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1. General Information

1.1, Title: Safety and Efficacy of Thymus Transplantation in Completa DiGeorge Anomaly,

IND #9836
1.2, ldentifying number: Pro00025966
1.3.Date: Amendment version 15Apr2022
1.4 Sponsor Enzyvant Therapeutics GmbH

Address of Sponsor Viaduktstrasse 8
Basel, Switzerand 4051

1.5 Summary of Changes: Amendment version 30Nov2021 This amendment was created at
the time of transfer of sponsorship of this IND (#9836) from M. Louise Markert MD, PhD to
Enzyvant Therapeutics. Since the previous version the investigational product
administered in this protocol (Allogeneic processed thymus tissue-agdc [RVT-802; also
referred to in this protocol as thymus tissue for transplantation]) was approved by the FDA
for immune reconstitution of pediatric patients with congenital athymia, with the
proprietary name of RETHYMIC®. Given this FDA approval, the protocol has been closed
to enroliment of new patients. Thus, this amendment will anly apply to follow-up of three
patients who are currently enrolled and have been treated under the protocol within the
past 2 years, the amendment is principally administrative. The administrative updates to
the protocol include changes to the IND sponsor, the principal investigator, and the safety
reporting procedures that are utilized by Enzyvant Therapeutics. References to the prior
sponsor/investigator have been removed or clarified and formatting ermors have been
corrected. With agreement of the Principal Investigator the Data Safety Monitoring Board
(DSME) will be disbanded and safety review will be conducted by the Sponsor. Thus,
references to the DSMB are removed in this amendment. In lieu of an Investigator
Brochure the amended protocol is supplemented with the US Prescribing Information for
RETHYMIC, which includes the safety and efficacy information available at the time of this
protocol amendment.

1.5.1 Detailed Summary of changes:

= Title page with sponsor information added

Sponsor Signature Page added

Section 1 updated with sponsor information

Section 1.5 Amendment version and Summary of changes added

Section 2.2.1 Reference to sponsor investigator corrected and updated to Enzyvant
Therapeutics GmbH

Section 2.3 Updated to also refer to RETHYMIC US Prescribing Information for maost
recent risk and benefit background

Section 4.2.1 Reference to Sponsor/investigator removed

Section 4.6 Note added that study is closed to enroliment.

Section 4 6.1 Sponsor updated, DSMB removed

Section 4.6.2 DSMB removed

Section 4.6.3 DSMB removed

Section 5 Note added regarding the status of the trial at time of amendmaent
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= Section 6. Note added regarding the status of the trial and participants at the time of
amendment.

= Section 6.2.1.9.2.1 Clarification added that adverse events are to be reported per
protocol section 8.3

« Section 6.4.1.1 Collection of information after discharge from Duke Medical Center

linked to information on data collection in 6.1.3.2.4.

Section?.2.1.1 Reference to Appendix comrected.

Section 7.2.1.1 Removed section referring to DSMB review

Section 8.2.1 DSMEB removed

Section 8.3.2.2 Serious adverse event reporting procedures updated to those of the

sponsor, Enzyvant Therapeutics. Reporting to funding agencies was deleted as this is

not applicable,

Section 8.3.2.4 Updated to Enzyvant Therapeutics procedure.

s Section 8.3.3.3 Updated to include USPI as source for evaluation of unexpected
adverse event

= Section 8.3.4.1 Related clarified to encompass possibly, probably or definitely related.

Reporting to funding agencies was deleted as this is not applicable.

Section 8.3.5.1 Reporting to funding agencies was deleted as this is not applicable.

Section 9.1 Reference to Appendix corrected

Section 9.1.3.2 DSMB replaced with sponsor

Section 9.3.1 Reference to Appendix corrected

Section 9.4 DSMB removed

Section 14 Financing and Insurance deleted as not relevant to the follow-up of

conlinuing patients with Enzyvant as sponsor.

Section 15 Publication Policy was deleted as this is covered in a separate agreement.

Appendix B Updated to reflect document on file at Enzyvant Therapeutics

Appendix C Added to provide current USPI for RETHYMIC

Appendix D Added to provide contact information for Study Personnel

Appendix E Added to provide for Investigator Agreement for study conduct

1.65ummary of Changes; Amendment version 15Apr2022 was created to update Sponsor
Information

1.6.1 Detailed Summary of changes:

= Title page with sponsor information updated

Sponsor Signature Page updated

Section 1 Version date updated

Section 1.6 Amendment version and Summary of changes added

Appendix D (responsible persons), the Medical Monitor and the sponsor contact
updated.

2. Background Information.
2.1. Mame and description of the investigational product.
2.1.1. Allogeneic processed thymus tissue-agde (RVT-B02; also referred to in this
protocol as thymus tissue for transplantation).
2.2 Summary of findings from clinical trials that are relevant to the trial.
2.2.1, Through 2010, the original IND sponsor, M. Louise Markert MD, had published 10
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papers on thymus transplantation for pediatric patients with complete DiGeorge
anomaly (cDGA) (Markert et al 1997; Markert et al 1999; Markert et al 2003,
Markert et al 2004b, Markert at al 2007, Markert et al 2008a, Markert et al 2008b,
Markert et al 2009, Markert et al 2010, Rice et al 2004). These papers present the
first 60 pediatric patients with complete DiGeorge anomaly who were treated with
thymus transplantation through 2010. Additional subjects have been treated since
2010 and an integrated database for all subjects treated under the IND with data
avallable through August 2020 has been prepared. This integrated database and
accompanying summaries were prepared by Enzyvant Therapeutics, Inc.
(Enzyvant), the US authorized representative of Enzyvant Therapeutics GmbH
(now the IND holder). Enzyvant was the licensing partner of Duke University
responsible for development and commercialization of the product under BLA
125685, Adverse events in this dataset were coded using MedDRA (version 19.1).
This database includes data from a total of 105 subjects (cDGA and other
conditions) treated with thymus transplantation. Analyses in the integrated
database were performed for three population subsets: full analysis set (FAS,
n=105), efficacy analysis set (EAS, n=85) and cDGA-efficacy analysis set (EAS-
cDGA, n=93). The data and analyses are on file at Enzyvant and have been
submitted to the FDA through a clinical update to BLA 125685

2.2.2. As of August 2020, 97 subjects with complete DiGeorge anomaly have received
thymus transplants (RVT-802).
2.2.2.1, Ninety-three of these subjects comprise the EAS-cDGA.
2.2.2.1.1. Four subjects with cDGA with prior attempts at immune reconstitution
were excluded from the EAS-cDGA.

2222, Inthe EAS-cDGA, 32 of 93 athymic subjects did not receive any
Immunosuppression.

2.2 2.3, Sixty-one subjects received some type of immunosuppression medication
pre and/or post thymus transplantation.

22231 Fifty-five of the 61 subjects were treated with pre-transplantation rabbit
anti thymocyte globulin. Subgroups were given additional
immunosuppression with steroids and cyclosporing or tacrolimus.

222311, The 55 subjects who received rabbit anti-thymocyte globulin
included a group of 5 subjects with complete DiGeorge anomaly
who were enrolled in a protocol to receive thymus plus parathyroid
transplants (through 11/27/06). Four of the 5 subjects received
both a thymus and parathyroid transplant.

22232 Two of the 61 subjects who were treated with pre-transplantation rabbit
anti thymocyte globulin and cyclosporine had maternal T cell
engraftment.

2.2.2.4. Eight additional subjects received thymus transplantation and are not
counted in the 97 subjects with EAS-cDGA mentioned above,
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Kaplan-Meier Estimete of Survivad

2.2.3.

2.2.2.4.1. Three pediatric patients with the nude phenotype (Foxn1 deficiency)

222432

22243

22244,

22245,

received thymus transplants. One of these subjects was praviously
treated with hematopoietic cell transplantation.

Two subjects with severe combined immunodeficiency received thymus
transplants.

One subject had a TEX1 point mutation but no other potentially linked
genetic abnomality.

One subject was initially diagnosed with partial DiGeorge anomaly and
was excluded from the EAS-cDGA but is now thought to have atypical
cDGA.

One subject had an unknown form of athymia and had received 2
previous hematopoietic cell transplants.

Owverall survival of athymic pediatric patients with cDGA, after thymus
transplantation is 73% (68 survivors of 93 transplanted subjects in the EAS-cDGA
[through August 2020]). See Figure 1. Most deaths (n=21) occurred prior to 1 year
post-transplantation.
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Figure 1. Kaplan Meler analysis of survival after thymus transplantation in 93
pediatric patients with complete DiGeorge anomaly.
2.2 4. Detailed analysis of the immune findings in a subset of 60 subjects with cDGA,

showed striking improvement in all survivors (Markert et al 2003; Markert et al
2004b, Markert et al 2007, Markert et al 2010). Figure 2 shows the data for naive
CD4 counts in those subjects who survived past 1 year post-transplantation.
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= T cell numbers increase to levels at or slightly lower than the tenth percentile
for age (based on normal values of Shearer et al 2003).

= T cell proliferative responses to mitogens normalize in the first year after
transplantation. Of 41 subjects who survived over 2 years from
transplantation, 38 subjects have been lested for proliferative responses to
tetanus toxoid. Of the 38 subjects, 32 subjects (84%) have developed a
greater than 10-fold in vilro proliferative responses to the antigen letanus
toxoid.

« The T cell receptor (TCR) beta variable repertoire (TCREBVY) has become
polyclonal in 41 of 43 surviving subjects who are over one year from thymus
transplantation. One additional subject was lost to follow up at 15 months
after thymus transplantation prior to developing T cells.

= Maive T cells as assessed by co-expression of CD45RA and CDG2L
Increase to low adult levels during the first 2 years after transplantation.

= T cell receptor rearrangement excision circles (TRECs) increase in the first
few years as well.

= The ability to make antibodies to tetanus toxoid and/or pneumococcal
antigens has developed in 28 subjects tested after 2 years post thymus
transplantation out of a total 4 1subjects surviving past 2 years,
= Seven of the 41 subjects who survived to 2 years from transplantation

were not tested or are in the process of being tested.

# Six of the 41 subjects are on immunoglobulin replacement therapy and
cannot be tested until the immunoglobulin replacement therapy is
stopped.

One of the 28 responders was tested by the local physician for antibody

response to the Prevnar conjugated pneumococcal vaccine and this was

normal. This subject was not tested for antibodies to tetanus toxoid.

W
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Figure 2. The development and persistence of naive CD4 T cells in complete DiGeorge
anomaly subjects after thymus transplantation. Data for 44 subjects who have survived
past 1 year post transplantation are shown.

2.2.5. The frequency of infection in these pediatric patients decreased beginning
approximately & months after thymus transplantation in a population of 44 subjects
transplanted up to Dec 2006 (Markert el al. 2007). In a more recent evaluation,
using EAS-cDGA in the integrated dataset, the Wilcoxon signed-rank test was used
to compare the number of infection-related adverse events which occurred in the
first six months after transplantation to the number of events between 6 and 12
months after transplantation for subjects that had at least 12 months of follow-up
and had any infection-related AE in the first 12 months after transplantation. The
same approach was used to evaluate the number of infection-related AEs that
occurred in the first year after transplantation compared to the number of events
that occurred in between 12 and 24 months after transplantation for subjects that
had at least 24 months of follow-up and had any infection-related AE in the 24
months after transplantation. Table 1 shows the results of these analyses for the
EAS-cDGA population. There was a significantly lower frequency of infection-
related AEs between 6 and 12 months than in the first 6 months after
transplantation and there was a lower frequency of events between 12 and 24
months than in the first 12 months after transplantation.
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Table 1. Decreased infections & to 12 months compared with 0 to & months, and 12 fo
24 months compared with less than 12 months for EAS-cDGA.

First Year Analysis Two Year Analysis
AE Onset | AE Onset | DMerence | o et | AE Onset:| DErence
within & Gto=12 Between within 12 | 12 1o <24 Between
Months KMonths Periods Months Months Periods
MNumber of Subjects 3
Analyzed MeE5 k=63
Number of Subjects
with Event During &0 3G &3 32
the Period
Mean Nurmber of
Events per Subject | 3.4(260) | 2.3(242) | 1.8(3.08P | 4.3(3.66) | 2.8 (3.08) 2.9 (4.00)*
(5D)
Median Number of
Events per Subject 25 156 1 3 2 -
p-values =0.001 <0.001

To be included in the first year analysis, subjects must have been alive and on follow-up for at
least 365 days after implantation, and experienced at least one infection-relaled AE during one or
both onset periods.

ITo be included in the second year analysis, subjects must have been alive and on follow-up for at
least TO0 days after implantation, and expenenced at lsast one infection-related AE during ome of
both onset periods,

I The mean and S0 of the per patient difference in infection-related AEs that occurred duning the
specified onset perods is presented,

The median of the per patient difference in infection-refated AEs that accurred during the specified
onsel periods is presented,

52-sided p-value based on a Wilcoxon Signed-Rank test of the difference in the number of infection-
related AEs per subject between the first and second periods (null hypothesis defined as zero for
difference ).

2.2.6. The effect of dose on outcomes has been studied (see Figure 3). The outcomes
evaluated have included CD4 count, naive CD4 T cell number, the T cell
proliferation response to the mitogen phytohemagglutinin (PHA), and the T cell
receptor beta variable (TCRBV) diversity at one year. [Mote: TCRBY variability is
measured using spectratyping and is reported as the Kullback-Leibler divergence
(D) score. The lower the Dia, the more normal the diversity. High Drs reflect
limited diversity. Normal adults have Dws around 0.1. Abnomnal D values can be
=1.0.] The graphs below show the one-year results from previous subjects for
whom we have measured dose data who are beyond 1 year after thymus
transplantation. The T cell number and PHA data reflect the mean of the first two
values beyond year one. The Dw data are a single time point at approximately year
one. The correlation coefficients are poor and none approach significance. The
lack of significance holds if the data are analyzed separately for the groups with
suppression and without suppression.
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Figure 3. Lack of effect of dose on immune oulcomes. A) Dose plotted versus the
CD4 count at 1 year. B) The effect of dose on naive CD4 cells at one year, C) Dose
plotted versus the statistical measure of TCRBV diversity, D, at one year. D) Dose
versus the PHA response at one year. Trend lines are shown. (Markert et al, 2008b
Am J Transplantation)

2.2.7. The relationship between matching at HLA-DR and immune outcomes has been
tested. Mo significance has been found. (Markert et al, 2008b Am J
Transplantation)

2.2 8. Rationale for use of immunosuppression.

2.2.8.1. To understand the use of iImmunosuppression in some subjects with
complete DiGeorge anomaly, it is important o appreciate the clinical and
immunological presentation of atypical complete DiGeorge anomaly
(Markert et al 2004a). The word "atypical” refers to the development of rash
characterized by infiltration of T cells in the skin. The pathologic diagnosis
of the skin is usually spongiotic dermatitis. The rash can be a serious
problem. It can clinically resemble severe atopic dermatitis. The rash is
associated with oligoclonal T cells in the blood.

Lymphadenopathy develops at some point after the rash develops. If
biopsied, the nodes are characterized as having dermatopathic
lymphadenopathy.

Oligoclonal T cells may also infiltrate the liver as well as the skin and gut
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2282

resulting in elevations of liver enzymes, hepatomegaly, and diarrhea
respectively.

The oligoclonal T cells have the phenotype of activated T cells with high
expression of CDE9, CDT1, HLA-DR, and/or CD25. The numbers of T cells
can rise to over 50,000/mm®. The T cell proliferative response to
phytohemagglutinin (PHA) can rise to over 100,000 counts per minute
(epm). Clinical experience has shown that the longer these T cells are
allowed to expand without suppression, the more difficult they are to
sSuUppress.

In the conduct of clinical protocol 884 (elRB Pro00013734), it became clear
that there was a great variability in the types and activation of T cells in the
subjects being managed under this protocol.

2.2.8.2.1. The use of pre-transplantation rabbit anti-thymocyte globulin alone was

insufficient to suppress the oligoclonal T cells found in atypical DiGeorge
anomaly subjects.

2.2.8.2.2. If only pre-transplantation rabbit anti-thymocyte globulin (RATGAM) was

used, the oligoclonal T cell caused pre- and post-transplantation
morbidity (rash, hepatomegaly, and diarrhea). In addition, pre-
transplantation cyclosporine helped decrease morbidity of the RATGAM
by suppressing activated T cells.

2.2.8.2.3. For two subjects, very high levels of activated T cells remained after

treatment with rabbit anti-thymocyte globulin, pre-transplantation
cyclosporine and steroids. These two subjects were given anti-CD25
(daclizumab) prior to transplantation.

= Daclizumab decreased the numbers of oligocional activated T cells.

2.2.8.2.31. Inone of these two subjects, persistent activated T celis were

reated with a course of post-transplantation mycophenolate mofetil
(MMF).

2.2.8.2.4, The thymus transplantation Data and Safety Monitoring Board

recommended that different treatment regimens be established for
subjects with different phenotypes and criteria be established for the use
of rescue immunosuppressive medications. Thus, clinical protocol #3950
was created and had three treatment groups based on immune
characteristics, target goals for cyclosporine levels, and criteria for the
use of 2 rescue medications. Under protocol 950, fourteen subjects
were treated with a standard regime of immunosuppression. Ten
subjects survive. One subject met the criteria for the higher dosas of
immunosuppression/and rescue immunosuppressive medications.

2.29. Therapies used in the past for complete DiGeorge anomaly with relevance to this
patient population.

2291.

Immune reconstitution, Alternative Therapies.



DocuSgn Envelope ID: DE1813FA-F 11 BADE-AESF-SGABBDBIAE

CLINICAL PROTOCOL, version 15Apr2022 Page 15 of 107
Safety and Efficacy of Thymus Transplantation in Complete DiGeorge Anomaly, IND #9836

22911,

22912

2.2.8.1.3.

2.28.1.4.

22915

A number of different therapies have been tried for pediatric patients with
complete DiGeorge anomaly.

Janda et al (2010) published a survey of results for altemative therapies
for 17 complete DiGeorge anomaly palients. The alternative therapies
included bone marrow, unmaobilized peripheral blood, and cord blood
transplants. In the discussion section of the manuscript, Janda et al
included information on previously published data from 9 patients (the
data on the 9 subjects was included in a supplemental figure to this
publication) with DiGeorge anomaly who received the same alternative
therapies.
= From the cohort of 17 patients

» The overall survival was 41% with a median follow up of 5.8 (4-

11.5) years.

Janda et al reported the immune reconstitution data on the long term
survivors with evaluable data (n=5) measured at last follow up. The
median (range) for CD4 was 348 (225-782) cells/mm?,

The data from Janda et al was extracted and the following information is
based on our analysis of the data.
= Survival: (For our analysis, the survival data from the 17 patients and

the previously published data on 9 patients [included in a

supplemental figure to this publication] were combined for a total of

26 patients.)

# Thirteen patients had HLA matched-related sibling bone marrow
or peripheral blood donors. The survival after HLA matched—
related sibling bone marmmow or peripheral blood transplants was 8
of 13 (62%).

» Eight patients had HLA matched-unrelated bone marrow or
peripheral donors. The survival after HLA matched-unrelated
bone mamow or peripheral transplants was 3 of 8 (38%).

» Three patients had HLA matched-unrelated cord blood
transplants. The survival rate was 1 of 3 (33%).

» Two patients had parental HLA partially-matched bone marrow or
peripheral blood transplants. Both patients died.

« [mmune Reconstitution: (Our analysis of the Janda immune

reconstitution data on 16 patients with available CD4 data published

in this article.)

» The mean CD4 count for survivers of sibling bone marrow or
peripheral blood transplants (n=4) was 350 cells/mm?.

» The mean CD4 count for survivors of non-sibling bone marrow or
peripheral blood transplants (n=6) was 418 cells/mm?,

» The overall mean CD4 count for survivors (n=10) was 390
cells/imm?,

In contrast to these approaches, the thymus transplantation data from
EAS-cDGA follow.
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s Survival:
» After thymus transplantation, survival is 73%
» [mmune Reconstitution:
# The mean CD4 count in all subjects (typical and atypical cDGA)
after 1 year is 578 cells/mm?® with data available from 54 subjects.
This represents a mean increase of 406 cells/mm™with data
available from 48 subjects.

2.3. Summary of the known and potential benefits and risks, if any, to human subjects.
RETHYMIC (RVT-802) was approved by the US FDA for the treatment of pediatric
congenital athymia in October 2021. The major risks and benefits relevant to the
population treated in this study is in the US prescribing information (Appendix C).

2.3.1. Benefits and risks related to thymus transplantation.
2.3.1.1, Benefits.
2.3.1.1.1. Benefits of thymus transplantation are stated in 2.2 above and most
importantly include an overall survival rate of 73% in the EAS-cDGA
population compared to an expected 100% mortality without therapy.
The median follow-up time for the EAS-cDGA population was 7.15 years
(2612 days).

2.3.1.1.2. The benefits of thymus transplantation include the potential development
of functional T cells and the ability of these cells to protect against

infection.
2.3.1.2. Risks.
2.3.1.2.1. There are several known risks to subjects with complete DiGeorge
anomaly even without therapy.

2.3.1.2.2. Development of rash, lymphadenopathy, and oligoclonal T cells prior to
the development of normal T cells. These oligoclonal T celis can affect
other organs, for example, the liver, resulting in elevated enzymes or
serum bilirubin (Markert et al 2009). This is a risk prior to transplantation
and continues for the initial months after transplantation (Davis et al
1997; Markert et al 2004a, 2004b, Markert et al, 2007). Approximately
half of complete DiGeorge subjects who did not have a rash at the time
of transplantation have developed a rash (that could be brief) at some
point after transplantation. Lymphadenopathy and oligocional T cells
have developed in those subjects who began with those problems prior
to and after fransplantation. The rash resclved when naive T cells
developed. The circulating T cells in all cases of pre-transplantation rash
have baen host in onigin with two exceptions in subjects with maternal
engraftment. Pediatric patients with rashes can have marked
lymphadenopathy. Lymph nodes from three subjects who developed
rashes prior to transplantation were examined and did not contain tumor.
The rash and lymphadenopathy resolved in all survivors.

2.3.1.2.3, Autoimmunity is a risk for pediatric patients with complete DiGeorge
anomaly after thymus transplantation. Autoimmunity is also seen in
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partial DiGeorge anomaly. In particular, 20% of adults with partial
DiGeorge anomaly due to 22q11 hemizygosity have thyrold disease
(Bassett et al 2005). Animal studies suggest a role for the gene Thx1in
thyroid disease (Fagman et al 2007).

