Age (Study MYCS2675) 

 

 

In summary, data generated in Roche-sponsored studies and available in the literature show that there is 

no difference in the mean PK characteristics of MMF/MPA in paediatric transplant patients across the age 

group of 1-18 years. At the recommended dosage, the same therapeutic target exposure is reached 

independent of patient age. 

 

Comparison of MPA exposure in paediatric RTx and adult RTx, LTx and HTx studies 

Data collected earlier by the MAH to support the paediatric renal transplantation indication allowed to 

compare paediatric renal transplant MPA AUC0-12h (Figure 3) and Cmax (Figure 4) from Study 

MYCS2675 to adult transplant data, including cardiac and hepatic transplant data in addition to transport. 

The adult cardiac and hepatic transplant data in this comparison are derived from patients who received a 

CellCept dose of 1.5 g b.i.d. In such cardiac transplant patients, the MPA AUC0-12h is expected to be ~33% 

higher than in renal patients receiving 1 g b.i.d. and this is indeed observed in the cardiac data. However, 

in hepatic transplant patients given CellCept 1.5 g b.i.d., the non-dose-adjusted MPA exposure was 

similar to renal transplant patients adjusted to a CellCept dose of 1 g b.i.d., in the early post-transplant 

period. As shown in Figure 3 and Figure 4 the MPA exposure in paediatric renal transplant patients from 

Study MYCS2675 is superimposable on data from adult renal transplant patient as well as adult patients 

with cardiac or hepatic transplants receiving CellCept doses up to 1.5 g b.i.d. over time. From these 

comparisons it was concluded that the MPA AUC0-12h resulting from a paediatric dose of 600 mg/m2 

overlays almost completely that for 1 g b.i.d. in adult renal patients as well as 1−1.5 g b.i.d. in adults 

with renal, cardiac, and hepatic transplants in both the early and late post-transplant periods.  
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Figure 3 Comparison of Mycophenolic Acid AUC0-12h from Paediatric Renal and Adult Renal, 

Cardiac, and Hepatic Transplant Studies 
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Figure 4 Comparison of Mycophenolic Acid Cmax from Paediatric Renal and Adult Renal, Cardiac 

and Hepatic Transplant Studies 

 

 

Paediatric liver transplantation  

Clinical pharmacology experience in paediatric liver transplantation comes mainly from open-label, mostly 

retrospective studies published in the literature. A single PK study in liver transplant children for dose 

finding was conducted by Roche (Study PA16497); its results are consistent with the literature reports. 

The collective PK experience with MPA in liver transplanted children can be compared with findings from 

similar studies in paediatric kidney transplant patients as previously conducted by Roche (Study MYC2190 

and Study MYCS2675) or as reported in the literature. 

Clinical study PA16497 in paediatric liver transplants patients  

This was an open label, multi-centre, non-controlled study in paediatric liver transplant patients. A total 

of 9 patients were enrolled in the study (5 females, 4 males), see Table 12 below. One patient was 

prematurely withdrawn. Six out of 8 patients were less than 24 months old and the youngest child was 9 

months old. Patients had to have received stable MMF dosing (> 6 months of MMF dosing) for at least 

seven days in order to get a steady-state concentration-time profile. A single 12-hour plasma profile of 

MPA was then obtained, and MPA AUC0-12h was calculated. 
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Table 12 Listing of patient demographic data by trial treatment and CRTN/Patient Number 

 

 

In this study, paediatric liver transplant patients received MMF doses of 200-424 mg/m2. These doses 

were all lower than the approved dose for paediatric renal transplantation (600 mg/m2). MMF doses in 

the study were reduced over time from initial post transplantation doses, in line with standard practice at 

the participating centres, and the PK study was performed at a point when patients were on stable doses. 

No patient had the MMF dose reduced because of AEs. 

The administered doses generated AUCs (dose-normalized) of MPA of less than value of 58 g·h/mL (late 

posttransplant target) in 7 out of 8 cases when one patient excluded as outlier, see Table 13 below. The 

only patient who achieved an AUC greater than 58 g·h/mL was considered an outlier because his AUC of 

195 g·h/mL was more than 2-fold higher than that of all the other patients. 
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Table 13 Individual Raw and Dose-Normalised MPA PK Parameters (Excluding Outlier) 

 

 

The adjusted AUC for a dose of 600 mg/m2 (excluding the youngest patient) was 47.0 g·h/mL (based on 

the arithmetic mean) and 43.2 g·h/mL (based on the geometric mean). To achieve the target AUC of 58 

µg·h/mL, a dose in the range of: [(58 g·h/mL / [47.0 or 43.2 g·h/mL]) * 600 mg/m2] = 740-806 

mg/m2 would therefore be required. 

In this study, paediatric patients appeared to be relatively under-dosed at 6 months post-transplant 

compared to the adult population. The dose of CellCept administered to patients was determined by their 

BSA at transplant and was not adjusted to increasing BSA over time. However, as the majority of patients 

in this study were between 1 and 2 years of age at the time of transplant, it is expected that their body 

weight would increase significantly in the 6-month period between transplant and enrolment in this study. 

Therefore, it is likely that patients were under-dosed as no dose adjustment was made for this increase in 

body weight. 
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Literature references of MMF in paediatric liver transplantation 

The results of the literature search of paediatric liver transplantation studies are summarised in 

introduction 2.3.1 of this report. 

Publication of Barau et al. 2011 

In an attempt to optimise the dosing regimen of MMF in paediatric liver transplant recipients, Barau et al. 

(2011) determined the MMF dosage required to achieve an AUC0-12h of 30 h·mg/L. A PK study of 15 

children (median age 8.3 years, range 1.1−15.2 years) was performed at a median of 11.0 months (range 

0.5−88.0 months) after liver transplantation, see Table 14 below. The authors concluded from their 

study that an initial MMF dose of 600 mg/m2 twice a day led to MPA AUC0-12h values greater than the 

minimum targeted threshold of 30 h·mg/L. Considering the inter-individual variability of MPA PK, 

therapeutic drug monitoring was recommended to optimise the daily MMF dosage.  

Table 14 MPA AUC0-12h Values and MMF Doses Before and After Dose Adjustments in Patients 

Receiving Tacrolimus, cyclosporine, and Rifampin 

 

 

Publication by Ueno et al. 2020 

In a recent study, Ueno et al. (2020) investigated dosing needs, efficacy and safety of MMF in five infants 

younger than 1 year (mean 8 [range 3−10] months) of age at transplantation, who received living-donor 

liver transplants. The initial dose was 40-50 mg/kg/day, which was increased to a target MPA trough level 

of 2 mg/L. The patients also received TAC and, after at least 4 months post transplantation, steroids. The 

mean final daily MMF dose was 66 (range 47−106) mg/kg or 1430 (range 1280−1920) mg/m2. According 

to linear regression analyses, the target Ctrough level of 2 mg/L was reached at a daily MMF dose of 

approximately 1200 mg/m2 or 50 mg/kg. In the children younger than 1 year of age a higher dose than 

in older children was needed to achieve the same exposure target. A dose of 1200 mg/m2/day was 

minimally needed to maintain efficacious concentrations. 
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Literature references of paediatric heart transplantation 

There are no Roche-sponsored studies available on the pharmacokinetics and/or pharmacodynamics of 

CellCept in paediatric HTx patients. However, studies published in the public domain support the 

conclusions that the pharmacokinetic and metabolic processes underlying MPA absorption and disposition 

as described for adult HTx patient are equally applicable to paediatric patients. 

The literature studies available for evaluation of the PK in HTx children are all based on retrospective 

analyses and on measurements of trough (pre-dose) levels, and not full pharmacokinetic profiles 

(Dipchand et al. 2001; Gajarski et al. 2004,). Their focus was on the dose-concentration relationship to 

determine whether the recommended dose for paediatric RTx children, 600 mg/m2 b.i.d., was sufficient 

to achieve therapeutic exposures also in HTx children. The concomitant CNI administered in these studies 

overall was more often CsA than TAC; nevertheless, inclusion of patients on both types of CNI allowed for 

a comparison of MPA levels achieved and confirmation that indeed MPA levels in presence of TAC were 

higher than in presence of CsA in paediatric HTx patients. 

 

Publication by Dipchand et al. (2001) 

The study by Dipchand et al. (2001) is based on a review of 128 trough levels collected from 44 

paediatric HTx recipients (age at transplant 7 days to 18.4 years). It evaluated MPA doses which were 

required to achieve a target trough concentration of   3 mg/L, a level which had previously been found 

adequate by Meiser et al. (1997, 1999) to prevent acute rejection episodes in adult heart allograft 

recipients co-treated with TAC and corticosteroids. Dipchand et al. (2001) showed that daily doses of MMF 

required in children of 5 years to over 16 years were close to 1800 mg/m2, corresponding to a 3 g/day 

dose in an adult patient. Younger children required somewhat higher doses, depending on the age range 

considered, see Table 15 and Table 16 below, from the publication of Dipchand et al. 

Table 15 Dose of MPA required to achieve therapeutic level* by age 
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Table 16 MPA levels in patients on cyclosporine versus tacrolimus by age group 

 

The age-dependency of MMF dosing could later also be demonstrated by Filler's group (Yoo et al. 2016) 

analysing 2639 MPA trough levels collected from 37 paediatric RTx recipients co-treated with TAC over 

6.6-14 years post-transplantation. Patients at younger age were at greater risk for under-

immunosuppression than older children. Therefore, higher starting doses of 1800 mg/m2 (900 mg/m2 

b.i.d) of MMF or even more in combination with TAC in children <6 years of age were recommended by 

Filler’s group. 

 

Publication by Gajarski et al. (2004) 

In the study by Gajarski et al. (2004) a total of 120 trough levels from 10 children and 10 adults (from 

one months to 33 years) were available. In this study paediatric doses were at 1200 mg/day (600 mg 

b.i.d); target MPA concentrations in the study were set at 1.0-3.5 mg/L. As expected, TAC 

co-administration led to higher MPA levels than CsA (3.0  2.2 mg/L vs. 1.6  1.5 mg/L). Levels of >2.5 

mg/L in the study were found to be associated with lower biopsy grades. However, the 1200 mg/m2 

dosing failed to achieve levels >1 mg/L in 50% of the patients. 

MPA target exposure measures, MPA Ctrough and the standard AUC0-12hr 

It is generally agreed that the inter-dosing interval MPA AUC0-12h is the most reliable index of risk for 

acute rejection and that the correlation between trough (pre-dose) MPA values and the full AUC (Shaw et 

al. 2001; Shaw et al. 2003; Filler and Mai 2000) or between trough levels and rejection (Oellerich et al. 

2000) are inferior. As it is impractical to collect a full set of timed plasma samples over a 12-h dosing 

interval, limited sampling strategies have been proposed to estimate the full AUC0-12h from only a few 

well-timed collected samples. Also, the clinical utility of MPA trough values have been evaluated; Shaw et 

al. (2003) applied a target range of 1-3.5 mg/L for adult patients with concomitant CsA, and 1.7-4.0 

mg/L with tacrolimus (TAC). 

Similar exposure ranges (AUC0-12h 30-60 h • mg/L; trough concentration [Ctrough] 1.5-3 mg/L) as 

established in adults have been confirmed in paediatric renal (Oellerich et al. 2000; Weber et al. 1998, 

Weber et al. 2002; Filler et al. 2008), heart (Dipchand et al. 2001; Gajarski et al. 2004; Rauschenfels et 

al. 2009), and liver (Aw et al. 2003; Ueno et al. 2020) transplant patients. In some of these studies, a 

correlation of trough concentration with a measure of AUC was found.  

The most comprehensive studies on MPA's PK/PD relationship were conducted by Weber et al. (2002) in 

paediatric renal transplant patients aged 2.2-17.8 years on an immunosuppressive regimen with CsA, 

MMF, and corticosteroids. This study established the therapeutic ranges for both, MPA-AUC0-12h values 
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and trough MPA levels in this patient population. MMF was administered orally at a dose of 600 mg/m2 

BSA twice a day up to a maximum of 2 g/day. The analyses of the collected information on total and 

unbound drug showed that both MPA-AUC0-12h and trough MPA levels are statistically significantly 

associated with the risk of acute rejection in this patient population. According to the study results, for 

minimizing the risk of rejection after transplantation, total MPA-AUC values in the early stages post-

transplant should be maintained within the therapeutic window of 30-60 h • mg/L, or the trough 

concentration in the range of 1-3.5 mg/L. 

Similar to paediatric renal transplant patients, Aw et al. (2003) established a good correlation between an 

(abbreviated) 7-hour AUC and trough levels in 21 paediatric stable liver transplant patients aged 2-16 

years (r = 0.84, p <0.001). From the data shown, it appears that a trough concentration range of 1.5-3 

mg/L corresponds to an AUC0-7 range of 30-60 h • mg/L. 

When Filler (2006) analyzed pre-dose trough levels and full AUCs from 161 patients with variable 

pathologies (paediatric heart, liver, and kidney transplant recipients as well as patients with autoimmune 

diseases), there was a weak, but significant correlation between the pre-dose morning trough level and 

the AUC. 

In conclusion, from these studies across transplant indications, it appears that target exposures of AUC0-

12h 30-60 h • mg/L and Ctrough 1.5-3 mg/L are associated with prevention of acute rejection not only in 

adult, but also in paediatric patients. 

Dose recommendation and rationale in paediatric heart and liver transplant 
patients 

The collective experience from Roche-sponsored studies and studies from the literature outlined here 

supports the following dosing recommendation for paediatric heart and liver transplant patients:  

The recommended starting dose for cardiac and hepatic paediatric patients is 600 mg/m2 (of body 

surface area) of MMF powder for oral suspension, administered twice daily (maximum total daily dose of 2 

g or 10 ml). 

The dose and product form should be individualised based on clinical assessment. Oral solid product 

forms (capsules and tablets) should not be used by patients unable to swallow them and/or with a body 

surface area lower than 1.25 m2 due to the increased risk of choking in this age group. Patients with a 

body surface area of 1.25 to 1.5 m2 may be prescribed MMF capsules at a dose of 750 mg twice daily 

(1.5 g daily dose). Patients with a body surface area greater than 1.5 m2 may be prescribed MMF 

capsules or tablets at a dose of 1 g twice daily (2 g daily dose).  

For paediatric cardiac and hepatic transplant patients, if the recommended starting dose is well tolerated, 

the maintenance dose can be increased to 900 mg/m2 body surface area twice daily (maximum total 

daily dose of 3 g or 15 ml). The dose should be individualised based on clinical assessment. 

These dosing recommendations are based on the relationship between exposure to MPA and prevention of 

rejection as established in adult kidney transplant patients to determine the appropriate dosing of MMF 

(Study MYC058), see Exposure target in adult reference population. 

The target exposure (AUC0-12h) of 27.2 h·mg/L established in Study MYC058 was used to select not only 

the appropriate dose in Roche's renal transplant program, but also guided dosing in paediatric liver 

transplant patients. 

An exposure-response relationship for desired (prevention of rejection) or undesired (AEs) effects as 

established in adult renal transplant patients, was not found in Roche-sponsored studies in adult heart or 

liver transplant patients, most likely due to an insufficient number of study participants and/or high 
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intersubject variability. Based on the assumption of independence of the mechanism of action of 

transplanted organ, dosing in these populations was therefore guided to achieve the same exposure 

range (30-60 h·mg/L) as in renal adult transplant patients. Roche-sponsored clinical studies and clinical 

studies from the literature have shown that not only the pharmacodynamics, but also the 

pharmacokinetics of MPA in adults is comparable across transplant indications. 

The same guiding principle, namely to determine the doses required to achieve the same target exposure 

in paediatric as in adult patients and to determine the doses required to achieve that target was applied 

to treatment of paediatric heart and liver transplant recipients. The underlying assumption, that the same 

exposure in children as in adults will lead to the same therapeutic effect, was rationalised by the results 

from studies performed by Roche in support of the registration of CellCept in both adult kidney 

transplantation and paediatric kidney transplantation. These studies revealed a good scalability of dosing 

across age groups when comparing adult renal with paediatric renal patients. This scalability is further 

corroborated by published literature reports. It is rooted in the comparable absorption and disposition 

behaviour of MPA in adult and paediatric patients and on an age-independent receptor responsiveness. 

Off-label use of MMF in 1-2-year-old transplant patients 

Transplantation in 1- to 2-year-old patients is always a singular event and pharmacotherapy will have to 

take into account all patient and treatment factors that determine outcome of the intervention.  

The dosing scheme of 600 mg/m2 b.i.d. for paediatric renal transplant patients (corresponding to the 1 g 

b.i.d. dose in an adult with BSA of 1.73 m2) has been used successfully over the last 20 years in several 

countries and thus has been validated over a long period of time. However, individually applied dosing 

schemes vary widely.  

Nine reports for 1-2-year-old renal transplant patients were received between 1 January 2000 and 30 

September 2023. Sufficient daily dosage information was provided for 7 patients; doses were in the range 

600-2041 mg/m2 (average 1119 mg/m2 per day), including multiple dosing regimens for two patients. 

Hence, these infants received on average the recommended daily dose of 1200 mg/m2; the distribution 

of individual doses showed that most of the infants received a lower dose than recommended. No events 

of transplant rejection were reported; one patient on MMF 140 mg b.i.d. (daily dose based on the average 

BSA for a 1-year-old patient: 571 mg/m2), experienced “slightly elevated creatinine” (unspecified, 

Preferred Term [PT] Blood creatinine increased). 

Ten reports for 1-2-year-old liver transplant patients were received between 1 January 2000 and 30 

September 2023. Sufficient daily dosage information was provided for 7 patients; doses were in the range 

of 208-1224 mg/m2 (average 700 mg/m2 per day). One patient on MMF 250 mg daily (510 mg/m2 daily 

based on age-adjusted average BSA), experienced liver transplant rejection.  

While acknowledging the limitations associated with the small number of reports, these data suggest a 

high variability in the dosage being used in the off-label population of 1-2 years old paediatric patients 

with renal and liver transplant, and a tendency to underdose these vulnerable patients with obvious 

consequences in terms of risk of graft rejection and patient’s survival. 

Drug-drug interactions 

The published literature on paediatric transplant patients does not give information on concomitantly 

administered (non-immunosuppressive) drugs. Hence, no information on possible drug-drug interactions 

can be derived from them. However, potential drug interactions applicable to the administration of MMF 

to paediatric transplant recipients are expected to be the same as those described for the adult transplant 

population. In general, PK interactions relevant to the use of MMF involve drugs that (1) interfere with 
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EHC of MPAG/MPA (such as bile-acid sequestrants or antibiotics) or (2) compete with renal tubular 

secretion of MPAG (such as acyclovir). 

2.3.3.  Pharmacodynamics 

Mechanism of action 

Mycophenolic acid (MPA) is a potent, selective, uncompetitive and reversible inhibitor of inosine 

monophosphate dehydrogenase (IMPDH) and inhibits the de novo pathway of guanosine nucleotide 

synthesis without incorporation into DNA. 

Two IMPDH isoforms have been identified, isoform type I, which is present in most known cells (including 

resting human lymphocytes) and isoform type II, which is strongly and predominantly expressed in 

activated human B- and T-lymphocytes. The type II isoform is nearly five times more sensitive to 

inhibition by MPA than is the type I isoform.  

Because T- and B-lymphocytes are critically dependent for their proliferation on de novo synthesis of 

purines whereas other cell types can utilise salvage pathways, MPA has more potent cytostatic effects on 

lymphocytes than on other cells. 

In addition to its inhibition of IMPDH and the resulting deprivation of lymphocytes, MPA also influences 

cellular checkpoints responsible for metabolic programming of lymphocytes. It has been shown, using 

human CD4+ T-cells, that MPA shifts transcriptional activities in lymphocytes from a proliferative state to 

catabolic processes relevant to metabolism and survival leading to an anergic state of T-cells, whereby 

the cells become unresponsive to their specific antigen (Guentert et al. 2021). 

MMF does not act on the transplanted organ itself. The immunological mechanisms underlying MPA's 

mechanism of preventing organ rejecting are independent on organ type and are the same in HTx and 

LTx as in RTx recipients. 

