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Table 1 Primers used for

amplification of fragments from Exon Forward (53" Reverse (53

INNTZ 2 GAGCTCTTCTGAGGAAGGCA CTACCCAGAATCCGAGGGAC
3 and 4 CAGGGCAGCGTGGACTCCC CCCAGGGCTCCCAGGATTT
5 CCATTCTCTGCTCTGGGTTC GTGCACATGGGAAAGCTGTTCT
6 TAGGGCTTATCTGTGGGGAAGGC CTTCCCTGGAAAGAGCACTG
7 GAAATGGAAATCCACAGGGA TACTGCACCCCGTTCCATCA
8 and 9 CTCTAGGAAGGATCAGGGCCC CTCACAAAAGGGATGGAGGA
10 GCGATGTCACCTTCTCCCTA CACCGCACCCGGCCAATA
11 GGTTTCCAATCCTTTCCCCTAA GCTGCAGTGGACACCTCATTC
12 GCCTTTGTCTTCCTGCCTTCTC CAGCCAGCCCAATCTCTTCACT
13 ACAGGGAGGGGGCAATCTGGCC CCCAGAGCAGATGCGGGCAGTG
14 ACTGGGTGCTGCCGTCTGGTC AAGGGGGCTGTTGGGGAATAGG
15 CACTCAGCCCCCTTCTCC AAGCTTCTCCGCCCCACATTTC
16 GGCACCCCAGTCCTACCC GTCCCCCTCAACAGCACTTTT

The PCR conditions of these genes were modified and
fragments were analyzed by electrophoresis, as described
previously [36, 37].

Proband patients bearing TNNT2 mutations were addi-
tionally examined for reported HCM mutations, the coding
regions of MYH7, MYBPC3, TNNI3, o-tropomyosin,
MLY2, MLY3, and all exons, and a promoter region of the
a-galactosidase A gene. Primer sequences and detailed
PCR conditions for these additional analyses are available
upon request. Reference sequences and single-nucleotide
polymorphism information were obtained from the
National Center for Biotechnology Information.

Results
Clinical report and DNA analysis

To investigate mutations of TNNT2, we performed DNA
analysis in 173 unrelated Japanese patients with familial
HCM. We identified three reported mutations and a new
mutation of TNNT2 in 11 individuals from four families
(A, B, C, D) (Table 2).

In family A, all five members who camried or were
suspected of having HCM also had arrhythmia. Four of
them had blocks, including a complete atrioventricular
block (CAVB) and complete right bundle branch block
(CRBBB) (Fig. 1; II-1, 6, II-1, 2), and one had brady-
cardia. Two of them died suddenly (Fig. t; 1-2, III-1), and
one was a ventricular fibrillation (V£) survivor (Fig. 1; III-2).
The proband (Fig. 1; 1I-2), aged 12 years, with sinus
rhythm (SR) and a CRBBB, had an episode of V{, and her
elder brother (Fig. I; III-1), aged 14, also with SR and a
CRBBB, had died suddenly. Her father and her uncle had
pacemakers implanted to treat complete AV blocks. Her

mother and mother’s family had no symptoms or abnormal
findings. The proband and her brother and father (Fig. 1,
11-2, 1I-1, 1-2) showed mild LVH (maximum wall thick-
ness <20 mm). All three members underwent cardiac
catheterization, and showed significant left ventricular
relaxation abnormalities.

DNA analysis showed that the proband and her elder
brother had the double reported mutations, Argl30Cys and
Phel10lle, of 7TNNT2 (Fig. 1). Her father, who had
arrhythmia and mild HCM, had the Phel10Ile mutation,
and her mother (II-6"), who had no symptoms or abnormal
findings, had the Arg130Cys mutation.

In family B, 3 of 10 members who carried or were
suspected of having HCM were thought to have obstructive
hypertrophic cardiomyopathy. Two female members (Fig. 2;
1I-4, IT1-9) died suddenly at a young age. The proband (Fig.
2; 111-7) showed apical hypertrophy and apical aneurysm at
a comparatively young age. Her aunt (Fig. 2; 1I-4), who
had a heart murmur, was thought to have hypertrophic
obstructive cardiomyopathy (HOCM), and died when she
was 19 years old. Her younger sister (Fig. 2; 11I-9) did not
show obstructive HCM, but died suddenly when she was
21 years old. Her grandmother (Fig. 2; I-1) died suddenly
at the age of 50 years. DNA analysis showed that the
proband (Fig. 2; I1I-7), her son (Fig. 2; IV-3), and her
cousin (Fig. 2; 111-2), who carried HCM, had an Arg92Trp
mutation of TNNT2.