2.3.1.2 4. Hospitalizations for infections after discharge from DUMC but prior to
development of functional T celis: These infections may include
rotavirus and varicella and mycobacterium.
= |t is important to note that many subjects have cleared
infections they had at DUMC after normal T cells developed.
These infections included RSV, parainfluenza virus,
adenovirus, rotavirus, and mycobacterium.

2.3.1.2.5. Hospitalizations for infections after discharge from DUMC and after T
cells developed: These infections have included RSV, respiratory
infections partially related to aspiration, Herpes simplex virus, respiratory
infection, varicella, and H1N1 swine flu. (In some cases, the
hospitalizations were a precaution.)

2.3.1.2.6. Hospitalizations because of i) infections secondary to aspiration, ii)
hypocalcemia (associated with minor infections), or iii) central line
infections: These hospitalizations would have occurred even in children
with no T cell problems and thus are considered separatealy.

2.3.1.2.7. There are other potential risks of thymus transplantation. These include:

+ [nfection from the thymus donor.

» CMVY infection occurred after thymus transplantation in one
atypical subject. All the pre-transplantation testing of the
thymus donor was negative for CMV. At 6 weeks after
transplantation, the thymus donor had a detectable CMV
PCR in the blood but a negative CMV urine culture. The
level of CMV in the blood was too low to amplify for
seguencing. It is unclear if the CMV infection came from
the thymus donor, but this is possible.

« [nfection from contamination of the tissue allograft during the
culturing process. This is not known to have occurred to date.

» Graft versus host disease from donor T cells that were in the
allograft when the fissue was transplanted. GVHD from
thymus donor T cells has not been documented in any subject
with complete DiGeorge anomaly who did not have prior
attempts at immune reconstitution.

« Virus-associated lymphoproliferative process could develop
associated with Epstein Barr virus (EBV) or cytomegalovirus
(CMV) (Borzy et al 1979; Dictor et al 1984; Dimery et al 1988),
This Is not known to have occurred to date.

2.3.1.2.8. AEs in the EAS-cDGA have been evaluated for their relationship to
thymus transplant and/or to the transplantation procedure. Table 2
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presents the related AEs in the EAS-cDGA population. A total of 70
subjects reported 212 events that were considered related to the thymus
transplant and/or the transplant procedure. The related events generally
were distributed into 3 main categories: autoimmune events/diseases,
complications of the transplant procedure itself, and events considered
specifically related to T cells.

Tahle 2. Summary of Adverse Events Related to Treatment by System Organ Class

EAS-cDGA
(H=93)
System Organ Class [S0C)
Prefered Term (FT) _
HNumber of Related Adverse Events [1]
Blood and Iymphatic system disorders, n (%)
Thrombocytopenia
Neutropenia
Coombs positive haesmaolylic anaemia
Autoimmune haemolytic anaemia
Anazemia
Haemolysis
Haemaolylic anaemia
Lymphadenopathy
Immune thrombocyiopenic purpura
Skin and subcutaneous tissue disorders, n (%)
Rash
Urticaria
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Metabolism and nutrition disorders, n (3%)
Hypomagnesasmia
Hyperglycaemia
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Hypoalbuminaemia
Decreased appetite
Fluid ratention
Hyperkalzemia
Hyponaltraemia

Vascular disorders, n (%)
Hypertension
Thrombaosis
Haematoma

Laboratory Investigations, n (%)
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Blood creatinine increased
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EAS-cDGA
(N=83)

(Fo)

System Organ Class (S0C)
Preferred Term (PT)
Lymphocyte morphology abnarmal
Blood alkaline phosphatase increased
Blood chioride decreased
Blood cortisol decreased
Blood immunoglobulin E increased
Blood magnesium decreased
Lipase increased
White blood cell count decreased
Renal and urinary disorders, n (%)
Proteinuria
Acute kidney injury
Renal failure
Glomerulonephritis minimal lesion
Renal tubular acidosis
Gastrointestinal disorders, n [35)
Diarrhoea
Pancreatitis
Abdominal distension
Diarrhoea hasmorrhagic
Enteritis
Gastrointestinal haemaorrhage
Heus
Respiratory, thoracic and mediastinal disorders, n (%)
Hypoxia
Respiratory failure
Respiratory distress
Sleep apnoea syndrome
Stridor
Tachypnoea
General disorders and administration site conditions, n (%)
Pyrexia
Face oedema
Cedema peripheral
Infections and infestations, n (%)
Cytomegabovinus infection
Cellulitis staphylococcal
Device related infection
Staphylococeal skin infection
Sfitch abscess
Wound infecton staphyviococcal
Injury, poisoning and procedural complications, n (%)
Wound dehiscence
Venous injury
HNervous system disorders, n (%)
Seizure
Febrile convulsion
Infantile spasms
Myelitis tfransverse
Hepatobiliary disorders, n [3)
Autoimmune hepatitis
Hepatosplenomegaly
Endocrine disorders, n (%)
Hypothyroidism
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EAS-<DGA
(H=83)
System Organ Class (S0C)
Prefermed Term (PT) n (%) E
Adrenal Insufficiency 1 { 1.1) i
Basedow's dissase 1 { 1.1) 1
Hyparthyroidism 1 { 1.1) 1
Musculoskeletal and connective fissue disorders, m %) 3 (33 3
Growth retardation 1 (1.1) 1
Juvenile idiopathic arthritis 1 {1.1) 1
Psoriatic arthropathy 1 {11} 1
Cardiac disorders, n (%) 2 (22) 2
Sinus tachycardia 2 {23 2

Abbreviations: AE = adverse event; E = number of events; EAS-cDGA = efficacy analysis set for complete
DiGeorge anomaly subjects; MedDRA = Medical Dictionary for Regulatory Activities; N = number of
subjects included in the analysis set; n = number of subjects with events; PT = preferred term; S0C =
system organ class

Mote: If a subject had mulliple occurrences of an AE, the subject was presented only once in the subject
count for a given SOC and PT. Adverse events were coded using MedDRA version 19.1. Related events
were defined as events that were definitely, probably or possibly related to RVT-802 or study procedures
of with an unknown relationship based on investigator review.

Sowrce: Tobda 143181  Adversa Events Related to Treatment by System Ongon Class and Prefamed Teem

2.4, Description of and justification for the route of administration, dosage, dosage regimen,
and treatment periods.
2.4.1, Thymus.

2.4 1.1. The thymus tissue for transplantation is implanted into furrows in the
quadriceps muscles in one or both legs. This site was chosen since it is one
of the larger muscles in pediatric patients. As muscles have a good blood
supply, this allows quick development of capillaries into the tissue graft. In
addition, this site is easily accessed for biopsy. Thymus transplantation
currently has a dose range of 4500 to 22000 mm< per meter squared (m?) of
recipient body surface area (BSA). The tissue must fit into the quadriceps
muscle. As of August 2020, in 93 pediatric patients (EAS-cDGA) receiving
measured thymus tissue, the mean dose has been 13087 mm? per m” BSA
(SD 4392 mm? per m? BSA).

2.4 2. For typical subjects with a proliferative response to PHA of >5000 cpm and atypical
subjects, three doses of rabbit anti-thymocyte globulin (2 mg/kg/dose V) are
administered to the subject prior to thymus transplantation in Groups 2, 3, and 4.

= This |s usually administered on days -5, -4, and -3 followed by two days of
rest and the transplant is done. The actual timing of the doses of rabbit anti-
thymocyte globulin depends on the medical condition of the subject and
other logistical issues,

» The rationale for this dose and schedule is based on experience with 55
subjects.

2.4.3. Cyclosporine is started as soon as the diagnosis of atypical complete DiGeorge
anomaly is made and at least 7 days prior to rabbit anti-thymocyte globulin
administration for Groups 3 and 4. Depending on the Group that the subject is in,
the cyclosporine trough level range of approximately 180 to 300 ng/ml is the goal.
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= If the levels are outside of the target range, dosing will be modified
appropriately (see details below).

o If the T cells fall and remain below 50/mm?, the cyclosporine will then be
weaned to have a cyclosporine trough level of 100 to 150 ng/ml.

« [f the T cell count remains over 50/mm?, the cyclosporine is maintained until
the naive T cells are 10% of CD3 T cells. The cyclosporine will then be
weaned over 10 weeks.

= The rationale for the use of cyclosporine is based on the experience with
subjects with atypical complete DiGeorge anomaly. Survivors with atypical
DiGeorge anomaly who recelved cyclosporine developed normal T cell
function after transplantation.

2.4.4. If the subject cannot tolerate cyclosporine secondary to adverse events, then
cyclosporine may be changed to treatment with tacrolimus (FK506).
2.4.4.1,. The target tacrolimus trough level is 7 to 10 ng/ml. When trough levels are
outside of the target range, dosing will be modified appropriately.

2.4.5. The rationale for the use of mycophenolate mofetil for subjects in Group 4 is that it
is a fairly low risk immunosuppressive agent that may add to the
immunosuppressive effects of cyclosporine and steroids.

2.4 6. Some atypical complete DiGeorge anomaly subjects develop oligocional T cells
post implantation while on cyclosporine. Addition of steroids in this situation
usually controls expansion of the oligoclonal T cells.

2.4.7. Because of the morbidity associated with oligoclonal T cells in subjects with
atypical complete DiGeorge anomaly, cyclosporine and steroids may be started
prior to arrival at Duke.,

2.5, The trial will be conducted in compliance with the protocol, GCP and the applicable
regulatory requirements such as current Good Tissue Practice, and FDA guidelines for
suitability for tissue donors.

2.6. Description of the population to be studied.
2.6.1. Immune Dysfunction.

2.6.1.1, DiGeorge anomaly is a congenital disorder characterized by T cell
deficiency secondary to thymic hypoplasia, hypoparathyroidism, and cardiac
defects (DiGeorge 1965; Conley et al 1979). Approximately 1% of patients
with DiGeorge anomaly have athymia and are considered to have
"complete” DiGeorge anomaly (Ryan et al 1997; Markert et al 1998; Bastian
et al 1989). The evidence for athymia is the absence (<50/mm? or < 5%) of
peripheral T cells co-expressing CD45RA and CDG2L, markers of recent
thymic emigrants (Picker et al 1993). Other evidence for athymia is the very
low level (<100/100,000 T celis) of T cell receptor rearrangement excision
circles (TRECs). TRECs are episomes which form when T cell receptor
genes rearrange in the thymus and are detectable in recent thymic
emigrants in peripheral blood. Patients with athymia fall into two
phenotypes that we describe as “typical” and "atypical” (Markert et al 2004a;
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26.1.2.

2613

2614

2.6.1.5.

26.1.6.

Markert et al 2007; Markert et al 2010). See section 2.6.1.4 and 2.6.1.5 for
definitions of typical and atypical complete DiGeorge anomaly.

Many patients with DiGeorge anomaly are hemizygous for 2211 (Driscoll et
al 1992, Carey et al 1992). A small number are hemizygous for 10p13 (Daw
et al 1996). DiGeorge anomaly is also found in conjunction with CHARGE
association (coloboma, heart defect, choanal atresia, growth and
development retardation, genitourinary defects, ear defects including
deafness) (Pagon et al 1981; Davenport et al 1986; Metlay et al 1987, Lin et
al 1987, de Lonlay-Debeney et al 1997, Black et al 1998). A significant
percentage of patients with CHARGE and cleft palate have mutations in
CHDT (Vissers et al 2004). Another group of patients are infants of diabetlic
mothers (Gosseye et al 1982; Wang et al 2002). Rare children have been
described with mutations in Tbx7 and UFD1L (Yamagishi et al 1999, Yagi et
al 2003). Regarding the prevalence of these conditions in complete
DiGeorge anomaly, the sponsor has found (based on 72 subjects with
complete DiGeorge anomaly) 46% with 22q11 hemizigosity, 28% with
CHARGE association, 14% with diabetic embryopathy, 1% with ectodermal
dysplasia, and 11% with no syndromic associations (Markert et al 2003;
Markert et al 2004a; Markert et al 2004b; Markert et al 2007 and
unpublished data).

All children with athymia suffer from recurrent infections and usually die in
the first two years of life.

Patients with Typical complete DiGeorge Anomaly usually have a) less
than 50 naive T cells/mm® or naive T cells that are less than 5% of T cells
and b) a low proliferative responses to mitogens (e.g. < a 20 fold response
to the mitogen phytohemagglutinin or a response of fewer than 5,000 cpm).
These patients do not have diffuse rashes or lymphadenopathy. Occasional
patients with typical complete DiGeorge anomaly have proliferative
responses to mitogens. Patients with the typical phenotype can develop an
atypical phenotype with time,

Patients with Atypical complete DiGeorge Anomaly meet the criteria for
athymia (less than 50/mm? naive T cells or less than 5% of the T cells
having the naive phenotype). Patients with the atypical phenotype have
developed rash, lymphadenopathy, and oligoclonal T cells, The T cells may
infiltrate the liver resulling in elevated liver transaminases. The oligoclonal T
cells developing in patients with DiGeorge anomaly may or may not respond
to the mitogen phytohemaggliutinin (PHA) in vifro.

The study will include

2.6.1.6.1. Subjects with typical phenotype of complete DiGeorge anomaly.

2.6.1.6.2. Subjects with alypical phenotype of complete DiGeorge anomaly.

2.6.2. The incidence and survival of patients with complete DiGeorge anomaly who are
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not given immune reconstitution therapy have not been well studied. Driscoll and

Sullivan (1999) estimate that approximately 1 in 4,000 live births have 2211

hemizygosity. Only 1 to 2 in 500 of those will have the profound immunodeficiency

of complete DiGeorge anomaly (Ryan et al 1997, and Dr. K. Sullivan, Children’s

Hospital of Pennsylvania, Philadelphia PA, personal communication).

26.2.1. The original investigator-sponsor, Dr. Markert, reviewed survival data on

34 consecutive pediatric patients with complete DiGeorge anomaly who
did not undergo treatment for restoration of the immune system, but were
only provided supportive care, At the time of the review, ten of these
pediatric patients were not yet enrolled but were awaiting insurance
approval for thymus transplantation. The physicians of all 34 pediatric
patients had contacted Dr. Markert about possible enroliment in the
thymus transplantation protocol. Nine of these 34 pediatric patients had
preaxisting CMV infection or ventilator dependence and are thus excluded
from this historical control group (because these conditions are exclusions
for groups 2, 3, and 4 in this protocol). Outcomes were determined by Dr.
Markert by email or by discussion with the pediatric patient's physician, Of
the 25 subjects, who did not have CMV or ventilator dependence, 17 died.
Eight of the 25 were living and one was over 1 year. Of the 18 who either
died (n=17) or were surviving past 1 year (n=1), 5 of 18 (28%) survived to
one year, thus, the ene year death rate was 72%. The median survival of
these 18 subjects was 7.1 months. No subject had survived past 18.8
months.
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3. Trial Objectives.
Survival, naive CD4 T cell counts, and the effect of thymus graft dose on naive CD4T cell
counts will be assessed at one year after transplantation. Additional descriptive studies will

be performed.

Rationale: The immune monitering will be limited to one year after thymus transplantation.
Cumulative data on the previous thymus transplant recipients (60 subjects from 5 protocols
‘Thymus Transplantation in Complete DiGeorge, Protocol #8668, Thymus Transplantation
and Immunosuppression, #884"; 'Parathyroid and Thymus Transplants in DiGeorge
Syndrome, #931", ‘Dose Study of Thymus Transplantation in DiGeorge Anomaly, IND #8836,
#932'. and, 'Phase VI Trial of Thymus Transplantation with Immunosuppression, #950')
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support the change from long term monitoring to one year after transplantation. Although
subjects do not establish immunological stability (i.e. stable T cell counts and B cell function)
until almost 2 years after fransplantation, the one year parameters of T call counts,
proliferative responses to antigens, T cell receptor excision circles (TRECs), and T cell
receptor diversity are positive indicators of successful immune reconstitution.

3.1. Assess survival at 1 year.
3.1.1. The primary hypothesis is that greater than 50% of subjects will survive thymus
transplantation.

3.2, Assess naive CD4 T cell counts at 12 months post-thymus transplantation.
4.2.1. A secondary hypothesis is that greater than 50% of subjects will have =100 naive
CD4 T cells at one year post-transplantation.

4.2.2. Another secondary hypothesis is that the dose of thymus tissue transplanted wall
affect the naive CD4 count at one year.

3.3. Perform descriptive studies.
3.3.1. Tabulate immune outcomes at 12 months.

3.3.2. Tabulate the presence of donor T cells in the blood at 3 months post
transplantation.

3.3.3. Tabulate graft versus host disease in first 12 months post transplantation.
3.3.4. Tabulate infection rates in first 12 months post transplantation.

3.3.5. Tabulate autoimmune disease in first 12 months post transplantation.
3.3.6. Tabulate persistent rashes present in first 12 months post transplantation.

3.3.7. Tabulate other adverse events that are possibly, probably or definitely related to
the thymus transplant detected in first 12 months post transplantation.

4, Tnal Design,
4.1. Primary and secondary endpoints.
4.1.1. Primary endpoint.
4 1.1.1. Survival at 1 year after transplantation. Survival at 2 years after
transplantation will be analyzed as supportive data.
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4.1.2. Secondary endpoints include the following, as data permit.
Secondary Endpoints

fatyear 1 unless otherwise specified)

CD3T cells 6 and 12 months
CD4 T cells 6 and 12 months
CDB T cells 6 and 12 months
naive CD4 T cells 6 and 12 months
naive CDB T cells 6 and 12 months
Total TCRaB T cells 6 and 12 months
Total TCRyS T cells 6 and 12 months
Total B cells 6 and 12 months
Total NK cells 6 and 12 months

Proliferative T cell responses to stimulants including: phytohemagglutinin
(PHA), Concavalin A (ConA), immobilized CD3, soluble CD3, tetanus
toxoid, and Candida

TCR repertoire variability
TREC/TREG
Biopsy of Transplanted Thymus'

! For biopsy results, the following data will be recorded for each subject: presence of
thymopoiesis, Hassall bodies, and graft rejection.

= Pl PR P
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4.1.3. Salety Endpoints include the following, as data permit:

Safety Endpoints 25966
Vital Signs
Adverse Events / Seripus Adverse Events
Infection-Related Adverse Events
Adverse Events of Special Interest
{Protocol Defined)!
Medical History
Clinical Cheamistry
Liver Function Studies
Thyroid Studies
Hematology

1 Adverse events of special interest include: GVHD, infections, rashes, cancers, and
| granulomas.

b BT ] b B e e b

4.2, Study design.

4.2.1. The study is considered an expanded access protocol to allow continued treatment
of subjects with thymus tissue; however, the study is sfill intended to generate data
on the safety and efficacy of thymus lissue for transplantation. This is a Phase I,
single site, open, nonrandomized clinical protocol done at Duke University Medical
Center. All subjects will have been diagnosed as having complete DiGeorge
anomaly, characterized by very low T cell numbers (<50/mm~) or less than 50/mm-
naive T cells (CD3'CD45RA'CDE2L") or nhaive T cells being less than 5% of lotal T
cells. Subjects will be enrolled in one of four Groups. Subjects will receive a
postnatal cultured allogeneic thymus transplant with or without immunosuppression
prior to transplantation.

4.2 2. Four Groups will be utilized for the following populations.
4221, Group 1.
4.2.2.1.1,. Subjects,
4221.1.1. Subjects with typical complete DiGeorge anomaly whose T cells
have a response of less than 5,000 counts per minute {cpm) to
FPHA and less than a 20 fold response to PHA.
4.2.2.1.1.1.1. If the response increases prior to transplantation to over 5,000
cpm, the subject will be put in Group 2.

4.2.2.1.2. Group 1 will receive
4221.21. No pre or post-transplantation immunosuppression.

4222 Group 2.
42221 Subjects.

422211, Subjects with typical complete DiGeorge anomaly whose T cells
have a response of greater than 5,000 cpm and less than 50,000
cpm to PHA and greater than a 20 fold response to PHA

4.2.2.2.1.1.1.If the response increases prior to transplantation to over
50,000 cpm, the subject will be moved fo Group 3.
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42222 Group 2 will receive
422221, Three doses of 2 mg'kg of rabbit anti-thymocyte globulin IV pre-
transplantation. Medications (diphenhydramine, stercids, and
acetaminophen) are given with rabbit anti-thymocyte globulin,

422222 No additional pre or post-transplantation immunosuppression.

4.2.2.3. Group 3.
4.2.2.3.1. Subjects.
422311, Suhjects with typical complete DiGeorge anomaly whose T cells
have a response of more than 50,000 cpm to PHA.
4.2 2 3.1.1.1. Subjects may first appear to be in Group 2 but will be changed
to Group 3 if the PHA response increases to over 50,000 cpm.

422312 Subjects with atypical complete DiGeorge anomaly whose T cells
have a response of less than 40,000 cpm in response to PHA
when on immunosuppression or less than 75,000 cpm to PHA
when not on immunosuppression.

422313 Subjects with typical complete DiGeorge anomaly who have
matemal engrafiment.

422314, Subjects with atypical complete DiGeorge anomaly with matemnal
engraftment who have a PHA response that meets criteria for
Group 3.

4.2.23.1.5. Ifthe atypical subject has an initial PHA of less than 75,000 cpm
prior to immunosuppression but is greater than 40,000 cpm o
PHA while on cyclosporine with trough levels of approximately
180 to 220 ng/ml and on 2 mg/kg/day of steroids, the subject will
be moved into Group 4 for additional immunosuppression in the
peri-transplant period.

42232 Group 3 will receive
422321, Pre-transplant cyclosporine is started when medically indicated
and is based on symptoms and flow cytometry results performed
in a CLIA or CAP Certified Laboratory.

422322 The cyclosporine is continued with target trough levels of 180 to
220 ng/ml. When trough levels are outside of this target range,
dosing will be modified appropriately.

4.2.2.3.2.2.1.If the subject cannot tolerate cyclosporine secondary to
adverse events, then the immunosuppression may be changed
to tacrolimus (FK506). The tacrolimus target trough level is 7
to 10 ng/ml. When trough levels are outside of this target
range, dosing will be modified appropriately.
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422323 Pre-fransplant steroids (methylprednisolone or prednisolone) are
used for atypical subjects if pre-transplantation T cell numbers are
greater than 4,000/mm?.