Primary and secondary pharmacology 

MPA inhibits the activity of inosine monophosphate dehydrogenase (IMPDH) and with this the proliferation 

of host B and T lymphocytes. The half maximal effective concentration (EC50) values for IMPDH inhibition 

by MPA in both children and adults (Table 17) are in line with the proposed target MPA exposures (Tang 

et al. 2017). A 40%-60% inhibition of IMPDH may be sufficient for effective immunosuppression 

(Langman et al. 1996; Fukuda et al. 2011). 
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Table 17 Comparative EC50 Values for Inosine Monophosphate Dehydrogenase Inhibition by 

Mycophenolic Acid in Renal Transplant Patients 

 

 

Ontogeny 

IMPDH does not undergo ontogenic changes in children above 2 years of age. A German study group 

analysed IMPDH activity in peripheral blood mononuclear cells (PBMCs) in 80 healthy children between 

the ages of 2.0 and 17.9 years (Rother et al. 2012). No developmental regulation of IMPDH activity in 

PBMCs in children older than 2 years was observed. Furthermore, pre-transplant IMPDH activity was 

comparable in children (median [range], 83.8 [39.6-163.0] µmol s-1 mol-1 adenosine monophosphate; 

n=31) and adults with end-stage renal disease (92.0 [16.7-213], N=81). IMPDH activity in both children 

and adults was inversely correlated with MPA plasma concentration indicating that MPA inhibits IMPDH 

activity in children and adults to a comparable extent. IMPDH activity displayed high interindividual 

variability (coefficient of variation, 41%) during childhood. Others have reported similarly large 

interpatient variability in IMPDH activity (Langman et al. 1996; Fukuda et al. 2011). 
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Table 18 Supportive Data from Ontogeny of Inosine Monophosphate Dehydrogenase Activity 

(Literature References) 

 

 

Two supporting literature references were provided but none included patients below the age of 2. 

2.3.4.  Discussion on clinical pharmacology 

In this application, the MAH initially applied for an extension of the current paediatric indication of MMF in 

RTx approved from 2 years of age to include children as of 3 months of age undergoing RTx, HTx and 

LTx. However, only limited data were available for infants (3 months to 1 year) and there was not enough 

data to support the justification for the PK comparability of MMF/MPA in infants and the proposed dosing 

regimen in this population. Therefore, the MAH proposed to revise the indication for an use in paediatric 

patients from 1 year of age. This was considered acceptable by the CHMP.  

For use in children undergoing HTx and LTx, an initial dose of 600 mg/m2 of BSA is proposed and if 

immunosuppression is insufficient, the dose can be increased to 900 mg/m2. The paediatric extrapolation 

is primarily based on PK-comparison with the adult reference population and is supported by one 

paediatric clinical study in liver transplant patients (PA16497), previously submitted paediatric clinical 

studies in renal transplant patients (MYC2190 and MYCS2675) and by several paediatric studies in the 

literature in RTx, LTx and HTx.  

Based on literature references, the MAH argued that the key ADME processes/parameters of MMF/MMP in 

paediatric patient above 1 year are comparable to adult patients. Comparability is reasonably justified for 

children above 1 year, in particular with regards to similarity in metabolic activity of the key enzyme 

UGT1A9, involved in the clearance of MPA and comparability with regards to plasma protein binding of 

MPA. Furthermore, key PK characteristics of MPA in adult patients as CsA DDI and non-stationarity were 

also observed in children. Hence, the PK comparability of MMF/MPA between paediatric and adult 

population is agreed by the CHMP. 
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In adult RTx, a reference exposure target value, AUC0-12h, for the active drug MPA in early post-transplant 

period was established by PK/PD analysis and applied for the renal paediatric PK extrapolation approach 

and PK-driven extrapolation to adult LTx and HTx. This target exposure value has been shown to provide 

an optimal benefit in the prevention of organ rejection in combination with an acceptable safety profile. 

The pharmacokinetics of MMF/MPA in adult RTx was reasonably comparable with HTx and LTx patients, 

supporting the previous approval for use in these types of transplantation. The recommended dosing in 

adults is though different: 1.5 g b.i.d. (3 g daily dose) MMF in HTx and LTx compared to 1 g b.i.d. (2 g 

daily dose) MMF in RTx. A comparable translation from paediatric RTx to paediatric LTx and HTx should 

therefore also be valid. 

In kidney paediatric transplant studies, supporting previous approval for use in 2-18 years old renal 

transplant patients in combination with ciclosporin and corticosteroid, a paediatric dose of 600 mg/m2 

(maximum daily dose of 2 g) was established using the adult reference exposure target value. Body 

surface area (BSA) based scaling paediatric dosing was demonstrated to be superior to weight-based 

dosing and it was shown that a BSA based dosing results in reasonably comparable target exposure in 

RTx paediatric patients from 1 to 18 years. In addition, MPA AUC values across paediatric age groups 

were similar in the early and late post-transplant period. This information and a summary of the mean PK 

parameters by age and post-transplant have been included in section 5.2 of the SmPC. In conclusion, the 

data on MMF/MPA exposure in 1-2 year renal transplantation patients support an extension of the 

paediatric population to also include children down to 1 year, with the same dose of 600 mg/m2 

(maximum daily dose of 2 g) as for RTx paediatric patients above 2 year.  

In the clinical study PA16497, conducted in 8 paediatric LTx patients (6 patients < 2 years), it was 

demonstrated that a slightly higher dose of 740 mg/m2 dose was necessary to reach the late post-

transplant target exposure reference value of 58 g·h/mL A summary of these results has been added in 

section 5.2 of the SmPC. Overall, the paediatric studies reported in the literature were supportive of the 

PA16497 study and use of MMF in paediatric LTx patients in combination with ciclosporin and 

corticosteroid at the initial dose of 600 mg/m2 b.i.d.  

Sponsored clinically studies are not available of MMF in paediatric heart transplant patients. The use of 

MMF in paediatric HTx patients is supported by two literature references (Dipchand et al. (2001) and 

Gajarski et al. (2004)), which both applied MPA Ctrough target values in their analysis. MMF dosing and 

MPA Ctrough values in the two publication appear to be in the range with other RTx and LTx paediatric 

studies. The mean Ctrough level was lower in the group of infants whose exact age is not available, 

compared to older children. According to the MAH, an early MPA Ctrough value of 1.5-3 mg/L appears as 

the optimal range. Overall, the paediatric studies reported in the literature were supportive for the use of 

MMF in paediatric HTx patients in combination with ciclosporin and corticosteroid at the initial dose of 600 

mg/m2 b.i.d.  

In conclusion, the starting dose of 600 mg/m2 MMF was shown to be adequate in children above 1 years. 

Data from the study conducted by the MAH and literature reports provides some support for using a 

higher MMF dose than 600 mg/m2 MMF children with insufficient immunosuppression due to inadequate 

MPA exposure. The MAH argued for not increasing the initial dose in younger children as the dose of MMF 

should be adjusted in LTx and HTx patients according to the need of the individual patient. If 

immunosuppression is assessed as insufficient, a dose increase to 900 mg/m2 twice a day (maximum 

daily dose of 3 g) is recommended. This recommendation to increase the dose to individual needs is 

consistent with the recommended adult dose for HTx and LTx, 1.5 g b.i.d. (3 g daily dose). This dosing 

regimen in LTx and HTx has been adequately justified and is accepted by the CHMP.  

Overall, sufficient evidence have been provided to support the use of MMF in paediatric LTx and HTx 

patients, 1-18 year, and expanding the use in RTx in children down to 1 year. The recommended 
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paediatric dosing regimen has been reasonably justified by the MAH and is consistent with the adult MMF 

dosing regimen and the already approved paediatric dosing scheme. 

The mechanism of action of MPA is a potent, selective, uncompetitive and reversible inhibition of inosine 

monophosphate dehydrogenase (IMPDH) and the de novo pathway of guanosine nucleotide synthesis 

without incorporation into DNA. This is independent of transplant type and can be transferred from HTx 

and LTx and RTx to one another. 

The pharmacodynamics relevant for both PD relationship with efficacy as well as safety is as described 

the IMPDH inhibition typically measured in EC50 levels. Ontogeny has been addressed and thus the claim 

that the PD is independent of age is accepted by the CHMP. 

2.3.5.  Conclusions on clinical pharmacology 

PK comparability of MMF/MPA in children from 1 to 18 years has been demonstrated for RTx, LTX and 

HTx. In conclusion, the pharmacokinetic data are sufficient to support the following posology (section 4.2 

of the SmPC) of MMF in children from 1 year to 18 year for all 3 types of transplantation: 

• The recommended mycophenolate mofetil initial dose for paediatric renal, cardiac and hepatic 

transplant patients is 600 mg/m2 (of body surface area (BSA)), administered orally, twice daily 

(initial total daily dose not to exceed 2 g, or 10 ml of the oral suspension).  

• The dose and product form should be individualised based on clinical assessment. If the 

recommended initial dose is well tolerated but does not achieve clinically adequate 

immunosuppression in paediatric cardiac and hepatic transplant patients, the dose can be 

increased to 900 mg/m2 BSA twice daily (maximum total daily dose of 3 g, or 15 ml of the oral 

suspension). The recommended maintenance dose for paediatric renal transplant patients 

remains at 600 mg/m2 twice daily (maximum total daily dose of 2 g or 10 ml of the oral 

suspension). 

2.4.  Clinical efficacy 

No new study has been presented for this type II variation. A review of relevant clinical data literature is 

presented below supporting the application for extension of indication. 

According to the MAH, the clinical efficacy data supporting the application originate from available 

publications of studies conducted in the paediatric population, including 14 studies relevant to paediatric 

heart transplant (HTx) and 15 studies relevant to paediatric liver transplant (LTx) patients.  

In addition, clinical efficacy data from the Roche-sponsored pivotal trials conducted in the adult 

population, and data extracted from the Organ Procurement and Transplantation Network (OPTN) and 

Scientific Registry of Transplant Recipients (SRTR) Registries for HTx and LTx in the United States (US) 

are also included to provide the context for interpretation of the available literature data.  

The MAH also resubmitted the clinical studies conducted in paediatric renal transplant. 

2.4.1.  Dose response studies 

No new dose-response studies were conducted for this variation application. For background on dosing 

recommendations please see the PK-section above. 
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2.4.2.  Main studies 

Renal Transplantation in Adult Recipients  

The pivotal clinical trials with MMF, which formed the basis for approval for use in prevention of organ 

rejection in adult RTx patients, were three randomised, double-blind, multi-centre trials assessing the 

safety and efficacy of MMF in combination with corticosteroids and ciclosporin A (CsA): Studies ICM1866, 

MYC0221, and MYC023.  

The pivotal studies compared two dose levels of oral MMF (1 g twice a day [b.i.d.] and 1.5 g b.i.d.) with 

either azathioprine (AZA; 2 studies) or placebo (1 study) when administered in combination with CsA and 

corticosteroids to prevent acute rejection episodes.  

The primary efficacy endpoint was the proportion of patients in each treatment group that experienced 

treatment failure within the first 6 months after transplantation.  

Treatment failure was defined as:  

• Biopsy-proven acute rejection upon treatment, or the occurrence of death or graft loss; or 

• Early termination from the study for any reason without prior biopsy-proven rejection. MMF was studied 

in the following three therapeutic regimens:  

a) Anti-thymocyte globulin induction/MMF or AZA/CsA/corticosteroids;  

b) MMF or AZA/CsA/corticosteroids;  

c) MMF or placebo/CsA/corticosteroids. 

The following tables (Table 19, Table 20, and  

Table 21) summarise the results of these studies. 

MMF in combination with corticosteroids and CsA significantly reduced the incidence of treatment failure 

within the first 6 months following transplantation (p 0.05).  

More patients receiving MMF discontinued therapy (without prior biopsy-proven rejection, death, or graft 

loss) than in control groups, with the highest rate in the MMF 3 g/day group. Patients who prematurely 

discontinued treatment were not followed for the occurrence of acute rejection after termination. 

Therefore, the acute rejection rates may be underestimated, particularly in the MMF 3 g/day group. 

Table 19 Renal Transplant Study ICM1866 (Syntex Report CL 6813): Incidence of Treatment 
Failure at 6 Months Post-Transplant 
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Table 20 Renal Transplant Study MYC023 (Syntex Report CL6821): Incidence of Treatment 
Failure at 6 Months Post-Transplant 

 
 

Table 21 Renal Transplant Study MYC022 (Syntex Report CL6819): Incidence of Treatment 
Failure at 6 Months Post-Transplant 

 

 

Cumulative incidence of 12-month graft loss and patient death are presented in Table 22. Numerically, 

patients receiving MMF 2 g/day and 3 g/day experienced a better outcome than controls in all three 

studies. Patients receiving MMF 2 g/day experienced a better outcome than MMF 3 g/day in two of the 

three studies. Patients in all treatment groups who terminated treatment early were found to have a 

higher incidence of graft loss and death at 12 months post transplantation. 

Table 22 Cumulative Incidence of Combined Graft Loss and Patient Death at 12 Months Post-
Transplant 
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Long-term (1-3 year) efficacy results for Studies MYC023 and MYC022 are summarised in Table 23. 

Table 23 Long-Term Efficacy Results of Studies MYC023 and MYC022 

 

 

Renal Transplantation in Paediatric Recipients  

Approval in paediatric patients was based on one open-label, PK, safety and efficacy study in 100 

paediatric RTx recipients aged 3 months to 18 years (Study MYCS2675). MMF powder for oral suspension 

was dosed at 600 mg/m2 b.i.d. (up to 1 g b.i.d.) in all age groups and was combined with CsA and 

maintenance corticosteroids. The patients were followed for up to 3 years post-transplant. The efficacy 

data are summarised in Table 24. 

Table 24 Efficacy Results of Paediatric Renal Transplant Study MYCS2675 

 

 

The study concluded that a 600 mg/m2 MMF dosing regimen provides a predictable PK profile in 

paediatric RTx patients. The results indicated that MMF treatment in paediatric patients is associated with 

patient and graft survival rates comparable to those in adult populations. 

Evidence of Efficacy in Cardiac Transplantation in Adult Recipients  

Approval in adult cardiac transplant patients was based on one randomised, double-blind, multi-centre 

trial MYCS1864 (Niranjan et al. 2008). 

Study MYCS1864 compared the efficacy of MMF and AZA in 578 cardiac transplant recipients. Patients 

received MMF 1.5 g b.i.d (n=289) or AZA 1.5−3 mg/kg/day (n=289), in combination with CsA and 

corticosteroids, as maintenance immunosuppressive therapy. No difference was established between MMF 

(32%) and AZA (35%) with respect to biopsy-proven rejection with hemodynamic compromise (p=0.338). 

At 3 years, the incidence of death or re-transplantation was 18.3% in AZA-treated patients and 11.8% in 

MMF-treated patients (difference 6.5%, 95% confidence interval [CI]: 1.1 to 12.0%). The authors 
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suggested that MMF might provide some benefit in survival compared to AZA in patients who are able to 

take oral medication in the immediate post-transplant period. Efficacy results are summarised in Table 

25. 

Table 25 Summary of Efficacy Results from Roche Study MYCS1864 

 

 

Evidence of Efficacy in Hepatic Transplantation in Adult Recipients  

Approval in adult hepatic transplant patients was based on one randomised, double-blind, multi-centre 

trial MYCS2646. 

Study MYCS2646 was a randomised, double-blind, parallel-group, multi-centre, comparative study in 564 

primary hepatic transplant recipients that was performed at 16 centres in the US, 2 in Canada, 4 in 

Europe, and 1 in Australia. Patients either received MMF 1 g b.i.d intravenously for up to 14 days followed 

by MMF 1.5 g b.i.d. orally, or AZA 1−2 mg/kg/day intravenously followed by AZA 1−2 mg/kg/day orally, in 

combination with CsA and corticosteroids, as maintenance immunosuppressive therapy. Efficacy results 

are summarised in Table 26. 

Table 26 Efficacy Results of Study MYCS2646 

 

 

Real World Data from Registries 

The off-label use of MMF-containing regimens in paediatric heart and liver transplant recipients has 

increased over time. In paediatric HTx approximately 93% of children received MMF and for paediatric 

LTx, 49% of children received MMF as part of an immunosuppressive regiment in 2019. From the 

literature, use of immunosuppressants (including MMF) in paediatric liver and heart transplant patients is 

consistent between countries. 

Methods 

A systematic literature search was conducted in the electronic databases BIOSIS Previews, Derwent Drug 

File, Embase, Medline, Cochrane Library and NICE website. The literature search was cumulative until end 

of 2022. The search terms were keywords from MeSH and Emtree thesaurus for clinical studies, clinical 

trials, meta-analysis, efficacy, effectiveness, treatment outcome, disease progression, evidence-based 

medicine, guidelines and related concepts, combined with the drug terms ‘mycophenolate mofetil’, 

‘cellcept’ or ‘mmf’ in paediatric population with liver and heart transplant(s). A free text search in title and 

abstract with those terms was also performed. Exclusion criteria were case reports, letters, editorials, 

notes, preclinical studies and non-English publications. From the 105 publications identified, randomised 

clinical trials, observational studies, meta-analyses, and guidelines concerning the approved indications 
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were considered. Reference lists from the identified publications were also examined to identify any 

relevant information that may have been missed in the systematic search. 

Paediatric Heart transplant  

A summary of the available publications of studies showing a potential benefit related to the efficacy of 

MMF when used in paediatric HTx recipients is included in   
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Table 27, below. The publications are grouped by the potential benefit and provide supportive evidence. 

This includes 12 retrospective studies and 2 prospective observational studies. 
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Table 27 Summary of Paediatric Heart Transplant Studies Contributing to Efficacy Evaluation 

(Supportive Evidence) 
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Table 27 continuation 
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Table 27 continuation 
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Table 27 continuation 
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Table 27 continuation 

Table 27 continuation 

 

 

Paediatric Liver Transplantation 

A summary of the available publications of studies showing a potential benefit related to the efficacy of 

MMF when used in paediatric LTx recipients is included in Table 28, below. The publications are grouped 

by the potential benefit and provide supportive evidence. This includes 8 retrospective studies and 7 

prospective (mainly observational or single arm) studies. 
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Table 28 Summary of Paediatric Liver Transplant Studies Contributing to Efficacy Evaluation 

(Supportive Evidence) 
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Table 28 continuation 
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Table 28 continuation
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Table 28 continuation
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Table 28 continuation

 

 

Comparison and analyses of results across studies 

Study populations 

Paediatric Heart Transplant - Real World Data from Registries 

The demographic characteristics of children receiving HTx in the US between 2007-2009 and 2017-2019 

are provided from the OPTN/SRTR registry data and shown in Table 29. Across the two periods, the 

demographic baseline of HTx recipients has remained stable. 
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Table 29 Demographic Characteristics of Paediatric Heart Transplant Recipients, 2007-2009 

and 2017-2019 

 

 

Published Literature 

Most of the retrieved publications presented studies comparing the calcineurin inhibitor-azathioprine 

(CNI-AZA) containing immunosuppressive regimes to regimens containing MMF and evaluating the effect 

that switching AZA for MMF would have on the renal function, episodes of rejection, use of corticosteroids 

and overall survival post-transplant. Some studies have looked at the effects that ciclosporin A (CsA)-

containing regimens have on the kidney function in paediatric HTx patients. When exposed to CsA post-

transplant as part of the maintenance immunosuppressive regimen, some children develop nephrotoxicity 

and reduced renal function.  

Boyer et al. (2005) showed an improvement in both glomerular and tubular renal functions in 14 children 

under the age of 17 treated with MMF. According to the MAH, reducing or discontinuing CsA dosage with 
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concomitant replacement of AZA by MMF is a safe way to improve renal function in children with HTx and 

CNI-induced nephrotoxicity (Boyer et al. 2005, Rosenthal et al. 2021).  