In family C, the proband (Fig. 3; IV-3), her mother (Fig. 3;
II1-3), and her grandmother (Fig. 3; II-3) showed mild car-
diac hypertrophy (maximum wall thickness <20 mm) and
asymmetric septal hypertrophy, and her myocardial hyper-
trophy had been gradually increasing. Her mother was sus-
pected of having a shifting dilated phase by recent cardiac
magnetic resonance imaging (MRI). The proband (Fig. 3;
IV-3) had symptomatic West syndrome following perinatal
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Table 2 Clinical features of patients with TNNT2 mutation in families A, B, C, and D

HCM individuals A IiI-2 A T-1 A II-6 A Il-6' (1-2/ B 17 B III-2 B IV-3 CIv-3 CIHI3 C1I-3 D 112
mother)

Exon 9 and 10 9 and 10 9 10 9 9 9 10 10 10 8

Nucleotide T328A and T328A and T328A C388T C274 C274 C274 C388 C388 C388 T236C
substitution C388T C388T

Amino P110I and R130C P110I and R130C P110I R130C R92W R92W RO2W R2W RO2W RIO2W 179T
substitution

Sex ' F M M F F M M F F F F

Age (years) 12 14 55 46 35 41 2 42 15 80 25

Outcome (years) 12, Vf survivor 14, died suddenly 24, Vf

, survivor
Clinical diagnosis HCM HCM CAVB, PMI Normal DHCM (HCM) Abnormal HCM HCM HCM HCM HCM
ECG
Electrocardiogram SR + CRBBB SR + CRBBB, PM rhythm WNL R-wave Details RVH, LVH, Details Details ST dep,
abnQ (CAVB) progression unknown deepQ  STdep unknown unknown  invT

2D LVH, ASH LVH, ASH LVH WNL LVH, apical Details LVH LVH, LVH Details LVH,
echocardiogram hypertrophy unknown ASH unknown  ASH

Cardiac LV relaxation LV relaxation L.V relaxation ND ND ND ND ND ND ND ND
catheterization abnormalities abnormalities abnormalities

HCM hypertrophic cardiomyopathy, HOCM hypertrophic obstructive cardiomyopathy, DHCM dilated phase of HCM, LVH left ventricular hypertrophy, Vf ventricular fibrillation, CAVB
complete atrioventricular block, SR sinus rhythm, CRBBB complete right bundle branch block, abnQ abnormal Q wave, LVH left ventricular hypertrophy, RVH right ventricular hypertrophy, ST
dep ST depression, inv T inversion T, PMI pacemaker implantation, ECG electrocardiogram, ASH asymmetric septal hypertrophy, APH apical hypertrophy, ND not determined, WNL within

normal limits

S[oSSSA MBSl
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Fig. 6 a The deletion/deletion (D/D) polymorphism. b The insertion/
insertion (I/I) polymorphism. ¢ The insertion/deletion (I/D)
polymorphism

(in 16 individuals of 6 Japanese Families) [19, 20]. Both of
these reported pedigrees are Asian.

In family A, whereas the proband and her elder brother,
who carried these two mutations, showed similar reported
phenotypes of the Argl30 Cys mutation {21], her mother
and mother’s family members, who had the Argl30Cys
mutation, showed no abnormal clinical features such as
cardiac hypertrophy, sudden death, or abnormal electro-
cardiograms. Furthermore, her father and father’s family
members, who had the Phe110Ile mutation, showed atrio-
ventricular blocks, and these phenotypes have not been
reported.

In family B, an Arg92Trmp mutation of TNNT2 was
found. The mutation showed comparatively slight cardiac
hypertrophy or a high incidence of sudden death in males
(19 individuals of two mixged racial families) [22-24].
However, the proband and her family, who carried HCM,
showed relatively severe cardiac hypertrophy, with a high
incidence of sudden death in females.

