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RE: External appeal for the Genetic Testing (CPT 81479) Requested by Dr. NSNS VD
Reference #: SEEEE)

Dear Appeals Coordinator,

Please consider this letter and the enclosures as the third request for appeal. Per the letter |
received SNSRI | have exhausted the internal appeal process for this plan. This letter
serves as a written request for an external appeal to WYY donial for genetic
testing as referenced above. Please note that while my previous appeals have clearly
demonstrated medical necessity; | have yet to be provided with a sufficient clinical rationale
for why this genetic test panel was deemed not medically necessary by (IcG—_—_—

Several documents have been provided through the first two appeals as supporting evidence

that the genetic testing ordered by my physician on (SN vere indeed medically
necessary. These documents are again being provided with this third appeal and are as follows:

1. First Appeal (Attachment 1)
* Letter from Dr. NARSNESENE datcd SR oting the criticality to
exclude genetic forms of bone marrow failure, including eSS genetic panel,
RN 21 coni DEB chromosomal breakage assay, and telomere

length as ascertained by FlowFISH. Dr. Nsmsgesia® notes the results of these
tests have significant implications on treatment decisions, such as the intensity
level of pre-transplant conditioning and donor selection.

* Scientific Article: Clinical Applications and Utility of a Precision Medicine
Approach for Patients with Unexplained Cytopenias Mayo Clin Proc
2019:94(9):1753-1768. This article found that genomic assessment resulted in a
change in clinical management in 25% of the patients, as evidenced by changes
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in decisions with regards to therapeutic interventions, donor choice and/or
chaice of conditioning regimen for hematopoietic stem cell transplant.

2. Second Appeal (Attachment 2) ‘

¢ Letter from myself, S nSSNNNY datcd SNNEENENEN providing additional
information and rationale to address the first appeal denial decision. This letter
demonstrates the decision of my doctors to request genetic testing is supported
by accepted standards of medical practice based on credible scientific eviderce
published in peer-reviewed medical literature recognized by the relevant
medical community. These accepted standards of medical practice highlight that
bone marrow failure and related syndromes are rare disorders and distinguishing
acquired from inherited forms of bone marrow failure is of crucial importance
given differences in the risk of disease progression to other malignancies and
inform the type of transplant pretreatment as well as the selection of the
appropriate donor for hematopoietic stem cell transplantation.

» Clinical Notes from Dr. \nGuGu_ing, datcd GEENENEEERD \hich include my
specific clinical history noting clinical observations dating back to my childhood,
supporting a possible inherited or genetic form of bone marrow failure.

¢ Letter from Dr. AN, c2tcd SN < <plaining the
exclusionary diagnosis process of Aplastic Anemia used to arrive at a diagnosis of
acquired idopathic aplastic anemia and confirms the necessity of this
information to inform my specific treatment plan.

= Scientific Article: Diagnosis and management of aplastic anemia. Herhatology
Am Soc Hematol Educ Program. 2011;2011:76-81. This article confirms idiopathic

aplastic anemia is diagnosed through a process of exclusion, including ruling out
types of inherited bone marrow failure syndromes for which genetic testing has
proven to provide mutation identification.

Scientific Article: Guidelines for the diagniosis and management of adult aplastic
anaemja. Br | Haematol. 2016 Jan;172(2):187-207. This article notes that
patients undergoing haemopoietic stem cell transplantation should confirm the
precise diagnosis as it is vital not to miss inherited bone marrow failures to avoid
serious and potentially lethal toxicity from the transplant process and
inappropriate selection of a sibling donor.

Per the letter (Attachment 3) | received from (EyIEEEEEES on NN rccarding the
first appeal decision noted the Medical Reviewer had reviewed the appeal information and had

determined the original decision to deny coverage for the genetic testing due to testing not

being medically necessary per the plan’s language, continues to be upheld. The following
rationale was provided in the letter:
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“You have aplastic anemia and bone marrow failure syndrome. The requested test is to
help with treatment decisions. Health plan guidelines and plan benefit language have
been reviewed. We réviewed the information sent to us. Based on review of this
information it is determined that this test is not covered under your health plan. The
health plan does not cover tests and treatments that are not shown to be medically
necessary for your care. The previous denial is upheld.”

Per the letter (Attachment 4) | received from NIJENEES on RN rcg:rding the
second appeal decision noted the Medical Reviewer had reviewed the appeal information and

had determined the original decision to deny coverage for the genetic testing due to testing not

being medically necessary per the plan’s language, continues to be upheld. The following
rationale was provided in the letter:

“This case was reviewed by an external specialist Board Certified in Hematology &
Oncology. This was to obtain an expert opinion. They reviewed the available medical
records. They looked at the information submitted on appeal. They reviewed the
health plan guidelines. They looked at the plan benefit language. The specialist said
there is not énough evidence in the literature to show that this testing is helpful for
treating your condition. The specialist said this test was not medically necessary for

your care. The health plan does not cover tests that are not medically necessary. The
prior decision is upheld.”

The letter (Attachment 2) | submitted as the second level appeal included the plan language
with justification for medical necessity of this genetic testing. Aplastic anemia both idiopathic
and genetic forms are rare diseases as recognized by the National Organization for Rare
Disorders. There are only a few facilities in the world which are trained and educated on this
type of hone marrow failure. My diagnosis and treatment have been and continues to be

administered at the world renown facility of \SEESNEER where physicians Dr. SOSSEREENE
and Dr. SNENGCGUNSy have specific expertise in treating and studying this rare disease.

These two physicians would be the most appropriate individuals to determine diagnosis and
treatment plan for a bone marrow failure patient. 1am enclosing the YEIMER Test Requisition
Documentation (Attachment 5) which includes a statement of medical necessity signed by Dr.
RERIIBRRENERIN, as well as the specific Aplastic Anemia genetic panel that was requested. |ask
that all information in this package be read carefully, and, in their entirety.

Furthermore, a significant amount of research supports that bone marrow failure and related
syndromes are rare disorders and distinguishing acquired from inherited forms of bone marrow
failure is of crucial importance given differences in the risk of disease progression to other
malignancies as it relates to the types of transplant pratreatment regimes (i.e. chemotherapy,
radiation, etc) as well as informing the selection of the appropriate donor for hematopoietic
stem cell transplantation. While a full scientific literature search has ot been provided in this
appeal package, there is a significant amount of literature that exists which discusses the use of
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genetic testing to confirm/deny inherited forms of aplastic anemia and the criticality of
ensuring correct diagnosis before undergoing hematopoietic stem cell transplant. The three
articles provided in these appeal letters are just a few representative pieces of the vast
scientific literature confirming the medical necessity of ensuring correct diagnosis.

Finally, | would like to conclude with a personal statement. | am a certified Medical Laboratory
Technician from the American Society of Clinical Pathology and medical laboratory science,
especially hematology is familiar to me. The subject of this appeal is related to diagnostic
testing. | question if this genetic testing had come back positive for any of the genetic subtypes
of aplastic anemia it would have been covered by my health plan as a necessary test to confirm
such diagnosis. However, a negative test result does not reduce the value of the testing.
Rather, the results (whether negative or positive) resulted in an accurate diagnosis and most
appropriate treatment plan, The negative result for this SR genetic test panel ruled
out several genetic subtypes of aplastic anemia. As such, my physician diagnosed me with
idiopathic aplastic anemia, which can only be diagnosed through this process of exclusionary
testing. Other types of diagnostic tests, such as viral assays and chromosomal assays to
confirm/deny causation of my aplastic anemia have been ordered by my physicians and have
been covered by my health plan. It is unclear why this genetic testing would be considered
differently under my health plan. Furthermore, my transplant date could not be scheduled
until the results of the WSS testing were concluded because my physicians needed this
information to determine the type of chemotherapy/pretreatment regime they were going to

administer as well as ensure there was no genetic origin for this disease given my brother was
my bone marrow donor,

Based on the information provided in this letter and the previous appeals, including the
expertise and medical judgement of two well-respected R physician experts as well as the
many scientific journal articles on both genetic and idiopathic forms of aplastic anemia, | assert
this testing was medically necessary and therefore, should be covered by GGG,

Sincerely,

A \1BA, MT (ASCP)

Enclosures .
CC: N Benefits Tearn, SRS Human Resources
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Attachments:

1. NN | otter from Dr. NN, \vith scientific enclosure
Clinical Applications and Utility of a Precision Medicine Approach for Patients with
Unexplained Cytopenias Mayo Clin Proc 2019:94(9):1753-1768.

2. N, Lotter from SEENRESSTSRWENR with the following enclosures:

a. QU Clinical Notes from Dr, SNSRI

b, \EREESREE | otter from Dr. AR

¢. Guinan EC. Diagnosis and management of aplastic anemia. Hematology Am Soc
Hematol Educ Program. 2011;2011:76-81.

d. Killick SB, Bown N, Cavenagh J, Dokal I, Foukaneli T, Hill A, Hillmen P, ireland R,
Kulasekararaj A, Mufti G, Snowden JA, Samarasinghe S, Wood A, Marsh IC;
British Society for Standards in Haematology. Guidelines for the diagnosis and
management of adult aplastic anaemia. Br } Haematol, 2016 Jan;172{2):187-207.

3. oD, SN First Appeal Decision Letter

4, VIEEEEEEEED WSS Sccond Appeal Decision Letter
5. MEEEEDRSREN Test Requisition Documentation



Attachment 1: G | ctter from Dr. CENPEEREEEER® \vith scientific

enclosure Clinical Applications and Utility of a Precision Medicine Approach for Patients with
Unexplained Cytopenias Mayo Clin Proc 2019:94(9):1753-1768.
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Subjact: Appesl Tor coverage of ganatic testing
To Whor it May Concern:

| am variting this letier to coavey the clinicel nacessity of ganetic testing for SRR

Briefly, she was disgnosed with bone marrow fsiiure. Sinca sha was diegnosed ol a relatively
young 8gs, it s critical to exclude ganetic forme of bona marrow failure. These lasts include the
SIS gcnetlc pansi, Seasmimmegi® Foncont DES chiomosomal braskage assay, and
telamere length as ascartaiiad by FlowFISH, This can havs significant implications for
trealment, Spedifically, If a gonatic form of mamow failure Is deniified, then bone meriow
fransplant has lo be done In & spacific way, thet ls, with  reduced Intensity conditioning,
Further, It would ba imparlant to exclude that genetic ebnormality in har bone marrow of stem
cell donar, hat is, her siblings, Thesa guidelines have been published by several groups

referencas attached), Furlher, cedain forms of bone martow failure have spesilie
therapies such danazol,

Dua to these reasans, we pursad genetlc testing, It was sbsolutoly crtical for her clinical
management.

1§ there are any questions, plessa foel frog to coll me ot SRR
Sincaroly,

Enclosures
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daasleal inlisriied nuarrow fafhere syndsome
organ manilestatinny or were found (o have
a knswe (FMS-rdaied pathogents va:lm
an { et i

farniy b Mstned (-

ly history pres
viowsly published censensua guldslines for
Weotfiation  of  therited  myehid
sndiganicies. M

Impact on Clinkal Minagement

To asvess bpiet of our genombc intrssmemt
on elioltal care, wa planned for a dinkian
Chematologial) 1o reraepeerively review the
nedieal redords of the patfentt Induded (o
aut coborl, Before conducting chad review,
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we dedined impeo on i) nusgeusgn
dvdranian i sEart oF ot 10 MG patiubs
thesapy, rer dowar electien, mmddor conthe
Hoting ieglines Itenslty for HT,
desenbad o amitar recent study by Aker
rtoalY ealuanng olmcat undiy ol
menutey whaerr bigln g flw
syinnicuy Meresernce in sttt Tsbidicsnon
10 hovpitad prectice.