Several studies have also looked into the effects of MMF on organ rejection in children under 17 years old 

with a HTx. Most of them seem to agree that switching from AZA to MMF as part of their maintenance 

immunosuppressive treatment has a significant and positive impact on the rejection episodes of these 

patients (Groetzner et al. 2005, Lammers et al. 2010, Lamour et al. 2019, Marshall et al. 2013), with one 

study indicating that MMF can even have a positive effect in the treatment of these events (Dipchand et 

al. 2001).  

Chronic steroid usage can lead to complications such as stunted growth, hypertension, glucose 

intolerance/diabetes, hyperlipidemia, weight gain and osteoporosis. All these effects may affect long-term 

outcomes and quality of life of children. Steroid sparing is of particular interest in paediatric patients who 

will need immunosuppression for the rest of their lives, and also are undergoing growth.  

Dipchand et al. (2001) showed that switching from AZA to MMF also facilitates steroid dose reduction, 

and the implementation of a steroid-free regimen in children under 17 years old. Other studies have 

shown that patients receiving MMF as part of their treatment can be managed safely with steroid 

avoidance immunosuppression regimens, with low rejection rates and good survival outcome (Lamour et 

al. 2019, Singh et al. 2010).  

Cardiac allograft vasculopathy (CAV) is an important cause of graft failure in HTx recipients. One study 

looked at the effects of different immunosuppressive regimens in children under the age of 19 years old 

on the development of CAV. The use of MMF appeared to have a protective effect against the 

development of CAV in these patients (Moffett et al. 2014) 

 

Paediatric Liver Transplant - Real World Data from the Registries 

The demographic characteristics of children receiving LTx in the US between 2007-2009 and 2017-2019 

are provided from the OPTN/SRTR registry data (see Table 30). Across the two periods, the demographic 

baseline of LTx recipients has remained stable. 
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Table 30 Demographic Characteristics of Paediatric Liver Transplant Recipients, 2007-2009 
and 2017-2019 

 

 

Published Literature 

The majority of the retrieved publications presented studies that included children who had been exposed 

to CNI-based immunosuppressant regimens in the post-transplant period and subsequently developed 

nephrotoxicity and reduced renal function. Within this group of children, the studies evaluated the benefit 

of adding MMF to the regimen to enable CNI dose reduction or cessation, in order to preserve renal 

function. The endpoint is typically an improvement in renal function as measured by glomerular filtration 

rate (GFR), and balanced with the risk of rejection (Aw et al. 2001, Nobili et al. 2003, Ferraris et al. 2004, 

Evans et al. 2005, Tannuri et al. 2007). One study (Leiskau et al. 2018) evaluated the benefit of using a 

combination of TAC and MMF without the development of renal impairment or renal toxicity.  

Three other studies provided information on the use of MMF containing regimens in children who received 

ABOi LTx. The children included in these studies were typically below 3 years of age and received MMF 

within an individualised and intensive immunosuppressive regimen typically incorporating 

plasmapheresis, immunoglobulin and B cell depleting agents in addition to agents such as CNI, 

antimetabolites and steroids. Graft and patient survival were used as evidence of benefit of the regimen, 
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and to show that this type of transplant is feasible (Schukfeh et al. 2015, Mysore et al. 2018, Dhungel et 

al. 2019).  

The use of MMF in rescue for children with allograft rejection was evaluated in two retrospective studies 

(Chardot et al. 2001, Aw et al. 2008). The studies included children with steroid resistant rejection, or 

those who had received insufficient immunosuppression.  

Steroid sparing is also particularly important for children who will need immunosuppression for the rest of 

their lives while undergoing growth. One study evaluated use of MMF in children under 18 years old with 

a LTx and initiating immunosuppression (Teisseyre et al. 2011).  

Other studies presented evidence of the benefits of MMF when used in Chinese children receiving LTx 

(Shen et al. 2008), in children with an underlying diagnosis of autoimmune hepatitis (Martin et al. 2011), 

and in children who have received LTx and where MMF has been used as a maintenance treatment (Xinias 

et al. 2010). 

 

Comparison of efficacy results of all studies 

Paediatric Heart Transplant 

Despite significant improvements in paediatric HTx outcomes, significant morbidity and mortality are still 

associated with it in the form of graft rejection, graft failure, infection, long-term corticosteroid use and 

other complications related to either under-immunosuppression or over-immunosuppression.  

During the period of 1994-1999, the majority of paediatric HTx recipients were maintained on a triple 

therapy regimen with CsA, AZA, and prednisone. In contrast, during the period of 2001-2010, the most 

common regimen consisted of dual therapy with TAC and MMF, with most patients weaned off steroids 

(Marshall et al. 2013).  

Currently, MMF has replaced the use of AZA in most centres (Singh et al. 2016), and is widely used as 

part of regular immunosuppressive regimens in clinical practice. One survey of several transplant centres 

in the United Kingdom (UK), Brazil, the US and Canada conducted by Castleberry et al. (2017) showed 

that a majority of the clinical protocols in those centres included MMF as long-term maintenance 

immunosuppression drug in paediatric HTx patients. MMF is also widely used in transplant centres in 

China as a routine component of the immunosuppressive treatment for paediatric HTx (Li et al. 2015).  

Changes in immunosuppression regimens and the adoption of MMF have shown to be associated with 

improved 1-year, 5-years and 10-years survival in a 23-year retrospective, single-institution analysis of 

180 paediatric and congenital patients by Tuite et al. (2021). These findings support the concept that 

advances in immunosuppressive strategies are associated with improved survival after HTx for paediatric 

and congenital cardiac disease, especially in high-risk cases (Tuite et al. 2021). These results are in line 

with the trends observed in the OPTN/SRTR registries. 

Rejection  

Despite improved immunosuppression, rejection accounts for significant morbidity and mortality in 

children after HTx.  

Groetzner et al. (2005) reported that since the introduction of MMF to the immunosuppression protocols 

used in their centre in paediatric HTx patients, freedom from acute rejection after 5 years increased to 

62%, compared to 40% with primary CsA immunosuppression regimen and 56% with TAC. It is also 

shown in this study that MMF in combination with CNI (started in 1995, n=27) led to a significantly higher 

freedom from acute rejection in the first year, compared to CNI combined with AZA or steroids (n=23; 

p=0.0013 from Kaplan-Meier analysis).  
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Lammers et al. (2010) reports the incidence and outcome of rejection of 105 children following HTx 

performed between January 2002 and August 2007. In this cohort, combination of MMF and TAC 

appeared to provide the best protective profile as the maintenance combination immunosuppressive 

therapy of choice, to prevent (hemodynamically relevant) rejection following orthotopic HTx in children. 

Of note, among the patients whose immunosuppression regimen contained MMF (n=50), none presented 

with a rejection resulting in hemodynamic collapse. The observed trend of a lower incidence of rejection 

with TAC and MMF than with TAC and AZA or TAC alone is in line with emerging data on MMF therapy in 

adults, and preliminary experience in children, as reported by other centres.  

Marshall et al. (2013) performed a retrospective, historical-control, observational study comparing short-

term outcomes in patients who received a classic CsA-AZA-steroid-based treatment regimen without 

induction, and those who were transplanted using a TAC-MMF-based steroid-sparing protocol with the use 

of cytolytic induction therapy. A total of 103 paediatric HTx patients who underwent primary HTx at the 

Morgan Stanley Children’s Hospital of New York between 1 January 2005 and 31 May 2010 were included 

in the study. 64 patients were from the control group (undergoing transplant between January 2005 and 

Apr 2008), and 39 from the new protocol group (undergoing transplant between May 2008 and May 

2010). The results showed that in the first year after transplantation, the proportion of patients with at 

least one episode of acute rejection was lower in the new protocol group compared to the control group 

(38% vs. 58%; odds ratio [OR] 0.41; 95% CI: 0.18 to 0.92, p=0.042). Also, patients that received 

treatment with the new protocol had a greater freedom from rejection time during the first year after the 

HTx than those in the control group (p=0.044). During the second year, the proportion of patients 

experiencing one episode of rejection was comparable in the two groups, 5% in the new protocol group 

vs. 4% in the control group. 

Cardiac Allograft Vasculopathy (CAV) 

CAV is an important cause of graft failure in HTx recipients. Moffett et al. (2014) performed a single 

centre, retrospective analysis on 148 patients aged under 19 years old who underwent HTx between 1996 

and 2012, with the aim to identify the effect of the different immunosuppressive regimens on the 

development of CAV. Patients’ medication regimens were followed for 1 of 3 endpoints: date of first CAV 

diagnosis, re-transplantation, or death. CAV was determined by angiography/imaging or pathology. The 

multivariate hazard model analyzing the time to CAV suggested that the use of MMF resulted in a 

decreased risk of developing CAV in paediatric HTx patients (hazard ratio [HR]=0.45, CI: 0.2, 0.98, 

p=0.04). 

Renal Sparing  

Safely improving renal function in HTx paediatric patients has become a major objective while handling 

immunosuppressive regimens in paediatric HTx patients.  

Boyer et al. (2005) showed an improvement in both glomerular and tubular renal functions in 14 children 

with MMF following a dosage reduction of CNI (e.g., CsA). Both insulin and creatinine clearance increased 

significantly following the switch and this effect appears to be of rapid onset and long lasting. They 

concluded that reducing CsA dosage with concomitant replacement of AZA by MMF appears to be a safe 

way to improve renal function in children with HTx and CNI-induced nephrotoxicity.  

CsA-discontinued immunosuppressive therapy can be safe in HTx patients with no increase in organ 

rejection or death, and leads to a significant recovery of kidney function (Rosenthal et al. 2021). 

Steroid Sparing  

Another goal of utilising MMF in paediatric HTx patients is to minimise corticosteroid exposure. As survival 

after HTx continues to improve in the paediatric population, the morbidity complications associated with 

long-term corticosteroid therapy such as stunted growth, hypertension, glucose intolerance/diabetes, 
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hyperlipidemia, weight gain and osteoporosis may affect long-term outcomes and quality of life in 

children. These metabolic side effects may be minimised by a “steroid-avoidance” approach to 

immunosuppression in paediatric HTx recipients.  

Published literature on both heart and renal transplant show evidence that MMF may allow for lower doses 

or even elimination of corticosteroids from the immunosuppression regimens.  

Dipchand et al. (2001) reported that it is possible to successfully reduce and/or discontinue 

corticosteroids in HTx paediatric patients, with successful discontinuation in 28% of patients on MMF, and 

ongoing dosage reduction in 20% of patients enrolled in their study (n=21).  

Lamour et al. (2019) have shown that paediatric HTx recipients without donor specific antibodies at 

transplant and treated with a MMF containing regimen can safely avoid steroid treatment and have 

excellent short-term survival and low risk of first-year diabetes mellitus and post-transplant 

lymphoproliferative disorder (PTLD).  

Singh et al. (2010) performed a single centre, retrospective analysis of 55 HTx patients that had entered 

a steroid-avoidance immunosuppression protocol consisting of thymoglobin induction, followed by a TAC-

MMF, corticosteroid-free regimen. The primary outcome variable was freedom from moderate rejection 

(International Society for Heart and Lung Transplantation grade 2R/3A or antibody-mediated rejection). 

Median age was 7.2 years. Results showed that freedom from rejection was 92% at 6 months, and 87% 

at 1 year. Post-transplant survival was 91% at 6 months and 88% at 12 and 24 months. This 

demonstrates that an immunosuppression protocol consisting of induction treatment and followed by 

corticosteroid avoidance, and a TAC-MMF based regimen appears to achieve acceptable rejection rates 

during the first year post transplant in paediatric HTx recipients. 

ABO-Incompatible Transplant  

In a retrospective, multicentre analysis of 55 ABOi paediatric patients that underwent HTx, Urschel et al. 

(2013) concluded that successful ABOi HTx can be performed at an older age and with higher 

isohemagglutinin titers than initially assumed and using similar immunosuppressive regimens as for ABO-

compatible transplants. Rejection and graft vasculopathy are rare. Sixty-two percent of the patients 

included in this study received MMF as part of their immunosuppression regime, along with CNI and low 

dose steroids. Furthermore, the authors concluded that given the lack of effective suppression of B-cell 

immunity by CNI, one could postulate that an anti-proliferative drug such as MMF should be a mandatory 

part of the regimen in ABOi HTx. 

 

Paediatric Liver Transplant 

Paediatric LTx is performed to treat acute and chronic liver failure due to any cause, in appropriately 

selected patients and without contraindications (e.g., only a few cases related to malignancy, terminal 

conditions, poor expected quality of outcome). In children, cholestatic biliary atresia is the most frequent 

cause of liver failure. Over the last decade, graft survival has improved. Acute cellular rejection is 

encountered in up to 60% of recipients within the first few years after liver transplantation and chronic 

rejection can be seen in as many as 10% of paediatric transplantation patients in some series (Yazigi 

2013). Long-term use of corticosteroids and CNIs in paediatric LTx patients can lead to growth failure, 

renal impairment, dyslipidemia, hypertension, diabetes mellitus, and PTLD. Therefore, it could be 

beneficial to opt for short-term utilisation of these drugs in paediatric patients or use alternative 

immunosuppressant regimens containing, for example, MMF (Ruth et al. 2014). 
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Rejection  

Chardot et al. (2001) published a preliminary, retrospective experience on the use of MMF as a rescue 

therapy in 19 children that underwent LTx. The median initial oral dose of MMF was 23 mg/kg/day 

(range: 12–43). In the earlier experience, the initial dose of MMF was extrapolated from the adult dose 

(2–3 g/day) to 40 mg/kg/day. With increasing experience, this initial dose was reduced to 20 mg/kg/day. 

No MMF assay was available during the period of the study, and MMF therapy was adapted according to 

clinical and biological tolerance. Median follow-up after initiation of MMF therapy was 642 days (range: 

229–1606 days). MMF was indicated for rejection or insufficient immunosuppression in 16 cases, with 

normalisation of both liver function tests and liver histology in 10 cases (62%). MMF was successfully 

used in one patient with post-LTx immune hepatitis and one patient with corticosteroid dependence. In 

three patients with renal function impairment, MMF allowed reduction of CsA or TAC blood levels, without 

subsequent rejection.  

Aw et al. (2008) evaluated the long-term outcomes of 26 children who received rescue therapy with MMF 

for steroid resistant rejection. The median age at transplant was 1.7 years (range: 0.4–13.6). Primary 

immunosuppression was CsA-based in 22 patients, and TAC-based in 6. All patients except one had been 

converted to TAC prior to MMF, having already received a median of 2 (1 to 5) courses of high-dose 

intravenous methylprednisolone. The median time to MMF rescue therapy was 1.8 months (range: 0.4–

35.8). In 21 of the 28 episodes of steroid resistant rejections, patients responded to MMF therapy. MMF 

was added at a dose of 10 mg/kg/day in divided doses, and the dose was increased to a maximum of 40 

mg/kg/day over 2 weeks (mycophenolic acid [MPA] assay tests were not available at the time). The 

median follow-up was 8.8 years (range: 7.7–11.5). In responders, there was 1 death from PTLD, and no 

grafts were lost due to chronic rejection. In the 7 non-responders, 3 grafts were lost due to chronic 

rejection, and 2 resulted in death. Surviving children were clinically well, with good liver function, and 17 

remained on MMF. 

Renal Sparing  

LTx allows survival of children with end-stage liver disease; however, the need for immunosuppression is 

typically prolonged or life-long. Immunosuppressive regimens based on CNIs have had a positive impact 

on reducing rejection episodes. However, concerns exist related to the long-term impact on renal function 

by use of CNIs, as well as the risks of hypertension, neurological toxicity, cardiovascular risk, metabolic 

and cosmetic side effects. MMF has a different mechanism of action than CNIs and regimens using MMF 

alone or in combination have been studied in children with liver transplants. Based on the available 

evidence, MMF is frequently used as a part of renal sparing immunosuppression in the protocols of many 

transplant centres. The benefit of renal sparing is carefully balanced with the increased risk of 

opportunistic infection and neutropenia associated with MMF treatment. 

Aw et al (2001) studied the use of MMF as a renal rescue to reduce the CNI exposure in 14 paediatric LTx 

recipients with CNI related nephrotoxicity. Patients had stable liver graft function and a glomerular 

filtration rate (GFR) 80 mL/min/1.73 m2. MMF was introduced at 20 mg/kg/day and increased to 40 

mg/kg/day after one week. CNI dose was then reduced to achieve blood levels 25% of baseline. GFR was 

reassessed after 6 and 12 months. The median GFR increased from a baseline of 52 to 69 at 6 months 

and 73 mL/min/1.73m2 at 12 months, respectively (p0.001). Side effects of MMF included decreased 

white cell count in two patients and backache in one. Two patients discontinued MMF. Acute allograft 

rejection occurred in three patients. All 14 patients were well at a median follow-up of 24 months from 

MMF introduction.  

Nobili et al. (2003) reported on eight children that underwent paediatric LTx at least 5 years previously 

and had stable graft function with probable CNI induced renal dysfunction. CNI therapy was replaced by 

MMF in all patients. MMF was introduced at a dose of 20 mg/kg/day in two divided doses and increased to 

40 mg/kg/day during the first month. TAC or CsA, at the same time, was reduced by 25% and 
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subsequently gradually reduced every 2 weeks to achieve blood levels 25% of baseline over a period of 2 

months. Serum creatinine, uric acid concentration, azotemia and creatinine clearance before and 6 

months after study entry were measured. The patients were monitored closely for adverse events of MMF 

as well as graft function. The mean serum creatinine values were 1.18 mg/dL at 6 months before MMF 

introduction, and 0.83 mg/dL at 6 months after MMF introduction (p=0.01). The mean uric acid 

concentration were 7.72 mg/dL at 6 months prior to MMF, and 5.66 mg/dL at the last follow-up 

(p=0.001). The mean BUN varied from 25.4 mg/dL at 6 months before MMF introduction to 18.80 mg/dL 

after 6 months of MMF treatment (p=0.005). Additionally, creatinine clearance had improved in all 

patients at the last follow-up. The mean values were 71.20 mL/min at 6 months before MMF introduction, 

and 88.40 mL/min at 6 months after MMF. The difference in creatinine clearance was not statistically 

significant. The AST and ALT concentrations were stable during the study period and no increase in serum 

bilirubin was observed. Only one patient reported temporary pruritus and nausea.  

Ferraris et al. (2004) characterised the incidence of chronic renal dysfunction (n=52), and the effect of 

combining MMF and a reduced CsA dose on renal function (n=14) and immune response was evaluated 

five years after LTx. Fourteen patients developed chronic renal dysfunction (creatinine clearance 75 

ml/min/1.73 m2 ) secondary to CsA toxicity as evaluated by renal biopsy. In 11 patients CsA dose was 

decreased to target levels 40−90 mg/mL with MMF 600 mg/m2 b.i.d. Plasma creatinine levels decreased 

(from 1.00.03 to 0.80.03 ng/dL, p0.007), creatinine clearance increased (from 66.83.0 to 99.26.3 

mL/min/1.73 m2 , p0.002), and microalbuminuria decreased (from 21.08.6 to 3.61.1 mg/24 h, 

p0.05) after 12 months of MMF therapy combined with reduced CsA. MMF allowed the reduction of CsA, 

with an improvement in renal function, no risk of rejection, and minor changes in the immune response. 

