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TTS The Transplantation Society

Abstract: p-cell replacement therapgivailable currently as pareas or islet transplantatidmas
developed without a clear definition of graft functional ahdical outcomes. The International

Pancreas & Islet Transplant Association (IPITA) and European Pancreas & Islet Transplantation
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Association(EPITA) held a workshop to develop consensus for an IPITA/EPITA Statement on
the definition of function and failure ofument and future forms of p-cell replacement therapy.
There was consensus that B-cell replacement therapgould be considered as a treatment for -

cell failure, regardless of etiology and without requiring undetectabpe@lide, accompanied by
glycemicinstability with either problematic hypoglycemia or hyperglycemia. Glycemic control
should be assessed at a minimum by glycated hemoglobin;{H&Ad the occurrence of severe
hypoglycemia:“@timal B-cell graft functionis defined by neanormal glycemic control (HbA
<6.5% [48 'mmol/mol) without severe hypoglycemia or requirement for insulin or other
antihyperglycemidherapy, andvith an increase over piteansplantmeasurement of -Peptide
Good p-celkgraft functionrequiresHbA 1 <7.0% (53 mmol/mol) withoutsevere hypoglycemia
and with asignificant(>50%) reduction in insulin requirementa restoration of clinically
significant Gpeptide productionMarginal B-cell graft function is defined by failure to achieve
HbA: <7.0% (53 mmol/mol) the occurrence of any severe hypoglycemia, or less than 50%
reduction in_insulin requirements when thereastoration of clinically significanC-peptide
production=decumented biymprovement inhypoglycemia awarendsgverity, or glycemic
variability/lability. A failed p-cell graft is defined byhe absence of any evidence @tinically
significantC-peptide production.Optimal and good function adnsideredsuccessful clinical
outcomes:

[250/250 words]

Pancreas andhislet transplantation are established approachmsviding p-cell replacement
therapy inthestreatment ofliabetes, and stecell derived and xenogeneic sources of islet cell
tissue for(transplantation have entered ephigse clingal trials. Understanding the therapeutic
effectiveness of existing and future forms of B-cell replacement therapy is currently limited by
the lack of a. clear definitionf graft functional and clinicabutcomes. Moreover, glycemic
control metrics/have been pbpaligned with the fieldbf artificial pancreas (AP) development.
This limitatien'was identified as a significant barrier to progress in the field ofgmsand islet
transplantation_ atthe IPITATTS Opinion Leaders Meeting on the Future of p-Cell
Replacement? As AP systems become available that promise to provide improved glycemic
control, similar metrics for assessing glgge control areneeded tocompareeffectiveness
across f-cell replacement and AP approach@$e current lack of clear definitions folinical
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success or failure of available B-cell replacementherapiesand glycemic metrickasimpacted
acceptancdrom the endocrinology community that has turned attention away éelhalar
treatment withpotential to curediabetes in hopes that a technologic solution may provide
acceptable glycemic control for most patients. Only with comparable methods of asséssment
the variousapproaches to achievirglycemic control available now and in the futwan we
identify those patients most likely to derive benefit from each type of therapy.

In orderto address the lack of standardized outcome definitions for B-cell replacement
thermapy, the“International Pancreas & Islet Transplant Association (IPITA) joined with the
European Pancreas & Islet Transplant Associa{BRITA) for a tweday workshopon
“Defining Quteomes for B-Cell Replacement Therapy in the Treatment of Diabateganuary
2017 n Iglsy’Austria. The workshop objectivegre to: @velop consensus for an IPITA/EPITA
Statement on ‘the definition of functicand failure of current and future forms of [-cell
replacement therapieseview the metabolic and immunologyatcome measures used to select
patients and, assess the efficacy of p-cell replacement therapiesnd guide therapeutic decisions
ensure copsistency of definitions for glycemic control metrics with the dietdtificial pancreas
device development and lild a network of collaborators to foster scientific synergy in the
clinical mwestigation of various B-cell replacement and artificial insulin delivery approaches to
diabetes