) Springer

In family C, an Arg92Trp mutation was also found. The
proband and her family, who carried HCM, showed mild
cardiac hypertrophy and asymmetric septal hypertrophy.
The proband’s myocardial hypertrophy had been gradually
increasing, and her mother had a suspected shift to the
dilated phase. »

In family D, the proband carried the new mutation
11e79Thr of TNNT2. She survived following an episode of
Vif, and her cousin died suddenly at the age of 13 years.
Previously, a mutation of the 79 residue, the Ile79Asn
mutation, had been reported [24, 25], and this mufation
also showed a poor prognosis. In our mutated case, even if
the amino acid mutation (Ile79Thr) was different from the
reported case (Ile79Asn), the patient showed a malignant
prognosis. In family D, a 5-base-pair (CTTCT) deletion/
deletion (D/D) polymorphism in intron 3 of the TNNT2 was
also found. It has been reported that this polymorphism had
caused skipping of exon 4 of TNNT2, and that the deletion
allele could be associated with a predisposition for prom-
inent LVH [42]. Although it was in a very limited range,
from our genetic study on this polymorphism we gained the
impression that a patient carrying the TNNT2 deletion/
deletion polymorphism had a stronger tendency toward
hypertrophy. To conduct further analysis, further exami-
nation including new cases is required.

We considered that, at least in Japanese familial HCM,
only the type of genetic mutation of TNNT2 did not seem
useful in distinguishing the prognosis. However, if muta-
tions were found, there was a risk of sudden death in youth.
Therefore, regardless of the type of genetic mutation, it
would be more important to observe the patient in detail
from birth in each lineage.

The development of a “case-based” method would be
useful to treat and help each individual, and more attention
needs to be paid toward searching for the modifier and
environmental factors including diet, lifestyle, exercise,
and the modification gene and polymorphism.
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OPTN/UNOS Pediatric Transplantation Committee
Interim Report for
January 15, 2014
Teleconference

The Pediatric Transplantation Committee’s (the Committee’s) update at the OPTN/UNOS fall
regional meetings focused on its recommendations for pediatric training and experience
considerations to be included in the OPTN Bylaws. The Commitiee met via teleconference on
January 15, 2014, to consider the feedback received at the fall regional meetings and potential
changes to its recommendations.

The call began with Committee members and UNOS staff recapping questions and comments
provided at each regional meeting. With the exception of two regions that didn’t express much
concern, similar general themes were raised (to varying degrees) at each of the regional
meetings. The following issues were recognized as the primary themes of concern:

o Lack of supporting data.

o Recommended requirements will negatively impact pediatric transplant candidates’
access.

o Recommended case volumes are too high.

o Transplanting adolescents/larger pediatric patients should not require an approved
“pediatric component.”

Prior to the call, Committee leadership and UNOS staff discussed possible modifications to the
Committee’s “pediatric component” key personnel recommendations to accommodate these
concerns. After reviewing the regional meeting feedback, the Committee Chair began
presenting possible ideas to modify the Committee’s recommendations. The first presented idea
would eliminate the requirement that the “pediatric key personnel” case volumes are met over a
five year period. Including a broad, undefined timeframe to attain the set level of experience
would necessitate the addition of to-be-determined requirements that reflect “currency” with
pediatric transplantation; e.g., a percentage of the reported cases must have been performed in
the past two years. This possible modification is intended to address concerns that the
recommended case volumes are too high, and the potential for these Bylaws to impact pediatric
candidates’ access negatively. Committee members expressed concerns about vast time
differences between when one attained their pediatric transplant training/experience and when
they may be approved as a “pediatric primary surgeon” or “pediatric primary physician.”
Committee leadership pointed out that there are no current requirements to check or limit very
infrequent involvement with difficult pediatric cases. Additionally, although seemingly intuitive,
there is no definitive evidence that infrequently performing these procedures is necessarily
problematic. As indicated by the regional meeting feedback, more stringent recommendations
will bring more opposition, which likely means the proposal will not pass. The Chair reminded
the Committee that it must keep these things in mind and search for an acceptable balance as it

develops a proposal. :
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The Committee proceeded to discuss the criticism that its recommendations, and the need for
such, lack supporting evidence. Early discussions indicated consensus that requirements need
specific numbers of cases so that transplant hospitals are clear on what is required and so the
Membership and Professional Standards Committee (MPSC) has clear parameters to evaluate
“pediatric program” applications. Committee members reiterated that it is impossible in this
situation to find numerical data that distinguish a significant difference for a requirement that
reflects the minimum amount of training and experience. For example, the Committee cannot
prove that eight pediatric heart transplants is superior to Six (or '10) pedlatrlc heart transplants as
a minimum level of necessary experience. The Committee does not believe that its
recommendations necessarily reflect profound expertise with pediatric transplants; rather, the
requirements reflect that the individual has been exposed to pediatric transplantation and the

unique considerations that these cases require. Committee members also pointed out the
arb;trary case volumes in the current key personnel Bylaws that are rou‘tmely accepted today.
The Committee did incorporate some logic in its recommendations by making them a consistent
percentage (40%) of the current Bylaws’ case volume requirements for each organ-specific
program.