In a retrospective analysis, Evans et al. (2005) evaluated the long-term use of MMF in children who 

received the drug as a result of renal dysfunction (calculated glomerular filtration rate [cGFR]65 

mL/min/1.73 m2) after orthotopic LTx. Forty-eight children began MMF at a median age of 11.1 years 

(range: 0.9−18.1) and at a median of 4.0 years (range: 0.3−12.4) post-LTx. Median baseline cGFR was 

54 mL/min/1.73 m2 (range: 29–65). Immunosuppression after transfer was MMF monotherapy in 36 

children, MMF with steroids, in 4 children and MMF with low-dose CsA or TAC in 8 children. Twenty-three 

children were transferred to MMF monotherapy by introducing MMF at 20 mg/kg per day in two divided 

doses and at the same time, halving the CsA dose. After 2 weeks, CsA was discontinued as long as liver 

biochemistry and a full blood count were normal. The remaining 13 children were transferred to MMF in 

the same way, but prednisone at a dose of 5 mg/day was added to their therapy temporarily for 3 

months to prevent liver-allograft rejection. This was then reduced and discontinued, leaving the patients 

on MMF monotherapy. For those receiving CsA or TAC with prednisone, MMF was simply added to the 

regime at a dose of 20 mg/kg per day in two divided doses and after 2 weeks, if liver biochemistry was 

stable, the CsA or TAC dose was reduced to give low levels of 40−60 g/L or 3−5 ng/mL, respectively. The 

same approach was used for those receiving CsA in combination with AZA, except that AZA was 

discontinued when MMF was introduced. In all cases, MMF was increased to a maximum of 40 mg/kg per 

day in two divided doses if renal dysfunction had not improved by 3 months after transfer to MMF. In 44 

patients (92%) there was a statistically significant increase to a median cGFR of 69 mL/min/1.73 m2 

(range: 28-114) by 1 month and a further increase to a median cGFR of 77 mL/min/1.73 m2 (range: 

24−105) by 2 months of MMF treatment, after which cGFR levels were maintained. Children aged less 

than 3 years at LTx or who were less than 5 years post-LTx, when MMF was introduced, demonstrated 

greater increases in cGFR. Four children with a median baseline cGFR of 34 mL/min/1.73 m2 (range: 

31−49) did not respond and progressed to end stage renal failure. Liver function abnormalities occurred in 

seven children (15%): transient transaminitis in three, acute rejection in two, and chronic rejection in two 

of whom one required re-transplantation.  

Tannuri et al. (2021) retrospectively evaluated the efficacy and safety of the long-term use of MMF with 

reduced doses of CNIs. Out of 191 paediatric LTx recipients, 11 children developed renal dysfunction 



 
 

  
  

EMA/554250/2024 Page 69/115 

secondary to prolonged use of CsA or TAC, 1-12 years post-LTx. MMF was introduced at an initial twice-

daily dose of 10 mg/kg and increased gradually to 40 mg/kg/day within a two-week interval. After 

introduction of MMF, the CNI dosage was reduced gradually to 50% of baseline dosage over a period of 

one month, without concern for drug levels. Renal function improved in 9 of 11 patients (82%). There 

were no episodes of acute or chronic rejection or increased infection rates during the 24-month study 

period. Two patients developed transitory diarrhea and leukopenia that recovered with reduction of MMF 

dosage to 30 mg/kg/day. 

A single study was identified where the effectiveness and safety of de novo MMF and TAC-based regimens 

(n=19) were compared to retrospectively age and diagnosis matched cohorts treated with TAC 

monotherapy (n=19) or CsA and prednisolone (n=19; Leiskau et al. 2018). TAC reduction in combination 

therapy (0.7 g/L over the year) was lower than targeted (2 g/L). Biopsy proven acute rejection 

occurred equally in MMF/TAC and TAC groups (31.6% each), being slightly higher in CsA group (42.1%; 

OR=1.5; 95% CI: 0.42 to 5.44; p=0.5). GFR deteriorated comparably in all 3 groups (p0.01 each), 

without significant differences between the groups. 

Steroid Sparing  

An abstract of a study was identified publishing the three year follow up of a study comparing 

immunosuppression with TAC, with or without MMF for early steroid withdrawal in children after LTx 

(Teisseyre et al. 2011). Group A included 22 patients aged 0.2−18 years treated with TAC and MMF, 

group B included 22 patients aged 0.12-18.1 years treated with TAC and steroids. MMF was administered 

from 0-90 days and then reduced and discontinued finally 4 months after LTx. In group B, steroids were 

administered according to a low-dose scheme and at the end of month 7 steroid withdrawal was started. 

The incidence of acute rejections, liver and renal function, serum glucose, blood pressure, frequency of 

viral infections and liver biopsy: 0-6 months, 1, 2, and 3 years after LTx were evaluated. Liver and renal 

function, blood glucose and incidence of cytomegalovirus infections were similar in both groups 1, 2 and 3 

years after LTx. Patients in Group A showed a reduced need for antihypertensive treatment (p0.05) in 

the early post-transplant period and 1 and 2 yrs post transplantation. A reduced incidence of Epstein-Barr 

virus infection was observed in Group A without steroids in 1, 2 and 3 years after LTx (p<0.05). Acute 

rejection episodes were more frequently recognised in Group A in the second year post LTx (p0.05). 

Steroid resistant acute rejection was not observed in either group. More patients from group A showed 

normal liver histology one year post LTx however this difference was not significant. 

ABO-Incompatible Transplant  

ABOi transplant has been performed primarily in children and typically in urgent cases as a way to 

address the scarcity of donor organs. The liver is viewed as an organ with greater resistance to acute 

rejection than the kidney or heart and was initially the organ where ABOi transplant was more frequent 

(Starzl et al. 1982, Demetris et al. 1988). Early trials showed poor graft survival due to antibody 

mediated rejection. Subsequently many approaches have been implemented to reduce the risk with the 

primary goal being reduction of ABO antibodies and suppression of B cell activity. Plasmapheresis, 

splenectomy, intravenous immunoglobulin, intrahepatic portal and arterial infusion, anti-lymphocyte 

antibodies, B cell depleting agents and enhanced immunosuppression represent some of the methods 

used to increase the success of ABOi transplant.  

Three studies were identified where ABOi liver transplants were performed and MMF was part of the 

immunosuppressive regimen. 

Schukfeh et al. (2015) published a prospective analysis of six paediatric ABOi LTx recipients under 3 

years of age, matched with six patients receiving ABO-compatible transplant comparable in the recipient’s 

preoperative paediatric end-stage liver disease (PELD), age, gender and the technical aspects of 

transplant and receiving transplant in the same period. At the time, there was experience of ABOi LTx 
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from Asian countries with good outcomes, but the procedure was rarely performed in Europe. The median 

follow-up was 2.6 years (range: 1–4.5). At the time of operation, the mean body weight was 7.7 kg 

(range: 5.7–16 kg) in ABO-compatible LTx recipients and 8.8 kg (range: 5.5−18 kg) in ABOi LTx 

recipients. In each group, the median PELD score was 28 (range: 28–35). The postoperative 

immunosuppressive regimen consisted of intravenous or oral prednisolone (initially 15 mg/m2 body 

surface area [BSA] at days 1–10 postoperatively), TAC (from 2 x 0.05 to 0.1 mg/kg) orally, and MMF 

(210mg/m2 BSA). MMF was introduced orally at Day 3, and four ABOi transplanted patients received 

intravenous immunoglobulins at Days 1, 3, and 5 after liver transplantation. Patient and graft survival in 

this group was 83%. One female patient died within 24 hours due to fulminant gram-negative sepsis. 

Another patient developed acute cellular rejection at the Day 8 postoperative, which responded to steroid 

treatment. No further complications occurred. In the ABO-compatible group, patient survival was 100% 

and graft survival was 83%; one patient in this group received re-transplantation after 4 days. During 

follow-up, two patients of the ABOi group had maximum alloantibody titers of four against the donor’s 

blood group; all other patients had titers below four.  

Mysore et al. (2018) developed and implemented a novel immunosuppression protocol in their Texas-

based centre specifically for children undergoing ABOi LTx and based on quantification of 

isohemagglutinin (IH) titres. Children with high pre-transplant IH titers (1:32) underwent an enhanced 

immunosuppression protocol including plasmapheresis, rituximab, IVIG, and MMF (15 mg/kg/dose b.i.d.), 

while children with IH titers 1:16 received steroids and TAC. Outcomes of ABOi LTx with ABO-compatible 

recipients of similar age and diagnosis over a 2-year period were retrospectively compared. Ten children 

with median age of 8.9 months underwent ABOi LTx, 4/10 patients underwent enhanced 

immunosuppression due to high IH titers. Rates of complications (rejection, infections, biliary and 

vascular) at both 1 year and up to 3 years post-transplant were comparable between the groups. Patients 

with ABOi LTx had good graft function with 100% survival at a median follow up of 3.3 years.  

A further abstract was identified in which 8 cases of patients receiving ABOi LTx were described where 

immunosuppression with MMF was started 1 week before transplant as part of the regimen and continued 

as part of triple therapy post operatively (no dose details given). Patient and graft survival was 100% in 

recipients at a mean follow-up of 33 months (range: 2–80; Dhungel et al. 2019). 

 

Comparison of results in subpopulations  

The retrieved publications include studies that offer limited information on the comparison of outcomes in 

different subpopulations. The information available from OPTN/SRTR registries provides some evidence 

related to outcomes in different subpopulations, though this cannot be directly and/or solely attributed to 

a particular MMF regimen or dosage. 

Paediatric Heart Transplant  

Real World Data from the Registries  

Age  

Overall, the rate of acute rejection at 1 year post transplant for transplants between 2017-2018 was 

similar for all age groups at approximately 20%. Five-year patient survival for transplants between 2012-

2014 was similar for all groups ranging from 81.3% for recipients aged younger than 1 year to 85.4% for 

ages 11−17 years. 

Sex 
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No information is published specific to outcome and patient survival for paediatric HTx recipients by sex. 

However, for adults, the data for males and females overlay each other and suggest that survival is not 

impacted by sex. 

Paediatric Liver Transplant 

Real World Data from the OPTN/SRTR Registries  

Age  

Across age groups, the incidence rate ranges from 21.3% in recipients aged younger than 1 year to 

29.4% in those aged 1-5 years. There was little variation by age in the 5-year graft survival rates ranging 

from 81.1% for recipients aged younger than 1 year to 85.5% for ages 11-17 years. 

Sex 

No information is published specific to outcome for paediatric or adult LTx recipients by sex. The registry 

data do confirm that the paediatric candidates wait-listed for LTx have consistently followed an equal 

distribution with respect to sex since 2008. 

Living-Donor Recipients vs Deceased-Donor Recipients  

Paediatric living-donor transplant recipients show a reduced rate of graft failure compared with deceased-

donor transplants that is apparent from approximately one year after transplant and most evident at ten 

years post-transplant where deceased-donor recipients have a failure rate of 24.8% and living-donor 

recipients have a failure rate of 17.6%. 

2.4.3.  Discussion on clinical efficacy 

The off-label use of MMF-containing regimens in paediatric heart and liver transplant recipients has 

increased over time. These regimens are broadly aligned with the use patterns in adults, although the 

benefit of steroid and CNI sparing may be more important for paediatric patients who are undergoing 

growth and who have a need to preserve renal function for a longer time compared with adults.  

In graft survival for heart and liver, and patient survival for heart and liver transplant, the efficacy of MMF 

is comparable with that observed in adults, although paediatric patients tend to have better outcomes 

relative to adults, particularly at time points beyond the first year post-transplant.  

The MAH proposes to extend the current indication of MMF to allow paediatric patients access to the 

medicine. 

No new dose-response trials were conducted in paediatric patients. The mechanism of action of MMF 

(conversion of the mycophenolate prodrug MMF into its active moiety MPA, which then inhibits IMPDH 

resulting in a decreased lymphocyte proliferation) is independent of transplant type. Exposure to MPA is 

determined by measuring the conversion of MMF to MPA and by MPA's metabolism to its inactive 7-O-

glucuronide MPAG. This is also independent of patient age.  

When expanding indications for CellCept from the RTx indication in adults to other transplant types in 

adults (heart, liver) and to RTx in children, it was assumed that similar systemic exposure to MPA will 

yield comparable efficacy independent of transplanted organ and age. This has been accepted by the 

CHMP. 

The MAH also demonstrated that the pharmacokinetics of MPA show high inter-patient variability in 

general, even higher in paediatric than in adult patients, in liver and heart transplant than in renal 

transplant patients and early after transplantation than later. It was thus supported that in order to 

secure adequacy of immunosuppression, individual dosing, was needed (see section 4.2 of the SmPC). 
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The MAH also provided evidence that often higher doses than 600 mg/m2 are needed to achieve the 

target exposure (29 h • mg/L in the early or 58 h • mg/L in the late post-transplantation period) that has 

been shown to be effective in adults and more pronounced for heart and liver than for renal patients. 

Thus it is accepted that a higher maintenance dose than currently recommended might be needed for HTx 

and LTx. 

The clinical efficacy data provided supporting the application originate from available publications of 

studies conducted in the paediatric population, including 14 studies relevant to paediatric heart transplant 

(HTx) and 15 studies relevant to paediatric liver transplant (LTx) patients.  

In addition, clinical efficacy data from the Roche-sponsored pivotal trials conducted in the adult 

population, and data extracted from the Organ Procurement and Transplantation Network (OPTN) and 

Scientific Registry of Transplant Recipients (SRTR) Registries for HTx and LTx in the United States (US) 

are also included to provide the context for interpretation of the available literature data.  

However, as pointed out by the MAH, the published studies are largely observational over a period of 

time, too small in sample size, and not designed to demonstrate the efficacy of MMF. They typically 

include MMF together with other therapeutic agents as a part of the immunosuppressive regimen, and it 

is therefore not possible to directly link or attribute any of the observed outcomes to MMF.  

Furthermore, very few of the publications retrieved were prospective studies; most studies were 

retrospective comparisons of transplant outcomes in the years before the introduction of MMF versus 

outcomes in the years after the inclusion of MMF in standard of care immunosuppressive regimens. 

Therefore, although the studies consistently show a benefit for MMF, the impact of improved surgical and 

medical management is also likely to have influenced these findings.  

Despite all these limitations, the results from the retrieved published studies suggest that as in adults, 

regimens containing MMF are effective in paediatric patients, with benefits of reducing the incidence of 

acute rejection and allowing calcineurin inhibitor (CNI) and steroid dose reduction. In addition, treatment 

with regimens containing MMF may improve the results of blood group incompatible (ABOi) 

transplantation. 

However, all these additional data are only supportive. Since extrapolation from adults to children has 

been demonstrated, clinical efficacy is considered demonstrated.  

2.4.4.  Conclusions on the clinical efficacy 

The available evidence suggests that regimens containing MMF are effective in paediatric patients. It is 

anticipated that the effect of immunosuppression with MMF is independent of type of solid organ 

transplantation and the efficacy is considered acceptable for paediatric RTx, HTx and LTx recipients in the 

following indication: 

CellCept is indicated in combination with ciclosporin and corticosteroids for the prophylaxis of acute 

transplant rejection in adult and paediatric (1 to 18 years of age) patients receiving allogeneic renal, 

cardiac or hepatic transplants. 
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2.5.  Clinical safety 

Introduction 

No company-sponsored pivotal clinical trials were conducted to support the safety of MMF in the 

prophylaxis of organ rejection in paediatric recipients of allogeneic heart or liver transplants.  

A Phase IV study evaluating the safety, tolerability and pharmacokinetics of oral MMF in paediatric liver 

transplant (LTx) recipients on concomitant treatment with ciclosporin A (CsA) and corticosteroids was 

conducted by the MAH between 2003 and 2005 (Study PA16497). 

The majority of safety data supporting this application originate from available publications of studies 

conducted in the paediatric population, including 17 clinical studies relevant to paediatric heart transplant 

(HTx) and 26 studies relevant to paediatric LTx patients. 

In addition, an analysis of cumulative post-marketing safety data was also conducted to compare the 

proportions of adverse events (AEs) reported in paediatric HTx or LTx patients with the proportions of AEs 

reported in adult HTx or LTx patients, respectively. For paediatric patients, the proportions of AEs 

reported in patients with HTx or LTx (i.e., off-label use) were also compared with the proportion of AEs 

reported in patients with RTx (i.e., on-label use). 

All the data presented should be interpreted with caution, bearing in mind the limitations of the 

underlying assumptions. In addition, post-marketing reports are voluntary and subject to under-reporting 

and reporting biases, which further limit the strength of the resulting evidence. Bearing in mind these 

caveats, the overall safety profile from these comparisons appears largely similar to the safety profile 

established in non-paediatric patients and paediatric RTx recipients. No new safety signal in paediatric 

patients with HTx or LTx emerged from this analysis. There are a few imbalances presented and 

discussed. 

 

Study PA16497 

Part I of Study PA16497 was an open-label, multi-centre, non-controlled study that aimed to estimate the 

dose predicted to achieve an exposure of 58 μg.h/mL in stable paediatric hepatic transplant patients. The 

objective of part I of the study was to estimate the dose predicted to achieve an exposure of 58 μg.h/mL 

in stable paediatric hepatic transplant patients. The study planned to enroll 12 patients who would be 

dosed with MMF per center practice, not 600 mg/m2. Paediatric transplant recipients aged 9 months to 12 

years of age, inclusive, who had received a first liver allograft from a cadaveric or living donor were 

targeted. Patients were enrolled for the time required for PK sampling and then contacted 14-16 days 

after sampling for adverse events. 

However, the study was terminated early due to challenges with subject recruitment (e.g., only 35 

patients were screened, and 9 patients were enrolled into Part I of the study between August 2002 and 

December 2004, infrequent use of the combination of triple therapy with MMF, CsA and steroids, etc.). 
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Table 31 Summary of Demographic Data (All Patients) 

 

 

Exposure: Nine paediatric patients were enrolled in Study PA16497. All patients received MMF twice a day 

(b.i.d.) at stable doses per centre practice (not 600 mg/m2) for at least 7 days prior to pharmacokinetic 

sampling. Mean MMF dose/m2 was 285 (81.1) mg/m2, with a range of 202 – 424 mg/m2. The mean MMF 

dose/kg was 12.9 (3.32) mg/kg and the range was 8.47 – 17.2 mg/kg. 
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Table 32 Actual CellCept Dose Expressed as mg, mg/m2 and mg/kg 

 

 

Safety Results: One subject reported one adverse event (pyrexia) during the course of the study. This 

adverse event was mild in intensity and was assessed by the investigator as unrelated to trial treatment. 

There were no serious adverse events, no deaths or adverse events that led to the withdrawal of a 

patient recorded during the study. 

 

Conclusions: Based on the assumptions that MPA exhibits linear PK, that an AUC achieved ≥ 6 months 

post-transplant is two-fold higher than an AUC in the immediate post-transplant period on the same dose 

of MMF, and an AUC of 29 μg.h/mL provides effective immunosuppression in the immediate post-

transplant period, a dose of 740 – 806 mg/m2 would be required in the early post-transplant period to 

achieve adequate immunosuppression. 

 

Published Literature Studies 

A search of all published scientific literature in standard databases (Medline, EmBase, BIOSIS Previews 

and Derwent Drug File) was conducted to include data up until 31 December 2022. All publications with a 

minimum of 10 paediatric patients and providing substantive safety information related to MMF therapy 

were presented. The majority of the retrieved articles did not provide exact details on patient age (and 

other demographic characteristics), number of patients exposed to MMF, or length of exposure. Safety 

data and AEs reported in these articles could not always be linked to specific patients or treatment 

regimen. 

Paediatric HTx: From the systematic literature search, 366 publications of studies in paediatric HTx were 

retrieved and ranked according to decreasing strength of evidence. Of these 366 publications, 17 were 

selected based on the above-mentioned criteria and are presented (see Table 33): 

• Prospective studies: 3 publications (at least 63 HTx patients on MMF) 

• Retrospective studies: 8 publications (at least 6,559 HTx patients on MMF) 
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• Conference abstract: 5 publications (at least 101 HTx patients on MMF) 

• Consensus statement: 1 publication 

Little data are available in terms of the duration of treatment, the dose and formulation of MMF. Where 

reported, MMF was used at a dose of 250 mg/day (Groetzner et al. 2005), 1,200 mg/m2 (Singh et al. 

2010), 596 ± 99 mg/m2 (Siddiqi et al. 2015), titration to maximum 40 ± 14 mg/kg (Dipchand et al. 

2001), or 600 mg/m2/dose b.i.d. to a maximum of 2,000 mg/day (Singh et al. 2016). 