Charts ol A1 pticnis were resicwed 1o
et hange fn chkat menagetem !
based on geneite rouhts snd sabrateponsed
iavits the flowing: dectsion to start or not
10 start a dhug, choke of dapor, andiar woas
dionisg regimen Intersity for B30T,

RESIATS

10 dar, we havs idndiad 68 patleats wirk
tmexplansd cyropenias amd rvatunied them
follanbyg she plgrtiitim onulined 0
Vinee b Al x guisesin evaloaton, 24
(3 15 ety were dbanased with an
NS {pathnes T8 I Sgptoraeas
fakle 2, svadsble walive a1 foyiaes
staveckns e dings (g), 30 () with
aytepealay withreat & kowomn clinnat syn
dumie fpathots 13t g et
telts 33, and 19 2206) wers ckassificd into
the “whes sategery (patents 3346
tepphiasend 1k 1) whah mibuled
tenls with Tanttid wyelokd prodispsitlon
syidromes (EMPL) (n=7, 507%) (paticnis
3361 In wpplancnst fuble 2}, bone
mamrere buture syndiomes (OMES) withos
w clear thaieal phestotype (5.5, 1) i
tanty G060 10 % gpdinera sl 1aEE Y, s
HLA DRIZ: HMEN (12, 19 tjutients
B il BH v angleoraeand Gy 3 panents,
See Gehib durd Bl 3 ho ddetatly

1BMFS

OF the 03 patieits, 24 (359) prinssey tndey
potivuts were Rutifod ank I0MES, maten
B¢ M.y wnnge: 2.74) yaars, wath 16 (479

der this category ncluded Y5 (anly, 347)
(patanits 3143 fn oppliinadd febdo 3,
GATAZ haphunsaihed ey symdrames (A,
2T pteal 349l
B3 wailthle ouline a Wonoie
sl oy el o), DBA (a2, §4

W dinvie o Sexwtaer =

Dmitents 92 nd 33 in Sosanmensd
tali., 23, ond ot patient eacds with £
Ry of sdenesine deaminase 2 (ADA2}
(DALIAL), 3at SUH (panvits 54, ), std 34
it el ol Tae D anpetivy), Ten
of 13 5T panients wese a yoas of 4 previcusly
published cohort, " whereas the DADAY
patient a4 300 gl ntsl Talde 1)
has boen publidnd previousty. *° Sigmift:
eant famddy bisceey way found only m 9
U3a) gatienis (3 875, 4 GATAL, T DADA2,
arad ¥ A, whereas 1Y (5449 patiants (9
STS, § GATAZ, 1 DADAR, 1 SUN, and 1 FAY
hzd on WMFS-avociated physieal shroreal.
ity such a5 WicpniMe intersiitia pacumonta
(E; ta~7, 3%} uneaplained cndiosiy
6~ 3%, onal hubuplahn (1), Tary
skin phgarentadon {n-1), tirobsciusal Guat
vhtuetdon (-1 hemen  papiilonss
strv-dinenwarisin-- 1y, nodutar 1egenens-
tre hypecploda fus1y, sod shau s
tn-§), rsultng fi 8 debnite dlagmoen ns 7
$19%) patiente. bemumie vaniangs wees found
n 13E5ReYattenss (7 via Sengersequeneing,
Hv1a NGS, and Lvia WESH of whicls 12 4%300)
panents bad pathogenk vanants in the
folhowing prace CATAZ (nae, five parho.
£enle variants, whereas one patlent bad
GATAZ gede deltlond, telomerase reverse
tatrdipaee (1ERT {n=2), dyskerin preo.
dairkdine synthise | (DKCI) (u=1), viho.
steal prein 519 (RS9} (n=1),
rhoyonal prottin 15 (RPLY) (a1, and FA
simplateorasion gronp G RANCE) inaet)
etaly in Seppbaemd dobda roand 3y,
wheress Vi of satotam signdcance
INUS) dn whaneae RNA  wumgpones
HTHRLY, colony stimulastog Mcter § recepior
1€ SE4R), mgubior of tehmwre elaagation
helwaw { {RTFLY, ALG2 alpha 1LY
16 fALLI2Y, consy

of sligemne complex | (COGTD, and LS
Tespannde Bl Tike enchor pratsuy U KBA)
genes were found tn 3(13%) parfents. Among
the 20 (83%) partents cested thrgugh goe
stauencing {8 via Ssnger sequening 11 via
NGS. a1l ¥ 913 WS twn patlente underaent
both Sanatr and NGS3, pathiogente vagiams
were wleanbed In $1(0OSY patieats
U7 i Sorer ergpenewng, 3 vin NG, e
Fria WESH

et L e 8L oy

¥ Ll
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Change in Clinical Management. Definitive
evdence of altaed clinteal manogement
wits fuund In 30 {423 patkents, of which,
an appropriste reduead intenstty condivion-
ing HSCY segimen was selovted 1n 7 (00)
yutbents; tn 3 LX) pauents, sdonsr selze-
tion was sharal: and in 3 (30%) patients,
deciston was inade ta s new therpy
wetehi s danezol fu=d, tuh wtih $138 duag
twsts) aml plas

miner PNIE chne (PNID onitigen bns in
3 618 granalotytes, V06T sod Hood el
and 455 monacyies) without seidence of
dysplasia on bene maeaw mosphalogy, By
dehaltion. patents in wham bath aloge
itle and pathogeniv vanants wede oot fdon-
sitied aud elimlead fearmres of n BUFSMOS
were not apparent weae ehalliod v $CUS.
il pathogente sonsnt derats are

immunogiebolm (n-l, patiem wib
BADAY disgnosts), She pattenta hud shiered
dinttal marmgemen fnvalving mtare than
sne of (g sfortmzntiveal  categories
(pleass refer to fable 2 for denails) Ata
medin followsup of B4 (Hnge ©-1416)
munihs, thae wee 4 (0TH deaths,
wheteas 3 (V351 patients clonatly evolved
fnta MDS (two with prukilyng disgrons of
GATAR huplomsulfic feacy, and § with 519)
tnd 2 (&) jticnts progrosd o scult
mytloid feukemiz (ot with germline
GATAZ huplobsulfis tensy ~pindromes)

Lytopentas Viithout a Karwn Ciinles!
Syndrems

Based o the prosowe of sheeewe of 8 pre-
suned clonal sbparmatity, twa disguoses
wree meluded m this eategory {n—30,
44%) dmtents 130t Sipplessentsd
fable 3, namedy. chol (CCUS) to-22,
7I%) .md mwdur [ \m m-u. 2%

Median ige nt oncet of cytopenias wes 633
(ringe: ATO) pears with 1B (60} males,
Stpatiant oty hitary of enesphained
crtopraiss o1 hematologik  aubgiances
wan idenrifiad tn 2 (it COUS) patents {1
vath of aplovtic anowi Sed polyeythemta
vera), Among 28 (93%) tested porfents,
genomic abrormadities were foand in 21
778 paticets Gl throcgh NGibased
aeme gl testing), o with COUS disgpo.
sus, whtch tnctuded 17 (91%) pwtixmss with
puhogents varanie (83 with mere than
one vasiant}, 4 (145} wich vartants of wncer-
tain signifisance, and 7 (25%) with chmma-
somal shrosatities. One CCUS patient had
both o cytogencuc shrmvatuy (13q-} and 1

Sy Cie Prc. 4 Sipsinan

3 in Fabte 1 el Sepphoangsd
Tebden 2 ard 4, whereas VUS dewsits wee it
bued in upploaientst Fable 3

Change In Clinical Managemant, Cyideseof
atiefad chinigal rasmaggment duz to out preck
00 geneanies epprach was doctunessd in
5 (7} paticnx This inchaded stecing spe-
cific therspses in 3 patients such a3 hypose-
thykating agent teeapy (a1, after dbowvery
of & smyehorl-relevant pathogents waniant),
and fnmurcsmgwessive theapy (8T} of
ganwkocyte-coleny simuliting Bclor sepgort
(=, oftér eachidon of myshld-redevtnt

pathozenic varkinte), Ou the prhey hemd in 1

patient we decided 1o avold uu use n! m‘dm
be et Lokl

ety the e of eychoid-rek
yeithgenke varianes (in {saciteme debpdroge
wee [RADP(H)] 1, eytensdic {iDHL), saine
and aegietne abch splictig Gitos 2 ISRSFY aed
tumer protein 331 TP33] enes) and Enaily, |
pastent unilerwent redured intesliy condi
viantog, FHCT due 1 woncen by syclold
clonal evolunfen with 3 pathogranle vardaas tn
the SEY binding protein 1 (SETBPI) gene
(additlonat details in Talde 23, Ar a madian
foltaw-up of 25 (o 2:290) wanthy, ihere
were & (76) dosths snd 6 (20%) patierus I}
with COUSY who nnderwent myvheid chomi
evedutian (F MDS amd | choods myeloton
nncytie leakendy),

Othess Catenoty

Tatfents whur did eat fit to elther of the
two alorementionsd rategorios ware daaslr
fisd into the ‘oihens” cavegary (n=ld,
Z1%), with the most feequent diagnoses be-
Ing BMPT (=7, 50%; with vactane (dend-
hed in the folluwing gencs DEAD hox

9
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hagnasis, but alsy svoid subjecting patients
tev inkdverient theripits ach as nmtute-
Suppession, miyshualdaie dows of <henn.
thempy, alkyfating sgente, and inniaing
radtation. Bves when 3 defimite dmgnoos
was ot reaxhod. tased on the ek of devel
oping & palignancy, oty recchved 9
tatforad follave-up plag (e CLUS). Moare-
ever, I pariznts for whom there b 1 clistest
need for allogencic HSCY. sarcening femily
wwmbere fue fhe ssme gews  veshanis
o fmpetant 1o choesse  approgriate
donors,"" D the etber bamd, mubecular
chasterization of marrow faiture stares
a0 hefp dirst pesiapatized theapine. One
soily exanmiple is the tode o KRGt axguited
EMFUaplsiis aneava, where the detcstion
wi ctonal hematopeless in the fenn of muta.
sany involving BGOR, BTOREL and phes-
phatidylisasitol glycan axchae biasntbesis
clas A (PIG-A) predict reporse o 15T,
wheres the prestuiee of mutatlans involving
DA mohyhmnsderase. 3 alpha
(DNMII)ASKL tranzaiptional regulater
HASKLD and fer methybytsine dkdxygh
nase 2 ( E12) prodict T re

uncever addizional genamis wwechons,
aipeciatly with novel appreaches ek a
by anafyss o dudging pafalog genss
froum by argaisms.” We st alveady poc
suing further research-hated aptions in vut
diinfc perlonawg functiom! wedies en
several VUS uncovencd sty this appouch
thar wih help s concladde e chinkal sele-
vance of thew vaiene This iy 4 work
progiess that wilt reed (0 b he evatuated
1 Whe fulwre dor 1 applssbitity, ||mv:-m
as thewn {6 our cobar, this methodology

b aot fuckproof and Ll s bbemify mnrh-
date. geaosnic divens dn olf patients despite
2 auggestive chinical phenotype. This ts kely
dur (1 tubrrent wohiniesl bnntabon of WES
suile as Giture w pick op copy wumber var-
Mg, varistions W pomsder ropens,”
snd abnormahitics 10 the epigeuome. Hende,
0 acdiitton 1o Mmrending, Bccruration s
elinteat vatidarion of nuset molecular biology
techniques such 85 reduned representative
bisulfite serquencing (o analyze methybtion
paitetns, Jromastin  dnunsprecpiiaim
aequenelog (o stady chromatin dyssmivs,

0 15T AbTitiom)
urgmdlqmﬂm theraples avallable onse an
appropiiste digrrosis v made incodé, te-
wor necrsss lees - .\!;Ju mhkhmus B
vigniy with DADA2 sypdroancs,” dnnrol for
575 patents with  BMES'Y and
granuleryie<olmy stimeleting Lvm o7 shir-
Ay Tor heteruzygonus vatunts in geus enesd:
g for ebatese,  prettophnl | expresed
(ELANE) tn padenis with SON, ™ Yealdlen
therapy fus cytopentss, prophylactic them
pits ta prevess dnfections, sech s asithin-
myan o present myoohscwsium asdaon
complex fnfeztiens in pitezsts with GARAZ
taploinsofficiensy syndromes, s slia qup.
poried by consensus goidefines.”