In order to review relevant information required tonfolate a consensus definitiéor
functional“.and _clinicaloutcomes for B-cell replacement therapy, individual sessions were
designed withuspecified objectives (Table Historically, success in pancreas transplantation
has been defined by independence from exogenous insulin, without consideration of the resultant
degree of glycemic control, while in islet transplantation success has been definedrby ne
normal glycemic control determined by glycated hemoglobiinAic) in the absence of severe
hypoglycema.... Recently, JDRF International (formerly known asthe Juverle Diabetes
Research Foundatipted an initiative to identify and define clinically meaningful outcomes for
patients withrtype 1 diabetes (T1D) beyond HbArioritizing standardization afutcomes such
as hypoglyeemia, hyperglycemia, time in range (based on continuous glucose monitoring
[CGM]), anddiabetic ketoacidosisThis T1D Outcomes Program also evalugiatient reported
outcomes(PROs) butexisting evidence were not alie supportthe selection of any specific
PRO for the assessment TfD-related care or researchThe T1D researcltommunity is also
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emphasizing the need to assess benefit beyond reduction in,Hioguing thaeven an increase

in HbA;: may be acceptablaith an AP system if previously frequent hypoglycemia was
improved? With the International Hypoglycemia Study Group providing further consensus on
definitions. of hypoglycemia for clinical triafsthe evaluation of hypoglycemia in addition to
some average. metric of glycemic control such as HdbAll be necessary for ghselection of
patients foriandassessment of all forms of B-cell replacement and AP therapies, as has already
been established for islet transplantafionloreover, consistent outcomes defimits are needed

for qualityassurance in the performance assessment of programs offering various forms of p-cell

replacement and AP therapies.

Indications'forrand Approaches to B-cell Replacement Therapy

The pringipal indications for B-cell replacement therapy have been to treat insulin
dependentpatients (T1D andnsulinrequiring type 2 diabetes [T2D]) with erstage renal
diseaseor ‘experiencingproblematic hypoglycemia Success followinga pancreas or islet
transplantshsebeen judged in part by the elimination of insulin requirementfhiowever,
discontinuation” ofinsulin should not be at the expense safb-optimalglycemic contral A
reasonable,expectation for insuiimlependencas the maintenance of netliabetic levels of
glycemic.~control (HbA1c<6.5% [48 mmol/mol) off exogenous insulinor other
antihyperglycemic theragy Importantly, use ofinsulin or other antihyperglycemic therapy
following ‘pancreasor islet transplantation is not synonymous with graft loss or failure, as
patients may=require low doses of exogenous insulin or other glucose lovegemysto
maintainglyeemic ontrol in the nordiabetic rangewhichis only possible to achieweghen a
portionof theinsulinrequirements provided endogenousfyom a functioning gratft.

Such “partial” function of a B-cell replacement therapy has besewed as successful
when particular, challenges glycemic control, such as the occurrence of severe hypoglycemia,
are elimnated following restoration oéndogenous insulin secretionindeed, patients with
problematieshypoglycemia, defined by two or more episodes per year of severe hypoglycemia or
as one episod@ the context ofmpaired awareness of hypoglycemia, extreme glycemic lability,
or major fear and maladaptive behaviaghould be considered fagither pancreas or islet
transplantatiod. Other patients to consider are those with problematic hyperglycemia, defined
by the presence of recurrent episodes of diabetic ketoacidosisvere, rapidly progressing
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secondary complications of diabetes. pditientsshould have completea structured education
programon basabolus insulin delivery with flexible dosing of modern insulin analogs using
pump or nulti-dose injection delivey based on frequenselfmonitoring of blood glucose
(SMBG) with or without continuous glucose monitoringGM).