The Committee also discussed if its recommendations should solely focus on the
youngest/smallest pediatric patients. This would have the potential to address concerns that
caring for adolescent patients should not require an approved “pediatric component.” The
Committee generally agreed that excluding adolescent patients neglects crucial, unique matters
faced by teenaged transplant patients (psycho-social matters, development issues, efc.) that
require special pediatric expertise. The Committee also expressed concerns about defining
“pediatric” other than the commonly accepted less than 18 years of age. A Committee member
suggested another option of having pediatric program “tiers” to focus on different age groups (or
weights) of patients less than 18 years old (e.g., less than 18-13 years, 12-6 years, 5-0 years).

The mention of patient size prompted the Committee to discuss possible Bylaws requirements
that consider experience relative to patients’ weights and not their ages. Committee members
referenced off-line conversations with transplant surgeons that revealed a general acceptance
of the quantifiable risks associated with transplanting smaller children, and that transplanting
these patients requires unique skills. Focusing on the patients’ weights (especially the smallest
patients) is reasonable, but those cutoffs could also be criticized as arbitrary. It would be difficult
to explain a difference between transplanting a kidney into a 20kg child as compared to a 19kg
child.

Conversation returned to possible requirements to demonstrate currency. The Committee first
considered the “primary pediatric kidney surgeon” requirements, and a suggestion that half of
the pediatric transplants must have been performed over the last five years. Applying this logic

“to the Committee’s recommendations would require a “pediatric primary surgeon” to have
completed six kidney transplants in patients younger than 18 years of age in the past five years.
Committee members responded with the suggestion of five transplants in patients younger than
18 years of age in the past five years, simplifying the “currency” requirement to an average of
one pediatric transplant per year over the past five years.
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To evaluate how reasonable this requirement may be, the Commitiee referenced a data
analysis UNOS staff prepared for the call that evaluated the total number of pediatric transplants
performed at each program over the past five years (Figures 1-4). Although potential Bylaws will
require “pediatric transplant program key personnel” to have a set level of training/experience,
not the transplant program, this analysis provides an approximation of which programs may
have difficulty meeting any potential requirements. The Chair asked the Committee to consider,
as it reviews the data, the possibility of eliminating the recommendations focused on
younger/smaller pediatric transplant recipients. This approach would rely on appropriate medical
judgment and outcome reviews to influence which programs care for the youngest, most
complicated pediatric cases. Proceeding in this fashion may be more supported by the
community as it would avoid limiting high volume, successful programs that focus on older
pediatric patients.

The Committee first reviewed an assessment of kidney programs that performed at least one
pediatric transplant and whether the program volurmnes could meet the Committee’s current
recommendations

Figure 1: Pediatric kidney transplants by center, 1/1/09- 10/31/13

Figure 1 shows that 150 transplant programs performed at least one pediatric kidney transplant
over the five year cohort examined (1/1/09-10/31/13). Of those 150 programs, 83 performed 12
or more pediatric kidney transplants, and 56 of those performed six or more pediatric
transplants in recipients that weighed 20 kg or less at transplant. The Committee noted
variability across transplant programs, highlighting that programs doing the most kidney
transplants in patients that weigh 20 kg or less aren’'t necessarily the same programs that do the
most pediatric patients. This seems to support the notion that appropriate medical judgment and
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outcome reviews will influence which programs care for the youngest, most complicated
pediatric cases. Accordingly, the Committee was asked if it would be appropriate to remove the
requirement that a “pediatric primary kidney surgeon” must have performed at least 6
transplants in patients that weigh 20 kg or less. Committee members asked for clarification on
how outcomes are evaluated for programs that do occasional pediatric transplants. The Chair,
who is also a member of the MPSC, responded that the MPSC evaluates a program’s pediatric
and adult transplant outcomes separately. When evaluating a low-volume (currently defined as
less than 10 transplants in two and a half years) of pediatric (or adult) outcomes, a single poor
outcome flags that program for further review. Even though programs doing occasional pediatric
transplants would have their outcomes monitored, some Committee members were still
concerned that this would put the youngest/smallest transplant candidates in jeopardy of
receiving substandard care. It is accepted that transplanting younger/smaller patients is more
challenging, and mistakes in caring for these patients have particularly significant ramifications.
In response, the Committee leadership reminded the Committee that this topic has been
discussed multiple times over the years, and no solutions have been adopted because
consensus has not been reached. The current Bylaws, or even if this Committee’s first
recommendations were implemented immediately, do not prevent an individual with no pediatric
transplant experience from transplanting a kidney into a 15 kg recipient. The Committee must
remember that the recommended Bylaws will only address needed requirements for a “primary
pediatric surgeon” and a “primary pediatric physician;” the expertise and experience of the
program’s additional physicians and surgeons will not be addressed by the OPTN. An
agreement on a basic pediatric program framework, thereby designating and acknowledging
pediatric experience at programs that do pediatric transplants, would drastically improve the
current Bylaws, even if it is not the Committee’s perfect solution. The Committee agreed to
continue contemplating this possibility, and proceeded to review the remaining organ-specific
data.
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Figure 2: Pediatric liver transplants by center, 1/1/09- 10/31/13