Paediatric LTx: From the systematic literature search, 806 publications of studies in paediatric LTx were 

retrieved and ranked according to decreasing strength of evidence. Of these 806 publications, 26 were 

selected based on the above-mentioned criteria and are presented (see Table 34): 

• Prospective studies: 2 publications (44 LTx patients on MMF) 

• Retrospective studies: 15 publications (at least 627 LTx patients on MMF) 

• Conference abstracts: 9 publications (at least 459 LTx patients on MMF) 

Little data are available in terms of the duration of treatment, the dose and formulation of MMF. Where 

reported, MMF was mostly used at a dose of 10-20 mg/kg b.i.d; Lightdale et al. 1997, Chardot et al. 

2001, Evans et al. 2005, Aw et al. 2008, Leiskau et al. 2018, Ozturk et al. 2019, Renz et al. 1999, 

Tannuri et al. 2007, Honda et al. 2018, Nayagam et al. 2022. Ferraris et al. (2004) based their dosing 

regimen on body surface area (600 mg/m2 b.i.d). 

Table 33 Summary of Paediatric Heart Transplant Studies Contributing to Safety Evaluation 
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Table 34 Summary of Paediatric Liver Transplant Studies Contributing to Safety Evaluation 
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Heart Transplant Recipients 

One infant-focused study (Singh et al. 2022) was identified in specific populations (e.g., newborns, 

toddlers, teenagers, etc), in which also female sex was reported as a gender-specific risk factor 

associated with higher 5-year mortality, conditional upon surviving the first post-transplant year. 

The AEs commonly reported in the literature from HTx paediatric patients treated with MMF are infections, 

gastrointestinal disorders, and blood dyscrasias. 

PTLD (post-transplant lymphoproliferative disorder) was reported as SAE in 4 of the 17 publications 

concerning HTx paediatric patients. In general, the incidence of PTLD in paediatric patients is higher than 

that in adults due to the higher incidence of pre-transplant negative EBV-serostatus among children who 

receive an EBV-seropositive organ (Nijland et al. 2016). This is reflected in the Special Warnings and 

Precautions for Use part of the currently approved CellCept SmPC Section 4.4, which states “Patients 

receiving immunosuppressive regimens involving combinations of medicinal products, including 

mycophenolate mofetil CellCept, are at increased risk of developing lymphomas and other malignancies, 

particularly of the skin (see section 4.8). The risk appears to be related to the intensity and duration of 

immunosuppression rather than to the use of any specific agent.” 

CAV (cardiac allograft vasculopathy) is another common serious complication occurring after HTx and is a 

major cause of graft loss and death. The frequency of occurrence increases, from approximately 30% of 

patients at 5 years after HTx, to 50% of patients at 10 years after HTx. 
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Liver Transplant Recipients 

One study that aimed to determine the prevalence of PTLD (Imanieh et al. 2022) reported that the 

cumulative survival proportion was higher in males as well as in the patients aged under six years 

compared to females and the patients over six years old. 

Based on the available literature, the AEs commonly reported in paediatric LTx patients treated with MMF 

were infections, gastrointestinal disorders and blood dyscrasias such as leukopenia and anaemia. These 

are all identified risks associated with MMF. 

As for HTx, post-operative complications are a leading cause of mortality in paediatric LTx patients. 

Colombani et al (2000) reviewed the complications of transplant surgery, immunosuppression, rejection, 

and overall survival-rate in 30 paediatric patients aged 3 months to 7 years receiving orthotopic LTx 

between 1992 and 1998. All patients received MMF at a dose of 600 mg/m2 b.i.d. The authors reported 4 

early deaths (13%), 1 from primary non-function, 2 from sepsis, and 1 from renal failure, arrhythmia and 

cardiac arrest. 

Five of the 26 publications concerning paediatric LTx patients reported PTLD.  

Analysis of Individual Case Safety Reports in the Roche Global Safety Database 

An analysis of cumulative data from the international birth date of MMF (i.e., 3 May 1995) up to 31 

December 2022 was conducted for AE reports concerning adult and paediatric patients with renal, liver or 

heart transplant. Limited aggregate data are available with respect to the extent of MMF exposure, 

including data on doses received, dose intensity, etc.  

The resulting aggregate data were analysed in terms of proportion of AEs. The analysis aimed to compare 

the proportions of AEs reported in paediatric HTx or LTx patients with the proportions of AEs reported in 

adult HTx or LTx patients, respectively. For paediatric patients, the proportions of AEs reported in patients 

with HTx or LTx (i.e., off-label use) were also compared with the proportion of AEs reported in patients 

with RTx (i.e., on-label use). 

The estimated cumulative patient exposure to MMF in Company-sponsored interventional clinical trials 

where MMF was used as an investigational drug in any investigated indication is 16,226 patients, of which 

451 patients were < 18 years old. Of these, a certain number of patients have received MMF for already 

approved indications (e.g., RTx), or were exposed to MMF within an immunosuppressive protocol or as 

background therapy, so were not within the scope of this submission. The only study providing specific 

safety data relevant for inclusion in this submission was Study PA16497 (discussed above). 

As of 2 May 2022, since the international birth date (3 May 1995), the estimated cumulative post-

marketing patient exposure to MMF in any indication (i.e., both on-label and off-label) was 8.86 million 

patient-years. No specific data are available for post-marketing exposure to MMF in paediatric patients. 
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Table 35 Distribution of Individual Case Safety reports and Adverse Events Reported in 

Paediatric versus Non-Paediatric Age Group 

 

 

Paediatric versus Non-Paediatric HTx Patients 

Figure 5 Proportion of All AEs by SOC in Paediatric versus Non-Paediatric Patients with Heart 

Transplant 

 

 

An evaluation of the SAEs reported in paediatric versus non-paediatric HTx patients confirmed the 

imbalances for the SOCs Neoplasms Benign, Malignant and Unspecified (15.2% vs. 5.9%), 

Gastrointestinal Disorders (12.9% vs. 8.3%), and Blood and Lymphatic System Disorders (11.7% vs. 

7.2%). Whereas the predominant SAEs were driven by well-described adverse drug reactions (ADRs) of 

MMF (e.g., PTLD and gastric ulcer), and the limitations of post-marketing reports preclude an accurate 

assessment of frequency, it is possible that even minor gastrointestinal events such as vomiting or 

diarrhoea may lead to greater seriousness and/or severity in infants and children, for example due to 

dehydration or other complications. 
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Paediatric versus Non-Paediatric LTx Patients 

Figure 6 Proportion of All AEs by SOC in Paediatric versus Non-Paediatric Patients with Liver 
Transplant 

 

A markedly higher proportion (i.e., ≥ 3%) of AEs in paediatric patients was observed for the SOCs 

Gastrointestinal disorders (16.0% vs. 10.2%) and Investigations (11.5% vs. 6.7%). The imbalance under 

GI SOC was driven by adverse drug reactions such as diarrhoea, vomiting, and abdominal pain. 

A markedly higher proportion (i.e., ≥ 3%) of SAEs in paediatric patients was mainly observed for the 

SOCs Gastrointestinal disorders (16.8% vs. 9.5%), and Surgical and medical procedures (3.5% vs. 

0.5%). The vast majority of the SAEs reported in the SOCs Gastrointestinal disorders (e.g., diarrhoea, 

vomiting, duodenal ulcer, GI haemorrhages, pancreatitis) are adverse drug reactions associated with MMF 

and are described in the SmPC, which warns prescribers about these risks. Nevertheless, it is possible 

that even minor gastrointestinal events such as vomiting or diarrhoea may lead to greater seriousness 

and/or severity in infants and children, for example due to dehydration or other complications. 

Paediatric HTx and LTx versus Paediatric RTx 
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Figure 7 Proportion of All AEs by SOC in Paediatric HTx and LTx Patients vs Paediatric RTx 

 

 

For HTx, a higher proportion of AEs was reported for the SOCs Neoplasm Benign, Malignant and 

Unspecified (10.6% vs. 1.6% in paediatric RTx), Blood and Lymphatic System Disorders (8.6% vs. 4.5% 

in paediatric RTx), and Skin and Subcutaneous Tissue Disorders (5.3% vs. 2.2% in paediatric RTx). The 

imbalance observed between the AEs reported under these SOCs across paediatric patients receiving HTx 

versus RTx might be explained by the very small number of reports from HTx (n=74) and RTx (n=464) 

recipients. In the SOC Neoplasms Benign, Malignant and Unspecified an additional explanation might be 

related to the higher level of immunosuppression usually achieved in HTx patients. This is supported by 

Mynarek et al. (2013), who reported an incidence of PTLD between 1%–10% in RTx; 4%-15% in LTx, 

and 6%–20% in lung, heart, and heart-lung transplants. The nature and frequency of the reported SAEs 

from SOCs Neoplasm benign, malignant and unspecified, Blood and Lymphatic System Disorders and Skin 

and Subcutaneous Tissue Disorders did not raise new safety concerns.  

In paediatric patients with LTx a higher proportion of AEs when compared to paediatric patients with RTx 

was mainly seen for the SOCs Hepatobiliary Disorders (4.5% vs. 0.4%) and Injury, Poisoning and 

Procedural Complications (8.7% vs. 6.0%). A review of the AEs reported under the SOC Hepatobiliary 

Disorders showed events expected in LTx patients, which constituted either post-operative complications 

of LTx with unlikely association to MMF or were the result of LTx rejection. Most of the reports received 

under SOC Injury, Poisoning and Procedural Complications represent medication errors which could be 

related to the lack of guidance provided to the prescriber for paediatric LTx, as this indication is off-label 

worldwide (with the recent exception of the US and Pakistan). The nature and frequency of the reported 

SAEs from SOC Hepatobiliary Disorders and SOC Injury, Poisoning and Procedural complications in LTx 

patients did not raise new safety concerns.  
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Studies performed in Renal Transplant Paediatric Patients  

Study MYC2190 was an open-label, dose ranging, pharmacokinetic, safety and tolerance study of oral 

mycophenolate mofetil in the prevention of rejection in paediatric renal allograf recipients. 33 paediatric 

renal transplant patients were recruited, aged 3 years to 18 years, who were given 23 mg/kg of 

mycophenolate mofetil orally, twice daily. Overall, the safety profile in these 33 children and adolescents 

was similar to that observed in adult recipients of solid organ allografts. 

Study MYCS2675 was an open-label, safety, tolerance, and pharmacokinetic study of oral mycophenolate 

mofetil suspension in the prophylaxis of rejection in paediatric renal allograft recipients. 100 paediatric 

renal transplant patients aged 1 to 18 years were recruited. The type and frequency of adverse reactions 

in patients who were given 600 mg/m2, up to 1 g/m2 of mycophenolate mofetil orally, twice daily, were 

comparable to those observed in adult patients given 1 g mycophenolate mofetil twice daily. A summary 

of the more frequently occurring adverse reactions is shown in Table 36 below: 

 
Table 36 Summary of adverse reactions observed more frequently in a trial investigating 
mycophenolate mofetil in 100 paediatric renal transplant patients (age/surface area-based 
dosing [600 mg/m2, up to 1 g/m2 BID.]) 

Adverse reaction 
 
(MedDRA) 
 
System Organ Class 

<6 years 
(n=33) 

6-11 years 
(n=34) 

12-18 years 
(n=33) 

Infections and infestations Very common 
(48.5%) 

Very common 
(44.1%) 

Very common 
(51.5%) 

Blood and lymphatic system 
disorders 

   

Leukopenia Very common 
(30.3%) 

Very common 
(29.4%) 

Very common 
(12.1%) 

Anaemia Very common 
(51.5%) 

Very common 
(32.4%) 

Very common 
(27.3%) 

Gastrointestinal disorders    

Diarrhoea Very common 
(87.9%) 

Very common 
(67.6%) 

Very common 
(30.3%) 

Vomitting Very common 
(69.7%) 

Very common 
(44.1%) 

Very common 
(36.4%) 

 

Based on limited sub-set data (i.e. 33 of the 100 patients) there was a higher frequency of severe 

diarrhoea (common, 9.1%), and candida mucocutaneous (very common, 21.2%) in children under 

6 years of age, compared to the older paediatric cohort in which no cases of severe diarrhoea were 

reported (0.0%) and candida mucocutaneous was common (7.5%). 

 

Renal Transplant Patients Less Than Two Years of Age 

The CellCept dosage recommendations in the EU for the prophylaxis of acute transplant rejection in 

patients receiving allogeneic RTx currently exclude patients below 2 years of age. Of the 464 cases 

reporting 1,477 AEs for the paediatric age group receiving MMF for RTx, 12 cases containing 56 events 

concerned patients below 2 years who underwent kidney transplantation (cases of in utero exposure to 

MMF due to a maternal kidney transplantation were excluded). All patients were infants, of whom 11 

patients were older than 3 months and in one case solely the age group infant was reported. 
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Nine of the patients were male, two of the patients were female and for one patient sex was unknown. 

Bearing in mind the limitations of the relatively small infant patient sample in the Roche Global Safety 

Database, this imbalance is in line with the higher proportion of male infants receiving RTx observed by 

Hogan et al. (2016). Using data from renal registries in 35 European countries, these authors reported 

442 male versus 232 female transplant recipients of age less than one year and 207 male versus 128 

female recipients of age from one to two years between 1 January 2000 and 31 December 2012. 

For paediatric RTx, the highest proportion of AEs was reported for the SOC Investigations (16.5%), 

followed by Infections and infestations (15.5%), and Gastrointestinal Disorders (14.6%). The proportions 

of AEs for all remaining SOCs were below 10%. 

The proportions of all AEs by SOC in infant, child and adolescent RTx patients is presented in Figure 8 

and Table 37. A disproportion of ≥ 3% of reported AEs in infants compared to children and adolescents 

was noted in the SOCs Respiratory, Thoracic and Mediastinal Disorders (16.1% vs. 3.9% and 4.1%, 

respectively) and Infections and Infestations (21.4% vs. 14.6% and 16.8%, respectively).  

An analysis of the AEs from SOC Respiratory, Thoracic and Mediastinal Disorders showed that the 

majority (5 AEs) were non-serious in nature. All 9 events under this SOC were reported in two patients 

which can explain the disbalance between the AE proportions in infant patients vs. patients from other 

age groups. Infections are in line with the safety profile of MMF and are due to its immunosuppressive 

properties. 

The proportion of AEs in the SOC General Disorders and Administration Site Conditions was comparable 

for infants and children RTx recipients (10.7% vs. 8.9%) and were slightly higher in infants compared to 

adolescents (10.7% vs. 7.0%). The most reported AE from SOC General Disorders and Administrative 

Site Conditions both in the infant and child age group of RTx recipients was pyrexia (5.4% and 2.5%), 

while the proportion of pyrexia to all reported AEs in adolescent patients was 1.8%. In two of the three 

infant RTx patients for whom pyrexia was reported, an infectious condition was also present, insufficient 

information was provided for the third patient. 

According to Jalanko et al. (2016), MMF use in this age group of patients was 60% and important long-

term issues include infections, rejections, graft function, growth, bone health, metabolic problems, 

neurocognitive development, adherence to medication, pubertal maturation, and quality of life. Of those, 

only a relatively higher reporting rate for infections was observed in the Roche Global Safety Database in 

infants compared to other patient age groups. 
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Figure 8 Proportion of all AEs by SOC in Infants (3 Months to 2 years) vs Children (2-10 Years) 
and Adolescents (12-18 Years) with RTx 
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Table 37 Proportion of all AEs by SOC in Infants (3 Months to 2 years) vs Children (2-10 Years) 

and Adolescents (12-18 Years) with RTx 
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Bearing in mind the relatively small number of infant patients in the Roche Global Safety Database 

(n=12), for some of whom multiple events were reported, all PTs reported in infant RTx patients are 

presented in Table 38. The PTs reported for more than one infant patient were diarrhoea, pyrexia (3 

each; 5.4% of all reported AEs) cough and nasal congestion (2 each; 3.6%). Of the 23 SAEs reported 

under this SOC in infant kidney transplant patients, 4 events resolved, 4 were resolving at the time of 

reporting, one was not resolved, and one had a fatal outcome. The outcome was unknown for the 

remaining 13 SAEs. For the eight events reporting resolution, MMF dose was unchanged in two instances, 

MMF dose was reduced or discontinued in response to two events, and the status of MMF therapy was 

unknown in relation to four events. 

Table 38 Overview of AEs Reported in Infant RTx Patients 
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The overall outcome of infant RTx has dramatically improved, with long-term patient and graft survivals 

of over 90 and 80 %, respectively. According to Jalanko et al. (2016), MMF use in infant RTx patients was 

60% and important long-term issues include infections, rejections, graft function, growth, bone health, 

metabolic problems, neurocognitive development, adherence to medication, pubertal maturation, and 

quality of life. 

Comparison of the reported adverse events by SOC and PT by transplant type compared to 

adult data. 

The paediatric AEs included in the table below are only those reported in conjunction with the proposed 

dosing regimen of 600 mg/m2 of MMF orally b.i.d. up to 900 mg/m2 b.i.d. AEs reported in paediatric 

patients, in the absence of dosing information, or where the dosing regimen differs, have been excluded. 

Due to the variety of dosing regimens and study design in the literature articles, the frequencies of AEs 

for paediatric transplant patients are presented as reported in the original article with denominators 

ranging between 20 and 55 (for specific denominators refer to the Table 39 footer).  
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Table 39 Adverse Events Reported in Literature Articles - MMF Dose of 600 mg/m2 up to 900 

mg/m2 b.i.d.  

Preferred term 
 
(MedDRA) 

 
System Organ Class 

Paediatric 
heart 
transplant 

Adult heart 
transplant6 

Paediatric 
hepatic 
transplant  

 

Adult hepatic 
transplant6 

 
Frequency Frequency Frequency Frequency 

Infections and infestations  

Bacterial infections No data Very common Common4 Very common 

Viral infections Very 
common1,2 

Very common Common4 Very common 

Fungal infections Common1 Very common No data Very common 

Gastrointestinal disorders  

Abdominal discomfort Very common1 No data No data No data 

Abdominal pain No data Very common Common3 Very common 

Diarrhoea Very common1 Very common Very common3 Very common 

Protein-losing 
gastroenteropathy 

No data No data Common3 No data 

Vomiting No data Very common Common3 Very common 

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 

Lymphoproliferative 
disorder 

No data Uncommon Very common3,4 Uncommon 

Blood and lymphatic system disorders 

Leukopenia Very common1 Very common Very common3 Very common 

Myelosuppression No data No data Very common5 No data 

Neutropenia No data No data Common3 No data 

Immune system disorders 

Food allergies No data No data Very common4 No data 

Nervous system disorders 

Neurotoxicity No data No data Common4 No data 

Vascular disorders 

Hypertension No data Very common Very common4 Very common 

Metabolism disorders 

Hyperglycaemia No data Very common Common4 Very common 

Type 1 diabetes mellitus Common2 No data No data No data 

Glucose tolerance impaired Common2 No data No data No data 

Renal and tubular disorders 

Nephropathy toxic No data No data Common4 No data 

Renal failure No data No data Common4 No data 

Renal tubular acidosis No data No data Very common4 No data 

General disorders and administrative site conditions 

Death Common2 No data No data No data 

Multiple organ dysfunction 

syndrome 

Common2 No data No data No data 

Injury, poisoning and procedural complications 

Transplant dysfunction No data No data Common3, 4 No data 

Investigations  
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Preferred term 

 
(MedDRA) 
 
System Organ Class 

Paediatric 

heart 
transplant 

Adult heart 

transplant6 

Paediatric 

hepatic 
transplant  
 

Adult hepatic 

transplant6 

Cytomegalovirus test 

positive 

Very common2 No data No data No data 

Epstein-Barr virus 
antibody positive 

No data No data Very common3 No data 

b.i.d. = twice daily; MMF = mycophenolate mofetil;  MedDRA = Medical Dictionary for Regulatory Activities. 