4.223.24. Forall subjects, three doses of 2 mg/kg of rabbit anti-thymocyte
globulin IV are given pre-transplantation. Medications
(diphenhydramine, steroids, and acetaminophen) are given with
rabbit anti-thymocyte globulin.

4224, Group4.
42241 Subjects.

422411, Subjects with atypical complete DiGeorge anomaly whose T cells
have a response of greater than 40,000 cpm in response to PHA
when on immunosuppression with cyclosporine and steroids ora
response of greater than 75,000 cpm in response to PHA with no
immunosuppression.

422412 Subjects with atypical complete DiGeorge anomaly and maternal
engraftment who have a PHA response that meets criteria for

Group 4

42242 Group 4 will receive
422421, Immunosuppression with cyclosporine and steroids
(methylprednisolone or prednisclone) is started when medically
indicated and is based on symptoms and flow cytometry results
performed in a CLIA or CAP Certified Laboratory.

4224211 After PHA is documented at over 40,000 cpm on suppression,
pre-transplant cyclosporine |s maintained with target trough
levels of 250 to 300 ng/ml. (When trough levels are outside of
this range, the dose will be modified appropriately.)

4224212 If the subject cannot tolerate cyclosporine due to adverse
events, the immunosuppression may be changed to tacrolimus
(FK506). The target trough level for FK506 is 10 to15 ng/mi.
When trough levels are outside of this target range, dosing will
be modified appropriately.

4224232, Three doses of 2 mg/kg of rabbit anti-thymocyte globulin are given
IV pre-transplantation. Meadications (diphenhydramine, steroids,

and acetaminophen) are given with rabbit anti-thymocyte globulin,

4.2.2.4 .23, Additional immunosupprassion.
4224231, Mycophenolate Mofetil (MMF), 15 mg'kg/dose every 8 hours

IV or enteral.
4224231.1. Maybe given if T cells remain elevated 5 days after

rabbit anti-thymocyte globulin is given.
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4.2.2.4.3, Proliferative Response (PHA).
422431, Groups 1,2, 3and 4.
4224311, PHA assays must be done prior to transplantation,

422432 ForGroups 3and 4,
4.2.2.4.32.1.PHA assays are not required before starting cyclosporine or
steroids,

42244, Flow cytometry is conducted in a CLIA or CAP Certified Laboratory
before or as soon as possible after initiation of cyclosporine or steroids.
422441, The flow cytometry is expected to show naive T cells less than 5%
of T cells or < 50/mm?.

4 225 Because of the morbidity associated with oligoclonal T cells in subjects with
atypical complete DiGeorge anomaly, subjects in Group 3 and 4 may start
cyclosporine and steroids as part of clinical management and before
enroliment in this study.

4.2.3. Subjects will receive discarded thymus tissue from infants undergoing heart
surgery. The tissue is sliced and held in culture for up to 21 days. After testing for
infectious agents, the thymus slices are surgically implanted into the DiGeorge
anomaly subject's quadriceps muscles in one or both legs. A thymus allograft
biopsy may be performed at approximately 2 months post-transplantation. If a
biopsy Is performed, the blopsied tissue is examined for evidence of thymopolesis
and graft rejection by immunohistochemical staining for the presence of
cytokeratin, a marker of thymic epithelium, and for T cells populating the thymus.

4.2.4. Immune monitoring: The immune status of the recipient is monitored by the number
and phenotype of T cells as measured at 6 and 12 months and the proliferative
response of the T cells to mitogens.

4.2.5. Clinical monitoring: During the first 2 to 3 months of the post-transplantation
period, the recipient will be monitored for evidence of GVHD, lung or breathing
problems that may result from inflammation of the lungs by T cells, rashes and
lymphadenopathy infections by routine methods when symptoms develop, and
autocimmune disease by monitoring complete blood counts, thyroid function, liver
function, and renal function.

4.26. There is no enroliment goal nor requirement for replacement in any Group.

4.3 Measures to minimize bias.
4,31, This is an open label study. Subjects meeting eligibility criteria will be enrolled.
The primary safety endpoint is survival at one year.

4 4. Description of trial treatment, dosage and dosage regimen, description of the dosage
form, packaging, and labeling.
4.4.1. Thymus for transplantation.
4.4.1.1. The trial treatment is thymus transplantation using allogeneic cultured
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postnatal tissue from unrelated donors =9 months of age. The thymus
tissue from the donor is processed in the GMP Laboratory as per standard
operating procedures.

The surface area of tissue used for transplantation is provided by the
manufacturer. The thymus tissue dose used in transplantation is 4,500 to
22,000 mm¢? of thymus tissue per recipient BSA in m<,

4.4.1.2. This is a single site trial.

4.5. Expected duration of subject participation.
4.5.1. Participation in this study will last for 2 years after thymus transplantation.

4.52. Follow-up In this study will be completed after the 1 year flow cytometry and PHA
testing is done and the 2 year telephone contact is done.

4.5.3. Subjects may be asked to enroll in a Congenital Athymia Patient Registry.

4.6. Stopping rules. Note that at the time of this amendment (November 2021) the clinical
study is closed to enrollment.

4 6.1. All serious adverse events (SAE) that are unanticipated but related to the
investigational interventions are reviewed by Enzyvant, the IRB, and FDA. These
do not stop enroliment unless the Sponsor, Principal Investigator, FDA, or IRB
requests this. Examples of SAE are GVHD and cancer.

4.6.2. Survival will be assessed after transplantation of 8, 16 and 25 subjects who do not
have CMV infection. The protocol will be placed on hold for enrcliment and
transplantation if 7 of the first 8 transplanted subjects, 11 of the first 16
transplanted subjects, or 15 of the first 25 transplanted subjects die within the first
12 months after transplantation. If this occurs, consultation with the FDA will be
undertaken and a plan developed. The plan and any changes to the protocol
documents will be submitted to the FDA, and IRB prior to removal of the hold on
new enrollment and transplantation.

4.6.3. The year one naive CD4 T cell counts will be assessed after 8, 16, and 25 subjects
reach 1 year after transplantation. The protocol will be put on hold for enroliment
and transplantation if 7 of the first 8 survivors at one year, or 11 of the first 16
survivors at one year or 15 of the first 25 survivors at one year have £100/mm?
naive CD4 T cells at 12 months after transplantation. The naive CD4 count
(£100/mm?) applies whether or not all immunosuppression has been weaned. If a
hold occurs, consultation with the FDA will be undertaken and a plan developed.
The plan and any changes to the protocol documents will be submitted to the FDA,
and IRB, prior to removal of the hold on new enroliment and transplantation.

Maive CD4 T cells are those CD4* T cells coexpressing CD45RA and CDG2L.
# The treatment groups are
=»Group 1. No immunosuppression
= Group 2: Rabbit anti thymocyte globulin alone
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= Group 3: Rabbit anti thymocyte globulin plus cyclosporine
= Group 4. Rabbit anti thymocyte globulin plus cyclosporine plus
mycophenaclate

4.6.4. Although not a stopping rule for the entire protocol, there will be a stopping rule for

enroliment of CMV infected subjects with typical complete DiGeorge anomaly.
FPlease see section 9.

4.7.Data on Case Report Forms (CRF).

4.7.1. All data on the CRF are derived from source data in the medical chart. Source
data may be obtained from the subject's DUMC medical record and/or data
obtained from the local physician(s)/hospital. Data from outside sources are placed
in the subject’s research record.

5. Selection and Withdrawal of Subjects. Note that at the time of this amendment {(Movember
2021) the dinical study is closed to enrollment.
5.1. Selection. Potential subjects refermmed with the diagnosis of DiGeorge anomaly who meet
the criteria below will be considered for enrollment into this study.
5.1.1. Primary Diagnosis.
5.1.1.1. The subject must have DiGeorge anomaly.

5.1.1.2. The subject may have DiGeorge anomaly as part of 22q11.2 or 10p13
hemizygosity or CHARGE association (with or without CHD7T mutations) or
diabetic embryopathy.

5.1.2. Number of Subjects.
51.2.1. There is no enrcllment goal nor requirement for replacement in any Group.

5.1.2.2. Subjects with typical and atypical complete DiGeorge anomaly will be
enrolled into one of the four Groups.

5.1.3. Inclusion and Exclusion Criteria.
5.1.3.1. Inclusion Criteria for Thymus Graft Recipients.
5.1.3.1.1. A parent or guardian of the potential subject with DiGeorge anomaly
must sign the consent form.

5.1.3.1.2. To fit the diagnosis of DiGeorge anomaly, the subject must have one

symptom from the following list

« Congenital heart disease

= Hypocalcemia requiring replacement

«  22q11.2 hemizygosity or 10p13 hemizygosity

» CHARGE association (Pagon et al 1981; Lin et al 1987; DeLonlay-
Debeney et al 1997, Blake et al 1998) or CHD7 mutation (Vissers et
al 2004)

= Although not sufficient to make the diagnosis of complete DiGeorge
anomaly, a subject with abnormal ears plus mother with diabetes
(type |, type Il, or gestational) (Gosseye et al 1982; Wang et al 2002)
will have this risk factor recorded.
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5.1.3.1.3. To Fit the Calegory of Typical complete DiGeorge anomaly
5.1.3.1.3.1. Circulating CD3' CD45RA" CDE2L* T cells will be <50/mm® or
=5% of the total T cell count.
5.1.3.1.3.1.1. The phenotypic evaluation of T cells is done by flow cytometry.
5.1.3.1.3.1.2. Flow cytometry must be performed twice.

5.1.3.1.3.1.3. Two studies must show similar immunological findings.

5.1.3.1.3.1.4. One assay must be done within 3 months of
transplantation.

5.1.3.1.3.1.5. One assay must be within 1 month of transplantation.

5.1.3.1.3.1.6. These assays will be done in a Clinical Laboratory
Improvement Amendments (CLIA) Certified Laboratory,
or a College of American Pathologist (CAP) Certified
Laboratory.

51.3.1.3.2. PHA proliferative response.
9.1.3.1.3.2.1.For Group 1.
5.1.3.1.321.1. T cell proliferative response to PHA of <5000 cpm or
less than 20 fold above background.

9.1.31.3.2.2. For Group 2.
5.1.3.1.3221. T cell proliferative response to PHA of = 5,000 cpm and
<50,000 cpm or >20 fold over background.

9.1.3.1.3.2.3. For Group 3.
51313231, T cell proliferative response to PHA of =50,000 cpm.

5.1.3.1.3.2.4 For all three Groups, two assays of T cell numbers and PHA
responses must show similar immunological findings (eg both
must meet criteria).
51313241, One assay must be done within 3 months of
transplantation.

51313242 One assay must be done within 1 month of
transplantation.

51313243 Assays will be done in a CLIA or CAP Certified
Laboratory.

5.1.3.1.3.3. Optional tests in subjects with typical complete DiGeorge anomaly,
5.1.3.1.3.3.1. TRECS (T cell receptor rearrangement excision circles)
51313311, TRECs are not assayed prior to fransplantation.

9.1.3.1.331.2. Newborn screening or other TREC data, if available,
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may be recorded.

5.1.3.1.4. To Fit the Category of Atypical complete DiGeorge anomaly.
51.3.1.4.1. Rash.
5.1.3.1.4.1.1. The subject must have, or have had, a rash. If the rash is
present, a biopsy of the rash must show T cells in the skin. If
the rash and adenopathy have resolved, the subject must still
have =50/mm? T cells and the naive T cell (CD45RA* CDB2L"
CD3' T cells) count must be <50/mm? or <5% of the T cells.

5.1.3.1.4.1.2 Usually there is lymphadenopathy. If the rash has just
developed, the subject may not yet have lymphadenopathy.

5.1.3.1.4.2. PHA proliferative response.
5.1.3.1.4.2.1.For Group 3, the PHA proliferative response must be less than
40,000 cpm on immunosuppression or less than 75,000 cpm

off immunosuppression.

5.1.31.4.22 For Group 4, the PHA proliferative response must be greater
than 40,000 cpm on immunosuppression or greater than
75,000 cpm off immunosuppression.

5.1.3.1.4.2.3. This assay must be done fwice.
51314231, One assay must be done within 3 months of
transplantation

51.3.1.4.232 One assay must be done within 1 month of
transplantation.

51314233, The last assay is used to assign the Group

51314234 These assays will be done in a CLIA or CAP Certified
Laboratory.

5.1.3.1.4.3. Circulating CD3" T cells.
5.1.3.1.4.3.1. Circulating CD3 T cells usually will be > 50/mm? but CD45RA*

CDB2L* CD3* T cells must be < 50/mm® or < 5% of the total
CD3 count.

5.1.3.1.4.3.2. The phenotypic evaluation of T cells is done twice by flow
cytometry.

5.1.3.1.4.3.2.1. One assay must be done within 3 months of
transplantation.

5.1.31.43.22. One assay must be done within 1 month of
transplantation.
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5.1.3.1.4.3.2.3. These assays will ba done in a CLIA or CAP Certified
Laboratory.

5.1.3.1.4.4. TCRBV Flow cytometry.
5.1.3.1.4.4 1. Examines T cell receptor beta variable (TCREBV) repertoire.

5.1.3.1.4.4 2 This assay may be done once but there is no requirement
regarding the results. It is anticipated that the TCRBV flow will
show oligoclonality.

5.1.3.1.4.4.3 A second assay may be done per Principal Investigator's
discretion.

5.1.3.1.4.4 4, This is done prior to transplantation if there are sufficient T
cells.

51.3.1.4.4.5 If there is an increase in T cell numbers or activation status,
this assay is repeated at the discretion of the Principal
Investigatar.

5.1.3.1.4.5. TRECS (T cell receptor rearrangement excision circles)
5.1.3.1.4.5.1. There is no requirement for a TREC assay.

5.1.3.1.4.5.2 Newborn screening or other TREC data, if available, may be
recorded.

5.1.3.1.5. Medical screening as defined in 6.2.1.2 (Pre-transplantation medical
screening) is complete,

5.1.3.1.6. The subject can be male or female.
5.1.3.1.7. All ages.
5.1.3.2. Exclusion Criteria for Thymus Graft Recipient,
5.1.3.2.1. Heart surgery conducted less than 4 weeks prior to projected
transplantation date.

5.1.3.2.2. Heart surgery anticipated within 3 months after the proposed time of
transplantation,

5.1.3.2.3. Rejection by the surgeon or anesthesiologist as surgical candidate.

5.1.3.2.4, Lack of sufficient muscle tissue to accept a transplant.
5.1.3.2.5. HIV infection.

5.1.3.2.6. Prior attempts at immune reconstitution, such as bone marrow transplant
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or previous thymus transplantation.

5.1.3.2.7. CMV Infection.
513271, For Group 2, 3, and 4, CMV infection is documented by =500
copies/ml in blood by PCR on two consecutive assays.

5.1.3.2.8. Ventilator Dependence or Positive Pressure Support.
5.1.3.2.8.1. Ventilator support or positive pressure support, such as
Continuous Positive Airway Pressure (CPAP) or Bi-level Positive
Airway Pressure (BiPAP) support for a condition that is deemed to
be severe or irreversible or which renders the subject too clinically
unstable to undergo the procedures.

5.2. Withdrawal/Replacement of Subjects from Trial.
5.2.1. Removal of Subjects.
5.2.1.1. A subject may withdraw or be withdrawn from the study for any of the
following reasons:
if the parent(s) will not comply with the protocol, or
if there are medical reasons not to proceed, or
at the sponsor's discretion, or
withdrawal of consent for any reason.

5.2.1.1.1. In all cases of study withdrawal, permission would be requested to
receive updates on the subject's condition. This information would allow
the Principal Investigator to better counsel parent(s) in the future.

5.2.1.1.2. With respect to the data analysis, any subject withdrawn because of lack
of function of the thymus will be included in the data analysis, Their final
data point at the time of withdrawal or at one year (if the parent(s) give

permission for this sample and if no other treatment has been given) will
be used in the calculations.

5.2 2. Replacement of Subjects.
5.2.2.1. There is no requirement for replacement of subjects.

6. Treatment of Subjects. MNote that at the time of this amendment (Movember 2021) the
clinical study is closed to enroliment. Patients currently remaining in the trial are all in the
Post-Transplantation Period and have been retumed to Care of Referring/Local Physician,

6.1. Assessment Periods-Thymus Graft Recipiant.
6.1.1. Pre Transplantation Period.
6.1.1.1. This phase usually lasts from 2 to 8 weeks. The recipient is enrolled and
screened. The reciplent screening can be done as an inpatient or an
outpatient.

6.1.2. Day of Operative Procedure(s).
6.1.2.1. Immediately after thymus transplantation, the subject will be an inpatient
until medically stable.
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6.1.3. Post Transplantation Period (From thymus transplantation to 24 months post-
thymus transplantation).
6.1.3.1. Duke University Medical Center (DUMC).
6.1.3.1.1. The subject may be followed as an inpatient or outpatient.

6.1.3.2. Care of Referring/Local Physician.
6.1.3.2.1. The subject is usually discharged to homeflocal hospital (medical care
provided by local immunologist or other specialist such as hematologist
or bone marrow transplant physician) after the subject is medically
stable.

6.1.3.2.2. The referring immunologist (or other specialist) should see the subject at
least monthly for the first year and then annually.

6.1.3.2.3. After transfer back to the care of the immunologist (or other specialist),
the subject is monitored for adverse events by requesting information
from the local physicians.

6.1.3.2.4. After transfer back to the care of the referring immunologist (or other
specialist), local testing results and/or blood samples for flow cytometry
are requested. Blood draws and lesting are dependent on the parent,
the subject, and the local physicians,

6.2. Plan of treatment. See timelines for thymus recipient (Appendix A).
6.2.1. Thymus Graft Recipient.
6.2.1.1. Pre-transplantation enrollment and screening of thymus graft recipient.
6.2.1.1.1. The consent form must be signed before screening testing and thymus
transplantation can be done. If immunosuppression is started for
medical reasons, the consent form does not need to be signed prior to
initiation of immunosuppression.

6.2.1.1.2. After consent Is oblained, the unique ID# and the subject ID# are
assigned per Standard Operating Procedure and entered in the
password protected enroliment log.

6.2.1.1.3. The Pl and/or designee completes the Determination of Eligibility Form.

6.2.1.2. Pre-transplantation medical screening.
6.2.1.2.1. The Pl and/or the study staff reviews laboratory values.

6.2.1.2.2. For subjects on calcium replacemeant.
6.2.1.2.2.1. Urine for calcium/creatinine ratio. The urine for calcium/creatinine
ratio is obtained initially and then every 1 to 2 weeks until
transplantation. The ratio is kept less than 0.4 for older children
and <0.6 for infants under the age of 6 months if possible, to
prevent nephrocalcinosis. Additional testing is done if the ratio is
too high.
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6.2.1.2.3. Physical Examination.

6.2.1.2.3.1. The Principal Investigator or the study staff will perform a history
and physical examination at enroliment.

6.2.1.2.3.2. Physical examinations will be done monthly prior to transplantation
when at Duke.

6.2.1.2.4. The following studies are completed within ene menth prior to thymus
transplantation.

6.2.1.2.4.1. Complete Blood Count (CBC) with Manual Differential (MD).
6.2.1.2.4.1.1. Weekly prior to transplantation or as medically indicated.

6.2.1.2.4 2. Serum Electrolytes. Serum sodium, potassium, chloride,
bicarbonate, glucose, creatinine, and BUN.
6.2.1.2.4 2 1. This testing is repeated at least monthly prior to transplantation
or as medically indicated.

6.2.1.2.4.3, Serum albumin, protein, calcium, magnesium, and phosphorus, and
lonized calcium (if on calcium supplementation).

6.2.1.2.4.3.1. This testing is repeated at least monthly prior to transplantation
or as medically indicated.

6.2.1.2.4 4. Liver Function studies: ALT, AST, Alkaline Phosphatase, and total
bilirubin.
6.2.1.2.4.4 1. This testing is repeated at least monthly prior to transplantation
or as medically indicated.

6.2.1.2.4.5. Type and Screen. This is done prior to transplantation and any
surgery so that blood will be available in the event of a bleeding
problem. Blood for transfusion is irradiated, CMV seronegative and
leukocyte reduced. These conditions for transfusions of blood
products are requested for all prafoundly immunodeficient pediatric
patients. Mote: The time period that the type and screen needs to
be done prior to transplantation and biopsy (if performed) depends
on the subject's age and the blood bank guidelines.

6.2.1.2.4.6. Direct Coombs.
6.2.1.2.4.6.1. This is done once prior to transplantation to test for immune-
mediated hemolylic anemia.

6.2.1.2.4.7. Reticulocyte Count.
6.2.1.2.4.7.1. This is done once prior to transplantation to test for decreased
red cell production.

6.21.248. PTandPTT.
6.2.1.2.4.8.1. These coagulation tests are performed prior to surgeries to
ensure safety for procedures.
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6.2.1.2.4 8.2 If these values are prolonged, such that surgery would entail
more risk, the subjects are treated appropriately.

6.2.1.2.4.9. Chest X-ray.

6.2.1.2.4.10. Serum Lipase

6.2.1.2.4.10.1. This testing is done at least once prior to transplantation if
on calcineurin inhibitors or as medically indicated.

6.2.1.2.5. The following studies are completed within tweo months prior to thymus
transplantation.

6.2.1.2.5.1. Urinalysis.

6.2.1.2.5.1.1. This is done at least one time prior to transplantation or as
medically indicated.

6.2.1.2.5.2. Stool for electron microscopy (EM).
6.2.1.2.5.2.1. This is done to screen for infection. The presence of
enterovirus or adenovirus in stool is not exclusion criterion.

6.2.1.2.5.2.2. Stool samples for electron microscopy must be in the testing
labaratory prior to thymus transplantation; however, results
may not be available at the time of transplantation.

6.2.1.2.5.2.3. Testing of stool is repeated if the subject develops diarrhea or
as medically indicated.

6.2.1.2.5.3. Nasopharyngeal (NP) aspirate for viral culture.
6.2.1.2.5.3.1. This is done to screen for infection. The presence of RSV or

parainfluenza virus on nasopharyngeal screan is not exclusion
criterion.

6.2.1.2.5.3.2. This testing is repeated if the subject develops respiratory
symptoms or as medically indicated.

6.2.1.2.54. Thyrold Function Studies.
6.2.1.2.5.4.1. This is done at least one time prior to transplantation.

6.2.1.2.5.4 2. If thyroid function studies indicate hypothyroidism, anti-

thyroglobulin and anti-thyroperoxidase antibodies will be
measured.