A unifying concept is the consideration of -cell replacement therapy as treatment for -
cell failure, regardless of etiology, wh@rcell failureis associated witlglycemic instability and
either problematic hypoglycemiar hyperglycemia despite availability of and adherence to
optimized*medical care This allows consideration of candidates beyond T1D to include some
with advanced/insulinopeni®2D, or any cause of insulideficient diabetes such asystic
fibrosisrelatedwdiabeteandother pancreatogenic forms of diabeteg. chronic pancreatitis or
following pancreatectomy)While it is expected that-@eptide levels in sucimdividuals would
be low, the importance of assessingpéptide levels (as well as insulin requirements) is to
identify elevated levels consistent with insulin resistance that nmgiart stress on @g-cell graft
and compromise the potential for bendfam replacementherapy. Undetectable levels of-C
peptide, whilesmaking it easier to attribute ptvahsplant Geptide to graft function, should not
be required Thus,levels of Cpeptideshould be measurgatior to transplantatioin order to

determire“post-transplant graft function.

Outcome Measures of Glucose Homeostasis

Average glycemic control, particularly over the letegm, remains best assessed by
measwement ofHbA;.. However, for shorter term assessment of average glycemia, mean
glucosecan be ,assessed from frequent SMB®gvalid with 5times daily monitoring) or
CGM. Average blood o€GM glucose can be used to estimate the Hluhder guations such
as marked.anemiar use of dapson®when the HbA. is not accurate. While there is inter
individual wariability in the mean glucos¢bA. relationship, the relationship within an
individual “is wvery reproducible and most influenced by the prior month of glycémia.
Consistencyof average glucose easures depends, however, ondbeation of obsemtion and
becomes most reliable with 14 or more days. The frequency and duration of SMBG and CGM
are also important for measures of glycemic variability, which are readily assessed from the SD
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of glucose measurements or glucose CV (=SD/mealt)e glucoseSD has been validated
against clinical assessment of glycemic labiliging only 48 hours of CGM data. Glycemic
lability incorporates theemporalaspect to glycemic variabilitgnd may also be assessediy
glycemic lability inde (LI) using at least #imes daily SMBG over a 4 wegderiod->** LI has
been validateégainst clinical assessmesftglycemic lability** and is highly reproducible over
time* Glucose time in range, available only from CGM and being promoted for sterter
assessment'of AP systefmequires further study to understand and validate its use.

The'most important measure of hypoglycemia isat@urrenceof severenypoglycemia
defined as an event associated with loss of consciousnesguaing third past assistance for
recovery™>« Amrecent history of experiencingevee hypoglycemiaimpaired awareness of
hypoglycemiaand marked glycemic labilitgre establisheerisk factors for experiencing future
severehypoglyéemia Thus, problematic hypoglycemia has been defined as two or more
episodes per year of severe hypoglyceamnias one episode associated witipaired awareness
of hypoglycemia, extreme glycemic lability, or major fear and maladaptive beHatrgaired
awareness=ofyhypoglycemia assessed by validateglestionnairesconcerning the glucose
threshold at which symptom recognition occurs, with the Clarke s@ssgssing thresholds at
both 50 and 60 mg/dl (2.8 and 3.3 mmdi/knd the Gold survegssessing thresholds at an
intermediate54 mg/dl (3.0 mmol/l}! Both questionnaireprovide a score up t® with a score
of >4 indicatingimpaired awareness of hypoglycentat is highly correlated, supporting either
survey asan appropriate assessment tool even if not directly comparside more laborious
to collect and rguiring 4 weeks of prospectivtary keeping together with SMBG records, the
HYPO scorealso capturehiypoglycemia severity by tabulating the frequemayd associated
symptomsof, and assistanceequiredfor treating aglucoselevel of <54 mg/dl (<3.0 mmol/l)
The HYPO scorecan be used to identiffhose with problematic hypoglycenffa,and is
reproduciblé _More practically, therequencyof episodesor percent time with glucose54
mg/dl (<3_.mmol/l) can be assessagsing either SMBG or CGM The International
Hypoglycemia Study Group defined a glucose level <54 mg/dl (<3 mmasBlfficiently low to
indicatesefious, clinically importarttypoglycemia that should be reported in clinicalg?