Note: “No data” pertains to the recommended dosage based on the available publications. 
1Dipchand et al. 2001 (21 patients, MMF dose 40±14 mg/kg) 
2Singh et al. 2010 (55 patients, MMF dose 1200 mg/m2) 
3Aw et al. 2008 (26 patients, MMF dose 40 mg/kg) 
4Colombani et al. 2000 (30 patients, MMF dose 600mg/m2/every 12 hours) 
5Lightdale et al. 1997 (20 patients on MMF, MMF dose 20-25 mg/kg b.i.d.) 
6CellCept SmPC 

 

Seriousness and severity were typically not provided except for fatal events. In paediatric HTx patients, 

Singh et al. (2010) reported 6 deaths (9.6%), 5 of which were early hospital deaths in the post-

transplantation period due to multiple-organ failure. 

In paediatric LTx patients, Aw et al. (2008) reported two deaths: one (3.8%) due to graft dysfunction 

after the third transplantation, and second (3.8%) due to post-transplant lymphoproliferative disorder (B 

cell lymphoma). Colombani et al (2000) reported that post-operative surgical complications resulted in 4 

early deaths (13%): one (3.3%) from primary nonfunction, two (6.7%) from sepsis, and one (3.3%) 

from renal failure-arrhythmia and cardiac arrest. Additionally, there was one (3.3%) late death from 

recurrent disease from hepatitis. 

 

Additional Safety Considerations 

Although no pregnancy report concerning HTx or LTx patient was identified in the literature and 

cumulative safety reports, teratogenicity remains an important identified risk of MMF (Sifontis et al. 2006; 

Hoeltzenbein et al. 2012), and thus the relevant Warnings and Precautions in CellCept SmPC apply also to 

adolescents of child-bearing age.  

Two reports of overdose in paediatric patients with HTx or LTx were identified in the cumulative safety 

dataset: the first occurred in a 13-year-old male patient with LTx, who on an unspecified date 

experienced overdose with no associated AEs (AER 611496). The second concerned a 9-month-old male 

patient with HTx who was accidentally administered a dose 10 times higher than prescribed, and 

developed abdominal distension, general physical health deterioration, intestinal ischaemia, metabolic 

acidosis, lactic acidosis, acute gastritis with haemorrhage, intestinal necrosis, and hyperglycaemia. 

Therapy with MMF was withdrawn and five days later the patient died due to these events. It is unknown 

whether an autopsy was performed (AER 2351337). 

No literature is available on long-term follow up in paediatric HTx and LTx patients with MMF.  

2.5.1.  Discussion on clinical safety 

No company-sponsored pivotal clinical trials were conducted to support the safety of MMF in the 

prophylaxis of organ rejection in paediatric recipients of allogeneic heart or liver transplants. 

The presented clinical safety evidence to support the use of MMF in paediatric patients with HTx or LTx 

comes from: 

• A literature review of published studies  
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• Post-marketing reports from the Roche Global Safety Database  

• A discontinued clinical trial in paediatric patients with LTx  

9 paediatric patients (between the ages of 9 months and 5 years) were enrolled and followed for 14 days 

in a dose finding Phase IV study (Study PA16497) evaluating the safety, tolerability and pharmacokinetics 

of oral MMF in paediatric liver transplant (LTx) recipients on concomitant treatment with ciclosporin A 

(CsA) and corticosteroids. The patients were treated with MMF doses per center practice (MMF doses of 

200 - 424 mg/m2). The study was discontinued due to recruitment issues. One AE, pyrexia, was 

reported, which was mild in intensity and assessed by the investigator as unrelated to trial treatment. No 

other AEs were reported during the study. This study was considered only supportive. Due to limited 

safety evaluation in the study no safety conclusion could be reached.  

Initially, the MAH did not provide an integrated summary of available clinical evidence which allows 

evaluation of efficacy and related safety of the specific dosing scheme of MMF proposed for use in 

paediatric HTx and LTx patients. Given the unknown safety profile at recommended doses (starting dose 

of 600 mg/m2 of mycophenolate mofetil orally twice daily and maintenance dose of 900 mg/m2 twice 

daily), a literature summary was considered supportive of the extrapolation from adults and other 

indications (RTx). 

The MAH has, upon CHMP request, presented tabulated reported adverse events by SOC and PT by % 

and by transplant type (LTx and HTx) along with a comparison to the adult data for the recommended 

doses (starting dose of 600 mg/m2 of mycophenolate mofetil orally twice daily and increased dose of 900 

mg/m2 twice daily).  

The MAH also provided a comparison of safety database analysis for paediatric patients receiving MMF for 

unlabelled indication of HTx and LTx vs. for labelled indication of RTx. This analysis did not consider 

exposure dose or duration, regardless, the comparisons from the safety database are considered 

supportive of the extrapolation from adults and other indications (RTx). 

Based on the review of the available published studies and post-marketing reports the type and frequency 

of the reported adverse reactions in hepatic and cardiac transplant patients were consistent with those 

observed in paediatric and adult patients following renal transplant. 

However, neoplasms Benign, Malignant and Unspecified, Gastrointestinal Disorders, and Blood and 

Lymphatic System Disorders were observed more frequently in paediatric HTx and LTx patients in 

comparison to adult groups. Differences in adverse events were also observed between paediatric HTx 

and LTx patients in comparison to paediatric RTx group. Reasons for paediatric population being more 

prone to these events and differences between RTx-HTx-LTx indications, or possible longer term exposure 

in paediatric population have been discussed but causal relationship with cellcept cannot be excluded. 

Therefore, differences (i.e. in nature, frequency, seriousness or reversibility of adverse reactions) have 

been described in section 4.8 of the SmPC and specific monitoring has been included in section 4.4 of the 

SmPC. In addition, new information on these risks will be presented in future PSURs, stratified by age.  

The MAH also took the opportunity to update the information on the paediatric population in Section 4.8 

of the SmPC; the summary of the safety profile in 2 studies (Study MYC2190 and Study MYCS2675) 

conducted in paediatric renal transplant patients was updated. These studies were previously submitted 

and assessed in variation EMEA/H/C/00082/II/0027. This was endorsed by the CHMP. In addition, upon 

CHMP request, the adverse reactions occurring more frequently in the paediatric renal transplant patients 

study were summarised in a table in section 4.8 of the SmPC. 

The MAH also presented data from the safety database on off-label use of MMF in paediatric RTx patients 

below 2 years of age. From the limited analysis presented, it seems that the infections and respiratory 

events are up to 4 times more frequent in RTx patients below 2 years of age in comparison to older age 
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groups. Due to small numbers, this should be interpreted with caution. Nethertheless, the increased 

occurrence of infections and respiratory events in the new paediatric population has been described in the 

SmPC. 

As fatal cases of overdoses occurred in paediatric patients, the MAH updated section 4.9 to inform the 

prescribers of this risk. 

At the time of approval of Cellcept in 1996, no RMP was required for registration. At the PRAC request, 

the MAH submitted an RMP to follow the known and new associated risks with Cellcept use. The known 

important identified risk Adverse pregnancy outcomes including Teratogenicity and Mutagenicity has been 

included in the RMP. And a new missing information was added: Long term safety (growth retardation, 

pubertal maturation and fertility, bone health, metabolic problems and neurocognitive development). The 

MAH will submit annual report to follow more closely the paediatric patients.  

2.5.2.  Conclusions on clinical safety 

The safety profile in paediatric RTx patients 2 years and above forms the basis of safety profile expected 

in paediatric LTx and HTx patients and in paediatric population with RTx below 2 years (at starting dose 

of 600 mg/m2 of mycophenolate mofetil orally twice daily and maintenance dose of 900 mg/m2 twice).  

Extrapolation of the safety profile (at starting dose of 600 mg/m2 of mycophenolate mofetil orally twice 

daily and maintenance dose of 900 mg/m2 twice daily) from RTx indication to other paediatric indications 

and younger subsets is supported by literature references and RWD. 

Differences between age and transplant groups have been described in the SmPC to inform the prescriber 

as well as experience with medication errors have been reflected in the SmPC. 

Uncertainties regarding long term safety are handled in the RMP and annual report will be submitted to 

closely follow this. 

Overall mycophenolate mofetil has shown a well known and acceptable safety profile. 

2.5.3.  PSUR cycle  

The requirements for submission of periodic safety update reports for this medicinal product are set out in 

the list of Union reference dates (EURD list) provided for under Article 107c(7) of Directive 2001/83/EC 

and any subsequent updates published on the European medicines web-portal. 

2.6.  Risk management plan 

The MAH was requested to submit an RMP with this application.  

The CHMP received the following PRAC Advice on the submitted Risk Management Plan: 

The PRAC considered that the risk management plan version 1.2 is acceptable.  

The CHMP endorsed this advice without changes. 

The CHMP endorsed the Risk Management Plan version 1.2 with the following content: 

Safety concerns 

Summary of safety concerns 
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Important identified risks Adverse pregnancy outcomes including Teratogenicity and Mutagenicity 

Important potential risks None 

Missing information Long term safety (growth retardation, pubertal maturation and fertility, 

bone health, metabolic problems and neurocognitive development)   

Pharmacovigilance plan 

There are no additional pharmacovigilance activities.  

Risk minimisation measures 

Safety concern Risk minimization measures Pharmacovigilance activities 

Pregnancy Adverse 

Effects including 

Teratogenicity and 

Mutagenicity 

Routine risk communication: 

• Section 4.3 of the EU SmPC

 Contraindications 

• Section 4.4 of the EU SmPC Special 

warnings and precautions for use 

• Section 4.6 Pregnancy & Lactation 

• Section 4.8 of the EU SmPC: 

Undesirable effects 

Legal status: 

CellCept is a prescription only medicine 

Additional risk minimization 

measures: 

HCP Guide 

Patient Guide 

Routine pharmacovigilance 

activities beyond adverse 

reactions reporting and 

signal detection: 

Pregnancy Guided Questionnaires 

and enhanced follow up process 

 

Additional pharmacovigilance 

activities: 

None 

Long term safety 

(growth retardation, 

pubertal maturation 

and fertility, bone 

health, metabolic 

problems and 

neurocognitive 

development)  

Routine risk communication: 

Section 4.4 of the EU SmPC: Special 

warnings and precautions for use 

Section 4.8 of the EU SmPC: Undesirable 

effects 

Legal status: 

CellCept is a prescription only medicine 

Routine pharmacovigilance 

activities beyond adverse 

reactions reporting and 

signal detection: 

Annual safety reports 

Frequency: Yearly  

Additional pharmacovigilance 

activities: 

None 

EU SmPC=European Union Summary of Product Characteristics; HCP=Healthcare Professional. 

2.7.  Update of the Product information 

As a consequence of this new indication, sections 4.1, 4.2, 4.4, 4.8, 4.9, 5.2, 5.3 and 6.6 of the SmPC 

have been updated. The Package Leaflet has been updated accordingly. 

Changes were also made to the PI to bring it in line with the current Agency/QRD template, SmPC 

guideline and Excipients guideline which were reviewed and accepted by the CHMP. 
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2.7.1.  User consultation 

A justification for not performing a full user consultation with target patient groups on the package leaflet 

has been submitted by the MAH and has been found acceptable. The updates in the SmPC sections with 

this variation does not lead to substantial changes in the PL and therefore it is accepted that a user test is 

not performed.   

3.  Benefit-Risk Balance 

3.1.  Therapeutic Context 

3.1.1.  Disease or condition 

The purpose of solid organ transplantation is to restore organ function, thereby prolonging the life of the 

adult or child. Solid organ transplantation is considered a life-saving and definitive therapy for adults and 

children who are suffering from end-stage organ failure due to a variety of causes. The model of 

alloimmune response, involving both naïve and memory lymphocytes, in the rejection of transplanted 

organs has been described in detail in the literature (Halloran et al. 2004). Rejection episodes are not an 

organ-specific complication and can occur for any transplanted organ. Additionally, there is little evidence 

to suggest that the mechanism of rejection is different in adults compared with children. 

Immunosuppression therapy is used to prevent rejection of the donor organ thereby enabling organ and 

patient survival. 

3.1.2.  Available therapies and unmet medical need 

Immunosuppression is commonly separated into induction therapy (given at time of transplant), 

maintenance therapy (chronic medications), and acute rejection therapy (for the treatment of acute 

complications). 

International Guidelines on Heart Transplant Guidelines for immunosuppression regimens specific to 

children are very limited. The ISHLT 2010 includes some recommendations specific to paediatric patients. 

Throughout these guidelines, most recommendations only receive an evidence level of C, based on 

consensus, due to the absence of randomised controlled clinical trials (Costanzo et al. 2010).  

The International Guidelines on Liver Transplant (ILTS) 2019 Guidelines (adults and children) highlight 

the absence of robust studies for children but highlight the need for consensus-based guidelines to 

address the unique considerations in treating children, related to variations in growth and development, 

disease states, adherence, and risks of long-term exposure to IS. Paediatric-specific guidelines were 

developed by American Association for the Study of Liver Diseases and American Society of 

Transplantation in 2013. They make the case that for children there is no standard of care regimen, 

however, the current practice includes CNI based regimens (mainly TAC) as it avoids gingival hyperplasia 

and hirsutism associated with CsA. The use of MMF or mTOR inhibitors may enable reductions in steroid 

use and high dose CNI (Kelly et al. 2013). 

CellCept is used off-label in the paediatric population with liver and heart transplants and most 

maintenance immunosuppressive protocols in children are similar to the protocols used in adults and 

employ a three-drug regimen consisting of a calcineurin inhibitor (CNI) (such as Cyclosporin A (CsA) or 

tacrolimus (TAC)), an antimetabolite agent (mycophenolate mofetil (MMF) or less commonly azathioprine 
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(AZA)), and tapering doses of glucocorticoids over the first year post transplantation (Kobashigawa et al. 

2006; Costanzo et al. 2010). 

There is therefore a need for approved medicine for paediatric transplantation. 

3.1.3.  Main clinical studies 

Knowledge about the use of MMF in the adult reference populations of RTx, HTx, and LTx transplant 

patients and in paediatric RTx patients has been used to extrapolate to the target paediatric HTx and LTx 

populations. 

Only one clinical study including nine paediatric patients undergoing liver transplantation was submitted 

to support the extension of indication. The remaining evidence is coming from published literature and 

previously submitted studies in RTx patients. 

The clinical efficacy data to support the use of MMF in paediatric HTx and LTx come from available 

publications of studies conducted in the paediatric population, including 14 studies relevant to paediatric 

HTx and 15 studies relevant to paediatric LTx patients.  

3.2.  Favourable effects 

Mycophenolic acid (MPA) acts as a selective, uncompetitive and reversible inhibition of inosine 

monophosphate dehydrogenase (IMPDH) and through the de novo pathway of guanosine nucleotide 

synthesis without incorporation into DNA. This is independent of transplant type and can be transferred 

from HTx and LTx and RTx to one another. 

In addition, data generated in Roche-sponsored studies and available in the literature show that there is 

no difference in the mean PK characteristics of MMF/MPA in paediatric transplant patients across the age 

group of 1-18 years. At the recommended dosage, the same therapeutic target exposure is reached 

independent of patient age. 

The clinical efficacy data to support the use of MMF in paediatric HTx and LTx from the above-mentioned 

publications of studies conducted in the paediatric population may confirm the efficacy observed in adults. 

The studies consistently suggest a benefit for MMF over AZA. Available evidence suggests that like adults, 

regimens containing MMF are effective and, compared to regimens containing AZA, they result in 

improved renal function, allowing CNI and steroid dose reductions and therefore reduction in the 

incidence of acute rejection in paediatric patients. 

3.3.  Uncertainties and limitations about favourable effects 

The paediatric extrapolation approach utilized is based on PK-comparison with the adult reference 

population, under the assumption that a similar exposure produces a similar efficacy. The approach is 

supported by one paediatric clinical study in liver transplant patients, study PA16497, previously 

submitted paediatric clinical studies in renal transplant patients and by published studies from the 

literature.  

The published supporting studies are largely observational over a period of time, too small in sample size, 

and not designed to demonstrate the efficacy of MMF. They typically include MMF together with other 

therapeutic agents as a part of the immunosuppressive regimen, and it is therefore not possible to 

directly link or attribute any of the observed outcomes to MMF.  
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Furthermore, very few of the publications retrieved are prospective studies; most studies are 

retrospective comparisons of transplant outcomes in the years before the introduction of MMF versus 

outcomes in the years after the inclusion of MMF in standard of care immunosuppressive regimens.  

Therefore, although the studies consistently suggest a benefit for MMF, the impact of improved surgical 

and medical management is also likely to have influenced these findings. 

However, all these additional data are only supportive. Since extrapolation from adults to children has 

been demonstrated, clinical efficacy is considered demonstrated.  

Initially the MAH applied for an extension of indication in paediatric patients down to 3 months, however 

only limited data were available for infants (3 months to 1 year) and there was not enough data to 

support the justification for the PK comparability of MMF/MPA in infants and the proposed dosing regimen 

in this population. Therefore, the MAH proposed to include patients from 1 year instead of 3 months. This 

was considered acceptable by the CHMP. Indeed, PK comparability of MMF/MPA in children from 1 to 18 

years has been demonstrated for RTx, LTX and HTx and the recommended paediatric dosing regimen in 

children from 1 to 18 years has been justified.  

3.4.  Unfavourable effects 

Based on the review of the available published studies and post-marketing reports, the type and 

frequency of the reported adverse reactions in hepatic and cardiac transplant patients and renal patients 

below 2 years of age were consistent with those observed in paediatric and adult patients following renal 

transplant. No new safety signals have been identified. A few imbalances have been observed and 

described in the SmPC. Long-term safety has been identified as a missing information in the RMP and will 

be followed-up in the post-marketing setting.  

3.5.  Uncertainties and limitations about unfavourable effects 

No new studies were performed in paediatric patients, therefore the safety profile in this new population 

is extrapolated from the known safety profile in paediatric RTx patients aged 2 years and older, and from 

other doses and indications as many of the supportive literature references lack the specific exposure or 

age groups.  

From the limited analysis presented, it seems that the infections and respiratory events are up to 4 times 

more frequent in RTx patients below 2 years of age in comparison to older age groups. Due to small 

numbers this should be interpreted with caution. However, the increased occurrence of infections and 

respiratory events in this new paediatric population has been adequately described in the Section 4.8 of 

the SmPC.  

Neoplasms Benign, Malignant and Unspecified, Gastrointestinal Disorders, and Blood and Lymphatic 

System Disorders were more frequent in paediatric HTx and LTx patients in comparison to adult groups. 

Similarly, differences in adverse events were observed between paediatric HTx and LTx patients in 

comparison to paediatric RTx group. These differences have been described and reflected in section 4.4 

and 4.8 of the SmPC.  
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3.6.  Benefit-risk assessment and discussion 

3.6.1.  Importance of favourable and unfavourable effects 

Knowledge about the use of CellCept/MMF in the adult reference populations of RTx, HTx, and LTx 

transplant patients and in paediatric RTx patients has been used to extrapolate to the target paediatric 

HTx and LTx populations. 

PK comparability of MMF/MPA in children from 1 to 18 years has been demonstrated for RTx, LTX and 

HTx. The recommended paediatric dosing regimen in children from 1 to 18 years has been justified, so in 

conclusion, the pharmacokinetic data provided supports the approval of the application for use of MMF in 

children from 1 year to 18 year for all 3 types of transplantation. 

The safety profile of MMF for the suggested dosing scheme and HTx-LTx indications in paediatric 

population is extrapolated from paediatric RTx patients who are 2 years and above to paediatric LTx and 

HTx patients. The safety profile (at starting dose of 600 mg/m2 of mycophenolate mofetil orally twice 

daily and maintenance dose of 900 mg/m2 twice daily) is similar to the known safety profile of the 

substance and no new safety signals were identified. 

3.6.2.  Balance of benefits and risks 

The PK data support an extrapolation down to one year of age. The MAH initially proposed an 

extrapolation down to 3 months of age. However, there was not enough data to support the extrapolation 

to the infant population (3 months to 1 year). Therefore, the MAH decided to revise the indication to 

include children from the age of 1 year, this is agreed by the CHMP. The dosing regimen for this new 

population will be the same as for paediatric RTx patients above 2 years of age, with the possibility to 

increase the dose to 2g for paediatric RTx and 3g for paediatric LTx and HTx, in line with the adult 

indication. 