6.2.1.2.6. The following studies are done within three months prior to thymus
transplantation.

6.2.1.2.6.1. Evidence of the following infections are not exclusion criteria.
6.2.1.2.6.1.1. Evidence of Epstein Barr Virus (EBV) by PCR of blood

6212612 i—lH"u"E (Herpes Human Virus 6) by PCR of blood
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6.2.1.2.6.1,3. West Nile Virus by PCR of blood
6.2.1.2.6.1.4. Hepatitis C by PCR of blood
6.2.1.2.6.1.5. Hepatitis B by PCR of blood

6.2.1.2.7. Evidence of the following are exclusions.
6.2.1.2.7.1. HIV-1 is exclusion criterion for Groups 1, 2, 3, and 4.
6.2.1.2.7.1.1. This test is done any time after birth and before the thymus
transplant.

6.2.1.2.7.1.2.If the HIV antibody test is positive, a nucleic acid test (NAT) is
done. A positive nucleic acid test is an exclusion criterion.

6.2.1.2.7.2. CMV infection is an exclusion criterion for Groups 2, 3 and 4,
6.2.1.2.7.2.1. This initial testing (bload by PCR) can be done within 3 months
prior to thymus transplantation.

6.2.1.2.7.2.2. A second test (blood by PCR) must be done within 1 month
prior to thymus transplantation.

6.2.1.2.7.2.3. For subjects receiving immunosuppression, evidence of CMV
by PCR in the blood is an exclusion criterion,

6.2.1.2.8. The following study is done within six months prior to thymus
transplantation.
6.2.1.2.8.1. T Cell Chimerism.
6.2.1.2.8.1.1. T cell chimerism is done if there are sufficient T cells.

6.2.1.2.8.1.2. This testing examines the origin of the recipient's T cells. Itis
important to be able to exclude transplacental transfer of
matemal T cells as the source of developing T cells.

6.2.1.2.8.1.3. Chimerism is a clinical test for standard of care.

6.2.1.3. Pre-transplantation medical testing on the recipient to characterize the
DiGeorge subject's phenotype.
6.2.1.3.1. These tests are done once but can be repeated as necessary for the
medical care of the subject.
6.2.1.3.1.1. A renal ultrasound is used to look for renal anomalies. Renal
anomalies are very common in DiGeorge anomaly and each
subject will be characterized. The renal ultrasound can be delayed
until after transplantation if there are logistic issues. An ultrasound
done prior to admission at DUMC can be used.

6.2.1.3.1.2. A cardiac evaluation will be done in @ach subject with a history of
heart disease or in whom heart dissase has not been ruled out to
assess heart defects and function. In addition, the evaluation will
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determine if the subject is at a high risk for anesthesia, whether
bacterial endocarditis prophylaxis s needed for
surgeny/procedures, if a particular hemoglobin value must be
maintained, and what oxygen saturation is needed to be
maintained and, if applicable, whether central line can safely be
inserted into the vessels near the heart (e.g. is the anatomy normal
or will any vessels be needed for future heart operations). Many
subjects recelve central lines as part of medical care.

6.2.1.3.1.3. A parathyroid hormone assay Is done to assess for
hypoparathyroidism with simultaneous ionized calcium in subjects
requiring calcium supplementation. This can be delayed until after
transplantation.

6.2.1.4, Pre-transplantation testing with research objectives.
6.2.1.4.1. HLA typing — HLA matching is not a requirement in this protocol;
however, HLA typing is done on the recipient. The data are kept for
reference. PCR-based HLA typing is done. The typing of the recipient
can be done in the Duke Hospital HLA Laboratory or by an outside CLIA
or CAP Certified Laboratory.

6.2.1.4.2. HLA antibodies. The subject’s serum is screened for anti-HLA
antibodies.
6.2.1.4.2.1. If present, the alleles against which antibodies react will be
exclusion criteria for the thymus donor.

6.2.1.4.3. 22q11.2 hemizygosity by FISH or microarray. This is usually done prior
to transfer to DUMC.

6.2.1.4.4, DNA is stored for future molecular analysis.
6.2.1.4.4.1. The thymus recipient blood sample for DNA must be obtained prior

to transplantation.

6.2.1.4.4.2. The thymus recipient buccal sample for DNA must be obtained
prior to transplantation. The buccal sample is compared to the
DMA isolated from purified recipient T cells and maternal DNA prior
to the transplant to confirm that the recipient circulating T cells are
genetically recipient. This also rules out the presence of T calls
from graft versus host disease from an unirradiated blood

transfusion.

6.2.1.4.43, If maternal sample is not available.
6.2.1.4.4.3.1. High resolution HLA typing will be done on isolated T cells to

test for the presence of a 3rd haplotype.

6.2.1.4.4.3 .2 Alternatively in male recipients and in male atypical subjects,
cytogenetic studies on isolated T cells may be done for XX

versus XY chromosomes.
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6.2.1.45. T Cell Chimerism.
6.2.1.451. T cell chimerism is done prior to thymus transplantation if there are
sufficient T cells.

6.2.1.4.6. Serum is stored prior to transplantation in the event that a serum factor
may be found to comrelate with athymia in the future.

6.2.1.4.7. Serum Immunoglobulins.
6.2.1.4.7.1. Serum immunoglobuling should be measured monthly prior to
transplantation.

6.2.1.4.8. Flow cytometry is done to assess T, B, and NK numbers and
phenotypes.
6.2.1.4.81. This is done as per inclusion critera.

6.2.1.4.9 PHA proliferation response. The ability of peripheral blood mononuclear
cells (PBMC) to proliferate in response to in vitro exposure to PHA.
6.2.1.4.9.1. This is done as per inclusion criteria.

6.2.1.4.10. TRECs.
6.2.1.4.10.1.No requirement for testing.

6.2.1.4.10.2. Newborn screening or other TREC data, if available, will be
recorded.

6.2.1.4.11. Flow cytometry for TCRBY repertoire.
6.2.1.4.11.1.This is done prior to transplantation if there are sufficient T cells.

6.2.1.4.11.2.1f there is an increase in T cell numbers or activation status_ this
assay may be repeated at the discretion of the PI.

6.2.1.5. Immunosuppression.
6.2.1.5.1. Rabbit Anti-Thymocyte Globulin (RATGAM).
6.2.1.5.1.1. Dose.
6.2.1.5.1.1.1. Three doses of 2 mg/kg/dose |V. Each dose given over
approximately 12 hours.

6.2.1.5.1.1.2. This dose may be modified as medically indicated.

6.2.1.5.1.2. Administration.
6.2.1.5.1.2.1. RATGAM is usually given on days -5, -4, and -3 (relative to
thymus transplantation). Days -2 and -1 are usually rest days.

6.2.1.5.1.2.2 The rabbit anti-thymocyte globulin is started at 0.125 mlkg/hr,
after 80 minutes the rate is increased to 0.25 mbkg/hr, at 120
minutes it is increased to 0.35 ml’kg/hr and the rate is left at
this rate for the rest of the infusion. Note rabbit anti-thymocyte



DocuSgn Envelope ID: DE1813FA-F 11 BADE-AESF-SGABBDBIAE

CLINICAL PROTOCOL, version 15Apr2022 Page 46 of 107
Safety and Efficacy of Thymus Transplantation in Complete DiGeorge Anomaly, IND #9836

globulin is reconstituted at 0.5 mg/ml in normal saline.

¥ If there are adverse reactions with an infusion, such as
faver, rash, and/or hypoxia, the rate of rabbit anti-
thymocyte globulin administration |s decreased per
Intensive Care Unit (ICU)Bone Marrow Transplant Unit
(BMTU) guidelines. An example would be to halve the
rate.

* Hypersensitivity/anaphylactic reactions will be addressed
in accordance with hospital policy ICUEMTU. The
infusion will be stopped temporarily and necessary clinical
interventions will be performed per hospital policy to
slabilize the subject. Once the reaction has been
controlled, the infusion will be resumed at a tolerable rate
as directed by the subject's attending physician.

6.2.1.5.1.2.3. The timing of the rabbit anti-thymocyte globulin and days of
rest can be modified per the Principal Investigator. Other
arrangements of treatment and rest days are permissible as
long as the subject receives 3 doses of rabbit anti-thymocyte
globulin. The changes are usually due to the subject's medical
condition.

6.2.1.5.1.2.4_ The thymus transplant must be done within 7 days of
completion of the last dose of RATGAM.
= [f the transplant is to occur after 7 days from the last dose
of RATGAM, a T cell count will be repeated:;
= If the T cell count is <50/mm?, no more RATGAM will be
administered
= If the T cell count is >50/mm?, RATGAM will be
repeated at the same schedule and dose as the initial
infusion.

6.2.1.5.1.3. Rabbit Anti-Thymocyte Globulin Associated Medications.
6.2.1.5.1.3.1. Methylprednisolone.
6.21.5.1.31.1. Dose
= A dose of 2 mgkg IV is given approximately 4 hours
prior to the first dose of rabbit anti-thymocyte
globulin.
= A dose of 2 mg/kg/day in divided doses every 6 hours
(0.5 mg'kg every & hours IV} is given during the
administration of rabbit anti-thymocyte globulin prior
to transplantation.
# This dose of steroids continues with every 6 hour
dosing for 24 hours after the last dose of rabbit
anti-thymocyte globulin is finished.

6.2.1.5.1.31.2. For Group 2, methylprednisolone is stopped 24 hours
after the last dose of RATGAM ends.
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6.2.1.51.31.3. For Group 3 and Group 4, pre RATGAM steroid

therapy, if any, is resumed 24 hours after the last dose
of RATGAM ends.

6.2.1.5.1.3.2. Acetaminophen.
6.2.1.51.3.2.1. Three doses of 10 mg/kg orally, rectally, or by tube
every 4 hours are given on the days of rabbit anti-
thymocyte globulin treatment beginning immediately
prior to the start of each dose of rabbit anti-thymocyte
globulin. This dose may be modified as medically
indicated.

6.2.1.5.1.322. The first dose is given 15 minutes prior to the start of
the infusion.

6.2.1.51.3.23. Additional doses may be given every four hours as
needed.

6.2.1.5.1.3.3. Diphenhydramine.
6.2.1.51.33.1. Three doses of 0.5 mg'kg IV every 4 hours are given on
the days of the rabbit anti-thymocyte globulin treatment
beginning immediately prior to the start of each dose of
rabbit anti-thymocyte globulin. This dose may be
modified as medically indicated.

6.2.1.5.1.3.3.2. The first dose is given 15 minutes prior to the start of
the infusion.

6.2.1.51.333. Additional dosas may be given as neaded avery 4
hours.

6.2.1.52 Steroids.

6.2.1.5.2.1. Steroids, if given, depend on the T cell count or the Absolute
Lymphocyte Count (ALC).

6.2.1.522 Methylprednisolone (intravenously) or Prednisolone (enterally).
6.2.1.5.2.2.1. Prednisclone can be used at the same dose as the
methylprednisolone if the subject does not have diarrhea.

6.2.1.5.2.2 2 Methylprednisolone/prednisclone may be started prior to
amval at DUMC.

6.2.1.52.2.3. For Group 3 and Group 4 — Pre Transplantation,
62152231, The mostrecent T cell count or ALC is used.
s |f the T cell count or ALC is less than 4,000/mm? and
the subject does not have clinical problems related to
these T cells
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= Steroids are not used
« If the T cell count or ALC is less than 4,000/mm? and
the subject has clinical problems from the atypical T
cells, such as T cell infiltration of the liver, or severe
rash
= Methylprednisolone or prednisolone will be started
at 1 to 2 mg/kg/day and weaned based on the
medical condition of the subject and T cell count
» If the T cell count or ALC is 4000 to 10,000/mm? (on
or off cyclosporing
=» Methyiprednisolone or prednisolone will be started
at 1 mg/kg/iday.
» If the T cell count is over 10,000/mm? {on or off
cyclosporine)
= Methylprednisolone or prednisolone will be started
at 2 mg/kg/day.
= An extra dose of 2 mg/kg of methylprednisolone is
given approximately 4 hours prior to the first dose of
rabbit anti-thymocyte globulin. This is the peri-rabbit
anti-thymocyte globulin steroid and must be
methylprednisolona.

6.2.1.5.2.2.4. Weaning steroids before and after transplantation.
« Steroid use is minimized. An absolute lymphocyte count

[ALC] (the maximum possible T cell count) or the number of
T cells should be checked prior to each wean.

« The steroids are weaned 10 to 30% per week if the T cell
count or the ALC drops less than 4,000/mm* and there are
no organ toxicities for host oligoclonal T cells such as
elevated liver enzymes, diarrhea associated with GVHD
appearance, or rash.

= When the steroids are weaned to every other day dosing for
one week, an 8 am cortisol level (on the day the steroid
dose is given and just prior to the dose) is obtained. If the
cortisol level is normal, the steroid is stopped.

= The subject may need to be placed on maintenance

hydrocortisone to continue a slow wean after the
methylprednisolone/prednisolone is weaned.

6.2.1.5.3. Cyclosporine.
6.2.1.5.3.1. Group 1 and Group 2.
6.2.1.5.3.1.1. No cyclosporine is used.

6.2.1.5.3.2. Group 3 and Group 4.
6.2.1.5.3.2.1. Cyclosporine will be started as soon as the diagnosis of
atypical complete DiGeorge anomaly is made if the subject is
symptomatic or as medically indicated.
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6.2.1.5.3.2.2 Cyclosporine is started at least 7 days prior to the
administration of rabbit anti-thymocyte globulin.

6.2.1.5.3.2.3. Dosing of Cyclosporine.
« Enteral; Begin at 4-8 mg/kg every 12 hours.
> May increase enteral dosing to every 8 hours.
¥ Oral dosing is preferred.
= Intravenous: Begin at 4 mg/kg every 12 hours.
= The starting dose depends on the other medications that the
subject is taking. For example, if the subject is on steroids
or fluconazole, lower doses are used because of the
potential drug interaction with cyclosporine leading to high
cyclosporine levels.
¥ Renal function is monitored and renal toxicities are
evaluated. Alternative immunosuppression may be
needed.
¥ Other toxicities are handled on an individual basis,

6.2.1.5.3.2.4. Trough Cyclosporine Levels.
6.2.1.5.3.24.1. Every 11to 2 weeks, or as medically indicated, until the
cyclosporine wean begins.

62153242 Alleast twice between the end of the first dose of rabbit
anti-thymocyte globulin and thymus transplantation.

6.2.1.53243. Cyclosporine dose should be halved prior to the
administration of the first dose of rabbit anti-thymocyte
globulin to maintain target CSA trough levels in
anticipation of the effects of the 2mg/kg
methylprednisolone on cyclosporine levels.

62153244, Group 3.
= The cyclosporine trough target range is 180 to 220
ng/mi.
= |f the PHA response on suppression is =40 000 cpm,
the subject will move to Group 3.

62153245 Group4d.
# The cyclosporine larget range is 250 to 300 ng/mi
while the PHA response remains greater than 40,000
cpm pre-transplantation or prior to the development
of 10% naive T cells,
« Once the PHA response is less than 40,000 cpm, the
cyclosporine trough level is decreased to 180 to 220

ng/mi.
6.2.1.5.3.2.5. Weaning of Cyclosporine.
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6.21.53.251. Oncenaive T cells are >10% of CD3 T cells
« Cyclosporine is weaned over 2 months after steroids
have been weanead off.
* The cyclosporine dose is decreased weekly.
e [f the ALC increases by over 2000/mm? over the pre
wean ALC, then a T cell count is done.
= [f the T cells show <10% naive T cells, the
cyclosporine is increased with or without addition
of steroids for a cyclosporine trough level of 180
to 220 ng/mil.

62153252 Additional testing of ALC or T cell counts may be done
at the discretion of the Principal Investigator. If the
subject cannot tolerate cyclosporine, the cyclosporine is
stopped and Tacrolimus (FKS506) is started

6.2.1.5.4, Tacrolimus (FK506).
6.2.1.5.4.1. If the subject is unable to tolerate cyclosporine, then tacrolimus
(FKS06) may be used.

6.2.1.5.4.2. Dosing of Tacrolimus.
6.2.1.5.4.2.1. The initial starting dose is 0.1 mg/kg/day divided into every 12
hours enterally.

6.2.1.5.4.2.2 The enteral dosing can be given every 8 hours, if necessary.

6.2.1.54.2 3. The infravenous dose used is 1/4 of the enteral dose and this
is given over 2 to 4 hours every 12 hours.

6.2.1.5.4.2.4.If the trough levels are outside of the desired range, the dose
will be modified appropriately.

6.2.1.5.4.3. Tacrolimus Trough Levels,
6.2.1.5.4.3.1. Every 1 to 2 weeks, or as medically indicated, until the
tacrolimus wean begins.

6.2.1.5.4.3.2. At least twice between the first dose of rabbit anti-thymocyte
globulin and transplantation.

6.2.1.5.4 3.3 Tacrolimus dose should be halved prior to the administration of
the first dose of rabbit anti-thymocyte globulin to maintain
target Tacrolimus trough levels in anticipation of the effects of
the 2mg/kg methylprednisolone on Tacrolimus levels.

6.2.1.54.3.4 For Group 3, the desired tacrolimus target trough level Is 7 to
10 ng/m.
62154341, Ifthe PHA response on suppression is =40,000 cpm,
the subject will move to Group 4,
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6.2.1.5.4.3.5.For Group 4, the desired tacrolimus target desired trough level
is 10 to 15 ng/mi.

6.2.1.5.4.4. Weaning of Tacrolimus.
6.2.1.5441.0nce naive T cells are >10% of CD3 T cells
« Tacrolimus is weaned over 2 months after steroids have

been weaned off.

The tacrolimus dose is decreased weekly.

If the ALC increases by over 2000/mm* over the pre wean

ALC, thena T cell count is done.

= If the T cells show <10% naive T cells, the tacrolimus is
increased with or without addition of stercids for a
tacrolimus trough level of 7 to 10 ng/mil.

6.2.1.5.4.4 2 Additional testing of ALC or T cell counts may be done at the
discretion of the Principal Investigator.

6.2.1.5.5. Additional Immunosuppression for Group 4.
6.2.1.5.5.1. Between days +3 to +5 (inclusive) after transplantation, one flow
cytometry assay is repeated
> If the T cell count is greater than 5000/mm? after day +5,
mycophenolate mofetil (MMF), 15 mg/kg IV every & hours is
given.

6.2.1.5.5.2. Mycophenolate Mofetil (MMF) Wean.
6.2.1.5.5.2.1. MMF may be stopped at 35 days if there is no extensive rash,
if the AST and ALT are |ess than 3 times the upper limit of
normal, and if T cells are <5000/mm?®. MMF can be continued
up to & months if these parameters are not met eariier.

6.2.1.6. Pre-transplantation safety testing.
6.2.1.6.1. For subjects receiving immunosuppression (Groups 2, 3, and 4), CMV
testing of blood by PCR must be repeated after the end of the [ast dose
of rabbit anti- thymocyte globulin which is prior to the thymus
transplantation.

6.2.1.6.2. For subjects not receiving immunosuppression (Group 1), CMV testing of
blood by PCR must be repeated in the week prior to thymus
transplantation.

6.2.1.6.3, Samples for pre-transplantation CMV safety testing need to be in the
testing laboratory, however, the CMV results do not need to be available
to proceed with the thymus transplant. If the test results are available
prior to transplantation, a positive test does not exclude the subject at
this time.

6.2.1.7. Operative Procedures.
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6.2.1.7.1. Procedures on Day of Thymus Transplantation.
6.2.1.7.1.1. Thymus Transplantation.

6.2.1.7.1.1.1. Thymus transplantation is an open procedure.

6.2.1.7.1.1.2. The subject is taken to the Operating Room and given general
anesthesia.

6.2.1.7.1.1.3. The cultured thymus tissue slices are placed into one or both
quadriceps{s) muscle in the recipient by a pediatric surgeon.

6.2.1.7.2. Procedures on the Day of Thymus Allograft Biopsy, if performed.
6.2.1.7.2.1. Thymus Allograft Biopsy.

6.2.1.7.2.1.1. Thymus allograft biopsies after thymus transplantation are not
reguired.

6.2.1.7.2.1.2. I there is some concern regarding the thymus transplant, a
thymus biopsy may be done at the discretion of the Pl. If the
biopsy is performed, the subject is taken to the Operating
Room and given general anesthesia. A biopsy of the thymus
allograft is obtained. The site of the allograft is exposed and

several samples of tissue, approximately 4 x 4 mm each, are
removed.

6.2.1.7.2.1.3. The biopsied tissue is stained with antibodies to keratin, CD3,
CD1a (cortical thymocytes), and Ki-67 (proliferation marker of
cortical thymocytes) to evaluate the biopsy for thymopoiesis.

6.2.1.8. Monitoring from thymus transplantation to 24 months post thymus
transplantation.

6.2.1.8.1. When the subject is discharged to the care of the referring/local
immunologist, requasts are submitted to the referring/local immunologist
for the testing/blood samples. Recommendations for the frequency for
post thymus transplantation follow up is listed below; however, obtaining
the testing/lood samples is dependent upon the parent(s), the
referring/local immunaologist, and the subject’s medical condition.

6.2.1.8.2. Immune evaluations.
6.2.1.8.2.1. Complete Blood Count (CBC).
6.2.1.8.2.1.1. A CBC with differential will be done weekly for the first two
months after thymus transplantation to look for sudden
elevations in the absolute lymphocyte count (ALC). This could
indicate graft versus host disease, sudden growth of pre-
existing host clones, or B cell lymphoproliferative disease. The
CBC with differential may be repeated as medically indicated.

6.2.1.8.2.1.2. A CBC with differential will be done as follows
« Month3.4,56,7,8 9 10, 11, and 12.
= As medically indicated
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6.2.1.8.2.1.3. For subjects receiving a calcineurin inhibitor
6.2.1.82.1.3.1. A CBC with differential will be done weekly until the
calcineurin inhibitor is weaned off. Once the calcineurin
inhibitor is weaned off, the CBC will be done monthly as

above,

6.2.1.8.2.2 Flow cytometry.
6.2.1.8.2.2 1. Flow cytometry, along with a CBC with (manual differential)
(MD), is done to assess T, B, and NK cell numbers,

Evaluation of naive T cells is included.