Signtficart challenges lor this eppreach
e liade diffculty i assockating cmtoad shgna
amt gymaplumis wilh sariants fevnially, 1
hat previausly desseibed! sl the powibility
thot ot alb eausal geuss Ly IBMES have
fiitherto been disenwerad  Anslyring WES
i RNAseg data frow parienty swith a stethe
ing rlinica) presentation, yey ncgathe resuhts
wn tgeted sopincing, booxproed e

g £3n Frax. ® Tnpheenbes

vovel hnelngies b cabnced
datettion of delesinns, dhusplicasions, pnd sl
whonene region abnormatities is arrently
umlerway 1 aur fnstiution,

CONCLUSION

A prechiton geromey approsh fur patons
with snexplained cytopeniss has the paten.
ttah o alter clindcel mussagrmen, ot fean
a subsst of pattents Despite Tamtations,
these movel technologles are expidted to
enable prraitalioed pare and ditest dien
phes Eutare stedles swch as vy would
cmablty adoption of this stecamlined geun-
ks spsprnach far patnts with anexpluned
ftopnisn wih an asddpend  pestitve
tetpact on clinfead management.
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helteasz 41 [DOXAL] [n=1], RUNX fansly
tanseription factor 1 JRUNXD) -2
ANKRDZS ¥ UK o=t ANKRDIo
1T i3 pationts vitglants weree not flens
wlied despite 2 highly suggestive lsmily bis-
tory) {peitents 55-61 in Supphemenial
Tsble 32, BMFS without & clear clinicad
phenstype (n3, 36%3 tpattents 6150 ta
Supplemeet TaMe 31, snd HLA DRESY
BMES (n=2, 149} (paiaati b7 and 88 in
Supplovetanad Tetde 3), Fanilly bistory wae
significant (o 6 (439) pawents (all
FMER) A PRI clone was  wienidfied
throagh peripheral Blasd flow cytomrrde
tmmasophenotzping tn 3 {21%) patents
(all PMFS wathade o dear clinfeal phena-
byped with micdan penisl antigen S in
0015 (range: DO1E-0.13%) erphrocyies,
median complete satigen foss In 14T
(mnger  D03RI23%)  enthracyies,
3L {range 239%-6295%) granuho-
cytes, snd JOSTS (eenger 245%-65.963:)
wansiyies; however, ather cicablabon-
by Cractiz i these patlenss weee insuffic
whent for a diszaosis of PNIL Among
teanl patients (13 {0351, 3 via Sanger
sequensing, 9 vin NGS, and 2 via WES
Jaient underacat bath Sanger aud NGS
Gyuenctng), genie abmsnashities were
identiicd fn 8 (62%) panems (3 vix Saonger
sequencing, 3 via NG, and 2 vi WES3, §
(635} pathogenic vartants IRUNXI 421,
ANBRUE SUTR (=13, ANKRDIS (n=1),
and BELS corepresor (NCORT fos=1])
Onte patient each of RUNX-I-mutoted and
ANKRIZG-svesctated  theombucytofenia
Has besn previewsty publislied. ™ 7 Detaity
o wtims are meatowed I
Suppbmeseisd e 3 and 4,

Change In Clinleal Management Alterad
slinteal managasin was seetr in 2 (190 e
tienits, of whith in efe we chuse 1o net witl
equine antithymeryte globulin ples cyco.
sporine and prednisane fn 2 HLA DR1S1
DMES patizut with 2 wainoe PNH cloae (after
exclasfon of mycloidindivain pathogenic
vanangsh (derstls fn bt 2, whereas to the
wtler prtient, as we il identified s FMPD,
a0 appapriate sibling dover wa deonfisd
after making sure that (he donor did mot

Tsve the samie varane A1 a randias fdlaa-
up ol 33 (range: 7-598) months, vhere were
o deaths and 3 translarmatiors 1o myclold
weophisms (1L MO8, | chionge mydsmeno.
ytic leskemis both FMPD with alterations
i ANKRD26 5UTK exon 172 and ANKRD26
coding sequence, sespectively {6.116C>T1).

In sumauary, A paticaty wree evahuted
in our eflnde and, after genombe Intereopa-
tisy, théy were claufind ints JBMFS,
Or=a23, 3%, sytopeatas withous 2 kewwn
thiniral symdise whith lodusted Dot
CCUS and 1CUS (030, 44%) paticnty, and
paticnts sha did not it tnto the sbovs twy
categories (a4, 21%). Sigaficant fondy
hiatry defined as. i Ut sfarcisemioned
definition wrs aséertatned in only 17 125%)
pastents (9 IDMFS, 2 CCUS, and 6 oilier pae
ticts), whereas gone varfants were found In
43 (63%) patients (31 [79%] pathogenk: 12
IBMF3, 17 CCUS, end 3 other). A rtraspecs
tive chan rovow iy cobdogted and
cauchided n change tn clinical managemant
i 17 (158 paticnts alter 3 gemomic suas.
men), Ay evidenced by hanges i dobions
with regards jo Wherapeutic atcsventions
{n=8, 471}, dosx cholee (=6, 33%),
andayr choke of conditioning regimen for
HSCT (=8, 4774}

OI3CUSBION
freciston medicke b playing 2 sajor ole tn
cur understandisg of varinos malignant and
nontalignant drontete. BMES ate often
caused by inherited or senualic genomic al
Ieeations, with severst variantt shroady well
cotablisked g puthogeaze, ' " ¥ Ay veizers
ated 11 rovious studies, our stady confiems
e chinica) and gemenis frterogensity of
THMES 'O S Albough germdine na-
ture iy establishad by he preseswe of geratic
vangnts {n nonbernstopoletic colis such as
skin Fiwohbws and screemag of affected
sod unaflected buily members, fanily his-
tosy way be noticeably shaent, as shown in
cur cobort and ather studies. '™ Funher,
sotoe of these vonditions rmay have smean-
ated elideal presentarions, welt o aduh.
ood.” 7 Hener, 2 bigh @des of clinieal
sucpielon, with se of latest orquannng eeh
nologies, would not waly endble mely
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Supplemental materls] guaeded to joumat
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dany,
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Attachment 2: (SRR Lctter from BESEESSRmENS with the following enclosures:

a.
b.
C.

SRR Clinical Notes from Dr. (NN
JEESEEE | ctter from Dr. SR

Guinan EC. Diagnosis and management of aplastic anemia. Hematology Am Soc
Hematol Educ Program. 2011;2011:76-81.

Killick SB, Bown N, Cavenagh J, Dokal I, Foukaneli T, Hill A, Hilimen P, Ireland R,
Kulasekararaj A, Mufti G, Snowden JA, Samarasinghe S, Wood A, Marsh JC;
British Society for Standards in Haematology. Guidelines for the diagnosis and
management of adult aplastic anaemia. Br J Haematol. 2016 Jan;172(2):187-207.
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Appeals Department

RE: Appeal for the Genetic Testing (CPT 81479) Requested by Dr, R, \D
Reference #: R

“You have aplastic anemia and bone marrow failure syndrome. The requested test is to
help with treatment decisions. Health plan guidelines and plan benefit language have
been reviewed, We reviewed the information sent to us. Based on review of this
information it is determined that this test is not covered under your health plan. The
health plan does not cover tests and treatments that are not shown to be medically
necessary for your care. The previous denial is upheld.”

As per the plan of SN, Vedically Necessary / Medical Necessity means health care
services provided for the purpose of preventing, evaluating, diagnosing, or treating an iliness,
injury, mental illness, substance use disorder, condition, or disease or its symptoms, that
generally meet the following criteria:

* Inaccordance with Generally Accepted Standards of Medical Practice (meaning
standards that are based on credible scientific evidence published in peer-reviewed
medical literature generally recognized by the relevant medical community, relying
primarily on controlled clinical trials, or, if not available, observational studies from

more than one institution that suggest a causal relationship between the service or
treatment and health outcomes); and

a3



¢ Clinically appropriate, in terms of type, frequency, extent, site, and duration, and

considered effective for your iliness, injury, mental illness, substance use disorder, or
disease or its symptoms; and
* Not mainly for your convenience or that of your doctor or other health care provider;
Is the most appropriate, most cost-efficient level of service(s), supply, or drug that can
be safely provided to the member and that at |east as likely to produce equivalent

therapeutic or diagnostic results as to the diagnosis or treatment of your illness, injury,
disease, or symptoms

| am writing to request a second appeal and provide additional information supporting that the
genetic testing was indeed medically necessary to determine my diagnosis and subsequent
treatment plan. In addition to Dr., NSRS lctter dated R 1rovided in
the first round of appeal, please consider this additional information supporting that CPT 81479
genetic testing was medically necessary to determine my diagnosis and treatment plan,

The genetic testing ordered by Dr. NEESRNERD, 11D was ordered to confirm a diagnosis of
acquired versus inherited aplastic anemia bone marrow failure. The attached clinical notes
(Attachment 1) from (uSNSSSSNGEN from Dr. e, i1clude my specific clinical history
including observations dating back to my childhood. A subsequent letter dated L
B (Attachment 2) from Dr. \tiamgeemism explains the exclusionary diagnosis process used to

arrive at a diagnosis of acquired aplastic anemia and confirms the use of this information for my
specific treatment plan.

The decision of my doctors to request genetic testing is supported by generally accepted
standards of medical practice based on credible scientific evidence published in peer-reviewed
medical literature generally recognized by the relevant medical community. These generally
accepted standards of medical practice highlight that bone marrow failure and related
syndromes are rare disorders and although many are associated with characteristic clinical
features, advances in medical care have shown a more complicated picture with a spectrum of
broad and overlapping phenotypes and imperfect genotype-phenotype correlations where
clinical presentation can present into adulthood. These medical advances also include
necessitating genetic testing in the diagnosis of bone marrow failure syndromes. Whereas
distinguishing acquired from inherited forms of bone marrow failure is of crucial importance
given differences in the risk of disease progression to other malignancies which would inform

the type of transplant pretreatment as well as inform the selection of the appropriate donor for
hematopoietic stem cell transplantation.

The American Society of Hematology (Guinan, 2011 and Attachment 3) confirms idiopathic
aplastic anemia diagnosis is diagnosed through a process of exclusion. This includes ruling out

types of inherited bone marrow failure syndromes for which genetic testing has proven fruitful
in providing mutation identification.

Pape 2|3



Furthermore, the Guidelines for the Diagnosis and Management of Adult Aplastic Anaemia from
the British Journal of Haematology (Killick et al, 2016 and Attachment 4) note that patients
undergoing haemopoietic stem cell transplantation should confirm the precise diagnosis as it is
vital not to miss inherited bone marrow failures to avoid serious and potentially lethal toxicity
from the transplant process and inappropriate selection of a sibling donor.

As evidenced by the clarifying information provided in this letter and specific to my clinical
presentation and rare disease condition, the genetic testing requested by Dr. NN
MD was clinically appropriate and medically necessary to confirm a diagnosis of acquired
aplastic anemia versus an inherited type of bone marrow failure. Furthermore, obtaining a
more definitive diagnosis using these diagnostic tests was critical to inform the type of
pretreatment and donor type for hematopoietic stem cell transplantation. Without utilizing
genetic testing to further confirm precise diagnosis, incremental health risks with serious and
potentially lethal toxicity or treatment relapse would have been incurred.

Please consider this letter and the attachments as part of reference #: (IR the

continued appeal in coverage for genetic testing (CPT 81479) requested by Dr. o
Rasi®, VD,

Sincerely,

S

Attachments:
1. WNSEEENENEP Clinical Notes from Dr. SR
2. R | ctter fror Dr. NN

3. Guinan EC. Diagnosis and management of aplastic anemia. Hematology Am Soc
Hematol Educ Program. 2011;2011:76-81.

4, Killick SB, Bown N, Cavenagh J, Dokal I, Foukaneli T, Hill A, Hillmen P, Ireland R,
Kulasekararaj A, Mufti G, Snowden JA, Samarasinghe S, Wood A, Marsh IC; British

Society for Standards in Haematology. Guidelines for the diagnosis and management of
adult aplastic anaemia. Br 1 Haematol, 2016 Jan;172(2):187-207.
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Attachment 1: CUEREESEEEED Clinical Notes from Dr. (RN,
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Attachment 2: GEERSREERS | otter from Dr. AESREERENSS RN
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Subject: Second appeal for genetic testing
To Whom It May Concern:

This is to write a letter to convey the medical necessity of the genetic testing ordered for ¢l

We ordered this genetic testing to arrive at the correct diagnosis for ISR A plastic anemia is a
diagnosis of exclusion and it is critical to perform genetic testing for germline or inherited forms of bone
marrow failure prior to arriving at this diagnosis. Treatment of genetic forms of bone marrow failure,
including bone marrow transplant methods are different. Without this testing, we would not have been
able to proceed with bone marrow transplant for her in an expeditious manner.

In summary, I wish to convey that this testing was medically necessary and I sincerely urge you to re-
consider your decision.