Using the same cohort, the data displayed in Figure 2 show that 75 programs performed at least
one pediatric liver transplant. Of these programs, 40 performed 18 or more pediatric liver
transplants, 43 programs performed nine or more fransplants in patients younger than 12 years
old, and 36 programs performed five or more technical variant liver transplants in patients
younger than 12 years old. This analysis yielded 32 transplant programs that met all three
criteria. Again, the Committee noted program variation. The busiest pediatric liver program did
relatively few technical variant transplants. In general, the technical variant requirement seems
like it may be the most limiting. With these data, the Committee suggested that the technical
variant requirement could inappropriately penalize those programs that are exposed to a high
number of pediatric donors, and thus do not need to perform as many technical variant
procedures. The Committee also highlighted that a program’s number of liver transplants done
in patients less than 12 years old is closely related to the program’s total number of pediatric
liver transplants. Committee members explained this observation by the fact that a majority of
liver transplants are performed in pediatric patients younger than five years of age. Considering
this parallel and the number of programs that may have difficulty qualifying with the technical
variant requirement, should the Committee eliminate the requirements that a “pediatric primary
liver surgeons” must perform nine or more fransplants in patients less than 12, at least five of
which must be technical variant procedures? Considering the close relationship, the Committee
also considered if it should recommend only a number of transplants in patients younger than
12 years. Ultimately, participants agreed that the requirement should only focus on the number
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of transplants performed in patients younger than 18 years. This would avoid potentially
redefining “pediatric” and would accommodate those programs that occasionally transplant

livers into teenagers.

Figure 3: Pediatric heart transplants by center, 1/1/09- 10/31/13

Using the same cohort, the data show 74 programs performed at least one pediatric heart
transplant (Figure 3). Of those, 45 programs performed 8 or more pediatric heart transplants

and 46 programs performed four or more transplants in patients younger than 12. This analysis
showed a total of 43 heart programs that meet the Committee’s recommended case volume
requirements for a “primary pedlatrrc heart surgmgn " Similar to liver, a significant number of
pediatric heart transplants are performed in the youngest/smallest pediatric patients. As such, a
program’s volume of heart transplants in patients younger than 12 years seems to be very
closely related to the total number of pediatric heart transplants performed. To simplify, and
address the concerns of those programs that want to transplant adolescents and not get
involved with the youngest/smallest pediatric patients, it seems reasonable to remove all
proposed requirements for “pediatric heart programs” with the exception of requiring eight or
more pediatric heart transplants. This approach also addresses some concerns that were
expressed regarding the inclusion of specific certifications.
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Figure 4: Pediatric lung transplants by center, 1/1/09- 10/31/13

Using the same cohort, a total of 38 centers performed at least one pediatric lung transplant,
eight of which did six or more pediatric transplants. The Committee thought that if the
certification requirements would be removed for “pediatric primary heart surgeon,” then similar
certification requirements should be removed for the “pediatric primary lung surgeon.” The
Committee’s pulmonologist was unable to join the call, and the Chair agreed to reach out to him
for additional input on the “pediatric lung program” requirements.

To conclude the call, the Committee agreed that Committee leadership and UNOS staff will draft
a new set of recommendations based on the discussions had during this call. The new draft will
be distributed to the Committee and another teleconference will be scheduled to discuss and
refine these recommendations.
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