6.2.1.8.2.2.2. Flow cytometry will be done as follows
s Month 3 £ 1 month

Month 6 + 1 month

Month 9 £ 2 months

Month 12 £ 2 months

As medically indicated

6.2.1.8.2.2 3. Flow cytometry is done if there is an adverse event thought to
be related to an increase in T or B cells. In particular, if the
ALC remains greater than 4,000/mm?, and the subject has
symptoms suggestive of autoreactive clones, the flow
cytometry may be repeated sooner to help guide
immunosuppressive therapy.

6.2.1.823. Inwvitro T cell proliferative responses to PHA.
6.2.1.8.2.3.1. PHA is done at Month 12 £ 2 months,

6.2.1.8.2.3.2. Additional testing may be done at the Pl's discretion, If
additional PHA testing is done, it is done in a CLIA or CAP
Certified Laboratory.

6.2.1.8.24. TREC (T cell receptor rearrangement excision circles)
6.2.1.8.2.4.1. TREC data, if done, may be recorded.

6.2.1.8.2.5. Serum immunoglobulins including 1gG, IgA IgM, and IgE.
6.2.1.8.2.5.1. Immunoglobuling are checked for evidence of development of

lgA, IgM, and IgE.

6.2.1.8.2.5.2. Immunoglobulins levels are tested as follows
s« Month1and2
« Month 3 and 6 + 1 month
« Month @ and 12 £ 2 months

6.2.1.8.3. Testing for immune-based adverse evenls.
6.2.1.8.3.1. Complete Blood Counts with Differential.
6.2.1.8.3.1.1. Individuals with DiGeorge anomaly can have autoimmune
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cytopenias.

6.2.1.8.3.1.2. The hemoglobin, platelet count and neutrophil counts are
most important for surveillance for immune based adverse
events.

6.2.1.8232. Flow Cytometry.
6.2.1.8.3.2.1. The CD19 and/or CD20 antibodies will identify clonal or
polyclonal amplifications of B cells. Such amplifications may
be related to EBV and CMV infection.

6.21.833. Extended T cell receptor beta variable chain (TCRBVY) flow
cytometry.
6.2.1.8.3.3.1. This assay may be done to assess diversity of T cell receptor
exprassion and to assess if new clones are developing, oris a
single clonal population of T cells is developing.

6.2.1.8.34. |solated CD3'T cells may be assessed for sex chromosome or
22q911.2 status or DNA analysis to distinguish host cells from
matemnal cells or thymus donor cells.
6.2.1.8.3.4 1. This testing will be done Month 3 £ 1 month after
transplantation.

6.2.1.8.3.4. 2. This testing will be repeated in 3 to 12 months, if maternal or
thymic donor cells are found in the 3 month sample.

6.2.1.8.3.4.3. This testing may be done after transplantation If there are
adverse events, such as rashes, that could be explained by
GVHD from donor T cells,

6.2.1.8.3.5. Liver enzymes (AST and ALT)
6.2.1.8.3.5.1. This testing will be done to ook for signs of GVHD, self
reactive host T cell clonas, or autoimmune disease.

6.2.1.8.3.52. AST and ALT will be done as follows
« Month1and 2
= Month 3 and 6 £ 1 month
* Month 9 and 12 £ 2 months

6.2.1.8.3.6. Serum albumin, protein, calcium, magnesium, and phosphorus.
6.2.1.8.3.6.1. This testing will be done as follows
« Month1and2
« Month 3 and 6 £ 1 month
« Month @ and 12 £ 2 months.

6.2.1.8.3.6.2. This testing may be repeated as medically indicated.

6.2.1.B.3.7. Serum sodium, potassium, chloride, bicarbonate, BUN, creatinine,
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and glucose,
6.2.1.8.3.7.1. This testing will be done as follows
« Month1and 2
* Month 3 and 6 £ 1 month
« Month © and 12 £ 2 months.
6.2.1.8.3.7.2. This testing may be repeated as medically indicated.

6.2.1.8.3.7.3. Serum creatinine is tested to look for immune based renal
disease.

6.2.1.8.3.8. Serum magnesium, serum creatinine, serum potassium, and serum
lipase.
6.2.1.8.3.8.1. These tests are obtained o look for calcineurin inhibitor
toxicity.

6.2.1.8.3.8.2. This testing will be done monthly until the calcineurin inhibitor
is weaned off.

6.2.1.8.3.9 Urnnalysis.
6.2.1.8.3.9.1. This testing will be done to look for signs of nephrotic

syndrome or infection,

6.2.1.8.3.9.2. This testing will be done as follows
« Month 1and 2
« Month 3 and 6 + 1 month
« Month @ and 12 £ 2 months.

6.2.1.8.3.10. Serum immunoglobulins.
6.2.1.8.3.10.1. If the IgE increases to over >500 IU/m, the EBV and CMV
status will be checked (after the initial high IgE level). The
EBV PCR and CMV PCR after subsequent IgE levels do not
need to be repeated if the IgE remains elevated. Spikes in
other isotypes will be evaluated. B cell clonal proliferations
are possible and may need treatment if presant.

6.2.1.8.3.11. Rashes,
6.2.1.8.3.11.1. If new rashes develop, the rash will be monitored daily (while

the subject is at DUMC).

6.2.1.8.3.11.2. Biopsies will be taken on rashes that are severe and persist
for more than 2 weeks to assess the etiology of the rash. If
granuloma are found, evidence for sarcoidosis including an
angiotension converting enzyme (ACE) level and eye
examination will be sought.

6.2.1.8.3.12.Diarrhea.
6.2.1.8.3.12.1. If severe diarrhea develops, endoscopy and colonoscopy will
be done as indicated with biopsies to assess for the etiology
of the diarrhea.
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6.2.1.8.3.13_Endocrine studies.
6.2.1.8.3.13.1. Thyroid Studies.
6.2.1.8.3.13.1.1. Thyroid function studies will be done to screen for
thyroid disease.

6.2.1.8.2.13.1.2. Anti-thyroglobulin and anti-thyroid peroxidase
antibodies will be measured if the subject develops
thyroid disease.

6.2.1.8.2.13.1.3. Thyroid function studies will be done as follows
« Month 6 £ 1 month
« Month 12 + 2 months

6.2.1.8.3.13.1.4. If thyroid disease develops, the endocrine evaluation s
directed by the subject's endocrinologist or primary care
physician.

6.2.1.8.4. Testing for medical conditions.
6.2.1.84.1. Medically indicated studies are done as necessary and may
include the following
6.2.1.8.4.1.1. Laboratory studies, for example, ionized calcium, magnesium,
blood counts, and/or cultures,

6.2.1.8.4.1.2. Calcium.
6.2.1.8.4.1.2.1. For subjects on calcium supplementation

6.2.1.8.4.1.2.2. Serum calcium levels will be done monthly for 1 year.

6.2.1.8.4.1.2.3. Urine calcium/creatinine ratio will be done as follows
« Months1, 2 3.4, 5,6
* Months 9 and 12
= As medically indicated

6.2.1.8.4.1.3. Perniodic cardiac evaluation(s) as recommended by the
subject's cardiologist,

6.2.1.8.4.1.4. Endocrinology may recommend additional test(s).
6.2.1.8.4.1.5. Follow up renal ultrasound(s) may be done.

6.2.1.8.5. Safety Testing.
6.2.1.8.5.1. CMV testing of blood by PCR and EBV by PCR
« Month 3 £ 1 month

6.2.1.8.6. Physical Examination.
6.2.1.8.6.1. Physical examinations will be done monthly.
6.2.1.8.6.1.1. The length of the subject is recorded, as autoimmune thyroid
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disease can first be detected when the length stops increasing.

6.2.1.8.6.1.2. The subject will be cbserved for the development of new
rashes that are severe and persist for more than 2 weeks.

6.2.1.8.6.1.3. After returning to the care of the local immunologist and/or
refeming physician, physical examinations will be requested to
be done monthly for the first year after transplantation.

6.2.1.8.6.1.4.If the subject is on cyclosporine, the blood pressure should be
monitored every 2 weeks, or as medically indicated, until the
cyclosporine is weaned.

6.2.1.9. Infections.

6.2.1.9.1. Monitoring for Infections.
6.2.1.9.1.1. While at Duke, this is done from the time of enrollment until

discharge.

6.2.1.9.1.2. After discharge, information is requested from the local
immunologistreferring physician and/or parent(s) by telephone or
email at the following intervals after transplantation.
+ Month 3 £ 1 month

Month 6 £ 1 month

Month 12 £ 2 months

Month 24 £ 2 months

As medically indicated,

6.2.1.9.2. Recording of Infections.
6.2.1.9.2.1. The definitions are taken directly from the Blood and Marmow
Transplant Clinical Trials Metwork
h e / mit2! ' initi finitions of
Inf_Severity.pdf All adverse events are to be reported as
described in Section 8.3.

6.2.1.10. Possible additional biopsies. Mote: These will not be done if the subject is
not medically stable,

6.3. Concomitant Therapy - all of the below therapies are permitted.
6.3.1. Other procedures for medical care of research subject.
6.3.1.1. Protective Isolation: DUHS and Clinical Care Unit policies and procedures
are followed while at DUMC.
6.3.1.1.1. Discontinuation of protective isolation is recommended when the subject

meels criteria for permanent discontinuation of IVIG (see section
6.3.1.2.4) and/or discontinuation of PJP prophylaxis (see section
621233).

6.3.1.2. Immunoglobulin Replacement Therapy.
6.3.1.2.1. Dosing
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= Immunoglobulin replacement is given to maintain 1gG at = 800 mg/dL.
s [ntravenous immunoglobulin (IVIG) replacement monthiy or
« Subcutaneous immuncoglobulin replacement weekly to biweekly

6.3.1.2.2. Replacement therapy frequency depends on the subjects’ IgG levels. It
may be given more frequently if indicated clinically.
» [f the IgG levels drops below 800 mg/dl, give replacement therapy

6.3.1.2.3. Guidelines for imitial discontinuation of Immunoglobulin Replacement.
= Subject is not on iImmunosuppression
= Subjectis at least 9 months post transplantation
= PHA response is = 100,000 cpm
= Normal serum IgA is desirable but not required

6.3.1.2 4. Guidelines for permanent discontinuation of Immunaglobulin
Replacement.
6.3.1.24.1. Two months after stopping immunoglobulin, the 1gG trough level

will be checked by the local immunologist and/or refermng
physician.

= | the 1gG trough level is in the normal range for age, the subject

may remain off immunoglobulin.

= [f the IgG level is lower than the normal range for age, the subject
will restart immunoglobulin,

# The subject will continue on immunoglobulin for a year and
then be retested by the local immunologist/referring physician
using the above guidelines. Recommendations will be sent to
the localfreferring physician.

6.3.1.3. Pneumocyslis iroveci pneumonia (PJF) prophylaxis.
6.3.1.3.1. Subjects are maintained on PJP prophylaxis before and after
transplantation.

6.3.1.3.2. PJP Prophylaxis.
= SeplraBactrim — 2.5 mg trimethoprim (TMP)Vkg twice a day, three
days a week, usually Monday, Wednesday, Friday.
= Alternatively, Pentamidine 4 mg/kg IV every 4 weeks.

6.3.1.3.3. Guidelines for discontinuation of PJP prophylaxis.
= Subject is not on immunosuppression
= Subject is at least 9 months post transplantation
= PHA response is =100,000 cpm
s CD4+ count is >200/mm?

6.3.1.4, Other Immunizations.
6.3.1.4.1. No live vaccinations are administered until the recipient has received
killed vaccinations,
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6.3.1.5. Steroid Treatment,
6.3.1.5.1. Methylprednisolone or prednisoclona 1 to 2 mg/kg/d (followed by a slow
taper) may be required for extreme elevations of eosinophil counts
(>30,000/mm?) or IgE levels =10,000, or pulmonary deterioration.
Evidence of EBV or CMV infection should be sought for IgE levels
>500/mm?,

6.3.1.5.2. Methylprednisolone or prednisclone 1 to 2 mg/kg/d (followed by a slow
taper) may be required for treatment of aggressive host T cell clones that
appear after the initial sterolds have been weaned. The clones may
cause elevations in serum bilirubin, in pulmonary compromise, or other
clinical problems,

6.3.1.6. Other Immunosuppressive Medications
6.3.1.6.1. Alemtuzumab may be used prior to andfor after transplantation to
prevent long term use of steroids and calcinaurin inhibitors.

6.3.1.6.2. Other immunosuppression medications may be used as needed for the
medical care of the recipient.

6.4. Procedures for Monitoring.
6.4.1. Case Report Forms.
6.4.1.1. Case report forms are completed.

6.4.1.2. When the subject is discharged to home, protocol required testing is
provided to the local immunologist and parent(s). Results of this testing are
requested to be sent to the Principal Investigator. Information may be
requested from the local immunologistireferring physician and obtained as
possibie. (see 6.1.3.2.4)

7. Assessment of Efficacy.
7.1. Specification of the efficacy parameters
7.1.1. Referto 4.1

7.2, Methods and timing for assessing, recording, and analyzing of efficacy parameters.
7.2.1. The studies will be obtained on the time frame as detailed above. The data are
recorded by the Pl or the study staff as they accrue.
7.2.1.1. Efficacy data will be analyzed as outlined in the statistical analysis plan
(SAP). See Appendix B.

8. Evaluation of Safety.
8.1. Specification of safety parameters.
8.1.1. Procedures to enhance research subject safety.

B.1.1.1. Inpalient subjects are monitored daily by physicians and staff familiar with
management of immunodeficient patients. Subjects who are medically
stable may be followed as outpalients at DUMC pre and post thymus
transplantation.

8.1.1.1.1. Subjects are monitored for signs of rashes and/or infection, such as
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fever, etc. If a fever develops, the subject is assessed by blood and
other cultures and treated with antibiotics as medically indicated.

8.1.1.1.2. DUHS and Clinical Care Unit Infection Control policies are followed while
at Duke.

B.1.1.2. GVHD.
8.1.1.2.1. Chimerism studies on circulating T cells are performed at 3 £ 1 month

after transplantation to detect thymus donor T cells.

8.1.1.2.2. If clinical symptoms resembling those of GVHD develop, the relevant
tissue is biopsied and examined by DUMC pathology. Blood will be
tested to determine if the T cells are recipient, maternal, or thymus
donor. GVHD will be treated, if medically indicated, by standard
approaches,

8.1.1.3. Infection.
8.1.1.3.1. Infection information during the first 24 months post transplantation is

requested from the primary and or referring physician.

8.1.1.4. Autoimmune disease.
8.1.1.4.1. Autoimmune disease is recorded for the first 24 months post

transplantation.

8.1.1.5. Malignancy.
8.1.1.5.1. Development of a malignancy is always a possibility in patients with poor
T el function. EBV and CMV-related lymphomas have been reported in
the past (Dictor et al 1984, Borzy et al 1979).

£8.1.1.5.2. The recipient is tested prior to transplantation for presence of EBV or
CMV to help assess the risk of lymphoproliferative disease after
transplantation.

8.1.1.6. CMV Testing.
£8.1.1.6.1.1. Thymus transplant recipients are tested before thymus
transplantation and at Month 3 £ 1 month after thymus
transplantation to screen for the presance of CMY.

8.1.1.7. EBV Testing.
8.1.1.7.1.1. Thymus transplant recipients are tested before thymus
transplantation and at Month 3 £ 1 month after thymus
transplantation to screen for the presence of EBVY.

B.1.2. Previously observed adverse events.
8.1.2.1. Individuals with complete DiGeorge anomaly are at risk (even without
therapy) from serious infections, aspiration, graft-versus-host disease from
maternal cells or from unirradiated blood transfusions, death from cardiac
complications, or complications from laryngomalacia. Individuals with
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B122

8.1.23.

B124

8125,

B.1.26.

8127,

B.1.28.

8129

complete DiGeorge anomaly often develop skin rashes and cytopenias
(even without therapy). For the purposes of this protocol, all pre-existing
conditions are not considered adverse events and are not recorded as such.
Pre-existing conditions are reported in the medical history.

Autoimmune disease is a risk in the thymus allograft group because T cells
develop in a donor thymus and may react against the host. If autoimmune
disease develops, it will be fully characterized and treated. Examples of this
are thyroid disease, cytopenias, hepatitis, enteritis/colitis, nephrotic
syndrome, arthritis, partial albinism, and alopecia.

Subjects with typical complete DiGeorge anomaly may develop rashes after
transplantation.

Subjects with typical complete DiGeorge anomaly can develop oligocional
amplifications of T cells associated with rashes after transplantation. These
can result in marked lymphadenopathy.

Subjects with typical complete DiGeorge anomaly may develop a pulmonary
Inflammatory condition early after transplantation if oligoclonal T cells
develop.

Death has occurred in a number of patients prior to and after transplantation

because of respiratory, cardiac, infectious, and reflux problems. These

problems (tracheomalacia, cardiac defects, aspiration, and

gastroesophageal reflux [GER]) are related to the underlying DiGeorge

anomaly.

= Tracheomalacia is so severe in some patients that tracheostomy is
required.

= Many patients/subjects have underlying cardiac defects. Heart surgery Is
frequently needed to correct defects associated with DiGeorge anomaly.
The cardiac status of the patients will be stable at screening for thymus
transplantation.

« Aspiration is a significant problem because of the GER.

= Many patients/subjects require Nissen fundoplication. Gastric tubes may
be needed because of abnormal esophageal motility or nasopharyngeal
reflux.

= Because of the immune deficiency in these patients/subjects, many
develop fevers, diarrhea, and have multiple infections.

Hypocalcemia is a frequent severe problem associated with DiGeorge
anomaly.

Fevers and infections are expected adverse events in immunodeficient
individuals. Infections are recorded. The decrease in infectious
complications is a measure of efficacy.

Wound dehiscence, wound infection, and inflammation around stitches can
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occur with the transplantation or the biopsy surgical procedures,

8.1.2.10. There was an occurrence of ovarian failure in one adolescent female, It is
unknown at this time if it is genetic or related to thymus tissue
transplantation.

8.1.2.11. Risk of immunosuppressive medications.
8.1.2.11.1. Rabbit anti-thymocyte globulin.

8.1.2.11.1.1. Rabbit anti-thymocyte globulin can be associated with fever, chills,
low white blood cell counts, low platelets, pain, headache,
abdominal pain, diarrhea, nausea, alterations in blood pressure,
abnormal clotting, swelling, difficulty breathing, high potassium
levels, and high heart rate. Many of the side effecls are a result of
killing the T cells. Rabbit anti-thymocyte globulin is made from
animal serum. Individuals treated with animal serum are at risk of
serum sickness approximately 1 week later. Serum sickness
symptoms include fever, rash, and elevated liver enzymes. There
may be other unknown risks of rabbit anti-thymocyte globulin. To
try to prevent side effects from the rabbit anti-thymocyte globulin,
the subject is treated with 3 doses of acetaminophen, 3 doses of
diphenhydramine, and methylprednisolone. These medicines are
started 15 minutes to 4 hours (as per protocol) prior to the rabbit
anti-thymocyte globulin. The acetaminophen and
diphenhydramine will be repeated with each dose of rabbit anti-
thymocyte globulin; the steroid will be continued until 24 hours
after the last rabbit anti-thymocyte globulin dose.

81.211.2. Cyclosporine,
B8.1.2.11.2.1.There are a number of likely side effects from cyclosporine.

« Cyclosporine can affect the pancreas, liver, kidneys and
decrease kidney function. This will be monitored by checking
cyclosporine levels, blood studies of pancrealic function, liver
function, kidney function, and urine examinations.
Abnormalities in the pancreas, liver or Kidney will result in
reducing cyclosporine doses,

« Cyclosporine can cause low magnesium levels and high
potassium.,

+ Cyclosporine can cause increases in blood pressure. This
usually is mild or moderate but may persist. Blood pressure will
be monitored daily during the inpatient hospitalization and after
discharge at least every 2 weeks, Medication may be given to
lower the blood pressure.

Cyclosporine can result in excessive body hair.

Cyclosporine can increase risk of infection in people born with
thymuses, but this risk does not apply to complete DiGeorge
anomaly because these pediatric patients are already at risk for
infection. Cyclosporine does not change this risk.

+ [nfrequently cyclosporine can result in seizures (less than 1 in
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20). More frequently, a tremor (trembling or quivering) can
develop.

« Cyclosporine can increase the risk of cancer, although the risk
remains less than 1%. As mentioned above, patients with poor
T cell function are already at increased risk of cancer,; this risk
continues whether or not cyclosporine is used, Cyclosporing
should not affect this risk.

8.1211.3. Tacrolimus (FK5086).
£8.1.2.11.3.1. The possible side effects of tacrolimus are the same as those listed
above for cyclosporine.
+ Tacrolimus can also cause anemia and hyperglycemia.

8.1.211.4. Mycophenolate Mofetil (MMF).

B8.1.2.11.4.1. The main risks of MMF are abdominal pain, diarrhea, vomiting,
fever, and increase in blood pressure. LUse of MMF has been
associated with low neutrophil counts, low platelet counts, and low
red blood cell counts. Bleeding in the gut can be sean with the
use of MMF.

812115 Steroids.
8.1.2.11.5.1. Prolonged use of daily steroids is associated with slowed growth,
fluid retention and weight gain, muscle weakness, poor wound
healing, peptic ulcer with possible complications, increased blood
pressure, osteoporosis, increase in infection risk, poor wound
healing, and possible development of diabetes-like syndrome.

8.2. The methods and timing for assessing, recording, and analyzing safety paramelers.
8.2.1. The methods are described above. Please see the timeline for the times of the
assessments. Data are recorded on case report forms. Safety parameters are
reviewed by the Principal Investigator, and sponsor.

8.3. Procedures for eliciting reports of and for recording and reporting adverse event and
intercurrent ilinesses.
8.3.1. Adverse Event Monitoring.
8.3.1.1. Thymus Recipient.
8.3.1.1.1. The Principal Investigator (or an attending physician) examines the
recipient daily during DUMC hospitalizations.

8.3.1.1.2. A recipient, who is an outpatient, is examined in the outpatient clinic
while at DUMC (as per the assessment periods-section 6.1).

8.3.1.1.2. It is recommended that the subjects are followed by their local
immunologist/referring physicians at least monthly through one year.