If there are any questions, please feel free to call me at SENREER,

Sincerely,




Attachment 3: Guinan EC, Diagnosis and management of aplastic anemiq. Hematology Am Soc
Hematol Educ Program. 2011,2011:76-81.
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Diagnosis and Management of Aplastic Anemia

Aplastic anemia remains a diagnosis of exclusion. Our abillity to reliably diagnose, and therefore exclude, a variety of
inherited or acquired diseases with similar phenotypes has improved markedly., An efficient dlagnostic plan Is
important because time from diagnosis to treatment is related to outcome regardless of the therapeutic option chosen.
HSCT remains the malnstay of therapy for those with matched sibling donors, and results have improved even further
In recent years. For those without a sibling donor, the high response and overall survival rates of combined
immunosuppressive therapy (IST) have proven robust. Nonetheless, incomplete response, relapse, and progression to
myelodysplasia/leukemia have more clearly emerged as significant long-term issues. Improvements in outcome of
alternative donor transplantation and the use of established and novel immunosuppressive agents provide multiple
alternatives for treating refractory or relapsed patients. Best practices in this regard are not yet clearly established and
may vary by a variety of demographic and treatment-specific factors, Regardless of the type of therapeutic approach,
patients require ongoing monitoring for occurrence of disease and/or therapy-related side effects.

Introduction

Aplastic anemia remains a disorder confined by conventions that
specify a combination of low peripheral blood counts with specific

appearances of the BM itself. The most common conventions, -

modified by severity criteria, are shown in Table 1. Whereas it has
always been thought that BM failure meeting these criteria could
arise as a consequence of diverse pathophysiologic mechanisms, the
details surrounding some of these mechanisms—both their common-
alities and their singularities—are becoming better understood, The
intention of this review is to use specific examples of new
observations, ways in which existing information is being used in
new ways, and some current fields of investigation to illustrate areas
of progress or controversy that either are influencing or may come to
influence the diagnosis and management of aplastic anemia patients
in the near term.

Diagnosis

Despite the precision of its diagnostic criteria, aplastic anemia has
always been a diagnosis of exclusion. No single test allows us to
reliably diagnose idiopathic aplastic anemia, but the field has
advanced considerably in terms of awareness of and diagnosis of
other disorders resulting in a similar or indistinguishable hemato-
logic phenotype.”* Consequently, the diagnostic evaluation has
become increasingly detail driven in its attempt to exclude a list of
potential alternative etiologies of BM failure. Some of these
investigations are guite novel, whereas others are variations on old
themes illuminated by new detail. As practitioners, we need to
remain alert to emerging changes in diagnostic tools and practices,
and to that end, examples of several such diagnostic practice
changes are highlighted below.

Whereas the reasons for obtaining & complete blood count may be
very diverse, the differential diagnosis of aplastic anemia usuaily
arises from the observation of pancytopenia (Table 2). Although
many sophisticated tests are now available, it remains essential to
obtain a thorough history and perform a detailed examination. One
goal of history taking is to elicit evidence of any drug or toxin
exposures that huve been associated with BM aplasin. A quick
perusal of any online drug database discloses the ubiquity of BM

76

suppression and, albeit less frequently, BM failure as potential
adverse events seen after the administration of drugs from virtually
every class. The recognition of these associations reflects the
circumstances and extent of usage offexposure to any particular
drug or toxin. Therefore, potential exposures should be explored for
plausibility in up-to-date databases. Unfortunately, no tests permit
ascertainment of causal relationships between any specific exposure
and subsequent BM failure. From the perspective of the individual
patient, any associntions therefore remain presumptive, and the
utility is simply in removing any ongoing exposure. From a
population perspective, however, aggregated information may in-
form post-marketing decisions governing drug labeling. Moreover,
Web-based communication platforms make the resulting informa-
tion readily available for use in treatment decisions. Accordingly,
physicians should be aware of and use national programs to report
such associations. In the United States, one such resource is the
Food and Drug Administration’s MedWatch program (http://www,
fda.gov/Safety/MedWatch/HowToReport/ucm085568.htm).

The importance of a detailed physical examination has also not
declined. However, there are substantive limitations of the examina-
tion in firmly excluding alternative diagnoses previously felt to have
pathognomonic findings.>® Fortunately, highly specific diagnostic
tests have emerged for multiple disorders that can present as aplastic
anemia. Genetic testing has proven froitful in several regards,
patticularly in providing genetic (mutation identification) tests for
inherited BM failure syndromes (IBMFSs). These tests and their
application will be discussed in more detail by Dr Niemeyer (see
pages 84-89).7 The generalizable message in regard to using these
tests to exclude diagnoses other than idiopathic aplastic anemia is
that they provide incomplete information, We do not yet know all of
the inherited genetic variants that can result in a clinical BM failure
phenotype, or in a specific IBMFS phenotype.® Classical mutations
can be found in individuals without physical findings of an IBMES
and the same mutation can be associated with very diverse clinical
presentations.>® Whereas better diagnostic algorithins using pheno-
typic, clinical laboratory, and genetic data are evolving rapidly and
new genetic variants continue to be discovered, current testing does
result in improved but nt absolute exclusion of a specific IBMFS.’

American Society of Hematology
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Table 1, Definition of aplastic anemia with severity criteria*

Classification Criterla

BM cellularity << 26% {or < 50% if < 30% of BM is
hematopoietic cells)

AND = 2 of the following:

* Peripheral blood neutrophif count < 0.5 X 1091

* Peripheral blood platelet count < 20 » 10%/L

* Peripheral blood reticulocyte count < 20 X 109/L.

As above, but peripheral blood neutrophil count
mustbe < 0.2 X 10%/L

Hypocellullar BM with peripheral blood values not
meeting criteria for severe aplastic anemia

Severe

Very severe

Nonsevere

Adapted with permission from: Davies JK, Guinan EC.5

A different example of the expanded tool kit provided by genetic
testing iy a recent report in which an infant presented with
pancytopenia and BM failure without megaloblastic changes (albeit
with some dysplasia) and normal B12 and folate levels. Eventual
evaluation of metabolic status led to the finding of a novel
transcobalamin mutation resulting in B12-responsive BM failure.?

Routine cytogenetic testing has further revealed that approximately
10% of patients with apparent aplastic anemia by all other criteria
may have clonal chromosomal abnormalities. The complex relation-
ship of clonality and aplasia is presented in great detail by Dr
Maciejewski (see pages 90-93)."' Additional data based on cell-
surface and intracellular markers such as p53, Hgb F and telomere
length are also being evaluated for their wility in the diagnostic
quagmire of differentiating hypoplastic myelodysplasia and idio-
pathic aplastic anemia, 129

Innovations in established diagnostic algorithms have become
commonpluce, One paradigm is investigation of paroxysmal noctur-
nal hemoglobinuria (PNH) as a cause of aplasia, Testing for PNH
has evolved significantly from function-based biochemicul assays
such as the sucrose hemolysis and Ham tests to flow cytometric
analysis.™ Somewhat confusingly from a diagnostic point of view,

Table 2. Differential diagnosis of peripheral pancytopenia

both healthy individuals and those with aplastic anemia can have
clones of cells with a PNH phenotype, and these clones can wax and
wane in absolute and relative frequency.!® Therefore, accurate
biomarker identification in conjunction with accurate quantitation
hats proven requisite. Both goals have been met by flow cytometric
detection and quantification of PNH clones by use of the glycophos-
phatidylinositol-anchor binding, fluorescently labeled inactive toxin
aerolysin, which is more sensitive than antibody binding to CD59,
another glycophosphatidylinositol-anchor-binding cell-surface
molecule, 4

Mutation analysis is a highly specific but incomplete mechanism for
establishing an alternate IBMFS diagnosis. However, testing for a
common functional or structural phenotype can be highly synergis-
tic and facilitative. Just as abnormal sister-chromatid exchange
became the diagnostic test for virtually every Fanconi anemia
patient, determination of telomere length has become a valuable
adjunct to diagnosis of dyskeratosis congenita in particular, but to
other IBMFSs as well.'516 Using several different techniques,
nomograms of telomere length by age and by cell of origin are
becoming sufficiently refined to provide significant diagnostic
assistance. Differences in cell-cycle markers may also prove
useful.’” As ndditional biological correlates of IBMFS molecular
findings become betler understood, such “functional” screening
should become both more robust and accessible.

Management

Whereas there has been no significant shift in the management
strategy for aplastic anemia over the last several years, there are
some emergent data that can support and direct the practitioner in
managing such patients,

Supportive care

Medical care continues to depend upon meticulous attention to
issues of infectious and hemorrhagic diatheses, expectant manage-
ment of regimen-related toxicities, and provision of information and
psychological support.’* Potentially useful data drawn from related

Condition BM appearance

Possible diagnostic investigations

Idiopathic aplastic anemia Hypocefiular
Associated with IBMFS Hypocellular
Associated with drug or toxin Hypocellular
Associated with pregnancy Hypocellular

Viral-associated (may include CMV,
EBV, HIV, HHV-6, hepatitis non-A,
B, or C, other)

PNH Variable

Hypocellular (or variable)

Myelodysplasia
Acute myeslogenous teukemia
Acute lymphaoblastic leukemia

Hyper- or hypocellular

Hyper- or hypocellular

Hodgkin disease Infiltrated or may be hypocellutar
Solid tumors Infiltrated
Myelofibrosis Raticulin fibrosis

Histiocylic disorders
Osteopetrosis

Storage disorders

Anorexia nervosa

Acquired nutritional deficiency

Increased bony {rabeculae
Hypercellular, infiltrated

Hypercellular

Hyperceliular (rarely hypocellular)

Hypocelluar, hemophagocytosis

Hypocellular * fat necrosis

Exclusion

Mutation analysis; functional testing

Careful history

B-hCG

Serology; PCR for viral DNA; specific tests for antigens;
tetramer analysis

Peripheral blood immunophenotyping for PIG-linked moleculss;
Ham/sucrose lysis test

Variable by presentation but may include: BM morphology by
aspirate; trephine biopsy; immunocyto-/histochemistry;
immunophenotyping; cytogenetics Including FISH,;
molecular analysis

Trephine biopsy

Trephine biopsy

Careful history; physical examination; psychiatric evaluation
B12/folate levels (pretransfusion); metabolic pathway analysis

hCG indicates human chorionic gonadotrophin; HHV-6, human harpes virus-6: PIG, XXXX.

Adapted with permission from Davies and Guinan.®
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patient populations or those with similar issues emerge routinely.
For example, increased scrutiny of platelet transfusion triggers in
diverse populations, few of whom have aplasia with its attendant
protracted platelet production failure, has been undertaken but
should be interpreted cautiously for this population.'® Similatly, the
approach to potential infection in neutropenic, febrile patients is
frequently updated and provides important algorithms, but its
applicability is limited by the persistent pancytopenia of aplastic
anemia patients compared with other populations. However, the
spectrum of infections in aplastic patients specifically has been
reviewed recently and treatment recommendations have been
provided.”®

Emerging data on the use of iron chelation in patients with

aplastic anemia

Iron-related mortality, especially related to hepatic and cardiac
dysfunction, has not surprisingly emerged as an issue in aggregated
BM failure cohorts, including some individuals with aplasia.202!
Daily chelation with oral deferasirox has been studied prospectively
in a large number of aplastic anemia patients with iron overload.
Treatment was well tolerated and effective in decreasing serum
ferritin and transaminases.?! Expectant, cautious management was
urged in regard to renal impairment, especially if there was
concomitant use of renal toxic immunosuppressive drugs?’ In
addition to producing desired improvements in organ function,202!
in a few cases, chelation with either deferasirox or deferoxamine has

also intriguingly been associated with significant hematologic
improvement 2223

Matched family member HSCT

Mainstays for treatment for aplastic anemia remain HSCT, the only
curative therapy to date, and immunosuppressive therapy (IST).
HSCT continues to be the recommended first-line therapy for
individuals with severe or very severe aplastic anemia who have a
matched sibling donor.* The upper limit of age for this recommen-
dation has been 40 years, although there is increasing variation in
this regard, especially with use of lfess-aggressive conditioning
regimens. Results of matched sibling HSCT have improved over
time. A large, recent retrospective review found a significantly
inferior overall survival rate of 73% (n = 614) in those patients
receiving transplantations between 1991 and 1996 compared with
80% (n = 550) in those receiving transplantations between 1997
and 2002 Survival of children in the latter cohort was even higher
at 91%. Indeed, younger age, year of transplantation, and decreased
interval from diagnosis to transplantation all contributed to im-
proved outcome in this European registry report. Conditioning
regimens for matched sibling HSCT have historically been limited
in their reliance on radiation, a trend that has become more
pronounced. For example, 24% compared with 8% of matched
sibling HSCT incorporated radiation into the conditioning regimen
in the above 2 time periods, respectively, and irradintion was
inversely correlated with survival®® The mainstay of conditioning
has remained cyclophosphamide with or without additional agents.