The goal, then, foglycemic control outcomes of B-cell replacement therapies should be
attainnment of target levels of HbA <7.0% (53 mmol/mol) and ideally neanormal HbA
<6.5% (48 mmol/mol) in the absence of severe hypoglyce(iiable 2). Additional goals may

This article is protected by copyright. All rights reserved



be driven by the indication for treatment: impaired awareness of lygeoga (Clarke oGold
score>4) should be resolved (score <4), seriousclinically importanthypoglycemia (glucose <54
mg/dl [<3 mmol/l]) should be lessenear eliminated; marked glycemic variabilityr lability
should bemproved. Where CGM data are availabkeime with serious hypoglycemia (glucose
<54 mg/dl [8.mmol/l]), time with any hypoglycemia & mddl [<3.9 mmol/l]),time ontarget

(70 —140 mg/dl [3.9- 7.8 mmol/l]), time-in-range (70- 180 mg/dl [3.9- 10 mmol/l] or 54—

180 mg/dIf[3=10 mmol/l]), and time with any hyperglycemia (>180 mg/dl [>10 mmol/l]) should
be considered™and maybe useful for making comparisons to AP systelvhile safety
considerations /differ betweeprcell replacementand AP system approachetheir detailed
assessment isycritical and qualitative assessment of patient satisfaction will need to be part of
future treatment comparisons. In particuthe complicatedpatient groups so far treated with
pancreas and islet transplantation, thogh endstage renal disease experiencing problematic
hypoglycemia, have been excluded from clinical trials of AP systems, and mdgrivat similar
benefitwith, AP astrial participants wth relatively uncomplicatediabetes. Future assessment
of AP systemsiin patients with esthge renal disease and those with problematic hypoglycemia
is needed.Furthermoreuse ofPRGs includinghealthrelatedquality of life, diabetes distress,

and fear of.nypoglycemiquires further agintion'#*

Outcome Measres of p-cell Graft Function and Demand

Both insulin requirements and levelssbimulatedC-peptide reflect the contribution of -
cell replacement therapy to tmesultant state oflycemic control, but at the same time are
dependentwoen’ the degree of glycemic control and underlying insulin sensitivity. With
improvement in glycemic control, and consequently insulin sensititpllowing p-cell
replacement therapy, a reduction in insulin requirements can be attributed tati@stof
endogenous.insulin secretion from the pB-cell graft. However, in the absence of meeting glycemic
control targets, a measured reduction in insukguiremerg cannotbe attributed to the
effectivenes®f -cell replacement therapy. Moreover, a patient withdrawn from insulin who is
not meeting .glycemic control targets defined #&ove should notbe considered insulin-
independent, since insulin therapy would be indicated to achieve appropriate glgoatrid¢.

C-peptide levels, when undetectable prior to treatment, can be used to assessdtiact
B-cell graft, but depend on the metabolic demand for secretion (fasted oragtigdhulnderlying
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insulin sensitivity and glucose leveland renal clearance. With increasing sensitivity of assays
for detection of C-peptide, low levels of questionathileical significance are often detected (e.g.
<0.3 ng/ml [©.1 nmoall] fasting or 0.6 ng/ml [<0.2 nmol/l] posprandial) despite clinicg-cell
failure?” and may be even higher in the presence of uremia etostli$-cell loss (e.gwith
cystic fibrasisrelated diabies and advanceisulinopenicT2D). Neverthelesspre-transplant
testingof C-peptideis critical to inform posttransplant monitoring, and should be performed
fastingtogether'with a concomitant glucose lewath or without stimulated meares. Testing

of C-peptide’should be done the saway before as after transplant.