8.3.1.1.4. While the subject is at DUMC or in the Durham area, the investigator will
aggressively work up any fevers, difficulty in breathing etc,
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8.3.2. Adverse Event Recording.
B.3.2.1. All adverse events are tabulated.
8.3.2.1.1. The classification of the severity and attribution of the adverse event is
determined using guidelines derived from the Common Terminology
Criteria for Adverse Events (CTCAE) Version 3.0 at
httpfictep.cancer goviprotocoldevelopment/electronic_applications/docs/
ctcaevd pdf

8.3.2.1.2. The classification of the severity of infections is determined using the
definitions taken directly from the Blood and Marrow Transplant Clinical
Trials Network.

8.3.2.2. All adverse events that meet the criteria for serious (see Section 8.3.3.2)
and deaths are to be entered into the clinical database and to be forwarded
to the safety vendor (Appendix D). Review of SAEs and any that require
expedited reporting will be conducted according to the procedures at

Enzyvant and safety vendor. Expedited safety reports will be submitted to
the DUHS Institutional Review Board. These reports are sent to the FDA.

8.3.2.3. The IRB annual continuing renewals and the FDA annual report will provide
the following information:
8.3.2.3.1. Summary of New Adverse Events (AES) reported since the previous
report.

8.3.2.3.2. Summary of New Serious Adverse Events (SAEs) reported since the
previous annual report.

8.3.2.3.3. Adverse Events that occur after discharge from Duke. The following
information will be obtained:
*  Survival
» |nfections
« Autoimmune Disease (examples may include cytopenias, thyroid
diseasea)
Rashes persisting over 2 weeks
Other problems likely related to the transplanted thymus fissue
(examples may include granuloma, lymphoma or other cancers
related to thymus transplantation)
8.32.3.3.1. The above are requested and obtained from the local physician
and /or parent(s) by telephone or email at the following intervals

after transplantation
Month 3 + 1 month
Month 6 £ 1 month
Month 12 £ 2 months
Month 24 + 2 months

8.3.2.3.4. All adverse events are reviewed at least yearly with the Thymus
Transplantation Data and Safety Monitoring Board at DUMC,
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8.3.2.4, If there is transmission of an infectious agent because of the thymus
transplant this is to be reported tn* and Enzyvant for
management of AE and product complaint.

8.3.2.5. After the subject is discharged, the subject will be followed by the local
immunologist and/or referring physician. However, blood for flow cytometry
is requested to be sent to the Duke University Hospital Clinical Immunology
Laboratory. If the subject lives near to DUMC, the subject will come to
DUMC for follow up. Adverse event reports based on information obtained
from the local physician will continue to be submitted.
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8.3.3. Adverse Event Definitions.
B8.3.3.1. An adverse event is defined as any undesirable experience occurring to a
subject durning the clinical trial, whether or not the event is considered
related to the treatment.

8.3.3.2. Serious adverse events are fatal, life-threatening, disabling, or result in in-
patient hospitalization or prolongation of hospitalization. Occurrence of
malignancy and adverse events resulting from overdose are considered
serious adverse events.

8.3.3.3. An unexpected adverse avent is one not described in this document or in
the consent form, see Appendix C for US Prescribing Information.

8.3.3.4, Relationship to Transplantation: The assessment of the relationship of an
adverse event to transplantation (possible, probable, or definitely related) is
a clinical decision based on all available information.

8.3.4. Reporting of Serious Adverse Events.
B.3.4.1. Serious Adverse Events which are unexpected and possibly, probably or
definitely related to treatment will be reported to the DUHS IRB, and the
FDA within 7 calendar days (5 business days).

8.3.4.2. Other SAEs will be reported in the annual report. See 8.1.2 for expected
adverse events.

8.3.4.3. Any deaths will be reported in expedited fashion.

8.3.4.3.1, Unexpected study-related deaths will be reported to the DUHS IRB
within 24 hours and to the FDA within 7 days.

8.34.32 Expected and/or non-study related deaths will also be reported to the
agencies.

8.3.5. Grade 4 and 5 Adverse Event Reporting.
8.3.5.1. Adverse events that are severe (grade 4 or higher in CTCAE tables at
http:fictep cancer. goviprotocoldevelopment/electronic_applications/docs/cte
aev3, pdf) and related and unexpected will be reported within 7 days o the
IRB, and FDA.

8.3.5.2. Other severe (grade 4 or 5 in CTCAE Tables) adverse events (e.g. expecled
or not related to the transplant) will be reported in the annual report to the
FDA, the DUHS IRB, and, if applicable, to the appropriate funding agencies.

B.4. The type and duration of the follow-up of subjects after adverse events.
8.4.1. Thymus Recipients.
B.4.1.1. Subjects will be followed for at least 2 years.
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9. Statistics
9.1. A description of the statistical methods to be employed, including timing of any planned
interim analysis(es), is included in the statistical analysis plan. Refer to the stafistical
analysis plan (SAP) for a full description of the planned analysis. Appendix B.

Far the primary efficacy endpoint, survival at Year 1 > 50% will be tested using the
binomial exact test, Survival at Year 2 will also be reported as supportive data, Summary
of Kaplan-Meier survival will be calculated. Kaplan-Meier estimates of survival at Years 1,
2,3, 4, and 5 post-transplantation, will be presented with number at risk, number with
events, and estimated survival probability.

Summary statistics of the secondary efficacy endpoints will be calculated at baseline,
Month 6, Year 1 and Year 2 post-transplantation, as data parmit. Summary statistics
including the change from baseline to Month 6, Year 1 and Year 2 will also be calculated
as data permit.

Summary statistics of the laboratory evaluations for safety and vital signs will be
calculated at baseline and post-baseline. Summary statistics including the change from
baseline to the timepoints post baseline will be calculated.

Safety assessments (AEs, laboratory evaluations, vital signs measurements, and
physical examinations) will be assessed according to the protocol schedule of events for
up to 2 years following transplantation. Summaries of safety parameters including
adverse events (AEs) reported within 2 years of transplantation will be summarized. The
number of AEs, number of subjects in whom AEs occurred, and the percentage of
occurrence (%) will be tabulated by system organ class (SOC), and by preferred term
(PT). All reported events, regardless of time of onset, will also be listed.

9.1.1. Basis of stopping rule regarding deaths of subjects.

9.1.1.1. The sponsor reviewed survival data on 34 consecutive pediatric patients
with complete DiGeorge anomaly who did not undergo treatment for
restoration of the immune system, but were only provided supportive care.,
At the time of the review, ten of these pediatric patients were not yet
enrolled but were awaiting insurance approval for thymus transplantation.
The physicians of all 24 pediatric patients had contacted Dr. Markert about
possible enrollment in the thymus transplantation protocol. Nine of these
34 pediatric patients had preexisting CMVY infection or ventilator
dependence and are thus excluded from this historical contrel group
(because these conditions are exclusions for groups 2, 3, and 4 in this
protocol). Outcomes were determined by Dr. Markert by email or by
discussion with the pediatric patient’s physician. Of the 25 subjects, who
did not have CMV or ventilator dependence, 17 died. Eight of the 25 were
living and one was over 1 year. Of the 18 who either died (n=17) or were
surviving past 1 year (n=1), 5 of 18 (28%) survived to one year, thus, the
one year death rate was 72%. The median survival of these 18 subjects
was 7.1 months. No subject had survived past 18.8 months.
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9112

9.1.1.3.

Taking the historical data into account, we decided that a death rate of 2
0.67 would indicate that the procedure had unacceptable safety and that a
death rate of 0.5 would be acceptable, Only subjects without CMV
infection will be evaluated under this rule.

Dr. Barry Moser, biostatistician, designed the following overall survival
stopping rules: Survival will be evaluated one year after transplantation of

m =8n, =16,n, = 13 subjects. The measure of safety is the number of

deaths at each of the three evaluation stages, twelve months after
transplantation of the first 8, 16, and 25 subjects. An overall safe prognosis
is that 1/2 or less of the subjects die within the first 12 months; an unsafe
prognosis is that 2/3 or more of the subjects die within the first 12 months.

Formally, the null and alternative hypotheses are H, @ p <05 versus

H,: p20.67 where p is the proportion of deaths. (H1 = Ha = alternative
hypothesis.) Stopping rules were designed to stop enrollment to the trial at
the three evaluation stages and conclude that the procedure is unsafe as
soon as 7 of the first 8 transplanted subjects, 11 of the first 16 transplanted
subjects, or 15 of the first 25 transplanted subjects die within the first 12
months after transplantation. This interim analysis procedure provides a
Type | error rate equal to 0.24 (the probability of incorrectly stopping the
trial early or continuing the trial through all 25 subjects and concluding the
procedure s unsafe when the procedure is safe) and a Type Il error rate
equal to 0.16 (the probability of incorrectly continuing the trial through all
25 subjects and concluding the procedure is safe when the procedure is
unsafe). The stopping rules in Section 4.6.2 and 4.6.3 were chosen under
the following criteria; spend a reasonable proportion (near 1/3) of the total
Type | error rate at each evaluation stage (to protect against inflating the
Type |l error rate at any evaluation stage) and minimize both the Type |
and Type |l error rates while maintaining a Type Il error rate below the
Type | error rate to more stringently protect against concluding an unsafe
procedure is safe. An explanation of terms follows.

9.1.1.3.1. The null hypothesis, Ho, is a good outcome and denotes that the one

year death rate is = 0.5.

9.1.1.3.2. The alternative hypothesis, H1, is a bad outcome and denotes that the

one year death rate is 2 0.67.

9.1.1.3.3. A, is the number of transplanted subjects to be examined in the

evaluation stage for j=1,2,3, thatis, m =8n, =16,n, =25,

9.1.1.34. The stopping rule is X, 2 X, where X is the observed number of

deaths occurring before one year at the ;™ evaluation stage for /j=1,2.3
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and X S is anumber of deaths such thatif X, 2 x at any stage for

i=123, H,:p203 is rejected, and the trial is considered unsafe and
stopped at that stage. That is, in the 9.1.7.3 discussion
x=1x=1Lx =15

9.1.1.3.5 The one year death rate is evaluated with respect to the stopping rules
as soon as 7 of the first B subjects have died within one year of
transplantation or as soon as 2 of the first 8 subjects are alive one year
after transplantation, and as soon as 11 of the first 16 subjects have
died within one year of transplantation or as soon as 6 of the first 16
subjects are alive one year after fransplantation, and as soon as 15 of
the first 25 subjects have died within one year of transplantation or as
soon as 11 of the first 25 subjects are alive one year after
transplantation.

9.1.1.3.6. a1, azand az are the Type 1 errors after each evaluation stage (after
the number of deaths occurring before one year have been examined

in the first m, =80, =16.m, =25 transplanted subjects).

91.1.3.7. aisthe cumulative Type 1 error rate (the sum of the three error rales,
ai , az.and as, from each evaluation stage). This error rate reflects the
overall probability of stopping the trial early or continuing the trial
through all 25 subjects and concluding that the procedure is unsafe
(high death rate) when in fact it is safe.

91138 [isthe Type 2 error rate. This error rate reflects the overall probability
of concluding that the procedure is safe (acceptable death rate) when
in fact it is not safe

91.1.3.9 All possible X.X,.X; combinations were evaluated. The stopping rule

shown in the table below was chosen to have B < a (to more stringently
protect against continuing the study if it is unsafe) and to have the as,
az and as be as uniform as possible so that each evaluation contributes
some Type | error rate to the analysis while not inflating the Type I
emor rate at any one stage.

9.1.1.3.10. Using the data in Table 3 below, as soon as 7 of the first 8 transplanted
subjects die prior to one year, or 11 of the first 16 transplanted subjects
die by 1 year, or 15 of the first 25 fransplanted subjects die by 1 year,
the protocol will be stopped and the freatment declared unsafe. If none
of these three criteria are met, the treatment will be declared safe.
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Table 3; Analysis of survival outcomes for activation of stopping rule.

Stopping rule to be used ~
X1 ni an d B
X2 nz a:z
X3 n3 a3 .
7 a8 0.035 | 0.23 | 0.156
1 16 0.082
15 25 0.122
Examples of stopping rules rejected
6 8 0.145 | 0.289 | 017
10 16 0.127
16 25 0.017" B
6 a8 0.145 | 0.197 | 0.2894#
1 16 0.042
17 25 0.011#

*Rejected because a: is relatively small that is contributes litte to the overall a
# Rejected because B is greater than a, and az is relatively small

9.1.2. Basis of stopping rule regarding number of naive CD4 T cells at one year
9.1.2.1. We have set 67% of subjects surviving to one year having =100 naive CD4
cells/mm® as unacceptable. We have set that < 50% having < 100 naive
CD4 cells'mm?® as acceptable.

9122 The data analysis is based on a review of 50 consecutive subjects
followed prior to transplantation. None of 50 developed = 100 naive CD4
T cells even in subjects who were not transplanted until after one year.
Data is shown in Figure 4 for 27 subjects who had two naive CD4 counts
tested. Data are similar for the 23 subjects (17 typical, 6 atypical) who had
total T cells or naive CD3 cells tested instead of naive CD4 counts. None
developed cell counts consistent with >100/mm?* naive CD4 cells by year
1.
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Maive CD4 counts prior to transplantation of
immunosuppression
in 27 subjects with complete DiGeorge Ancmaly
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Figure 4, Malve CD4 T cell counts prior to transplantation and prior to
iImmunosuppression in 27 subjects with complete DiGeorge Anomaly. These data
include 14 typical subjects and 13 atypical subjects. The two time points for each
subject (open circles) are connected by lines. Four atypical subjects only had this
count performed once prior to immunosuppression. Their single data points are
indicated by filled circles.

9123

9124,

9.1.2.5,

Of note there have been 32 subjects with complete DiGeorge anomaly who
would have met entrance criteria for this protocol who have been treated
under protocols 668, 884 931 932, or 950 and had naive T cell counts
done at 1 year £ 2 months, Twenty five of the 32 (78%) reached the target
of 100 naive CD4 cells/mm® at one year £ 2 months. Thus 22% did not
reach the target of 100 naive CD4 cellsimm?® Data were similar for
subjects treated with immune suppression and those not treated with
Immune suppression.

The statistical plan is analogous to that in 9.1.7. The results are evaluated
after B, 16 and 25 subjects reach 1 year after transplantation.

Dr. Barry Moser, biostatistician, designed the following one year naive CD4
T cell count stopping rules, The year one naive CD4 T cell counts will be
assessed after 8, 16, and 25 subjects reach 1 year after tfransplantation.
For any immunosuppression group, the endpoint in this analysis is the
number of naive CD4 T cells at 12 months £ 2 months. A count of 100/mm?
naive CD4 T cells or less at any assessment stage is considerad
unacceptable. An overall acceptable prognosis is that 1/2 or less of the
subjects have naive CD4 T cells counts of 100/mm? or less at 12 months;
an unacceptable prognosis Is that 2/3 or more of the subjects have naive
CD4 T cells counts of 100/mm?* or less at 12 months. Formally, the

hypotheses under consideration are f1, :g<0.5 versus 1, 1 ¢ 20.67 where
g is the proportion of subjects who have naive CD4 T cells counts of
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9.1.2.6,

9127.

9128

9.1.2.9.

9.1.2.10.

91211

9.1.2.12.

100/mm? or less. Since the hypothesis and the number of subjects at each
evaluation stage is the same as the survival safety analysis in Section 4.6.2
the same stopping rules apply with the same Type | and Il error rates. That
is, stop enroliment to the trial at the three evaluation stages and conclude
that the procedure is unacceptable as soon as 7 of the first 8 transplanted
subjects, 11 of the first 16 transplanted subjects, or 15 of the first 25
transplanted subjects have naive CD4 T cells counts of 100/mm- or less at
12 months + 2 months, The naive CD4 count (s100/mm?) applies whether
or not all immunosuppression has been weaned.

The null hypothesis, He, is a good outcome and denotes that the proportion
of subjects with a naive T cell count <100/mm? at one year after
transplantation is = 0.5.

The alternative hypothesis, H1, s a bad outcome and denotes that the
proportion of subjects with a naive T cell count <100/mm? at one year after
transplantation is = 0.67.

1. is the number of subjects to be examined in the  evaluation stage for
i=1,23 one year after transplantation, that is, m, =8, =16.m, =25

The stopping rule is X, 2 X, where X is the observed number of subjects
with a one year naive CD4 count of <100/mm? at the ;* evaluation stage

for i=1.2.3 and X, =1, is a number of subjects with a naive T cell count
<100/mm3 at one year after transplantation such that if -, 2 x, at any stage

for i=1,2.3, H,:¢<05 is rejected, and the frial is considered not

efficacious and stopped. That is, in the 9.1.8.5 discussion, x1 =7, x2= 11,
x31=15,

The subjects with naive CD4 counts of <100/mm? are evaluated with
respect to the stopping rule after m, =81, =16,n, = 23 subjects have
reached one year after transplantation.

ai , az, and az are the Type 1 errors after each evaluation stage (after

m =8,n, =16,n, =25 subjects have been transplanted and reached one
year).

a is the cumulative Type 1 error rate (the sum of the three error rates, as |
az,and as, from each evaluation stage). This error rate reflects the overall
probability of stopping the trial early and concluding that the procedure
not efficacious (naive CD4 counts <100/mm™) when in fact it is
efficacious.
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9.1.2.13. Bisthe Type 2 error rate, This error rate reflects the overall probability of
concluding that the procedure is efficacious (acceptable naive CD4 count)
when in fact it is not efficacious.

9.1.2.14. All possible X,.X,.%; combinations were evaluated. The stopping rule

shown in the table below was chosen to have B < a (to more stringently
protect against continuing the study if it is not efficacious) and to have the
a1, az and aia be as uniform as possible so that each evaluation would
contribute some Type | error rate to the analysis while not inflating the
Type |l error rate at any one stage.

9.1.2.15. Using the data in the Table 4 below, after 8 subjects have beean
transplanted, if 7 have <100 naive CD4 cells one year £ 2 months after
transplantation, or after 16 have been transplanted and reached one year,
if 11 have < 100 naive CD4 T cells/m?, or after 25 have been transplanted
and reach one year, if 15 have < 100 naive CD4 cells/mm?, the protocol
will be stopped and the treatment declared to be not efficacious.

Table 4: Analysis of naive CD4 T cell outcomes for activation of stopping rule.

Stopping rule to be used
X1 ni ai a B
x2 nz az
X M s
7 8 0.035 | 0.23 | 0.156
11 16 0.082
15 29 0.122
Examples of stopping rules rejected
6 8 0.145 (0289 | 017
10 16 0.127
16 25 0.017*
6 8 0.145 | 0197 | 0.289#
11 16 0.042
17 25 0.011#

"Rejected because a; is so small can contributes little to the overall a
# Rejected because B is greater than a, and a:z is so small

9.1.3. Stopping RKule regarding survival of CMV infected subjects with typical complete
DiGeorge anomaly.

913.1. The stopping rule for inclusion of CMV infected subjects will be based on
the sequential probability ratio test (SPRT) designed to evaluate whether
the estimated probability of survival within 12 months favors p7 =0.1 or p2
= (.5, clinically important values chosen to facilitate decisions about early
stopping. The decision of stopping enroliment of this subgroup of subjects
will be evaluated sequentially using the accumulating data, and enrollment
of CMV infected subjects will be stopped If:
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Four of 4 subjects die, otherwise

= (if 1 of the first 4 subjects survives) 7 of B subjects die, otherwise

= (if 2 of the first 8 subjects survive) 10 of 12 subjects die, otherwise

= (if 3 of the first 12 subjects survive) 12 of 15 subjects die,
otherwise

= (if 4 of the first 15 subjects survive) 15 of 19 subjects die,
otherwise (if 5 of the first 19 subjects survive) 18 of 23 subjects
die, otherwise

= (if 6 of the first 23 subjects survive) 21 of 27 subjects die,
otherwise

= (if 7 of the first 27 subjects survive) 23 of 30 subjects die.

9132 Itis assumed here that no more than 30 CMV infected subjects with typical

complete DiGeorge anomaly will be considered for enroliment. Under
these stopping rules, there s less than 8.4 percent chance that enroliment
will be stopped if the true survival rate is 50% or greater. The probability of
stopping enrollment is more than 92 percent if the true survival rate is 10%
and more than 55 percent if the true survival rate is 25%. These stopping
rules are designed to serve as guidelines for the sponsor, and the decision
to stop or continue enroliment of CMV infected subjects may depend on a
variety of clinically important factors.

9.2. The number of subjects planned to be enrolled. Reason for choice of sample size,
including reflections on the power of the trial and clinical justification.

9.2.1. Itis anticipated that approximately 25% will die in the early post transplant course
(based on past experience) from infections or other medical complications. We
want sufficient numbers to assure us that we can determine whether the protocol
as written will result in the development of naive T cells without excessive adverse

events.

9.3, The level of significance to be used.
9.3.1. See Statistical Analysis Plan (SAP) in Appendix B

9.4 Criteria for the termination of the trial.
9.4.1, Termination can be by the IND sponsor at any time. If a stopping rule is hit, the
sponsor can terminate.

9.5. Procedure for accounting for missing, unused, and spurious data.
9.5.1. Data that appear spurious are reviewed and an assessment is made regarding the
result.

9.5.2. Documentation as to the reason that data are missing will be recorded in the
research record (for an example, an intercurrent iliness or anemia).

9.6. Procedure for reporting any deviations from the original statistical plan
9.6.1. Mot applicable since this is a descriptive study. DUHS IRE amendments will be
submitted if deviations from the original statistical plan are desirable.
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9.7. The selection of subjects to be included in the analyses.
9.7.1. All subjects who receive thymus transplants will be included in the analyses.

10._Direct access lo source data/documents.
10.1.The sponsor will permit trial-related monitoring, audits, IRB review, and regulatory
iInspections providing direct access to source data/documents. This is a single site
study and all participants sign the consent form which allows inspection of the medical
record and research records which have the primary data.

10.2_Audits of Good Clinical Practice (GCP) procedures.
10.2.1. These may be done by an external auditor.

11. Quality Control and Quality Assurance.
11.1.Audits of Good Clinical Practices may be performed.

12_Ethics.
12.1.Informed Consent Process and Subject Information.
12.1.1. Potential Subject with DiGeorge Anomaly.