Immunosuppressive therapy

For individuals lacking a matched sibling donor or above the age at
which sibling HSCT is felt to represent the best opportunity for
good outcome, IST is indicated."* The multiagent regimen of
antithymocyte globulin (ATG) and cyclosporine (generally accom-
panied by a brief course of corticosteroids) has proven very robust.25
Response to IST generally ranges from 50%-80% and, in contrast to
HSCT, the response rate of patients to IST has not changed in recent

78

years AR IST regimens are somewhat variable, particularly
with respect to source and administration schedules of ATG as
detailed in the cited reports and reviews. Most studies have used
horse ATG, although for various reasons more practical than
theoretical, rabbit ATG is currently also in use. No substantial data
as to the relative efficacy of the preparations have yet emerged,
Modifications to the conventional IST regimen, including addition
of danazol,* mycophenolate mofetil,® sirolimus,?” or hematopoi-
etic growth factors,™ have not significantly improved response or
decreased relapse rates. Such agents currently have no place in
primary therapy, although a few studies suggest that the addition of
danazol® or growth factors®* has altered relapse rates, Very little
information is available about the substitution of tacrolimus for
cyclosporine.’? Aliernative immunosuppressive regimens, such as
cyclophosphamide™ or alemtuzumab with or without cyclospo-
tine® also show promise. Most IST modifications have heen
studied in very limited cohorts and have not yet been subjected to
prospective, randomized comparisons with the standard of care.

With current improvements in alternative donor HSCT, the desire to
predict response to IST has grown. Several recent reports have
suggested that younger age overall is associated with greater
likelihood of response. !> Among affected children only, younger
age has inconsistently been associated with greater response rate.!?
Interval from diagnosis to treatment, gender, absolute neutrophil
count (ie, very severe uplastic anemia vs severe aplastic anemia),
and reticulocyte and lymphocyte counts have also, but mare
variably, been correlated with response.! 22428 Telomere length has
not been shown to be correlated with response.!*

Scrutiny of the definition of response chosen, which varies between
investigators and programs, is important in interpreting the results
of IST studies; the widespread adoption of consensus criteria should
facilitate comparison of outcomes. In addition to varied degree of
improvement, IST responders can follow highly variable clinical
paths. Some are stable after discontinuation of treatment, whereas
others (15%-25%) have significant cyclosporine dependence.?®
Slower weaning off of cyclosporine (over approximately 1 year) has
been associated with decreased relapse.”® Some patients remain
stable or slowly imptove their hematologic status, whereas others
miy relapse (apparently) spontaneously or with “provocations”
such as pregrancy, and still others go on to develop persistent clonal
cytogenetic findings and myelodysplasia or acute myelocytic leuke-
wmia. This latter topic is reviewed and referenced in detail elsewhere
in this book, and is an important component of both managing and
triaging treatment in aplastic unemia patients. For patients who are
refractory to IST or who relapse after successful IST, treatment with
an additional course of ATG-bused IST is possible>+#37% Re.
sponse rates in recent reports range from 11%-65%,23.3 with rates
in previous responders generally more favorable than in initially
refractory patients. More experimental modalities, including alterna-
tive IST (eg, rituximab® or cyclophosphamide™) may also be
considered. In addition to an understanding of the diverse courses of
patients after IST, which range from uninterrupted hematologic
stability to either relapse or evolution of myelodysplasia/leukemia
(both at very unpredictable times after treatment), these choices
should be determined by fuctors including patient age, performance
status, transfusion requirement, comorbid conditions, and availabil-
ity of alternative donors for HSCT. Intriguingly, shorter age-
adjusted telomere length has been shown recently to be nssociated
with likelihood of relapse, clonal evolution, and overall mortality. '3
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Alternative donor HSCT

The above choice is heavily influenced by the recent significant
improvement in the outcome of alternative donor transplantation,
using either matched or mismatched unrelated donors (URDs) or
mismatched related donors. In part because of the underlying
historical tendency of both alternative donor and aplastic anemia
patients 1o have increased graft failure/rejection, alternative donor
transplantations for aplasia were initially carried out with aggres-
sive, immunosuppressive, and myeloublative regimens, markedly
different from those used for matched sibling HSCT. Moreover, the
aplastic anemia patients who first came to URD were often heavily
treated patients who had failed numeyous therapies, had repeated
episodes of febrile nmeutropenia or infection, and had received
extensive transfusion support, In a multivariate analysis of the
Furopean registry data, in which actuarial survival after alternative
donor HSCT improved from 38% to'65% in the periods 1991-1996
and 1997-2002, respectively, only year of transplantation was
associated with incrensed survival.® It is likely that progressive
changes in dimensions such as improved performance status,
decreased prior transfusion, decreused interval from diagnosis to
tansplantation, improved supportive care, better donor-recipient
matching, and use of less-intensive (particularly low-dose radiation
or radiation-free) regimens contributed to this association and (o the
improved results in other recent studies. 404 Five-year survival
ranges from approximately 35%-85% in these reports, depending
upon approach, maich, and recipient age. More reliable data on
unrelated umbilical cord blood HSCT for aplastic anemia have also
started to emerge, although this approach remains used largely in
pediatric patients 3346

Overall, younger, better-matched patients have superior outcomes
after alternative donor HSCT 2#¥40-4 However, degree of match or
choice of alternative donor has not significantly affected various
outcome measures in some studies.*? Attention has recently turned
to additional pretransplantation characteristics that might influence
or predict outcomes. One example would be consideration of the
effects of iron overload at time of HSCT. Because patients with
matched sibling donors most often move rapidly to HSCT, these
studies are largely referable to alternative donor HSCT. Once again,
inferences are drawn from studies in which patients with various
diagnoses are aggregated rather than studies in which the diagnosis
is confined to those with aplastic anemia. Nonetheless, the majority
of aplastic patients in these studies tended to have high ferritin
levels or high aggregate “iron scores” at a level the reports
associated with increased 100-day mortality, acute GVHD oceur-
rence, bacteremiafinfection, and decreased overall survival#74%
However, the associations between iron overload and adverse
outcomes observed may be skewed by the prevailing myelodyspla-
sia diagnosis in the study cohorts, and this and other confounding
factors may contribute to these observed outcomes. There is as yet
no data in aplastic anemia that directly address the value of
chelation-related decreases in iron compared with the natural
presentation to HSCT with less iron-loaded status. Whereas it is
likely fair to take the issue of iron-related toxicity as another
incentive among many lo proceeding with treatment quite expedi-
tiously, overall, the consideration of the costs, benefits, and
potential toxicities of iron chelation must continue to be considered
largely on a patient-by-patient basis.

Despite increased data on the outcome of patients treated in diverse
witys, there is as yet no absolute algotithm in regard to treatment for
patients relapsed after or refractory to IST. A recent prospective,
multicenter study in Japan evaluated the outcome of pediatric
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patients with either severe or very severe aplastic anemia who failed
to respond to IST at 6 months. The patients underwent HSCT if they
had a serologically matched URD, an HLA-one antigen-mismatched
family donor, or an HLA-matched or HLA-one antigen-mismatched
umbilical cord blood donor at the time of evaluation or they
received a second IST course identical to the first,* The failure-free
survival (ie, survival with hematologic response) at 5 years was
83.9% in those receiving HSCT, significantly better than 9.5% in
those given a second round of IST. With the caveat that the
epidemiology of aplastic anemia and HSCT in Japan has been
somewhat different froin that in other geographic areas, these are
nevertheless important and provocative data. Results that can be
{nferred from prior, retrospective reports are somewhat less diver-
gent than this, albeit not in direct contrast. Additional analyses
based on patients treated over the last decade will help to inform
better decision making in regard to secondary treatment.

Long-term toxicity

The long-term complications of HSCT (somewhat independent of
underlying disease) are increasingly well appreciated,” and long
term survivors of IST!® are also at risk for a multiplicity of
complications. Some of these complications become obvious only
with prolonged followup. Moreover, these data are impetfect
because both the characteristics of specific patient cohorts and
regimens influence outcome. One might expect that as patients with
different diseases, partticularly IBMFS, are removed from the
“aplastic anemia” cohort and as regimens alter (certainly toward less
radiation and potentially to alternative IST), the challenges faced by
survivors will also change.

Summary

Incremental gains have been made in both the diagnosis and
management of aplastic anemia. The issues of predicting treatment
response and clinical course remain unresolved, although some
intrigning data have started to emerge. Greater understanding of
regimen-related toxicities, either acute or delayed and potentialty
chronic, provides an impetus for the improvement of therapeutic
strategies.
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Scope

Methodology

Literature review details. The guideline group was selected to
be representative of UK-based aplastic anaemia (AA) medical
experts. Recommendations are based on review of the litera-
ture using MEDLINE and PUBMED up to December 2014
under the heading: ‘aplastic anemia’,

The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) nomenclature was used to
evaluate levels of evidence and to assess the strength of rec-
ommendations. The GRADE criteria are specified in the
BCSH  guidance pack  http://www.bcshguidelines.com/
BCSH_PROCESS/EVIDENCE _1EVELS_AND_GRADES_OF_
RECOMMENDATION/43_GRADEhtml and the GRADE
working group website httpi//www.gradeworkinggroup.org

The objective of this guideline is to provide healthcare
professionals with clear guidance on the management of
patients with AA, The guidance may not be appropriate to
every patient and in all cases individual patient circumstances
may dictate an alternative approach.

Working group membership, Review of the manuscript was
performed by the British Committee for Standards in Hae-

Correspondence; BCSH Secretary, British Society for Haematology,
100 White Lion Street, London N1 9PF, UK,
E-mail: besh@b-s-h.org.uk
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matology (BCSH) Haemato-Oncology Task Force, BCSH
Executive Committee and then reviewed by a sounding
board of the British Society for Haematology (BSH). This
compromises 50 or morc members of the BSH who have
reviewed this guidance and commented on its content and
applicability in the UK setting, It has also been reviewed by
the Aplastic Anaemia Trust patient group but they do not
necessarily approve or endorse the contents.

Summary of key recommendations

Key recommendations for definition, severity and
presentation

* The severity of AA (AA) should be according to the
Camitta criteria. Grade 1C

* Most cases of AA are idiopathic, nevertheless a careful
drug history must be taken and any putative causative
drug should be discontinued and reported to the Medici-
nes and Healthcare products Regulatory Agency (MHRA)
using the Yellow Card Scheme. Grade 1C

* A multidisciplinary team (MDT) meeting approach is
recommended to collate relevant results and develop a
treatment plan. Consideration should be given to seck-
ing expert advice on the diagnosis and management
of patients where there is uncertainty, or when an inher-

ited bone marrow failure syndrome (IBMPS) is being
considered.

Key recommendations for inherited AA

* Chromosomal breakage analysis of peripheral blood
lymphacytes following exposure to diepoxybutane to

test for Fanconi anaemia (FA) should be performed.
Grade 1B
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Guideline

= Comprehensive assessment should be performied, includ-
ing family history, abdominal ultrasound, echocardio-
gram, high resolution computerized tomography scan of
the chest and pulmonary function tests, and evaluation
for other extra-haematopoietic abnormalities (such as
cirrhosis, pulmonary fibrosis or renal anomalies); the
presence of these will support a diagnosis of constitu-
tional rather than idiopathic bone marrow failure
(BMF). Grade 1B

Key recomimendations for supportive care

+ Blood transfusions should be given to improve quality

of life, Grade 1A

A threshold haemoglobin concentration cannot be rec-

ommended for all patients; it should be individualized

according to co-morbidities, Grade 1A

+ Phenotype (Rh and Kell) matched blood should be consid-

ered to reduce the risk of alloimmunization. Grade 1B

Prophylactic platelet transfusions should be given to

stable AA patients receiving active treatment. Grade 1B.