B-cell replacement theramimsto restore notiabetic fasting and pogtrrandial glucose
without hypoglycemia.Oral glucose tolerance can be assessea &tandardized liquid nutrient
meal containing a reasable amount otarbohydrate (~50 grams) in place of the standard 75
gram oral glucaose tolerance test (OGTiggd for diagnosis of diabete¥he ®-minute glucose
during the standard mixedneal tolerance test (MMTTi$ highly correlated with th&20-minute
glucose during the OGT®. The postransplant ratio of fasting feptideto-glucose is
predictive ofthe’90minute glucosé* and so may llow for more frequent assessment of B-cell
graft functionwhile the MMTT may be most useful to resolveincertainty regardingthe
interpretation of more routine clinical assessment.

TheB-score is a composit@easure of B-cell graft function that incorporates the HRA
insulin requirement, fasting glucose, anepéptide, and so may be calculated during routine
clinical aSsessménalthough C-peptideassessmenimay requirea stimulation test More
recently, the"B2-score models the same variablag requiresonly thefasting Gpeptide and
provides a“eontinuous rather than categorical mefticThe p-score vas initially validated
against the 9@ninute glucose derived from the MMTT and has also been shown to relate to
CGM metrics of mean glucose, glucose variability, time spent with seriougatijnimportant
hypoglycemia. (<54 mg/dl [3.0 mmol/l]), and time spent with hyperglyaefsl80 mg/dl [10
mmol/l]).2”_While helpful for longitudinal monitoring the p-score remains limited by its
summative.derivatioand absence of including a direct measureypioglycemia. The 32-score
may have ‘potential utility as a continuous variable rather than the categpraratification
provided by the B-score.

The goal, then, for functional outcomes of B-cell replacementherapies should bat a
minimum to achievea 50% reduction in insulin requiremeni@nd which should be <0.5 units
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per kg body weight per day), assuming adequate glycemic control {HBA.0% [53
mmol/mol]), that is associated with an increasaf pretransplant measures Gkpeptide (and
which should betdeast>0.5 ng/ml [>0.17/mol/l]) interpreted with a concomitant glucose level.
More accurate assessment of functional B-cell mass requiredetermination of glucose
potentiation.of. insulin or geptide release in response to a-grcose insulin secragogue
such as arginine or glucagdi®?® however, this goldtandard testing of B-cell secretory

capacity'is'not'widely available.

Outcome Measures of Immunologic Mechanisms

While the success of B-cell replacement therapy ultimately depends orptieeention of
alloimmune‘rejection and autoimmune recurrence, and which themselves depend on the source
of tissue for transplantation and whether tindial cause of B-cell failure was type 1
(autoimmune) diabetes, the assessment of immune markers was not ¢dly ddevant to the
definition of outcomes, but rather to the understanding of unsuccessful outoomeslining

functional sstatus.

CONCLUSION
Defining.Successful Outcomes

There was consensus that categorizing p-cell graft function would not beynonymous
with defining the clinical success of a B-cell replacenent therapy. A B-cell graft thatprovides
some fungtionybut withoutlinical benefit relative tothe indication for treatment shoulbde
consideredwasfailure. On the other hand, a mardiradll graftassociated with clear evidence of
improvement in hgoglycemia or glycemic variability/labilitgvenin the absence of achieving
target glycemic contromay be clinically importantbut such an outcome would not be
considered_a success terms of function since the overall treatment goals were not
accomplished.This is an important distinction from a functionally failed p-cell graft where in
the absencerof any evidence for clinically significarieptide productioonsideration should
be made teabandoimg further monitoring and suppoxf the failed graft. In particular,
continuation of immunosuppression may no longer be indicated unless to support another
allograft (e.g. a transplanted kidney) or to prevent iptesssensitization to HLA antigens
expressed by the B-cell graftin the case that another transplant is being considerads, we
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soughtto define the functional status and clinical success of a B-cell graft separatelybut using
the samecomponents of ssessment: the HRA severe hypoglycemic events, insulin
requirements, and-@eptide. We did not define a duration required for correction of HbA
protection_ from hypoglycemiarestoration of Geptide, or insulinrindependence as these
measures _ar8uid, and should each be evaluated together at any time otrpasplant graft
functional ‘assessmentAny reported change in glycemic control noted by SMBG and/or CGM
should prompt'such an assessment in order to identify a functionally stressed or dediting gr