12.1.1.1. The Principal Investigator discusses the research protocol with the
parent(s) of the potential subject with complete DiGeorge anomaly who
is/are considering thymus transplantation. Usually information is sent to
the parent(s) and referring physician for their review prior to transfer of the
patient to DUMC. A 1.5-2.5 hour conference call usually is conducted with
one or both parent(s) present on the call for the Principal Investigator to be
able to discuss thymus transplantation procedures, medications, and risk
and benefit and to review the consent document. The entire consent form
s reviewed during the conference call and all questions are answered.
After the parent(s) and potential subject arrive at DUMC, the entire
consent document is again reviewed with the parent(s) and questions
answered. If the parent(s) is agreeable, the consent form is signed at this
time.

12.2. Documentation.
12.2.1. Subject with complete DiGeorge Anomaly-Transplant Reciplent.
12.2.1.1. The original signed consent form is kept in the research study record.

12.2.1.2. A copy of the signed consent form is placed in the recipient’'s research
record and medical chart.

12.2.1.3. A copy of the signed consent form is given to the parent(s) of the subject.
13. Data Handling and Record Keaping.

13.1.All clinical data are reviewed by the Principal Invesligator. The Principal Investigator is
responsible for record keeping of the clinical data.
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Appendix B. Statistical Analysis Plan

Statistical Analysis Plan is a separate document titled “Appendix B.
Enzyvant RVT-802 Program SAP-Final v2_195ep2018”

Enzyvant on file
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Appendix C. RETHYMIC US Prescribing Information
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

RETHYMIC® is ndicated for immune reconstitution in pediatric patients with congenital athymia.
Limitations of Lise

= RETHYMIC i nol mdicaled for the treatment of patients with sevens combined immunodeficiency
{SCID).

2 DOSAGE AND ADMIMISTRATICON

21 Dosage

RETHYMIC is administered by a surgical procedure. The dosage is delermined by the total surface
ey of thix RETHYMEC slices and recipssn] Body surface area (BSA). A RETHYMIC slice is defingd
a3 the contents on a single filler membrane; the RETHYMIC slices are vanable in size and shape.
The recommended dose range s 5,000 to 22,000 mm? of RETHYMIC surface areaim?® reciplent BSA
The manufachurer calculates the dose in advance for the specific patient; e amount of product
provided is adpsted at the mamdacturing facility to ensure the maximum dose for the patient cannot
b exceeded. Up to 42 cuftured RETHYMIC slices will be provided for each patient. Al the time of
surgary, the manutachring personnel commuanicate to e sungical learm the portian of the product
ihat represents the ménimum dose, Patients with evidence of malemal engraftment or an elevaled
response to phylohemaggiutinin (PHA) should receie RETHYMIC with immunosuppressive
madications {Table 2},

L4 Administration Instrections

Surgical implantation of RETHYMIC should be done by a qualified surgical team in a single surgical
sEsSion 3 3 qualifed hospeal. RETHYMIC should b impianied in ihe quadnosps musche in
accordance with the instructions provided below, Implantation of RETHYMIC into the quadriceps
nipuanes 3 heallly bed of ruscle thsue

Preparabon for the implaniation Procedure”

1. WMMHWMWEMMQMMINMHW
ane supplied by the operating room; a sufficient supply of operating room culture dishes and
saline must be provided by the wumnmwm

2. The product is delivered to the operating room by manufacturing personnel. The
recommended dose ks delermined based on the patient’s BSA. The manuiaciurer calculales
the dose in advance for the specific patient. Manufacturing personnel and the operating room
stafl confirm thal the iof delvered i for the nended recipient.

3. Manufachurng parsonnd commumcate 1o the sungecal taarm S mimemum umbe of
RETHYMIC skces to be implanted to achéeve the minimum dose. The product expiration date
aned e for thie ending: kof &5 Ebplisd on each polystyrend dish (drug product dish).

4. Alvays handie RETHYMIC Shcis asepbically. Do mot use f thans S evidencs of oontaminaton.
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5. Cutsite the sterile field, manufacturing personnel unpack RETHYMIC from the shipping box.
One drug product dish al a lime is removed from the drug product box and shipping oo,
Mummmmmmﬂmmmmtmﬂ
contaminaion, damage, spils, or leakage. i damage io the drug product dishes, leaks
WHWHMHMMMMHMHM
taam that tha ot eannot ba implantad,

6. When the surgical team ks ready, mamdfacturing personnel and surgical siaff bagin the transfer
of dnug product 1o the steriie operabive field. Manufacturing personnel carmy one dnug product
dish, which contains up to 4 RETHYMIC slices on up to 2 surgical sponges, with each
RETHYMIC slce on a filber mesmbrane, 1o the surgical stafl near he sterile Giekd. Manuiaciunng
personnel open the drug product dish to expose the RETHYMIC sices,

7. The surgical siaff leam member uses 3 pair of forceps o remove individual RETHYMIC skices
with their filter membranes from the drug product dish (Figure 1). The surgical team member
ptaces each RETHYMIC slice with its Mer membrane into a sterle 100 mm bisswe culiure desh
(“operaling room cultune dish™) containing appradmately 2 mL presenalive-free saline thal
resides in the stenle feld on the nsinement table. This is repeated o ransier all RETHYMIC
slices from the first drug product dish into a sterlle operating room cufture dish. After the first
set of RETHYMIC slices has been prepared for surgical implantabion and provided io the
surgean, another drug product dish with RETHYMIC slces is passed to the surgical staff
miamibes fof ramoval from s Mer membranes as describad above.

8. Using 2 padrs of starie forceps, the surgical siall leam member should use one pair of Tonoeps
io hodd the filler in place while using the other forceps to scrape and loosen the RETHYMIC
slice trom the filler membrane (Figure 1), Then, whils usang one paerof iorceps o hold he filker
in place, the surgical siaff ieam member uses e other forceps to iift the RETHYMIC sice
away toim the filler membrane by pulling thi Essue up. The suigical stall leam member places
each RETHYMIC shice separately nio the saline-containing operating room cufture dish in the
stedie field on lop of A5 onginal fiter membrane. The RETHYMIC shice will chande fram a
flatier slice to a condensed, umpy shape at this stage of the procedure. The surgeon then
implants the first set of RETHYMIC slices. The sungical team staff member should process the
mext saf of up to 4 RETHYMIC sices from the next drug prodect dish into 3 seoond operaling
room culture dish in the same manner while the surgeon continues implanting the first set of up
io 4 skces. When the surgeon finishes implanting the first set of RETHYMIC slces, the surgical
stall team memiber transfers and prepares the naxd operating room cultune dish on the surgical
field. Continue this cyce unld all the desired lEsus s ransfemad duning he mplantation

procedure
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Figure 1: Within the sierile field, forceps are used o move individual RETHYMIC slices with their filler

rresrilararees from i drug perodduct dish o e rocem culture dish (el images). A pair of
forceps 5 used io genily scrape and Iift the RE slice off the filer mermbrane in the operating
room culture dish in preparation for easy removal pror to implantation (right images).
Implanfation of RETHYMIC:

1. After induction of general anesthesia, a cranial-caudal skin incision (typically ~5 om in length;
Figure 2) should be made over the antenor thigh compariment. The size of the incision and the
wse of one or bath legs for the implantation procedure s determined by the size of (he patient,
s msche mass, and T amound of tisue fo be mpdanted. IT a8 or nearly ail of the lissue
can be implanted in one leg, then only one leg should be used.
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2. Open fxscia to expose the anterior compariment musces (Figune 2).

3 Create 3 pocked in between the muscle fibers usng a lonsd ciamp or similar nstrument. Each
poched should e made along the natural furrows throughout the quadriceps muscle group.

4 Individual RETHYMIC slices should be implanted approcamately 1 cm in depth and
1 cm apart inba the pockats batwesn he muscle fibars in Hhe quadnoaps mMusca
(Figure 3,
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5. A large or theck RETHYMIC slice may be cut in half, at the surgeon’s discretion, to ensure the
slice (& suirounded by musce Bssue onoe implantad_ Implant as RETHYMIC slices as
possibie within the recommended dose range ol 5000 o 22 000 off processad thyrmes
WMB&&MMM.MMMMMHMN
bersifit of implanting addtional RETHYMIC sSces against the riskis) thal may be assoctated
with implantation into limied muscle mass, numbss of mplantations sites and other patient
consaierations.

6. Once aach RETHYMIC shea has baan implanied, il should be fully coverad by muscle Ssue.
Then a single absorbable suture should be used to close the pocket wherne the RETHYMIC
slice was implanted (Figure 4).
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2 layers of absorbable sutures and apply a standand dressing, such as wound closune SinNps or
skin glue. Leave the fascia opan o allow room for musche compartment swelling. An occlusive
dressng may be used o preven] contamination.

3 DOSAGE FORMS AND STRENGTHS

RETHYMIC consisis of yallow o brown slices of processad thymus sswe wilh vanying thickness and
shape. Each drug mwmwmqmwm adhere (o circutar filter

mwmmmmMHWHMMEMHWM
the recommended dose range of 5,000 to 22 000 mm? of RETHYMIC/m? recipiemt BSA. The
manutatherer calculales the dosa i advance for the spacific patent, the amoun! of product provided
is adjusted at the manufacturing facility o ensure the maimuem dose for the patient cannot be
exceeded. Up 1o 42 RETHYMIC slices will be provided flor each patient. At the time of surgery, the
manufecheng personnel will inform thi surgical tearm of the poron of the product thal represents the
minimim dose.

4 CONTRAINDICATIONS
None
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5 WARNINGS AND PRECAUTIONS

51 Infection Contral and Immnoprophylaxis

Immune reconstitution sufficient fo protect from infection 5 unlikedy to develop prior to 6-12 months
after treatment with RETHYMIC. Given the immunoosmpromised condition of athymic patients, follow
nleclion conbiol messures uniE T devslopment of Brymic functon is established a5 maasuned
through fiow cytomebny. This shoukd nclude counseding patients and their caregivers on good
handwashing praclicss and MEnemizng exposure 1o visidors. Monibor patienis ciosaly lor signs of
infection, inchuding fever_ If a fever develops, assess the patien] by blood and other cullures and tréal
wilh anbmicrobdéals a5 clinically Mdcabed.

Patients should be mainiained on immunogiobulin replacement therapy until ail of the Tollowing
cribedia are mal

N longer on immunosuppression (al least 10% of CDI* T cels are naive in phenatype).
Al least § months post-irestment.

» Phylohemagghuinin (PHA) response within normal kmits.

« Normal serum IgA is also desirable but not required.

Two months afler stopping immunoglobulin replacement therapy, the IgG frough level should be
chacked.

+  Hithe IgG trough level is in the normal range for age, the patient can reman off of mmunogiobuln
replacement.

= i the igG trough level ks lower than the normal range for age, immunoglobulin replacement
therapy should ba restaried and continued for a year belore baing relested using the above
guidelines,

Prioe to and after treatrment with RETHYMIC, patients should be maintained on Preumacystis jiroveci

priUmonta propdhylacs until a0 of the following criterta are met:

= Mo longer of immufosuppresson (3l least 10% of CD3+ T calds ane naive 0 phenolype).
= Al laast B months post-treatrment

= PHA responge within normmsal lims.,
= CDd+ T cell count = 200 cellsimm?,
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52  Grafl versus Host Disease

In clinical studies with RETHYMIC, GVHD occurred in 11 (10%) RETHYMIC-treated patients of whom

6 (55%) died. RETHYMIC may cause of exacerbate pre-existing GVHD. Seven patients (79%)
expriencid aulnlopows GVHD, 3 pabents (31%) experienced GVHD due to matemal cels and 1
patient (1%) experienced GVHD due to cells from a prior hematopoietic cell transplant (HCT). Risk
faciors for GVHD nclude atypecal complate DiGeorge ancmaly phenotype, paor HCT and matemal
engraftment. GYHD may manifiest as fever, rash, lymphadenopathy, elevaled bilinubin and leer
enZymes, enlents, andior diarmhea. Patients with elevabed baseling T cell profiferairee response 1o
PHA = 5 000 cpm or = 20-fod over background should receive immunosuppressive therapies o
decraass the risk of GYHD (Tabde 2 and Tabde 3). Development of GYHD symploms sholld e
closely monitoned and promptly treated,

53 Autoimmund Disorders

WM{MIHHHWMWWW

MVErsn reachions  Thess suws inchssd thromibooyiopenta (nciuding idiofpathic thmmboecyispeEnic
purpura) in 13 patients (12%), neutropenda in 9 patients (9%). proteinuria in 7 patients (7%). hemolytic
anemia in 7 patients (7%), alopecia in 4 patients (4%), hypothyroidism in 2 patients (2%),
auloimmune hepatitis in 2 patients (2%), and autoimmune arthrilis (juvenile idiopathic and psofiatic
arthritis) i 2 patients (2%, One patent (1%) each expenenced iransverse myeitis, aibinism,
hypertiwroidism, and ovarian failure. The onset of autoimmune related evenis ranged from the three
days befora the sungical implaniation procedure until 16 years posi-ireatmant. Most evenis ocourmsd
within the first year afler treatmeant.

Monitor compliste blood counts with diferental weakly for the firsl 2 monihs post-ireatment and then
nuﬁljrhu.rghﬂmﬁpnﬂ-tm Liver enzymes including aspartate aminotransferase and

atanane amnolransferase, serum creatinineg levels, and urinalysis should be performed monthly for
EMﬂMMlmﬂwiznmﬂHmﬂw Thyroid function studies
should e parfonmed piod b0 hestmend and then al 6 monihs and 12 months post-ireatmant. Afler 12
months, testing should be performed annually,

54 Renal Impairment

Ten patients with renal mpairment (elevaled senem crealinine al baseline) were treated in shudies
with RETHYMIC. Five of these patenis died within 1 year and a sidh patient died 3 years afler
treatmant with RETHYMIC. Renal impairment at basaline is considerad a risk facbor for death.
55  Cytomegalovirus infection
mmmmnmzmdqmmmmmmm

with RETHYMIC died. The benefitsirisks of treatment should be considered prior fo reating
patients with pre-gasng CMY infaction.
56  Malignancy

Because of the underhying immune deficiency, patients who recedre RETHYMIC may be at risk of
developing posi-ireatment mphoproliférative disorder (Dlood cancet). The infant tSsue donor is
screened for Epstein-Barr virus (EBEV] and cytomegalovinus (CMVY), but patients should be fested for
EBY and CMV using PCR prior to and 3 months following traatmeant with RETHYMIC, or afar amy
exposure io or suspected infection with CMY or EBY,
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57  Transmission of Serious infections and Transmissible Infectious Diseases

Tranamission of nfectious disease may occur becauss RETHYMIC B derved from human tissue,
Disease may be caused by known of unknown infectious agents. Donors are screenad for increased
resk of infiechon with heman mmunsseficency’ vines (HIV), eman T-call ymphotnogc virus (HTLY),
hepatitis B vinus (HEVY), hepalitis C vinues (HCV), Treponema pailidirn, Trypanosoma crue, West Mile
virus (WY, ransmissibde spongifiormn encephalopathy (TSE) agents, vaccinia and Jika vines. Donors
are also screened for clinical evidence of sapsis, and communicable disease risks associaled with
senoransplantation. Blood sampées (Tnom the infant Bssue donor o he birth mother, a5 applicable)
ang teshed for HIV types 1, 2, and O, HTLY types | and 1, HBY, HCV, T. palidum, WNV, and T, cruzi,
Baood froem the infant Essue donor s aiso lested for Tovopiasma pondd, Epstein-Barm wines (EBY) and
CMY . RETHYMIC is tested for sterility, endotoxin, and mycoplasma. These measures do mol
aliminals B risk of iransmilling thase of olher infectols desases and disease Sgants.

Testing of matemal and infant donor biood i also performed for evidence of donor infiection due o
cylomegalovirus (CMV).

Product manulaciuring nciudes porcine- and bovine-derived reagents. While all animal-denved
reagents are leslad for animal virises, bacleria, fungi, and mycoplasma before usa, these mBIsUNES
o not elimenate the rek ol fransmitng these o other ranamissitie infectous diseases and disease
agents.

Final steqiity and mycoplasma tes] nesults ane nol avasdabse at e time of use, bul manufaciuning

personnel will communicale any posithve results from sterility festing o the physician. Repon the
ocowmence of ransmitied nfection to Enzyvant al 833-360-0868.

58 Vaccine Administration
Immunizations should nol be administerad in patients who have received RETHYMIC until immuns-
function crileria have baen mal.
Inaciivaled vacoines.
Inactivaled vactines may ba adminisiened once all of the lollowing crilafia ane mel
=  [Imrmumnosuppresse therapses have been dscontinued.
= Immaunogicbalin (kgG) replacemant therapy has been discontmeed.

= The total CO4* T cell count is > 200 cells/mm® and there are mone CD4* T cells than CD8*
T celis (CD4* > CDE*).

It is recommmended that no mone than 2 nactivabed vaccines Deé ghven per month,

10
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Live Vaccines:

Live virus vaccines should nol be adminsiensd unill patients have met the crileria for inactvated
mwmmmmmmg tetanus foxnid). No additional
vaccines (live or nactvated), excepl the inactivated influenza vaccine, should be given within &
MHEWHQWHMﬂMIMWHW
vaccine. Consider verifying response o waccination with appropriate tesiing, in parficukar varicalla and
rashis.

59  Anti-HLA Antibodies

All patents should be screened fior anti-HLA antibodies prior io receiving RETHYMIC. Patients testing
peositive for anti-HLA anbadies should recetve RETHYMIC from a donar who doas nol express thoses
HLA alicles.

510 HLA Typing

HLA matching ks nequined in patients who have eceived a prior hematlopostic cell transplantation
(HCT) or a solid ongan transplant. Patients who have received a prior HCT are at increased risk of
developing GYHD afler RETHYMIC if the HCT donor ded not fully match the recipient. To minimiza

this risk, HLA maiching of RETHYMIC fo recipient alieles that were not expressed n the HCT donor is
recommended.

6  ADVERSE REACTIONS

Thia mas] common adverss reactions (incidence n al leas 10M% of patisnis) reporisd oliowing
administration of RETHYMIC were hypertension (high blood pressure), cytokine release syndrome,
rash, hypomagnasemia (w magnesaem], renal mpairmaent J fadure (decroase of kidney unction),
thrombncyiopania (low platelsts), and graft versus hosi disaase.

6.1 Chinical Trials Experience

Because chinical trials ane conducled under widely vanying condiions, adverse reaction rales
obsenved in the clinical trials of a drug cannot be direclly compared fo rales in the dinical rals of
another dng and may nol raBect the rates observed in practice.

The safiety data described in this seclion are derved from 10 prospeciive, single-cenier, open-label
shadies. and nclude 105 pabients who wene trealed with RETHYMIC in these studies and who had at
beast one year of follow-up. Table 1 lists the adverse reactions occuming in 105 patients who wene
treated with RETHYMIC in these studies.

11
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Table 1: Adverse Reactions Occurming in af least 5% of Patients Treated with RETHYMIC

Dwring Clinical Studies
System Organ Class RETHYMIC
Prefemed Term [H=105]
n (%)
Humber of Patients with Adverse Reactions’ B0 (T6)
Hypertension (high blood pressure) 20 (189}
Cytokine release syndrome” 19 (18)
Hypomagnesemia (low magnesaam) 17 {16)
Rash? 18 {15)
[ Ronal mpasment  fdure” (decrease of einey functor) 13 (1)
Thiombocytopenia® (low platelets) 13 {12}
Graft versus host disease® 11 {10}
Heemsodyhic onemia’ (how red Dioods cels) & (5}
Neutopenia (low white blood cells) 9 {9
Respiratory distress? (ficully beeathing) 8 {8)
Proteancrna (prolsin in urne) - 700
Pyrexia (fever) & {5)
Acidosis® 6 {5)
Dhiafrea ™ 5 {5}
vrm— 5 (5)

[ T SPETENRCE R TP, I m—
2 B pemstn (ES 19) oF fySeiss relt s fyrdemrd fole=td = pisdlrlen wih ATG-E 1o gl e,

A Pzsk sy rash prarsiems don, reh pogular, Grisaia

4 Boral Frpmer i tlerrw vl fadurw and srute ey SOy, PO e biood cre s ncen
5 Temmbeoyiopems moute) hromborytopr=i ind Iremgng Theosborybopera pormurn

6. SV ko EEPEL GYHD-Ba. CWVHDhe, Domans Spsilsiess:

7. h YT b wrarhod s Pl PPty 2T 0 - 3 el Fab iyl Sral el e el Pl PPl I TIL
. Arzperariory otz mucudon resperamey ey p Fasarm
5 kel 4 sk sl Bl sty aval il i ol

ED Deaerhfa wifgibiy hroter 3 gl hEmahagal iharve
U1 Sy anciue efaerne SponTe Eessrwn 3 Arande comsssiiann.

Of the 105 patients, 8 patients died after receiving RETHYMIC, including 23 deaths in the first year
(=365 days) afler treatment with RETHYMIC. Causes of daath in the frst year included 13 deaths due
io infection or complications due io infection, 5 deaths due to respiraiory fallure | hypoxia, 3 deaths
due to hemomhage-retated events, and 2 deaths due lo cardiorespiratory arrest. Of the & patients
who died mone than 1 year after treatment with RETHYMIC, the deaths were considensd unretaied o
shdy treatment. 2 diad dus o respiratony fasure and 1 died due o aach of the followwing:

cardiopulmonary amest, intracrandal hemomhage, infection, and unknown casse

12
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Severe combingd mmunodeficency (SCIDY Pabents

Twao pabients with SCID were treated in the RETHYMIC: clinical program_ One patient died hwo years
after recetving RETHYMIC, and the other pabent died thvee years after receiving RETHYMIC

S patients with a por hemamopoieic cell iranspiant (HCT) wene treated n e RETHYMIC dinical
program. Two patients died within the firsl 2 years after recehing RETHYMIC.,

7 DRUG INTERACTIONS

No dgnug interaction sfudies have been conducted with RETHYMIC. If pessible, prolonged use of
immunosuppressive therapies, inchudng high-dose coricosieroids, should be avoided.

B USE IN SPECIFIC POPULATIONS

8.1  Pregnancy
Bigk Summary

There are no clinical data with RETHYMIC in pregnant women, No anémal reprocuctive and
developmental ioxicity shadies have been conducted with RETHYMIC. In the U S. general population,

the esiimated background risk of major birth defects and miscamiage in clinically recognized
pregnancies is 2-4% and 15-20%, respaciively.