A threshold (pre-transfusion) platelet count of 10 X 10°/

1 should be used. Grade 1B

« In patients judged to have additional risk factors for
bleeding, such as fever or sepsis, a higher prophylactic
transfusion threshold of 20 X 10°/1 is recommended.
Grade 2C

+ Routine prophylactic platelet transfusions are not rec-

ommended for stable AA patients not on active treat-

ment. Grade 2B

Patients with chronic bleeding of World Health Organi-

zation grade 2 or above require individual management

according to the severity of their symptoms and signs.

Grade 2C

» Prior to administration of antithymocyte globulin
(ATG), a daily threshold (pre-transfusion) platelet count
of 20 X 10°/1 should be used for the duration of the
ATG course, Grade 2C

» Only one adult platelet dose is routinely required, Grade
1A,

+ All patients undergoing treatment with immunosuppres-
sive therapy (ATG or Alemtuzumab) should receive irra-
diated blood products. Grade 1C

» All patients undergoing hacmopoietic stem cell trans-
plantation (HSCT) should receive irradiated blood prod-
ucts. Grade 1A

« The need for iron chelation therapy should be decided on
an individual patient basis. Patients with iron overload after
successful HSCT should undergo venesection. Grade 1B

» Aplastic anaemia patients who are severely neutropenic
should be given prophylactic antibiotics and antifungal
therapy according to local policies. Grade 2B

« Aplastic anaemia patients receiving immunesuppressive
therapy (IST) should also receive prophylactic anti-viral
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agents, although routine prophylaxis against Pneumocys-
tis jirovecii is not necessary. Grade 2C

Key recommendations for IST

* The current standard first line IST is horse ATG
(ATG-ATGAM) combined with ciclosporin (CSA). Grade
1A

+ Immunosuppressive therapy is recommended first line
therapy for non-severe AA patients requiring treatment
(sce indications in text), severe or very severe AA
patients who lack a matched sibling donor (MSD), and
severe or very severe AA patients aged >35-50 years.
Grade 1A

+ A second course of ATG may be indicated following fail-
ure to respond to a first course [if the patient is ineligi-
ble for a matched unrelated donor (UD) HSCT] or
following relapse after a first course, Grade 1A

» ATG is an immunosuppressive drug and should only be
administered in centres familiar with its use; the drug
must only be given to in-patients. Grade 1B

» The use of high dose or moderate dose cyclophos-
phamide (without stem cell support) is not recom-
mended in AA. Grade 1A

+ Following IST, vaccinations, including influenza, should
be avoided if possible as there is a theoretical risk of dis-
ease relapse, Grade 2C

Key recommendations for HSCT

+ All patients being considered for HSCT should be evalu-
ated in a multi-disciplinary team setting, and considera-
tion should be given to discussion of the case with a centre
that has expertise in AA regarding the indications for
HSCT and the choice of conditioning regimen. Grade 1C

+ To inform the multi-disciplinary team decision-making
regarding HSCT:

+ All patients who are potential HSCT candidates
should undergo human leucocyte antigen (HLA) typ-
ing at diagnosis, followed by related or UD searches
as appropriate to assess the availability of potential
donors. Grade 1B

» A careful reassessment should be made to confirm the
precise diagnosis and exclude clonal evelution to
myelodysplastic syndrome (MDS) or paroxysmal noc-
turnal haemoglobinuria (PNH), as this will influence
the choice of conditioning. It is also vital not to miss
constitutional AA so as to avoid (i) serious (and poten-
tially lethal) toxicity from the transplant and (ii) inap-
propriate selection of a sibling donor. Grade 1C

« The Haematopoietic Cell Transplant Co-morbidity
Index or equivalent assessment should be docu-
mented, Grade 2B
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* Alternatives to HSCT, including IST, should be

actively considered in the management plan. Grade
1B

* Up-front MSD HSCT for young and adult patients is the
treatment of choice for severe AA, but patients aged
between 35-50 years need to be carefully assessed for co-
morbidities prior to consideration for transplantation.
Grade 1B

Unrelated donor HSCT in adults should be considered
after lack of response to one course of IST, Grade 1B
There have been recent improvements in outcomes after
alternative donor HSCT for patients who lack a suitably
matched donor, but these transplants are still experi-
mental and specialist advice should be sought; only
Buropean Bone Marrow Transplantation Severe Aplastic
Anaemia Working Party (SAAWP) approved protocols
should be used. Grade 2B

-

Key recommendations for treatment of AA in the elderly

* Elderly patients with AA should be individually assessed
and their specific wishes respected, as quality of life is
paramount in this patient group, Grade 1C

» Immunosuppressive therapy is considered the treatment

of choice. ATG and CSA result in a more rapid recovery

of blood counts but, alternatively, CSA alone or oxy-
metholone can be considered. Grade 1B

Patients unfit for, who decline or who are intolerant of

IST should be offered best supportive care. Grade 1C

Eltrombopag is licensed by the Buropean Medicines

Agency (EMA) for severe AA refractory to IST or

patients who are heavily pre-treated and unsuitable for

HSCT. It should be used with meticulous long term

monitoring for clonal evolution, or following a clinical

research protocol, Grade 2B

Key recommendations for management of AA in
pregnancy

* Supportive care remains the mainstay of treatment of
AA in pregnancy, aiming to maintain the platelet
count above 20 X 10°1 with platelet transfusions.
Grade 1C

* CSA is safe in pregnancy if needed. Grade 2C

Key recommendations for PNH and AA

= All patients should be screened for PNH using flow
cytometry on peripheral blood to detect deficiency of
glycosylphosphatidyl-inositol (GPI) anchored proteins,
such as CD14, CD16 and CD24, as well as fluorescent
aerolysin (FLAER) for white blood cells, and CD55 and
CD59 for red cell analysis.

© 2015 John Wiley & Sons Ltd
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Patients should be screened for PNH at the diagnosis of
AA, If persistently negative, test 6-monthly for 2 years
and then move to annual testing unless symptoms/signs
develop. If the PNH screen is, or becomes, positive, test
3-monthly for the first 2 years and only reduce the fre-
quency if the proportion of the PNH cells has remained
stable. Grade 2C

* Small PNH clones can be detected in up to 50% of
patients with AA, usually without evidence of haemoly-
sis; large clones are clinically significant and may result
in haemolysis as well as increased thrombotic risk (‘hae-
molytic PNH?),

Presence of a small/moderate PNH clone in AA does not
directly influence the choice of treatment for the under-
lying BMF.

* New PNH patients should be referred to the PNH
National Service to be monitored for PNH complications
and assessed for anti-complement therapy.

Definition, disease severity and clinical
presentation of AA

Aplastic anaemia is a rare and heterogeneous disorder. It is
defined as pancytopenia with a hypocellular bone marrow in
the absence of an abnormal infiltrate or marrow fibrosis. To
diagnose AA there must be at least two of the following
(Camitta et al, 1975) haemoglobin concentration (Hb)
<100 g/l, platelet count <50 x 10°l, neutrophil count
<15 x 10°/l. The majority (70-80%) of cases are idiopathic
(Marsh et al, 2009). The remainder mainly consist of IBMES.
The incidence is 2-3 per million per year in Europe, but
higher in East Asia (Montane et af, 2008). There is a biphasic
distribution, with peaks at 10-25 years and over 60 years.

The modified Camitta criteria (Camitta ef al, 1975; Baci-
galupo et al, 1988) are used to assess severity;

* Severe AA (SAA);

Marrow cellularity <25% (or 25-50% with <30% residual
haematopoietic cells), plus at least 2 of (i) neutrophils
<05 x10%/l, (ii) platelets <20 x 10%1 (i) reticulocyte count
<20 x 10”1 (see diagnostic section for automated reticulo-
cyte count)

* Very Severe AA (VSAA);
As for SAA but neutrophils <0-2 x 10%1
* Non-severe AA (NSAA);
AA not fulfilling the criteria for SAA or VSAA

Patients commonly present with symptoms of anaemia
and thrombocytopenia, Serious infection is not a frequent
symptom early in the course of the disease. A preceding his-
tory of jaundice may suggest a post-hepatitic AA, Whilst the
majority of cases are idiopathic, a careful drug, occupa-
tional exposure and famnily history should be cbtained, Any
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putative drugs should be discontinued and the patient should
not be re-challenged. If a possible drug association is sus-
pected, this must be reporied to the Medicines and MHRA
using the Yellow Card Scheme (hutp://yellowcard.gov.uk).
There is usually no hepatosplenomegaly or lymphadenopathy
(except in infection). In young adults the presence of short
stature, skin hyperfhypo pigmented areas and skeletal abnor-
malities, particularly affecting the thumb is suggestive of FA
(Shimamura & Alter, 2010). The triad of nail dystrophy, retic-
ular skin pigmentation and oral leucoplakia is characteristic of
dyskeratosis congenita (DC) (Shimamura & Alter, 2010). The
finding of peripheral lymphoedema may indicate a diagnosis
of Emberger syndrome due to germline GATA2 mutation,

Key recommendations for definition, severity and
presentation

* The severity of AA should be according to the Camitta
criteria. Grade 1C

= Most cases of AA are idiopathic, nevertheless a careful
drug history must be taken and any putative causative
drug should be discontinued and reported to the MHRA
using the Yellow Card Scheme. Grade 1C

* A MDT meeting approach is recommended to collate
relevant results and develop a treatment plan. Consider-
ation should be given to seeking expert advice on the
diagnosis and management of patients where there is
uncertainty, or when an IBMES is being considered.

Investigations required for the diagnosis of AA

Idiopathic AA is a diagnosis of exclusion and no single test
reliably diagnoses idiopathic acquired AA. Consequently, the
diagnostic evaluation must exclude assessment of alternative
aetiologies of BMF, The “empty” marrow on histology of AA
is characteristic and a prerequisite for the diagnosis. There is
increasing recognition that IBMFS are commoner than previ-
ously thought and may present in adulthood. The following
investigations (Table I) are required to confirm the diagno-
sis, and:

(i)exclude other causes of pancytopenia and a hypacellular
bone marrow

(it)exclude IBMFSs

(iii)screen for an underlying cause and

(iv)document co-existing abnormal cytogenetic and PNH
clones.

See Table I for the summary of investigations for the diag-
nosis and further evaluation of AA; this table also summarizes
the emerging diagnostics incorporating the latest molecular
technologies that are likely to feature in the diagnosis and dif-
ferential diagnosis within the next couple of years.

Both a bone marrow aspirate and trephine biopsy are
required for the diagnosis of AA, and the key bone marrow
findings are summarized in Table II.
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The investigations in Table I should exclude non-AA
causes of pancytopenia with a hypocellular bone marrow,
which are listed in Table IIL

A MDT meeting approach is recommended to collate rele-
vant results and develop a treatment plan. Consideration
should be given for seeking experl advice on the diagnosis
and management of patients where there is uncertainty, or
when an IBMFS is being considered.

Inherited AA

A number of inherited/genetic disorders are characterized by
BMF/AA, usually in association with one or more somatic
abnormality (Alter, 2007). The BMF typically presents in
childhood but this can sometimes be in adulthood.

The two syndromes frequently associated with generalized
BME/AA are FA and DC (Dokal, 2011; Soulier, 2011), which
can sometimes present with AA alone as their initial manifes-
tation, These syndromes are genetically heterogeneous; 16 FA
genes and 10 DC genes have been identified. The FA genes
are important in DNA repair, the DC genes in telomere
maintenance. Based on the DNA repair defect a diagnostic
test-‘chromosomal breakage test’ is available for FA, Patients
with DC usually have very short telomeres and this measure-
ment [using flow cytometric fluorescence in situ hybridiza-
tion or multiplex quantitative polymerase chain reaction
{PCR)] can be useful in the assessment of DC. Genetic test-
ing for known DC genes (representing c. 60% of cases) is
possible in specialized centres.

In addition there are other genetic syndromes that are
sometimes associated with AA/cytopenias. This includes
Shwachman Diamond syndrome  SDS (Dror et al, 2011)
(mutations in SBDS), congenital amegakaryocytic thrombo-
cytopenia  CAMT (Ballmaier & Germeshausen, 2011) (mu-
tations in MPL) and GATA2 deficiency (Emberger
syndrome) (Horwitz, 2014) as well as genetically uncharac-
terized cases.