We propose thdtnctional and clinical outcomes can be assigned using a 4 tiered system
as outlined in Table 3Optimal B-cell graft functionis defined by the presence of nearmal
glycemic contrel assessed Impn-diabeticHbA;. <6.5% (48 mmol/mol) the absence of any
severe hypoglycemia, the absence of any requirement for exogenous insulin or other
antihyperglycemiaherapy, and documentation of an increase ovetrarsplantmeasurement
of C-peptide. Goodgb-cell graftfunctionis defined by thepresence of otarget glycemic control
assessed by an HbA<7.0% (53 mmol/mol) the absence of angevere hypoglycemjaa
reduction py=more than 50% from baseline in insulin requirements or the use-ofsatm
antihyperglycemiagents, and documentation of an increase ovetrangplanimeasurement of
C-peptidew,, Both optimal and good functional outcomes are considered sucadisstal
outcomes.~Marginal B-cell graftfunction is defined by the failure to achieve an HbA7.0%
(53 mmol/mol) the occurrence of angevere hypoglycemia, or less than 50% reduction in
insulin requirements when there is documentation of an increase ovdranselant
measurementuof -Peptide. If documented impairment in hypoglycemia awarenessjuent
occurrencesersexposure 8H, or marked glycemic variability/lability is convincingly improved,
thenit may beappropriate to consider that tiecell graftis clinically impactful In the absence
of any evidence fom clinical impact reassessment of the-pgéptide status is warranted as
clinically insignificant levels, even if quantifiably higher than before transplant, should be
considered,_f-cell graft failure. Neither a marginal B-cell graft nor a failed B-cell graft is
consideredasclinicaly succestil. Finally, the ultimate success for a B-cell replacement therapy
in any individual patient requires the functional clinical benefits to outweighpatential harm
from the transplantation procedure or adverse effects of any required immunaosioppres

In conclusion,to be deemeduccessful B-cell replacement therapies should require the
HbA;. <7.0% (53 mmol/mol) in the absence of severe hypoglycenaissociated with a
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significant >50% reduction in insulin requirements and restoratiatlimtally significart C-
peptide production(>0.5 ng/ml or>0.17 nmol/l). Baseline assessment of hypoglycemia
awareness, hypoglycemseverity and glycemic variability/lability is helpfulor monitoring
whether a marginally functioning graft is continuing to provide any clinical impddiis
proposed classification of function and clinical outcomes for -cell replacement therapies a

work in progress and should be validated and further refined based on results from

implementation‘in futurerospective investigation.
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TABLE 1.

Workshop sessiorobjectives

Indications for and Approaches to p-cell Replacement Therapy

Patient candidatésyand available forms of B-cell replacement vary. The goal of this session was to
define those patient characteristics that directly influence the type of B-cell graft and measures of
glycemic controland graft function, and so lay the framework for how definitionscoéssful
outcomes may be tailored by indication.

Outcome Measures of Glucose Homeostasis

Regulation ef.glucose homeostasis involves the maintenance and return of glucoserextuesnon
diabetic range of glycemia. Various measures of glycemic control capture averagaiglyglycemic
variability, and=exposure to hypeand hypoglycemia, as well as hypoglycemia awareness and severity.
The goal ofithis,session was to define successful outcomes for glycemic controigami@ihitions
with those.used'in the field aftificial insulin deliveryartificial pancreas development.

Outcome Measures of p-cell Graft Function and Demand

Measungraﬁ function may vary by the stimulus for secretion, differences in oigtab
clearance, demands for secretion imposed by differences in insulin sensitithigyuse of insulin, as
well as any possible residual native B-cell function. The goabf this session was to define a
meaningful reduction in insulin requirements attributable to B-cell graft function, necessary
confirmatory testing, relationship to standardized measures of glucose¢elegiad differences
between type 1 and type 2 diabetcipients.