Whilst some differences were seen in the paediatric population compared to the adult population, the 

overall safety profile appears generally consistent between paediatrics and adults. Adequate warnings 

regarding blood and lymphatic disorders and gastrointestinal disorders have been implemented in section 

4.4 of the SmPC. No new safety signals were identified. 

3.7.  Conclusions 

The overall B/R of Cellcept is positive in the following indication:  

CellCept is indicated in combination with ciclosporin and corticosteroids for the prophylaxis of acute 

transplant rejection in adult and paediatric (1 to 18 years of age) patients receiving allogeneic renal, 

cardiac or hepatic transplants. 

4.  Recommendations 

Outcome 

Based on the review of the submitted data, the CHMP considers the following group of variations 

acceptable and therefore recommends the variations to the terms of the Marketing Authorisation, 

concerning the following changes: 
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Variations accepted Type Annexes 

affected 

C.I.6.a  C.I.6.a - Change(s) to therapeutic indication(s) - Addition 

of a new therapeutic indication or modification of an 

approved one  

Type II I, II and IIIB 

C.I.z  C.I.z - Changes (Safety/Efficacy) of Human and 

Veterinary Medicinal Products - Other variation  

Type IB I, II and IIIB 

C.I.6.a: Extension of indication to include paediatric patients (1 year to 18 years of age) for hepatic and 

cardiac transplants and to extend the indication for renal transplants for paediatric patients starting from 

1 year, based on pharmacokinetic data, published literature and the Roche Global Safety Database. As a 

consequence, sections 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.2, 5.3 and 6.6 of the SmPC are 

updated. The Package Leaflet is updated accordingly. Version 1.2 of the RMP has also been approved. 

 

Type IB (C.I.z): Update of the precautions to be taken before handling or administering the medicinal 

product in section 4.2 of the SmPC for the CellCept 500 mg tablets formulation in order to be in line with 

the other CellCept formulations. The Package Leaflet is updated to cross reference section 2 in section 6 

for sodium content, in line with the QRD guidance. 

 

In addition, the MAH took the opportunity to introduce minor editorial changes to the PI and bring the PI 

in line with the latest QRD template version 10.3. 

The group of variations leads to amendments to the Summary of Product Characteristics, Annex II and 

Package Leaflet. 

Amendments to the marketing authorisation 

In view of the data submitted with the group of variations, amendments to Annexes I, II and IIIB are 

recommended. 

Conditions or restrictions with regard to the safe and effective use of the 
medicinal product 

Risk management plan (RMP) 

The Marketing authorisation holder (MAH) shall perform the required pharmacovigilance activities and 

interventions detailed in the agreed RMP presented in Module 1.8.2 of the Marketing Authorisation and 

any agreed subsequent updates of the RMP. 

In addition, an updated RMP should be submitted: 

• At the request of the European Medicines Agency; 

• Whenever the risk management system is modified, especially as the result of new information 

being received that may lead to a significant change to the benefit/risk profile or as the result of 

an important (pharmacovigilance or risk minimisation) milestone being reached.  

Additional risk minimisation measures 

The Marketing Authorisation Holder (MAH) must agree about the content and format of the educational 

programme, including communication media, distribution modalities, and any other aspects of the 
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programme, with the National Competent Authority.  

The educational programme is aimed at ensuring that the health professionals and patients are aware of 

the teratogenicity and mutagenicity, the need for pregnancy tests before starting therapy with CellCept, 

the contraceptive requirements for both male and female patients and what to do in case of pregnancy 

during treatment with CellCept.  

The MAH shall ensure that in each MS where CellCept is marketed, all healthcare professionals and 

patients who are expected to prescribe, dispense or use CellCept are provided with the following 

educational package: 

 ·        Physician educational material  

·         Patient information pack  

The health professional educational material should contain:  

·         The Summary of Product Characteristics  

·         Guide for healthcare professionals  

The patient information pack should contain:  

·         The Package Leaflet  

·         Guide for patients  

The educational materials shall contain the following key elements: 

 Separate guides for healthcare professionals and patients should be provided. For patients, the text 

should be appropriately separated for men and women. The following areas should be covered in these 

guides:  

• An introduction in each guide will inform the reader that the purpose of the guide is to tell them 

that a foetal exposure must be avoided and how to minimise the risk of birth defects and miscarriage 

associated with mycophenolate mofetil. It will explain that although this guide is very important it does 

not provide full information on mycophenolate mofetil and that the SmPC (healthcare professionals) and 

package leaflet (patients) supplied with the medicine must also be read carefully.  

• Background information on mycophenolate mofetil teratogenicity and mutagenicity in humans. 

This section will provide important background information concerning the teratogenicity and 

mutagenicity of mycophenolate mofetil. It will provide details about the nature and magnitude of the risk, 

in line with the information provided in the SmPC. The information provided in this section will facilitate a 

correct understanding of the risk and explain the rationale for the following pregnancy prevention 

measures. Guides should also mention that patients should not give this drug to any other person.  

• Counselling of patients: This section will emphasise the importance of a thorough, informative 

and ongoing dialogue between patient and healthcare professional about the pregnancy risks associated 

with mycophenolate mofetil and the relevant minimisation strategies including alternative treatment 

choices, if applicable. The need to plan a pregnancy will be highlighted.  

• The need to avoid foetal exposure: Contraceptive requirements for patients of reproductive 

potential prior to, during and after treatment with mycophenolate mofetil. Contraceptive requirements for 

sexually active male patients (including vasectomised men) and female patients of childbearing potential 

will be explained. The need for contraception prior to, during and after treatment with mycophenolate 

mofetil, including details of the duration of time for which contraception must be continued after cessation 

of therapy, will be clearly stated.  
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In addition, the text relating to women should explain the pregnancy test requirements prior to and 

during therapy with mycophenolate mofetil; including the advice for two negative pregnancy tests prior to 

starting therapy and the importance of the timing of these tests. The need for subsequent pregnancy 

tests during treatment will also be explained.  

• Advice that patients should not donate blood during therapy or for at least 6 weeks following 

discontinuation of mycophenolate mofetil. Furthermore, men should not donate semen during therapy or 

for 90 days following discontinuation of mycophenolate mofetil. 

• Advice on action if a pregnancy occurs or is suspected during or shortly after being treated with 

mycophenolate mofetil. Patients will be informed that they should not stop taking mycophenolate mofetil 

but must contact their doctor immediately. It will be explained that the correct course of action, based on 

an assessment of the individual benefit-risk, will be determined on a case-by-case basis through a 

discussion between the treating physician and the patient. 

 

  



 
 

  
  

EMA/554250/2024 Page 108/115 

5.  References 

Anderson GD. Developmental pharmacokinetics. Semin Pediatr Neurol.2010;17(4):208-13.  
 
Arns W, Stephan Breuer S, Choudhury S, et al. Enteric-coated mycophenolate sodium delivers 
bioequivalent MPA exposure compared with mycophenolate mofetil. Clin Transplant 2005;19(2):199-206.  
 
Attard TM, Dhawan A, Tredger JM, et al. Mycophenolic acid metabolite levels in pediatric liver 

transplantation: Correlation with a limited sampling strategy. J Appl Res. 2008; 8(2):135-42. 
 
Aw MM, Samaroo B, Baker AJ, et al. Calcineurin-inhibitor related nephrotoxicity - reversibility in paediatric 
liver transplant recipients. Transplantation. 2001;72(4):746-9. [Aw-2001-01] 
 
Aw MM, Verma A, Rela M, et al. Long-term outcome of mycophenolate mofetil rescue therapy for 

resistant acute allograft rejection in pediatric liver transplant recipients. Liver Transpl. 2008;14(9):1303-
8. [Aw-2008-01] 
 

Balci Sezer O, Baris Z, Ecevit Z, et al. Prevalence of infections in infants within the first 6 months of liver 
transplant. Exp Clin Transplant. 2020;18(Suppl 1): 93-95. [Balci-2020-01] 
 
Barau C, Barrail-Tran A, Hemerziu B et al. Optimization of the dosing regimen of mycophenolate mofetil 

in pediatric liver transplant recipients. Liver Transpl 2011;17(10): 1152-8. [Barau-2011-01] 
 
Barau C, Furlan V, Debray D, et al. Population pharmacokinetics of mycophenolic acid and dose 
optimization with limited sampling strategy in liver transplant children. Br J Clin Pharmacol. 2012; 74(3): 
515-24. [Barau-2012-01] 
 
Bernard O, Guillemette C. The main role of UGT1A9 in hepatic metabolism of mycophenolic acid and the 

effect of naturally occurring variants. Drug Metab Dispos. 2004; 32(8): 775-8. [Bernard-2004-01] 
 
Boyer O, Le Bidois J, Dechaux M, et al. Improvement of renal function in pediatric heart 
transplant recipients treated with low-dose calcineurin inhibitor and mycophenolate mofetil. 
Transplantation. 2005;79(10):1405-10.  
 

Brown NW, Aw MM, Mieli-Vergani G, et al. Mycophenolic acid and mycophenolic acid glucuronide 
pharmacokinetics in pediatric liver transplant recipients: Effect of cyclosporine and tacrolimus 
comedication. Ther Drug Monit. 2002;24(5):598-606. [Brown-2002-01] 
 
Bullingham R, Monroe S, Nicholls A, et al. Pharmacokinetics and bioavailability of mycophenolate mofetil 
in healthy subjects after single-dose oral and intravenous administration J Clin Pharmacol 1996;36:315-
24. [Bullingham-1996-01] 

 
Bullingham RES, Nicholls AJ, Kamm BR: Clinical pharmacokinetics of mycophenolate mofetil. Clin  
Pharmacokinet. 1998;34(6):429-55. [Bullingham-1998-01] 
 
Bullingham RF, Nicholls A and Hale M: Pharmacokinetics of mycophenolate mofetil (RS61443): A short 
review. Transplant Proc. 1996b;28(2):925-9.[Bullingham-1996-02] 
 

Castleberry C, Ziniel S, Almond C, et al. Clinical practice patterns are relatively uniform between pediatric 
heart transplant centers: A survey-based assessment. Pediatr Transplant. 2017;21(5),e13013:1-6. 
[Castleberry-2017-01] 

 
Chardot C, Nicoluzzi JE, Janssen M, et al. Use of mycophenolate mofetil as rescue therapy after pediatric 
liver transplantation. Transplantation 2001;71(2):224-9. [Chardot-2001-01] 

 
Colombani PM, Lau H, Prabhakaran K, et al. Cumulative experience with pediatric living related liver 
transplantation. J Pediatr Surg. 2000;35(1):9-12. [Colombani-2000-01] 
 
Colvin M, Smith JM, Ahn Y, et al. OPTN/SRTR 2019 Annual data report: Heart. Am J Transplant. 2021;21 
Suppl 2:356-440. [Colvin-2021-01] 
 



 
 

  
  

EMA/554250/2024 Page 109/115 

Costanzo MR, Dipchand A, Starling R. International Society of Heart and Lung Transplantation Guidelines. 

The International Society of Heart and Lung Transplantation Guidelines for the care of heart transplant 

recipients. J Heart Lung Transplant. 2010;29(8):914 - 56. [Costanzo-2010-01] 
 
Dehghani SM, Honar N, Inaloo S, et al. Neuromuscular complication after liver transplant in children: a  
single-center experience. Exp Clin Transplant. 2010;8(1):9-13. [Dehghani-2010-01] 
 
Demetris AJ, Jaffe R, Tzakis A, et al. Antibody-mediated rejection of human orthotopic liver allografts. A 

study of liver transplantation across ABO blood group barriers. Am J Pathol. 1988;132(3):489-502. 
[Demetris-1988-01] 
 
De Winter BCM, Neumann I, van Hest RM, et al. Limited sampling strategies for therapeutic drug  
monitoring of mycophenolate mofetil therapy in patients with autoimmune disease. Ther Drug Monit 
31(3), 2009; 382-390. [Winter-2009-01] 
 

Dhawan A. Immunosuppression in pediatric liver transplantation: Are little people different? Liver Transpl 
2011;17(Suppl 3):S13-9. [Dhawan-2011-01] 
 

Dhungel A, Mohan N, Goyal D, et al. Answering the donor graft shortagesuccessful outcome of abo 
incompatible pediatric living related liver transplants. J Clin Exp Hepatol. 2019;9(3):421-2. [Dhungel-
2019-01] 
 

Dipchand A, Benson L, McCrindle B et al. Mycophenolate mofetil in pediatric heart transplant recipients: a 
single-center experience. Pediatr Transplant. 2001b;5(2):112-8. [Dipchand-2001-02] 
 
Dipchand AI, Pietra B, McCrindle BW, et al. Mycophenolic acid levels in pediatric heart transplant 
recipients receiving mycophenolate mofetil. J Heart Lung Transplant. 2001a;20(10):1035-43. [Dipchand-
2001-01] 

 
Dipchand AI, Kirk R, Edwards LB, et al. The Registry of the International Society for Heart and Lung      
Transplantation: Sixteenth Official Pediatric Heart Transplantation Report-2013; focus theme: age. J 
Heart Lung Transplant 2013;32:979-88. [Dipchand-2013-01] 
 
Dipchand AI, Seifert-Hansen, M Early experience with varicella vaccination in pediatric heart transplant 

recipients. J Heart Lung Transplant. 2022;41(8):1023-26. [Dipchand-2022-01] 

 
Ettenger R, Bartosh S, Choi L, et al. Pharmacokinetics of enteric-coated mycophenolate sodium in stable 
pediatric renal transplant recipients. Pediatric Transplant, 2005;9(6), 780-787. [Ettenger-2005-01] 
 
Evans H, McKiernan P, Kelly D, et al. Mycophenolate mofetil for renal dysfunction after pediatric liver 
transplantation. Transplantation. 2005;79:1575-80. [Evans-2005-01] 
 

Ferraris J, Duca P, Prigoshin N, et al. Mycophenolate mofetil and reduced doses of cyclosporine in 
pediatric liver transplantation with chronic renal dysfunction:changes in the immune responses. Pediatr 
Transplant. 2004;8(5):454-9.[Ferraris-2004-01] 
 
Filler G, Bendrick-Peart J, Christians U. Pharmacokinetics of mycophenolate mofetil and sirolimus in 
children. Ther Drug Monit. 2008;30(2):138-42. [Filler-2008-01] 

 
Filler G, Lepage N. To what extent does the understanding of pharmacokinetics of mycophenolate mofetil 
influence its prescription. Pediatr Nephrol. 2004b;19,962-5. [Filler-2004-02] 

 
Filler G, Zimmering M, Mai I. Pharmacokinetics of mycophenolate mofetil are influenced by concomitant 
immunosuppression. Pediatr Nephrol. 2000;14(2):100-4. [Filler-2000-01] 
 

Fine NM, Greenway SC, Mulvagh SL, et al. Feasibility of Real-Time Myocardial Contrast Echocardiography 
to Detect Cardiac Allograft Vasculopathy in Pediatric Heart Transplant Recipients. J Am Soc Echocardiogr, 
2021;34(5): 503-10. [Fine-2021-01] 
 
Fukuda T, Goebel J, Thøgersen H, et al. Inosine monophosphate dehydrogenase (IMPDH) activity as a 
pharmacodynamic biomarker of mycophenolic acid effects in pediatric kidney transplant recipients. J Clin 
Pharmacol. 2011;51(3):309-20. [Fukuda-2011-01] 

 



 
 

  
  

EMA/554250/2024 Page 110/115 

Gajarski RJ, Crowley DC, Zamberlan MC, et al. Lack of correlation between MMF dose and MPA level in 

pediatric and young adult cardiac transplant patients: Does the MPA level matter? Am J Transplant. 

2004;4(9)1495-1500. [Gajarski-2004-01] 
 
Gavaldà J, Cabral E, Alonso E, et al. Influenza A H1N1/2009 infection in pediatric solid organ transplant 
recipients. Transpl Infect Dis. 2012;14(6):584-8.[Gavalda-2012-01] 
 
Giuliano K, Canner JK, Scully BB, et al. Epstein-Barr Virus Predicts Malignancy After Pediatric Heart 

Transplant, Induction Therapy and Tacrolimus Don’t. The Annals of Thoracic Surgery. 2022;14(5):1794-
1802. [Giuliano-2022-01] 
 
Groetzner J, Reichart B, Roemer U, et al. Cardiac transplantation in pediatric patients: fifteen-year 
experience of a single center. Ann Thorac Surg. 2005;79(1):53-60. [Groetzner-2005-01] 
 
Guentert TW: CellCept – Cyclosporine Interaction, Clinical Pharmacology Position Paper, 12 November 

2014. [Guentert-2014-01] 
 
Haflidadottir S, Østensen AB, Matthews IL, et al. Mycophenolate Mofetil Use Is Associated With Reduced 

Incidence of Food Allergy in Liver Transplanted Children. J Ped Gastroenterol Nutr 2022:75(2): 138-44. 
[Haflidadottir-2022-01] 
 
Halloran PF. Immunosuppressive drugs for kidney transplantation. N Engl J Med. 2004;351(26):2715-29. 

Erratum in: N Engl J Med. 2005;352(10):1056. [Halloran-2004-01] 
 
Haregu A, McCulloch M, White S, et al. Efficacy and Safety of desensitization therapy in pediatric heart 
transplant candidates. J Heart Lung Transplant. 2021;40(4):S228-S229. [Haregu-2021-01] 
 
Hingler S, Peters B, Yigitbasi M, et al. Impact of immunosuppressive therapy on anti-ebv specific CD8+ T-

cells in pediatric heart transplant recipients. J Heart Lung Transplant. 2013;32(4):S191–2. [Hingler-2013-
01] 
 
Hoecker B, van Gelder T, Martin-Govantes J, et al. Comparison of MMF efficacy and safety in paediatric vs 
adult renal transplantation: subgroup analysis of the randomised, multicentre FDCC trial. Nephrol Dial 
Transplant. 2011;26(3):1073-79. [Hocker-2011-01] 

 

Hoeltzenbein M, Elefant E, Vial T, et al. Teratogenicity of mycophenolate confirmed in a prospective study 
of the European Network of Teratology Information Services. Am J Med Genet A. 2012 Mar;158A(3):588-
96. [Hoeltzenbein-2012-01] 
 
Hogan J, Couchoud C, Bonthuis M, et al. Gender Disparities in Access to Pediatric Renal Transplantation in 
Europe: Data From the ESPN/ERA-EDTA Registry. American J Transplantation 2016;16: 2097–2105. 
[Hogan-2016-01] 

 
Honda M, Sugawara Y, Kadohisa M, et al. Long-term outcomes of ABOincompatible pediatric living donor 
liver transplantation. Transplantation.2018;102(10):1702. [Honda-2018-01] 
 
Hudert C, Mueller S, Luck W. Mycophenolate motefil monotherapy in paediatric primary liver transplant 
patients. ESPGHAN 52nd Annual Meeting Abstracts 2019. J Pediatr Gastroenterol. 2019;68:1–1243. 

[Hudert-2019-01] 
 
Imanieh MH, Jalali Z, Azarpira N, et al. Post-transplant Lymphoproliferative Disorder in Pediatric Liver 

Transplantation: A Population-based Study from Shiraz, Iran. Shiraz E-Med J. 2022;23(3):e110017. 
[Imanieh-2022-01] 
 
Jacobsen MC, Manunta MD, Pincott ES, et al. Specific immunity to cytomegalovirus in pediatric cardiac 

transplantation. Transplantation. 2018;102(9):1569-75. [Jacobsen-2018-02] 
 
Jalanko H, Mattila I, Holmberg C. Renal transplantation in infants. Pediatr. Nephrol. 2016;31:725–735. 
[Jalanko-2016-01].  
 
Kis E, Vilmanyi CS, Szabo A. Complications after pediatric heart transplantation - 9 years single centre 
experience. 50th Annual Meeting of the Association for European Paediatric and Congenital Cardiology, 

Rome, Italy, June 1–4, 2016. Cardiol Young. 2016;26(S1), S1–S181. [Kis-2016-01] 
 



 
 

  
  

EMA/554250/2024 Page 111/115 

Kobashigawa JA, Miller LW, Russell SD, et al. Tacrolimus with mycophenolate mofetil (MMF) or sirolimus 

vs. cyclosporine with MMF in cardiac transplant patients: 1-year report. Am J Transplant 2006; 6:1377. 