Some cases of inherited AA first present in adulthood
and it is important to recognize these as their management
differs from that of idiopathic AA. Where there are suffi-
cient characteristic abnormalities a diagnosis may be
straightforward  (e.g. mucocutaneous features in  DC),
Where the presentation is only with AA and with minimal
non-haematological abnormalities, inherited BMF should be
considered and testing for known BMF syndromes should
be undertaken. Investigations for inherited forms of AA
should be re-appraised in patients initially classified as “id-
iopathic AA” and who fail to respond to anti-thymocyte
globulin (ATG).

Key recommendations for inherited AA

» Chromosomal breakage analysis of peripheral blood
lymphaocytes following exposure to diepoxybutane to test
for FA should be performed. Grade 1B
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Table 1. Summarized diagnosis and further investigation of aplastic annemia,

Test

Key changes

1. Full blood count

2. Reticulocyte count

3. Blood film examination

4. HbF%

5, Peripheral blood chromosomal
breakage analysis: diepoxybutane
test (DEB Test)

6. Flow cytometry for GPI-anchored
proteins to detect PNH clone (6-
colour methodology including
FLAER)

8. Vitamin B12 and folate

9. Liver function tests

10. Viral studies: hepatitis A/B/C,
EBV, CMV, HIV and Parvovirus
B19

11. Anti-nuclear antibody and anti-
double stranded DNA
12, Chest X-ray and other radiology

13. Abdominal ultrasound scan and
echocardiogram

Pancytopenia. Usually the haemoglobin concentration and neutrophil and platelet counts are uniformly
depressed, In the early stages, jsolated cytopenia, particulatly thrombocytopenia, may occur.
Lymphocyte counts are usually preserved. Presence of monocytopenia needs further investigation to
exclude hairy cell leukaemia ot inherited bone marrow fatlure due to GATA2 mutation (Emberger/
MonoMac syndrome, see section on inherited AA)

Reticulocytopenia; automated reticulocyte counting will over-estimate the count compared with the Jevels
set in the Camitta criteria (Camitta, 1984) for defining disease severity, which were defined an manual
counts. This criterion has now been modified from manual percentages to absolute reticulocyte levels
<60 % 10%/] as assessed by automated technologies {Rovo et al, 2013)

Frequent mucrocytosis and anisopoikilocytosis. Neutrophils may show toxic granulation. Platelets are
mainly small in size, Exclude presence of dysplastic neutrophils, abnormal platelets, blasts and other
abnormal cells, such as ‘hairy’ cells

HbJF; measure pre-transfusion in children — important prognostic factor in children, Note that the level
is often elevated in constitutional syndromes

For possible FA if patient aged <50 years, but it would also be indicated to screen vlder patients if FA is
clinically suspected. It is difficult to set an upper age limit for FA screening, as anecdotal cases have
been diagnosed in the fifth decade (unpublished observations). Screen all patients who are transplant
candidates and siblings of FA patients

See AA and PNH section for full description

Documented vitamin B12 or folate deficiency should be corrected before a final diagnosis of AA is
confirmed. Bone marrow aplasia due to vitamin deficiency Is exceedingly rare

Liver function tests should be performed to detect antecedent/on-going hepatitis

AA due to hepatitis is rare, it usually occurs 2-3 months after an acute episode of hepatitis and is more
common in youny males (Brown et al, 1997), In post-hepatic AA the serology is often negative for the
known hepatitis viruses. CMV should be assessed if SCT is being considered. HIV more commonly
causes isolated cytopenias but is a very rare cause of AA (Wolf et al, 2007; Hapgood et al, 2013).
Likewise, parvovirus B19 is more usually associated with pure red aplasia but has been reported with
AA (Mishra et al, 2005)

Pancytopenia in systemic lupus erythematosus may (i) be autoimmune with a cellular bone marrow (ii)
associated with myelofibrosis or rarely (iii) with a hypocellular marrow

Useful at presentation to exclude infection and for comparison with subsequent films. X-rays of the
hands, forearms and feet may be indicated if an IBMFS is suspected. High resolution CT scan of the
chest is indicated for suspected DC or constitutional RUNX! bone marrow failure syndrome

An enlarged spleen and/or lymph nodes raise the possibility of a malignant haematological disorder as

the cause of the pancytopenia. In younger patients, abnormal or anatomically displaced kidneys are
features of FA

14, Emerging diagnostic tests: the following are not currently routine diagnostic tests, but are likely to be so within the next few years

Peripheral blood Jeucocyte
telomere length:

Next generation sequencing, gene
panels for:

Single nucleotide polymorphism
array karyotyping

Useful for disease screening for telomere gene mutations in classic DC; less specific in adult onset AA
wvith TERC/TERT mutations; short telomeres may also oceur in acquired AA with reduced stem cell
reserve (Townsley et al, 2014)

= Telomere gene complex mutations
+ Other IBMFS

* Acquired somatic mutations, typical of myeloid malignancies, to help distinguish AA from hypocellular
MDS and for early detection of clonal evolution to MDS/AML (Kulasekarataj et al, 2014)

Whole genome scanning to detect unbalanced chromosomal defects (Afable et al, 2011a)

HbE, fetal haemoglobin: GPL, glycerophosphatidylinositol; AA, aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinuriz; FLAER, fluores-
cent aerolysing EBV, Epstein Barr virusi CMV, cytomegalovirus; HIV, human immunodeficiency virus; SCT, stem cell transplantation; IBMTS,

inherited bone marrow failure syndromes; MDS, myelodysplastic syndroime; AML, acute myeloid leukaemia; CT, computerized tomography; DC,
dyskeratosis congenita; FA, Fanconi anaemia,

® 2015 John Wiley & Sons Ltd
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Table M. Bone marrow features of aplastic anaemia,

Bone marrow
aspirate

Can be performed without platelet support, providing adequate surface pressure is applied (Kelsey, 2003), éven in severe
thrombocytopenia. Difficulty obtaining fragments may indicate marrow fibrosis or infiltration and should raise the suspicion

of a diagnosis other than AA. In AA, fragments and trails are hypocellular with prominent fat spaces and variable numbers
of residual hacmopoietic cells. Erythropoiesis is reduced or absent: dyserythropoiesis is very common, often marked and
does not distinguish MDS from AA. Megakaryocytes and granulocytic cells are markedly reduced or absent. Dysplastic
megakaryocytes and granulocytic cells are not seen in AA. Lymphocytes, macrophages, plasma cells and mast cells often
appear prominent. In the early stages of disease, there may be increased macrophages with some haemophagocytosis and
background eosinophilic staining representing interstitial oedema

Cytogenetic and

FISH analysis analysis for chromosomes 5, 7, 8 and 13

Karyotyping may fail in very hypocellular marrows with there being insufficient metaphases. In this situation perform FISH

It was previously assumed that the presence of an abnormal ¢ytogenetic clone indicated a diagnosis of MDS and not AA.
However it is now evident that abnormal cytogenetic clones [such as del(13q), trisomy 8 and others), which may be
transient, are present in up to 12% of patients with otherwise typical AA at diagnosis (Gupta ef al, 2006; Afable et al,
2011b}. Although monosomy 7 may indicate the likelihood of MDS in children, in adults monosomy 7 can also be seen
in AA. Abnormal cytogenetic clones may arise during the course of the discase and the appearance of a new cytogenetic
abnormality may provide evidence of clonal evolution (Maciejewski et al, 2002)

Bone matrow
trephine biopsy
subcortical marrow is normally hypocellular

A good quality trephine biopsy of at least 2 cm is essential to assess overall cellularity and morphology of residual
haemopoietic cells, and to exclude an abnormal infiltrate. Care should be taken to avoid tangential biopsies because

In most cases the biopsy specimen is hypocellutar throughout; sometimes hypocellularity is patchy with both hypocelular
and residual cellular areas. Focal hyperplasia of erythroid or granulocytic cells at a similar stage of maturation may be
observed. Small lymphoid aggregates may occur, particularly in the acute phase of the disease or when AA is associated
with systemic autoimmune diseases, such as rheumatoid arthritis or systemic lupus erythematosus. Increased reticulin
staining, dysplastic megakaryocytes (best assessed by immunohistochemistry) and blasts are not seen in AA; their presence
either indicates a hypoplastic MDS or evolution to leukaemia (Bennett & Orazi, 2009)

AA, aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinuria; FISH, fluorescence in situ hybridization; MDS, myelodysplastic syndrome,

* Comprehensive assessment should be performed, includ-
ing family history, abdominal ultrasound, echocardio-
gram, high resolution computerized tomogtaphy scan of
the chest and pulmonary function tests, and evaluation
for other extra-haematopoietic abnormalities (such as
cirrhosis, pulmonary fibrosis or renal anomalies); the
presence of thesc will support a diagnosis of constitu-
tional rather than idiopathic BMF, Grade 1B

Supportive care

Blood product support

Transfusion of red blood cells. For most patients with AA,
transfusion with red blood cells (RBC) is essential to main-
tain a safe blood count, improve symptoms of anaemia and
maintain quality of life, The decision to transfuse RBC
should be based on clinical symptoms (signs of anaemia),
taking into consideration the patien’s age and co-morbid-
ities (cardiac, pulmonary or vascular). Although no specific
pre-transfusion haemoglobin concentration (Hb) trigger can
be recommended, it is important to maintain quality of life
and avoid symptoms. A higher trigger may be needed for
elderly patients and those with co-morbidities. Optimal use
of RBC transfusion involves administration of cnough red
cells to maximize clinical outcome whilst avoiding unneces-
sary transfusions (Carson et al, 2012).
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Alloimmunization against red cell antigens and iron over-
load are the commonest risks associated with regular transfu-
sion therapy. Provision of phenotype-matched blood (for Rh
and Kell) should be considered to reduce the risk of alloim-
munization,

Transfusion of platelets. Regular platelet transfusion support
may be required for AA patients. With the exception of one
publication (Sagmeister ef al, 1999), literature specific to pla-
telet transfusion support in AA is lacking, and evidence is
taken from studies addressing the need for platelet transfu-
sion support in patients with reversible thrombocytopenia
(Estcourt et al, 2012; Stanworth ef al, 2013; Killick et al,
2014). 1t is recommended that prophylactic platelet transfu-
sions should be given to stable AA patients on active therapy
(where the treatment aims to reverse the severe thrombocy-
topenia) with a platelet count <10 x 10%/1. For patients with
sepsis, the platelet count should be kept >20 x 10%/1. For
thrombocylopenic patients requiring invasive procedures,
platelet transfusions must be administered, aiming to achicve
a platelet count in line with BCSH guidelines for the relevant
procedures (British Committee for Standards in Haematol-
ogy, 2003), and a pre-procedure platelet count should be
checked.

During treatment with ATG, worsening thrombocytopenia
can occur. This is due to increased platelet consumption in
the presence of cross-reacting antibodies in ATG binding to
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Table II. Other causes of pancytopenia and a hypocellular bone marrow,

Guideline

Associated with
PNH (AA/PNH)

Variable cellularity depending on the phase of disease and transition from PNH to AA, Test peripheral blood
immunophenotyping for GPI-linked molecules on red and white cell populations
Sometimes difficult 1o distinguish (rom AA. The following features of MDS are not found in AA: dysplastic cells of

the granulocytic and megakatyocytic lineages, blasts in the blood, marrow aspitate or trephine biopsy specimen
(Bennett & Orazi, 2009), In trephine biopsy specimens, increased reticulin, increased CD34* cells und residual
areas of haemopoesis suggests hypoplastic MDS rather than AA. The presence of ALIPs is more indicative of
MDS than AA, though small collections of immature granulocytic cells may be seen in the bone marrow in AA
when regeneration occurs, ALIPs must not be confused with dysplastic proerythroblast islands, and can be easily

Hypoplastic MDS/AML
differentiated on immunohistochemisﬂy, Dyserythrop
from AA

Hodgkin lymphoma or G

non-Hodgkin lymphoma

oiesis is very common in AA and does not distinguish MDS

an present with pancytopenia and a patchy hypacellular bone macrow with limited aveas of lymphoid infiltration
that can ensily be missed in small samples, The bone marrow biopsy should be

lymphoma cells or fibrosis, which may be seen in only a small part of the speci

examined carefully for foci of
men, Lymphocytes are often

prominent in AA and immunophenotypic marker studies and gene rearrangement studies will help to exclude a

diagnosis of lymphoma. Additional features,
Primuary myelofibrosis is usually accompanie

Primary myelofibrosis

such as splenomegaly, make AA very unlikely

d by abnormal blood film {teardrop poikilocytosis, leucoerythroblastic)

changes and splenomegaly, The absence of an enlarged spleen in the presence of marrow fibrosis suggests a

secondary malignancy
Mycobacterial infections

Sometimes present with pancytopenia and a hypocellular bone marrow.