Outcome Measures of Immunologic Mechanisms

Distinguishingsimmunologic from metabolic mechanisms for B-cell graft dysfunction and/or failure is
paramountite.understanding the mechanisms underlying current graft status andiamglafat
functional 3-eell"graft monitoring. The goal of this session was to define useful assays- @inallo
autoimmunewreactivity and when they should be employed to complement the metzddohtien of
B-cell replacement therapies.

Defining Successful Outcomg

Clear definitions for success or failure of available B-cell replacement therapies require incorporatio
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of both metrics for glycemic control and B-cell graft function. The goal of this session was to estab
a practical consensus definition for -cdl graft functional and efficacy outcomes for f-cell replacement
therapies.

TABLE 2.

Indications and goals for beta cell replacement therapies expressed in relation to various

glycemic control measures

M etric Indication® Goal Ideal
HbA1lc, % (mmol/molj >7.5-8.0 (5864) <7.0 (53) <6.5 (48)
SH, eventsper yr One or more None None
Clarke or Gold scofe >4 <4 0
Time <54 mg/dl (3.0 mmol/l), % >5 <1 0
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Glucose SD, mg/dl (mmolfl) >40 (2.2) <40 (2.2) NE
Glucose CV, % >30 <30 NE
Time <70 mg/dl (8.9 mmol/l), % NE <5 <5
Time 70— 280 mg/dl (3.9-10 NE >70 >90
mmol/l), %'

Time >1804mg/dh (10 mmol/l), % NE <20-30 <5

HbA,., glycated)hemoglobin; SH, severe hypoglycemia; SD, standard deviation; C¥icienefof
variation =mean/SD; NE, not established.

®Typically more than one measure is used to define indications for B-cell replacement therapy and
establish a baseline prior to treatment.

®Mean glucose should be used to provide an estimate of the.litb#he setting of m&ed anemia or
administration-of-dapsorié.

“Used to assessiimpaired awareness of hypoglycémia.

dUsed td assess:exposure to serious, clinically important hypoglytevhiah can also be defined by
frequency of episodes or using the HYPO scbre.

®Used to assess=glycemic variabifiywhich can also be assessed as glycemic lability using the lability
|+

index or L

'Used for comparison to artificial pancreas systéms.
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TABLE 3.

Igls definition of functional and clinical outcomes forp-cell replacement therapy

p-cell graft HbA 1., % Severe Insulin C-peptide Treatment
functional (mmol/mol)®>  hypoglycemia, requirements, success
status events per yr U-kgt d*

Optimal <6.5 (48) None None >Baselin& Yes
Goaod <7.0 (53) None <50% baseline  >Baselin& Yes
Marginal Baseline <Baseliné >50% baseline >Baselin8 No®
Failure Baseline Baseliné Baseline Baseliné No

HbA ., glycated’hemoglobin. Baseline, gransplant assessment.

®Mean glucose should be used to provide an estimate of the.litbfhe setting of marked anemia or
administration of dapsorté.

*Should al$0'b&20.5 ng/ml (>0.17 nmol/l) fasting or stimulated.

°Should al$o be <0.5 U-Rgd®; might include the use of ndnsulin antihyperglycemic agents.

9Should severe hypoglycemiecur following treatment, then continued benefit may require assessment
of hypoglycemia awareness, exposure to serious hypoglycemia (<54 mg/dl [3.0 mnamid]or
glycemic variability/lability with demonstration of improvement from baseline

Clinically, .benefits of maintaining and monitoring B-cell graft function may outweigh risks of
maintaining_immunosuppression.

"If severe hypeglycemia was not present before p-cell replacement therapy, then a return to baseline
measures'of,glycemic control used lasitdication for treatment (Table 2) may be consistent with B-cell
graft failure.

9May not be reliable in uremic patients and/or in those patients with evidencg@eytide production

prior to B-cell replacement therapy.
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