8.2 Lactation

Bisk Summary

There is no informabion regarding the presence of celiular components of RETHYMIC in human mill,
ihi effect breastiesdng may have on RETHYMIC, te effect of being breastied from a mother who
received RETHYMIC as a child, or the effecis of RETHYMIC on milk production. The developmenital
and health benefs of breastiesding shousd e considensd along with the mother's clinical need for
RETHYMIC and poleniial adverse effects on the breastied intant from RETHYMIC.

B3 Females and Mak:s of Reproductive Polential

No monclinical of clinical sludies wens perfoimisd 1o evaluate the affacts of RETHYMIC on fedtility.

13
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8.4 Pediatric Use

Thie efficacy and safety of RETHYMIC have been established in pediatric patients with congenital
athymia. The afficacy of RETHYMIC has been established in 95 pediatric patients (median age 9
months [range: 33 days fo 3 years], inchuding 65 patients age <1 year, 24 patients age 1 1o <2 years,
and 6 patients age 2 o <3 years at ime of treatment) who were treated with RETHYMIC and included
n i analysis of eMcacy [see Clhnical Studies (141 The safety of RETHYMIC has bean established
i 105 padiatric patents (median age 9 months [range: 33 days 1o 16.9 years] at time of treatrment)
wilh congenital athymia who were evaluabed for safety following RETHYMIC adminsiration. Tha
safety population inchsded 65 patients age <1 year, 2T patients age 1 to <2 years, 9 patients age 2 fo
<3 years. 1 patient age 3 1o <6 years, and 3 patients age 13 1o 17 years at time of treatment. Within
the safety population, sunival was similar across age groups. Adverse reactions were reported al
similar frequencies across the age Qroups and wehe genarally of similar types and severibies.

8.6 Renal Impairment

In the clinleal studies with RETHYMIC, 10 of 105 patients had impasned renal function at haseline
based on elevated screening creatinine [see Warnings and Precautions (5.4)] Baseline renal function
should be considersd when selecting mmuncsuppressants. Ensure approprate invohement of a
nephrologist in care of patients with renal impairment

10 OVERDOSAGE

The maximum recommended dose is 22,000 mm? of RETHYMIC/m? recipient body surtace anea
(BSA), Standard clinical care is recommended for patients receiving a dose = 22 000 mm? of
RETHYMIC/m? recipient BSA. The product, as provided, has been adjusied al the manutactunng
facility to nol exceed the maxmum dose hased on the patient body surface area.

During clinical development one patient recetved a dose higher (23, 755 mmim) than the maximum
recommended dose. This patient developed enteritis. A biopsy showed T cell, B cell, and neutrophil
infiltration of the gut which resodved afler treatmenl with ImmunoSuppression, 5 months after
treatment with RETHYMIC. The enleritis may have been refated fo the high dose of RETHYMIC.

11 DESCRIPTHIN

RETHYMIC consists of yellow 1o biown slices of alogenic processed thymus lissue for
adminisirabon by sungical mplantation. Three o 11 dneg product contaners, with a total of 10 1o 42
RETHYMIC sices, are provided for each patient. Each drug product container provides up to 4
RETHYMIC shces of varatde size. The total dose, based on the number of shoes administensd 1o the
patient, is 5,000 o 22 000 mm? of RETHYMICH recipient BSA_

Thymus tissue is obtaned from donors ess than or equal to 9 monihs of age undengoing candiac
surgery. This thymus lissue is aseplically processed and cuftured for 12 io 21 days o produce
RETHYMIC slices. Each product lot i manufaciured from a singhs unnstated donor and one product
iol treats a single pabent. The manudaciuring process presenves the ihymic epithelial cells and lissue
structune and dophsles most of B donor ilymocytes from the ssue. These RETHYMIC slicks ahe
then surgicalty implanted into patents with congenital athymia,
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The procuct manuiaciure uses reagents derved from andmal materials. The sungical Spone used
during culturing ks porcine-derived. Fatal bovine serum is a componen in the culture medaem wused o
culture: the thymus slices and RETHYMIC is formulated in media that s supplemented with fedal
bovine sarum. Therefone, bovine- and poncine-derived protedns will be present in RETHYMIC. These
animal-derved reagents ane tested for animal vinsses, retroviruses, baciera, fungl, yeast, and
ycoplasma belora use.

12  CLINICAL PHARMACOLOGY
12.1  Mechanism of Action

RETHYMIC is intended to reconstifute immunity in patients who are alhymic. The proposed
mechanism of actioh Bvohses the migrakon of recipient T cell progenilons from ihe bone mamow o
the implanted RETHYMIC shices, where they develop inlo nalve mmunocompetent recipient T cells.
Evidencn of thymet funclion can b obsirved with the development of naive T cells in the peaphaeral
blood; this is unlikely o be observed prior to 6-12 months afler treatment with RETHYMIC.

12.2 Pharmacodynamics
Thr pharmacodyramic eflects of RETHYMIC 208 nol known.

123 Pharmacokinetics
The phamacokinefic effects of RETHYMIC ane not knoan

14  CLINICAL STUMMES

The afficacy of RETHYMIC was evalualed in 10 prospactive, single-cenier, open-labal shudies thal
enrplied a total of 105 patients, including 95 patents in the primary efficacy analysis. The
demographics and baseing characiensbcs of the patients enmolied n e cinecal Shsdss wne: Sirmilar
across shudies. Across the efficacy population, 55% were male, T0% wera White, 22% were Black,
4% were Asian/Padlic islandar, 2% ware Amarican indian/Alaskan Mative, and 2% wone mulli-racs.
The median (range) age al the time of treatment was 9 months (1-36). The diagnosis of congenital
altyrmia was based on Now cylometny documenting fewer than 50 naive T cellsimm? (CO45RA*,
CO62*) in the paripheral blood or less than 5% of fotal T cells being naive in phenotype in 91/95
patients (range 0-88 naive T cells/mmy?). in addition to congenital athymta, patients also had complete
DiGeorge syndrome (cDGS; also referred 1o as complete DiGeorge anomaly (cDGA)) f they also met
al easl ohe of the loliowing cilera’ congenilal hean dalec], hypoparatinyrokdism (or ypocalcamia
requiring cakcium replacement), X2q11 heminygosity, 10p13 hemizygosity, CHARGE (coloboma,
heart defec], choanal Jmesia, growih and development retardation, genital ypoplasia, ear difecls
inchuding dealness) syndiomea, of CHOT mutation. Across the efficacy populalson, 93 pabents (B8%)
wikle diagnosed with cDGS, and the mos! common DIGeorgs gene mutatons of Syndromic
associations were Chromosoma 220112 deletion (36 paients; 38%) and CHARGE syndrome (23
patients, 24%). There were 35 patients with missing or no kentifed genetc mutations. Two (2%)
patients had FOXMN1 deficiency, and 1 patient |1%) had a TBX varianl There wene 50 {53%) patients
with typical cDGS; these patients had congenital athymia with the absence of a T celi-retated rash.
There wene 42 (44%) patients diagnosed with atypical cGS5,; these patients may have had a rash,
ymphadenopalhy, or oligocional T celis. Patients who did not have congenital athymea (e.g. SCID)
and patients with prior transplants, inchuding tymus and HCT, wee excluded from the efficacy
analysis populalion. The baselne demographics and disease charactenstics were similar in the salety
poplation.
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Patients with heart sungeny anticipated within 4 weeks prior 1o, o 3 months after, the planned
RETHYMIC treaimeni date, palients wilh human immunodeficiency virus (HIV) infection, and paienis
whi wene not conshkdened good surgical candidates were excluded from siudy participation.

Patients in the efficacy population raceived RETHYMIC in a single surgical procedure at a dose of
4 900 to 24 000 m? of RETHYMIC | recipient BSA in n@. Patients were assigned Io receive

immuncSUppressive Theragy poor o andfor afler reastment acconding to thair disease phenatype and
pre-RETHYMIC PHA response. Table 2 summarizes the criteria used o administer

immUnoSUppression. Table 3 SumMmanizes the Specific Mmunosuppressant dosing wsad n
RETHYMIC clinical studses. No pabients were retreated with RETHYMIC.
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Table 2: Summary of Treatment Assignment 10 Immunosuppression During Clinkcal
Studies

Complete ITRTROS UppT e Laed
DiGieorge Anomaly Phytchemaggiutinin (PHA) Response’ Dawing Chinical Stuedies with
Phenotype RETHYMIC
« 5 000 cpm
Typical o Maries
< M1fold reaponss o PHA over background
= 5,000 epen and = 50,000 epm b
Typical o i
Evidence of matemal engrafirment * Metiyiprednisclons
= ATG-R
Typscal £ 50,000 epm * Methylprednisclone
= Cydosponine”
= 40,000 cpm of MmN UppRREsSon = ATG-H
Atypical or = Metinyipredniscione
= 75,000 cpm when nol on immunosuppression |« Cydosporine”
= 40,000 cpm o EMmUnOsUpPIEssion = ATG-R
o * Methylprednisclone
Abypical 2 T5,D00 cpm when nol on immunosuppression | * Cydosporine?
or & Pasakasnab’
Evidancs of matemal engrafrment NS
Abbrevators: ATG-R. ant-Frymocyte ghotuin [rabb] (Thymogiobuln opc ooans. per menuie, WF - mpnophenylaie modedl, PHA

P T TL G

1. Walues tor FHA mesponse are seporied o Duls Uireversily Medcal Cender 2rd may nof be comparaibie 00 values reponed ot
o creal Liberaiorey A pabenh backgreuone walie (cels wBet s | oF e Bun 5 000 cpm v fegueed D Sofriaier
P el ety waled & ol ool waloe: of = T 000 apen wes. sl requred durng plinecal shudees,

2 WP paterd could nol ioler sl oyoiosponne due Bo sdweres events (A3 ) Fan e mmmarcssppersteon opgld Fuees been
changesd in kool

1 Boeslomah ooukd hawe een gesen 24 howors, pror o RETHYMWIC adrmenssirabon for aobwated T oells (> 200 celsimem® or = 5005
T ells supeiiaing COME') psatvg dfer ATG-H ifmsaranon Pl srplisision, § 5 T oal b wet > 2000 selimm?
and > S of T colls wers sapressng CD09° . & unghs dots of bundarmal could b ganen & nol prevosily sdmnridered

4 M cinle R bk geeens ff T sl st sl 5 dins S ATG-R sdmehiiraton. MIMF won slopped @fler 35 dnys 7
there wart no vl i and § T apariate arenoraraierane and alarene Frenoarsierae wene s fhan S the upper
mumnn_-—-mun-u‘ i el Wi Fesl i, MW Sl Pl D cxivlisiois] B igp i 8
manii
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Tabbe 3: Summary of Immunosuppressant Dosing During Clinical Studies

ImmAmOs uppressant Doae of Immunosuppresssmnt

ATG-R = 2 mghg I pdminsiered once per day for 3 conseculive days
pre-amglantation |3 lotal doses)
= Ademinsiered over ~12 hes starting af 0125 mfghr inio a oenirel e for 1
H,mnﬁmuik,ﬂmﬂ.ﬁmhmuhm
= RETHYMIC enplantation ocourmed within 7 days of last dose of ATG-R
o I e irnpelanl occumed more than 7 days after ihe Lasl doss of ATG-R,
8 T cofl count was repeaied:
= Hihe T coll count was <S0immP, no mone ATG-R was sdminsbered
= Wi T coll oound was =S0m?, ATG-R was repastad al the same
schedule and doss B the initial nfuson.
=  Agminssirabon was planned for Days -5, -4, and -3 pre-impiantation, foliowed
by 2 days of resd prior 1o implantaiion.

Medfryipredrisoions ' 2 = 2 mg'hg IV x 1 dose 4 hrs prior to ATG-R, then 0.5 mgfg IV every & b
Cycloaporine 44

uniill 24 brs afler the end of the ATG-R dosing

*  Tangel rough level of 180 io 20 ng/ml

Basdomal - Ammm‘ﬁnﬂ_w
MMF = 15 mgfugidoss q 8 hrs IV or PO
Alsmburuminb® & 025 mghg daily, nhesd over 2 hours x 4 days IS

Abbrwaatons. ATG-R. ant-Srpmocyte ghotuln [rabbi] (Thymogiobuln | IV mtravenocy, MMF . sreophenmylate mofetl, PO ol

1 mmmqnﬂrﬂmmmhmmlmﬂﬂﬂﬂ
e or B absckote hymphocyte counl (ALC) wirs greater than 4,000 celismm”. A slarting Sose of 1 mofighisy wan uied
Bihe T osldl oot or ALIT wein, bebvesn 4000 and 1000 cliaimm” A dose of T mpligidy wan used @ Fur T ool couant wan
» J0L000 cofinires

2 mmwmrm“-m-ﬂm—mnmﬂ

irvtiniop o T o' el eDGS and 3 PHA o = 40,000 BN RO LA o

Jmmwhﬂ“‘mwh““—ﬂw:m- when P raak and other

PPTCLTE veare Bvwghd Lneer conired

3 s rebated 3 oo e ws cordrmesd arsd gt least T days pror to ATG-H admnesiration. ¥ the

canlbs el resl remannued Bevkoa m—lmhml trough level of 100 e

lﬂmhLl'l‘-Tdmﬂr-n-ln- | cychorsporre was. masrtared untl the raeee T ooy, were 10% of CO3° T

oela -I—-—d!_'lﬂllh.'h renall funcion, Fw Fibaion of e b been
P Ly i Mtﬂﬁmmmm»hmw e ke

4 A corceniraton of 750 o 300 ngeel mas wsd n puten. sl svcencs of malseml sngrafiment o with
“ﬂ.ﬂlﬁﬂmibﬂﬁﬂm-m'im{ﬂm“um
L

5 F P PN okl N MO0 CYCIDONTG S 0 JOvEe events (BT, T T TTrSuprEsann ookl Rave been
changed o ol [Lapet ough concenirabon of 7 o 10 ngiml ) in patent sth svicence: of malemal srgraftment or eeth
atypecal pHES ard 3 FHA resporae of > 400,000 pm on Imursuppnesson o > T8 D00 opm wheen nor on
TR, e Lerolee Cape trough vl waa 10 %0 15 ngiml

& Presrdestens gaven 30 miwtes prod o Seestunmal: reluds melnpipredeenckors | B gy IV, scstamanopben |10 mgfig
P}, sl hphwnibydramare. (0.5 mglg P
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The Kaplan-Meler estimated survival rates were 77% (95% C1 [0.670, 0.B41]) at 1 year and 76%
{95% Cl [0.658, 0.832]) at 2 years. For patients who were alive at 1 year afier treatment with
RETHYMIC, the survival rale was 94% at 3 median follow-up of 10.7 years

Without treatmenit, congenital athymia is fatal in childhood. In a natural history population observed
from 1991 through 2017, 49 patients deagnosed with congendal sliftymis received supporiive care
onby. The 2-year survival rate was 6%, with all patients dying by 3 years of age. This population
inchsded 33 (67%) males, The mosi common cause of death was infection in 26 (53%) patients. Other
common causes (=10%) included suppon withdran in 7 (14%) patients, resparalony amest in 5 (10%)
patients, and cardiac amest in 5 (10%) patients.,

The Kaplan-Meier esimaled sunvival rabes for the RETHYMIC clinical trial population and he natwral
history population are shown in Figure 5. Four patients with =50 naive T callsimm® (CD45RA*,
CODE2L*) at lime ol RETHYMIC adminisirabion have been reatled. 2 (50%) wers alive wilh follow-up
less than 2 years.

Figure 5.  Kaplan-Meier Survival by Year (RETHYMIC Efficacy Analysis Population and

Matural History Population)
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RETHYMIC significantly reduced the number of nfections over time. in the firsd year after treatrment
with RETHYMIC, the numbes of paienis with an infeclion event onsed & to = 12 months afler

treatment decreased by 38% (fom 63 o 39) relatve 1o the number of patients with an infection event
onsel in the firsi & months post-treatment. A teo-year analysis showed a decrease in both the mamber

of patients with an infection event and the mean numbser of infection evenls per patient, with an onset
in the hirsl 12 months posl-treatment as companed 1o 12 1 < 24 months alted thealmenl. There was a
meegn difference of 2 9 events (p<0.001) per patient,

Maive CD4* and COB* T oolds reconstituled over B Grst yead, with a durable mcneass thiough

Year 2. Median (minémum, maxmum) naive CD4° T cefsimm? mcreased om a basene of 1 (0, 38)
b0 walues of 42 (0, 653), 212 (1, T51), and 275 (33, 858) at 6, 12, and 24 moanths after treatrment with
RETHYMIC, respectively. Median nafve CDE* T celisimmy? increased from a baseline of 0 (0, 46) o
values of 8 (0, 163), 58 {0, 304), and 86 (6, 2T5) al 6, 12, and 24 manlhs after reatment with
RETHYMIC, respectively. This was accompanied by funclional mprovements based on T cell
profiferative responses to PHA

16 HOW SUPPLIEIVSTORAGE AND HANDLING
How Suppied

= RETHYMIC, NDC T2358-001-01, contains a single-dose unil, supped ready for use as slices of
processad thymus tissue, in sterile, polystyrene dishes (drug product dishes). Each drug product
dish contains up o 4 RETHYMIC slices, adhened 1o ciroular filter membranes on top of sungscal
sponges in 5 mL of medium oomaining fetal bovine samm.

= LUpio 47 RETHYMIC skoes are supplied in 3 single-gose und acodideng (o the dosage caloutaied
in advance by the mamnsfacturer for the specific patient. The dosage s determined by the total
surtace area of the RETHYMIC shcis and recipipni body surfach area (BSA). The recommiinded
dose range is 5,000 io 22 000 mrd of RETHYMIC surface arealm? recipient BSA_ Al the fime of
surgery, the manufaciuring personnel communicate o the sungscal team the portion of the product
that represents the minimwem dosa.

= Al drug product dishes are supplied in a polycarbonate container in an insutated shipping box.
Storage and Handiing
= Use RETHYMIC pnor o the tme and dabe of expiraton printed on ithe pofycarbonate
oomtainer.

= Shone RETHYMIC at room iemperabune in the polycarbonate conlainer in the nsulabed shipping
bax until ready for uwse. Do not refrigerate, freeze, agitate, or sterilize RETHYMEC.

= [n the oparating noom, manufactuning personnel inspect the dnig product containers a5 thay
ane remowvisd from e shippeng box. IT damage o the dneg product dishes, leaks, spllage of
evidence of contamanation is noled, manufacturing personnel will nolify the surgical team that
ke ot cannol be Implanted,

+ Match the patient's ideniity with the patent identiiers on the patient label on the polycarbonate
container. Do not remove the drug product containers from the pofycarbonate contaimes if the
information on the patient bl does nof match the nfended patient.
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+  Manufacturing personmel recond which RETHYMIC slices ane used during the swmery. if any
RETHYMIC slhces are nol adminisiered io the paten], mamufaciuring personnel relum this

tissue fo the manufacturing tacility and dispose of this tissue 35 bohazardous wasie in
accordance with local requirements. Manufacturing personnel caitulate the tolal dose thal was

admintsiered o he patient.

17 PATIENT COUNSELING INFORMATION
Advise patants andion o caneghiers thal

=  immune reconsiitulion sufficient io prolect from infection uswually develops between 8-12
rrcnihs after reatment with RETHYMIC, but for some patents slevatod nabve T cill nembaers
are nol obsarved until 2 years after treatment. Strict infection control meaasurnes should be
obsened untl the healthcare provider confirms that imenune function has been reconstituied
through the evaluation of blood using Mow cytometry and the criteria for the discontinuation of
irmmunogicbulin replacement Tvirapy and Predmocysis iroves pheumonia propimdaxis have
been mel. Patients and caregivers should follow good handwashing practices, minimize

contact with ofhers, and immediately report signs and symploms of infiecton o thes healthcare
provider [sea Warnings and Precaulions (5 1))

« Congenital athymia alters the immune responsa to vaccnes. instruct patients andéor their
caregivers io notify their healthcare professional io evaluate the immune status of RETHYMIC
recipienls prior 1o receiving vaccinations [see Wamings and Precautions (5.8)]

= Immunosuppression should be administered in patients with elevated T cell response,
matemnal engrafiment, or olgocional T cell expansion and autoreactive T cells manifested by
rash, iymphadenopatiy andion damhea. inform patents andior s Carsgivers. on rsks
associated with short-lerm and kong-term wse of mmunosuppression and refer tham o review
the risks of the spacific immunosuppressants prescried with their physician

= Congenital athymia is assoctated with a wide spactrum of genetic anomalies. Instruct patients
andior their carsgives 1o consull with a clinical geneticist pror o recsving RETHYMIC.

Advise patients andior thelr canegivers of e lollowing risks:

= Graft versus Hosl Disease [see Warnings and Precautions (3.2)]

= Agioimmung Disonders (patienl’s immume (defensa) System mistakenly altacks palienl’s body)
[see Wamings and Precautions (3.3)]

= Renal iImpairment (decrease of kidnay funclion) [see Warnings and Precautions (5.4]]

= Cylomegalovirus infection [see Warnings and Precautions (3.31]

= Malignancy (Cancev) [see Wamnings and Precaubions (3.6)]

+ Transmission of Senous Infechions and Trarsmissible Infecbous Diseases [see Warnings and
Precautions (5 7)]

Manutaciured for

Enzyvant Therapeutics, inc.
Cambeidge MA 02142
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Appendix D. Persons responsible for conducting the study.

Davtime Phone Number and

Study Role MName ik
1+ Kon Emuail Address

Primary Medical
Momtor

Climical Program
Lead

SAE Contact
[nformation

Principal
[nvesiigaion

Sponsor Contact

Ll
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Appendix E. Investigator Agreement

INVESTIGATOR STATEMENT OF AGREEMENT

* [ agree to conduct the study in compliance with the protocol

o [agree that I am aware of and will comply with international ethical and quality standards of Good Clinieal
Practice (GCP).

* [ agree not to make changes to the protocol without prior agreement from Enzyvant and documentation that
the Instiutional Review Board (IRB) or its equivalent has reviewed and approved these changes.

* [ acknowledge that | am responsible for overall study conduct. | agree to personally conduct or supervise the

descnbed study,

I agree to ensure that all associates, colleagues, and emplovees assisting in the conduet of the study are
informed about and fulfil their obligations. Mechanisms are in place to ensure that site staff receives the
approprate information throughout the study.

Principal Investigator Mame (Printed) Principal Investigator Signature

Date Site