[Kobashigawa-2006-01] 
 
Kwong AJ, Kim WR, Lake JR, et al. OPTN/SRTR 2019 Annual Data Report: Liver. Am J Transplant. 
2021;Suppl 2:208-315. [Kwong-2021-01] 
 
Lammers AE, Roberts P, Brown KL, et al. Acute rejection after pediatric heart transplantation: far less 

common and less severe. Transpl Int. 2010;23(1):38-46. [Lammers-2010-01] 
 
Lamour JM, Mason KL, Hsu DT, et al. Early outcomes for low-risk pediatric heart transplant recipients and 
steroid avoidance: A multicenter cohort study (Clinical Trials in Organ Transplantation in Children - 
CTOTC-04). J Heart Lung Transplant. 2019;38(9):972-81. [Lamour-2019-01] 
 
Langman IJ, LeGatt DF, Halloran PF, Yatscoff RW: Pharmacodynamic assessment of mycophenolic acid-

induced immunosuppression in renal transplant recipients. Transplantation 1996;62(5):666 72. 
[Langman-1996-01] 
 

Lehmkuhl H, Schubert S, Schweiger M, et al. Immunosuppression with everolimus in pediatric de-novo 
heart transplantation. Thorac Cardiovasc Surg. 2011;59(S 01):V10. [Lehmkuhl-2011-01] 
 
Leiskau C, Rajanayagam J, Pfister E, et al. Side effects and efficacy of renal sparing immunosuppression 

in pediatric liver transplantation - A single center matched cohort study. Pediatr Transplant. 
2018;22(5):e13207. [Leiskau-2018-01] 
 
Li F, Cai J, Sun YF et al. Pediatric Heart Transplantation: Report from a single center in China. Chin Med J 
(Engl). 2015;128(17):2290-4. [Li-2015-01] 
 

Lightdale J, Renz JF, Ascher NL, et al. Mycophenolate mofetil with cyclosporine and prednisone as 
effective primary immunosuppression in children following liver transplantation. In Gastroenterology 1997 
Apr 1;112(4): A1320-A1320. 1600 John F Kennedy Boulevard, Ste 1800, Philadelphia, PA 19103–2899. 
[Lightdale-1997-01] 
 
Lobritto SJ, Rosenthal P, Bouw R, et al. Pharmacokinetics of mycophenolate mofetil in stable pediatric 

liver transplant recipients receiving mycophenolate mofetil and cyclosporine. Liver Transpl. 

2007;13(11):1570-5. [Lobritto-2007-01] 
 
Marshall CD, Richmond ME, Singh RK, et al. A comparison of traditional versus contemporary 
immunosuppressive regimens in pediatric heart recipients. J Pediatr. 2013;163(1):132-6. [Marshall-2013-
01] 
 
Martin S, Alvarez F, Anand R, et al. Outcomes in children who underwent transplantation for autoimmune 

hepatitis. Liver Transpl. 2011;17(4):393-401. [Martin-2011-01] 
 
 
Meiser BM, Jagiello-Kraatz M, Pfeiffer M, et al. The efficacy of mycophenolate mofetil treatment after 
heart transplantation is highly dependent on mycophenolate trough levels. Circulation 
1997;96(8S)Suppl,64-I. [Meiser-1997-01] 

 
Meiser BM, Pfeiffer M, Schmidt D, et al. Combination therapy with tacrolimus and mycophenolate mofetil 
following cardiac transplantation: Importance of mycophenolic acid therapeutic drug monitoring. J Heart 

Lung Transplant. 1999; 18(2):143-9. [Meiser-1999-01] 
 
Michelon H, Köni J, Durrbach A, et al. SLCO1B1 genetic polymorphism influences mycophenolic acid 
tolerance in renal transplant recipients. Pharmacogenomics 2010;1(12):1703-13. [Michelon-2010-01] 

 
Miura M, Satoh S, Inoue K, et al. Influence of SLCO1B1, 1B3, 2B1 and ABCC2 genetic ploymorphisms on 
mycophenolic acid pharmacokinetics in Japanese renal transplant recipients. Eur J Clin Pharmacol 
2007;63:1161-69. [Miura-2007-01] 
 
Miura M, Kagaya H, Satoh S, et al. Influence of drug transporters and UGT polymorphisms on 
pharmacokinetics of phenolic glucuronide metabolite of mycophenolic acid in Japanese renal transplant 

recipients. Ther Drug Monit 2008;30(5):559-564. [Miura-2008-01] 
 



 
 

  
  

EMA/554250/2024 Page 112/115 

Miyagi SJ, Collier AC: Pediatric development of glucuronidation: The ontogeny of hepatic UGT1A4. Drug 

Metab Dispos. 2007;35(9):1587-92. [Miyagi-2007-01] 

 
Moffett BS, Hong BJ, Denfield SW, et al. The effect of medication regimens on cardiac allograft 
vasculopathy in pediatric heart transplant recipients. J Heart Lung Transplant. 2014;33(4):p.Abs610. 
[Moffett-2014-01] 
 
Musuamba FT, Rousseau A, Bosmans JL, et al. Limited sampling models and Bayesian estimation for 

mycophenolic acid area under the curve prediction in stable renal transplant patients co-medicated with 
ciclosporin or sirolimus. Clin Pharmacokinet 2009;48:745–758. [Musuamba-2009-01] 
 
Mysore K, Himes R, Rana A, et al. ABO-incompatible deceased donor pediatric liver transplantation: Novel 
titer-based management protocol and outcomes. Pediatr Transplant. 2018;22(7):e13263. [Mysore-2018-
01] 
Nayagam JS, Heneghan MA, Samyn M, et al. Epstein–Barr virus status and immunosuppression use in 

paediatric autoimmune liver disease. Aliment Pharmacol Ther. 2022;55:455–63. [Nayagam-2022-01] 
 
Nijland ML, Kersten MJ, Pals ST, et al. Epstein-Barr virus–positive posttransplant lymphoproliferative 

disease after solid organ transplantation: pathogenesis, clinical manifestations, diagnosis, and 
management. Transplantat Direct. 2016;2(1). [Nijland-2016-01] 
 
Niranjan V, Donner B, Petri H, et al. Mycophonolate mofetil and red cell aplasia. Drug safety report 

1031262. 2008. [Niranjan-2008-01] 
 
Nobili V, Comparcola D, Sartorelli M, et al. Mycophenolate mofetil in pediatric liver transplant patients 
with renal dysfunction: preliminary data. Pediatr Transplant. 2003;7(6):454-7. [Nobili-2003-01] 
 
Nunoda S, Homma S, Shitakura K, et al. Post-transplant care during the late post-transplant period in 

pediatric heart transplant patients: a single-center experience. Pediatr Transplant. 2013;17(3):316. 
[Nunoda-2013-01] 
 
Oellerich M, Shipkova M, Schütz E, et al. Pharmacokinetic and metabolic investigations of mycophenolic 
acid in pediatric patients after renal transplantation: Implications for therapeutic drug monitoring. Ther 
Drug Monit. 2000;22(1):20-6. [Oellerich-2000-01] 

 

Öztürk H, Ekşi NB, Sarı S, et al. Predictable and unusual adverse effects of immunosuppression in 
pediatric liver transplant patients. Exp Clin Transplant. 2019;17(Suppl 1):230-3. [Oztuk-2019-01] 
 
Parant F, Rivet C, Boulieu R, et al. Age-related variability of mycophenolate mofetil exposure in stable 
pediatric liver transplant recipients and influences of donor characteristics. Ther Drug Monit. 
2009;31(6):727-33. [Parant-2009-01] 
 

Picard N, Ratanasavanh D, Prémaud A, Le Meur Y, Marquet P. Identification of the UDP- 
glucuronosyltransferase isoforms involved in mycophenolic acid phase II metabolism. Drug Metab Dispos. 
2005;33(1):139-46. [Picard-2005-01] 
 
Rauschenfels, Grothues, Marquardt, et al. Mycophenolate mofetil-associated reversal of glomerular 
filtration rate loss in liver-transplanted children. Journal of Pediatric Gastroenterology and Nutrition. 

2009;48(Suppl 3):E114-5. [Rauschenfels-2009-01] 
 
Reichel S, Roemer U, Rinker,.Mycophenolate mofetil and azathioprine in children after heart and heart-

lung transplantation: comparison of infections and rejection episodes. (Ger.).2000. [Reichel-2000-01] 
 
Renz JF, Lightdale J, Mudge C, et al. Mycophenolate mofetil, microemulsion cyclosporine, and prednisone 
as primary immunosuppression for pediatric liver transplant recipients. Liver Transpl Surg. 

1999;5(2):136-43. [Renz-1999-01] 
 
Rosenthal LM, et al. Long-term follow-up of calcineurin inhibitor-free immune suppression in pediatric 
heart transplantation recipients. Thoracic and Cardiovascular Surgeon 2021;69 (Suppl 2). [Rosenthal-
2021-01] 
 
Rossano JW, Dipchand AI, Edwards LB, et al The registry of the international society for heart and lung 

transplantation: nineteenth pediatric heart transplantation report-2016; focus theme: primary diagnostic 
indications for transplant. The J Heart Lung Transplant. 2016;35(10):1185-95. [Rossano-2016-01] 



 
 

  
  

EMA/554250/2024 Page 113/115 

 

Rother A, Glander P, Vitt E, et al. Inosine monophosphate dehydrogenase activity in paediatrics: age-

related regulation and response to mycophenolic acid. Eur J Clin Pharmacol. 2012;68(6):913-922. 
[Rother-2012-01] 
 
Ruth ND, Kelly D, Sharif K, et al. Rejection is less common in children undergoing liver transplantation for 
hepatoblastoma. Pediatr Transplant. 2014;18(1):52-7. [Ruth-2014-01] 
 

Sadiq J, Mckiernan P, Ong E, et al. Mycophenolate-induced diarrhea in paediatric liver transplant patients. 
Abstract #160. Pediatr Transplant. 2013;17:80. [Sadiq-2013-01] 
 
Satoh S, Tada H, Murakami M, et al. Circadian pharmacokinetics of mycophenolic acid and implication of 
genetic polymorphisms for early clinical events in renal transplant recipients. Transplantation 2006; 
82(4), 486-493. [Satoh-2006-01] 
 

Schubert S, Renner C, Hammer M. Relationship of immunosuppression to Epstein–Barr Viral load and 
lymphoproliferative disease in pediatric heart transplant patients. J Heart Lung Transplant. 
2008;27(1):S100-5. [Schubert-2008-01] 

 
Schuetz E, Shipkova M, Armstrong VW, et al. Identification of a pharmacologically active metabolite of 
mycophenolic acid in plasma of transplant recipients treated with mycophenolate mofetil. Clin Chem. 
1999;45(3):419-22. [Schuetz-1999-01] 

 
Schukfeh N, Lenz V, Metzelder M, et al. First case studies of successful ABOincompatible 
living-related liver transplantation in infants in Germany. Eur J Pediatr Surg. 2015;25(1):77-81. 
[Schukfeh-2015-01] 
 
Seo E, Kim J, OH SH. et al. Epstein-Barr viral load monitoring for diagnosing post-transplant 

lymphoproliferative disorder in pediatric liver transplant recipients. Pediatr Transplant. 2020;24(4):1-
10:e13666. [Seo-2020-01] 
 
Shaw LM, Korecka M, Venkataramanan R, et al. Mycophenolic acid pharmacodynamics and 
pharmacokinetics provide a basis for rational monitoring strategies. Am J Transplant. 2003;3(5):534-42. 
[Shaw-2003-01] 

 

Shen Z, Wang Z, Zhu Z, et al. Pediatric liver transplantation in 31 consecutive children. Chin Med J 
(Engl). 2008;121(20):2001-3. [Shen-2008-01] 
 
Shipkova M, Armstrong VW, Oellerich M, et al. Mycophenolate mofetil in organ transplantation: focus on 
metabolism, safety and tolerability. Expert Opin. Drug Metab Toxicol. 2005;1(3):505-26. [Shipkova-
2005-01] 
 

Siber GR, Echeverria P, Smith AL, et al. Pharmacokinetics of gentamicin in children and adults. J Infect 
Dis. 1975;132:637-51. [Siber-1975-01] 
 
Siddiqi N, Lamour JM, Hsu DT. The effect of MMF dose and trough levels on adverse effects in pediatric 
heart transplant recipients. Pediatr Transplant. 2015;19(6):618-22. [Siddiqi-2015-01] 
 

Sifontis NM, Coscia LA, Constantinescu S, et al. Pregnancy outcomes in solid organ transplant recipients 
with exposure to mycophenolate mofetil or sirolimus. Transplantation. 2006. [Sifontis-2006-01] 
 

Singh RK, Humlicek T, Jeewa A, et al. Pediatric cardiac intensive care society 2014 consensus statement: 
Pharmacotherapies in Cardiac Critical Care Immune Therapy. Pediatr Crit Care Med. 2016;17(Suppl 
1):S69–76. [Singh-2016-01] 
 

Singh TP, Cherikh WS, Hsich E. The International thoracic organ transplant registry of the international 
society for heart and lung transplantation: Twentyfifth pediatric heart transplantation report—2022; focus 
on infant heart transplantation. J Heart Lung Transplant. 2022;41(10):1357-65. [Singh-2022-01] 
 
Singh TP, Faber C, Blume ED, et al. Safety and early outcomes using a corticosteroid-avoidance 
immunosuppression protocol in pediatric heart transplant recipients. J Heart Lung Transplant. 
2010;29(5):517-22. [Singh-2010-01] 

 



 
 

  
  

EMA/554250/2024 Page 114/115 

Staatz CE, Tett SE: Clinical pharmacokinetics and pharmacodynamics of mycophenolate in solid organ 

transplant recipients. Clin Pharmacokinet. 2007;46(1):13-58. [Staatz-2007-01] 

 
Starzl TE, Iwatsuki S, Van Thiel DH, et al. Evolution of Liver Transplantation.Hepatology. 1982;2(5):614-
36. [Starzl-1982-01] 
 
Tang JT, deWinter BC, Hesselink DA, et al. The pharmacokinetics and pharmacodynamics of 
mycophenolate mofetil in younger and elderly renal transplant recipients. Br J Clin Pharmacol. 

2017;83(4),812-22. [Tang-2017-01] 
 
Tannuri U, Gibelli NE, Maksoud-Filho JG, et al. Mycophenolate mofetil promotes prolonged improvement 
of renal dysfunction after pediatric liver transplantation: experience of a single center. Pediatr Transplant. 
2007;11(1):82-6. [Tannuri-2007-01] 
 
Teisseyre J, Kalicinski P, Markiewicz-Kijewska M, et al. A comparison of two methods of tacrolimus based 

immunosuppression with or without MMF for early steroid withdrawal in children after liver 
transplantation-preliminary results: 282. Liver Transpl. 2006;12(5):C–71. [Teisseyre-2006-01] 
 

Teisseyre J, Kalicinski P, Markiewicz-Kijewska M, et al. Three years follow up of two methods of 
tacrolimus-based immunosuppression with or without MMF for early steroid withdrawal in children after 
liver transplantation. Abstract# 370. Pediatr Transplant. 2011;15:131. [Teisseyre-2011-01] 
 

Tönshoff B, Devid-Neto E, Ettenger R, et al. Pediatric aspects of therapeutic drug monitoring of 
mycophenolic acid in renal transplantation. Transplant Rev. 2011; 25(2):78-89. [Tonshoff-2011-01] 
 
Tuite GC, Quintessenza JA, Asante-Korang A, et al. Heart transplantation for pediatric and congenital 
cardiac disease: A comparison of two eras over 23 years and 188 transplants at a single institution. World 
J Pediatr Congenit Heart Surg. 2021;12(1):17-26. [Tuite-2021-01] 

 
Ueno T, Kodama T, Noguchi Y, et al. Serum trough concentration and effects of mycophenolate mofetil 
based on pathologic findings in infants after liver transplantation. Transplant Proc. 2020;52(6):1855-57. 
[Ueno-2020-01] 
 
Urschel S, Larsen IM, Kirk R, et al. ABO-incompatible heart transplantation in early childhood: an 

international multicenter study of clinical experiences and limits. J Heart Lung Transplant. 

2013;32(3):285-92. [Urschel-2013-01] 
 
Uwai Y, Motohashi H, Tsuji Y, et al. Interaction and transport characteristics of mycophenolic acid and its 
glucuronide via human organic anion transporters hOAT1 and hOAT3. Biochem Pharmacol 2007;74:161-
168. [Uwai-2007-01] 
 
Vazin A, Shahriarirad R, Azadeh N, et al. Incidence, Clinicomicrobiological Characteristics, Risk Factors, 

and Treatment Outcomes of Bacterial Infections Following Liver Transplantation in Pediatrics: A 
Retrospective Cohort Study. Arch Pediatr Infect Dis. 2022;10(4):e118809. [Vazin-2022-01] 
 
Vogl M, Weigel G, Seebacher G, et al. Evaluation of the EMIT Mycophenolic Acid Assay From Dade 
Behring. Ther Drug Monit. 1999;21 (6) p638 
 

Wang J; Figurski M; Shaw LM, et al. The impact of P-glycoprotein and Mrp2 on mycophenolic acid levels 
in mice. Transplant Immunol 2008;19 (3-4): 192-196. [Wang-2008-01] 
 

Weber L, Shipkova M, Lamersdorf T, et al. Pharmacokinetics of mycophenolic acid (MPA) and 
determinants of MPA free fraction in pediatric and adult renal transplant recipients. J Am Soc Nephrol. 
1998;9(8):1511-20. [Weber-1998-01] 
 

Weber LT, Lamersdorf T, Shipkova M, et al. Area under the plasma concentration–time curve for total, 
but not for free, mycophenolic acid increases in the stable phase after renal transplantation: A 
longitudinal study in pediatric patients. Ther Drug Monit. 1999;21(5):498-506. [Weber-1999-01] 
 
Weber LT, Shipkova M, Armstrong VW, et al. The pharmacokineticpharmacodynamic relationship for total 
and free mycophenolic acid in pediatric renal transplant recipients: A report of the german study group on 
mycophenolate mofetil therapy. J Am Soc Nephrol. 2002;13(3):759-68. [Weber-2002-01] 

 



 
 

  
  

EMA/554250/2024 Page 115/115 

Weiner C, Weintraub L, Wistinghausen B, et al. Graft rejection in pediatric liver transplant patients with 

Epstein-Barr Viremia and post-transplant lymphoproliferative disorder. Pediatr Transplant. 

2012;16(5):458-64. [Weiner-2012-01] 
 
Wieland E, Shipkova M, Schellhaas U, et al. Induction of cytokine release by the acyl glucuronide of 
mycophenolic acid: a link to side effects? Clin Biochem 33, 2000;107-113. [Wieland-2000-01] 
 
Wierderkehr JC, Coelho IM, Silva EM, et al. Persistent diarrhea in patients submitted to liver transplant in 

use of mycophenolate mofetil. Abstract #P-185. Liver Transpl. 2012;18:S200. [Wierderkehr-2012-01] 
 
Wolff NA, Burckhardt BC, Burckhardt G, et al. Mycophenolic acid (MPA) and its glucuronide metabolites 
interact with transport systems responsible for excretion of organic anions in the basolateral membrane 
of the human kidney. Nephrol Dial Transplant 22, 2007; 2497-2503. [Wolff-2007-02] 
 
Xinias I, Mavroudi A, Vrani O, et al. Liver transplantation in Greek children: 15 years’ experience. Pediatr 

Rep. 2010;2(2):e14. [Xinias-2010-01] 
 
Yoo EC, Alvarez-Elías AC, Todorova EK, Filler G: Development changes of MPA exposure in children. 

Pediatr Nephrol. 2016;31(6):975-82. [Yoo-2016-01] 

 