This is seen more commonly with atypical

mycobacteria, Other bone marrow abnormalities include granulomas, fibrosis, marrow necrosis and
haemophagocytosis, Demonstrable granulomas are often absent in Mycobacterinm tubereulosis infection. AAFB are
more frequently demonstrated in atypical mycobacterial infections where they are often phagocytosed by foamy
macrophages. The bone marrow aspirate should be sent for AAFB and culture if tuberculosis js suspected (Bain

et al, 2001)
Anorexia nervosa or

prolonged starvation

May be associated with pancytopenia, The bone marrow may show hypocellularity, gelatinous transformation
(serous degenemtion/atrophy), loss of fat cells us well as haemopoietic cells,

and increased background substance

which stains a pale pink on haematoxylin/eosin stain (Bain al, 2001). The pink background substance may also
be seen on a May-Griinwald-Giemsa stained aspirate

ITp

Occasionally AA presents with an isolated thrombocytopenia, and pancytapenia develops later, Such patients can

initially be misdiagnosed as ITP but bone marrow examination in AA shows hypocellularity with reduced or
absent megakaryocytes, which is not commonly seen in ITP, although rarely ITP is ussociated with reduced

megakaryocytes
AA in children

A recent comprehensive review discusses in more d

etail conditions that may present with pancytopenia and a

hypocellular bone marrow in children (Davies & Guinan, 2007)

GATA2 deficiency —

MonoMac monacytopenia (Spinner et al, 2014)

This diagnosis maybe considered in hypoplastic marrows with absent peripheral blood monocytes or severe

GPI, glyceraphosphatidylinesitol; AA, aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinurias ALIPs,
precursors; MDS, myelodysplastic syndrome: AML, acute myeloid leukaeming AAFB, acid/alcohol fust bacilliy ITP,

MonoMac, monocytopenia with susceptibility to mycobacteria,

platelets, Although there are no studies to support the exact
threshold for platelet transfusion support prior to ATG, most
authors use a threshold of 20 x 10%/1 (Scheinberg et al,
2011; Scheinberg & Young, 2012),

Regular support with RBC and platelet transfusions
increases the risk of HLA and non-HLA (minor histocom-
patibility) alloimmunization, leading to poor platelet incre-
ments and increased risk of geaft rejection after HSCT,
Leucodepletion of cellular blood components may reduce,
but not eliminate, alloimmunization (Killick et al, 1997; Des-
marets ef al, 2009}, The possibility of HLA alloimmunization
and provision of HLA-selected platelets should be considered
for patients refractory to platelet transfusion, provided other
causes of reftactoriness have been excluded. In the absence of
HLA antibodies and for patients failing to increment with
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abnormal localization of immature
immune thrombocytopenia;

HLA-matched platelets, investigation and matching for
human platelet antigen antibodies should be considered,

Granulocyte transfusions, The use of irradiated granulocytes
should be considered in patients with life-threatening infec-
tion related to severe neatropenia (Quillen et al, 2009), and
anecdotally may be life saving. Data about the effectiveness
of granulocyte concentrates are limited and usage is linked
with a number of adverse events, such as transfusion-related
acute lung injury, alloimmunization and febrile reactions,

Use of iradiated cellular blood components  for AA
patients, Trradiation of cellular blood components prevents
transfusion-associated graft-versus-host discase (TA-GVHD),
This is a rare complication of blood transfusion with 1009
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mortality. Irvadiation may also reduce the risk of alloimmu-
nization in AA, as reported from animal data (Bean ef al,
1994).

* AA patients undergoing HSCT must be transfused with
irradiated blood components in line with BCSH guidelines
(Treleaven et al, 2011).

All granulocyte concentrates and HLA-matched platelets
must be irradiated.

The risk of development of TA-GVHD following treatment
with ATG, although appearing to be low, remains unclear.
In view of the seriousness of the condition, and in line
with previous BCSH guidelines and European Group for
Blood and Marrow Transplantation (EBMT) recommenda-
tions (Marsh et al, 2010; Hochsmann er al, 2013), irradi-
ated blood components are currently recommended for
patients receiving ATG. It is not known how long the use
of irradiated blood products following ATG treatment
should be continued, but it may be reasonable to continue
while patients are still taking CSA following ATG therapy.
Patients treated with alemtuzumab must also receive irra-
diated blood components according to the BCSH guideli-
nes (Treleaven ef al, 2011),

-

-

CMV tested blood products. Following universal leucodeple-
tion in the UK, the Advisory Committee on the Safety of
Blood, Tissues and Organs (SaBTO) no longer recommends
the use of cytomegalovirus (CMV)-negative blood compo-
nents (if they have been leucodepleted) for patients with
immunodeficiency (unless pregnant) and those undergoing
HSCT (SaBTO Annual Report, 2011/12), although PCR
monitoring should be considered (https:/fwww.gov.uk/gov-
ernment/uploads/system/uploads/attachment_data/file/
215126/dh_132966.pdl). To date, there has not been a state-
ment from the British Society of Bone Marrow Transplanta-
tion regarding blood products and CMV status,

CMV-negative granulocyte components should be pro-
vided for CMV-negative recipients,

Iron chelation therapy. Aplastic anaemia patients on regular
RBC transfusion support will develop tissue iron overload,
but there remains debate on the clinical impact of transfu-
sional iron overload. In the setting of HSCT, a raised serum
ferritin is an adverse predictor of outcome in myeloablative
stem cell transplantation (Armand et al, 2007). Although
unreliable, serum ferritin remains the most widely quoted
parameter for assessment of iron overload. Magnetic reso-
nance imaging (T2* or R2) can quantitate cardiac and liver
iron, and is a useful adjunct although its utility in AA has
not been published.

There are few published data regarding iron chelation
therapy in AA. A large study was the I-year Evaluation of
Patients’ Iron Chelation with Exjade study (Lee et al, 2010),
This confirmed that chelation with deferasirox can be admin-
istered safely in paticnts with AA (no drug-induced cytope-
nias were noted), and can reduce the serum ferritin,
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However, dose adjustments are required to adequately che-
late those who are heavily transfusion dependent. Impaired
renal function is observed with deferasirox, and the drug
should be used with caution in AA patients who are taking
CSA. Deferasirox is licensed for use in transfusion-dependent
anaemia, but only as second line therapy when desferrioxam-
ine is inadequate or contra-indicated. Deferiprone is effica-
cious but not recommended in neutropenic  patients
(Cermak et al, 2011),

For those responding to immunosuppression, or after a

successful HSCT, venesection is recommended for iron over-
load.

Infection is the major cause of death in AA: prevention
and treatment options

Infections remain the major cause of death in AA (Marsh &
Kulasekararaj, 2013), In contrast to cancer patients undergo-
ing chemotherapy, in SAA neutropenia is prolonged and per-
sistent, resulting in a higher incidence of invasive fungal
infection (IFI) and severe bacterial sepsis. Survival of non-
responders to ATG in the last two decades has markedly
improved and this has occurred in conjunction with
decreased infection-related mortality and decreased frequency
of IFlIs (Valdez et al, 2011).

Prevention of infections. Aplastic anaemia patients who are
severely neutropenic should ideally be nursed in isolation
when in hospital. In the UK it is common practice to give
prophylactic antibiotics and antifungals, regular mouth care
including an antiseptic mouthwash (such as chlorhexidine or
saline) and food of low bacterial content (Hochsmann et al,
2013). Prophylactic antibiotics, either two non-absorbables
(e.g. colistin and neomycin) or quinolones (e.g. ciprotloxa-
cin), may be initiated but the preference should be according
to local policy. A mould (aspergillus) active azole, preferably
itraconazole or posaconazole, should be used as prophylaxis,
In the UK, prophylaxis against Preumocystis jirovecii is not
routinely given. Anti-viral prophylaxis in untreated patients
with AA is not routinely given. Antiviral prophylaxis with
aciclovir or valaciclovir should be used during and after ATG
therapy, During ATG therapy, sub-clinical reactivation of
CMV and Epstein—Barr virus (EBV) is common but self-lim-
iting, and therefore does not need antiviral treatment; EBV-
related post-transplant lymphoproliferative discase has only
very rarely been reported after ATG, most often after rabbit
ATG. It is not UK practice to give Preumacystis firovecii pro-
phylaxis with ATG,

Treatment of infections, Protocols and guidelines for the
management of febrile neutropenia, including the assessment
and management of {ungal infections, are well developed and
clinicians should follow local hospital and National Institute
for Health and Care Excellence guidance (Phillips et al,
2012). Empirical anti-fungal therapy, as per lacal guidelines,
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should be initiated early for patients with clinically suspected
IFls, as these patients have persistent neutropenia, Granulo-
cyte transfusions may be potentially life saving in severe sep-
sis, such as invasive fungal disease, particularly for patients
duc to proceed to HSCT (Quillen et al, 2009),

Haemapoietic growth factors, Haemopoietic growth factors,
such as erythropoiesis-stimulating agents and granulocyte
colony-stimulating factor (G-CSF), are vsually ineffective in
supporting blood counts in AA patients (Marsh et al, 2007),
although encouraging preliminary results are reported with
the thrombopoietin-mimetic, eltrombopag (Desmond et al,
2014); see also section on Treatment of AA in the Elderly.

Key recommendations for supportive care

* Blood transfusions should be given to improve quality
of life, Grade 1A

* A threshold haemoglobin concentration cannot be rec-
ommended for all patients; it should be individualized
according to co-morbidities, Grade 1A

* Phenotype (Rh and Kell) matched blood should be con-

sidered to reduce the risk of alloimmunization. Grade 1B

Prophylactic platelet transfusions should be given to

stable AA patients receiving active treatment, Grade 1B.

A threshold (pre-transfusion) platelet count of 10 X 10%/

I should be used. Grade 1B

* In patients judged to have additional risk factors for

bleeding, such as fever ot sepsis, a higher prophylactic

transfusion threshold is recommended of 20 x 107/

Grade 2C

Routine prophylactic platelet transfusions are not rec-

ommended for stable AA patients not on active treat-

ment, Grade 2B

Patlents with chronic bleeding of World Health Organi-

zation grade 2 or above require individual management

according to the severity of their symptoms and signs,

Grade 2C

Prior to administration of ATG, a daily threshold (pre-

transfusion) platelet count of 20 X 10%1 should be used

for the duration of the ATG course. Grade 2C

Only one adult platelet dose is rautinely required. Grade

1A,

All patients undergoing treatment with IST (ATG or

Alemtuzumab) should receive irvadiated blood products,

Grade 1C

All patients undergoing HSCT should receive irradiated

blood products. Grade 1A

The need for iron chelation therapy should be decided

on an individual patient basis. Patients with iron over-

load after a successful HSCT should undergo venesec-

tion. Grade 1B

Aplastic anaemia patients who are severely neutropenic

should be given prophylactic antibiotics and antifungal

therapy according to local policies. Grade 2B

.

.
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* Aplastic anaemia patients receiving IST should also
receive prophylactic anti-viral agents, olthough routine
prophylaxis against Pnenmocystis jirovecii is not neces-
sary, Grade 2C

Immunosuppressive therapy

Current standard first line IST

Standard first line IST is the combination of horse ATG
(ATGAM; Pfizer, New York, NY, USA) and CSA. Lym-
phoglobuline horse ATG is no longer available (Marsh et al,
2009; Passweg & Marsh, 2010; Scheinberg & Young, 2012). A
prospective randomized study from the National Institutes of
Health (NIH) and a prospective EBMT study showed signifi-
cantly better response at 3 and 6 months, and survival with
hotse ATG compared to rabbit ATG for first line IST
(Scheinberg et al, 2011; Marsh et al, 2012). There is no indi-
cation for routine vse of G-CSP with ATG + CSA (Tichelli
et al, 2011). Preduisolone is used with ATG for the sole pur-
pose of prevention of side effects of ATG.

Indications
ATG + CSA is indicated as first line therapy for:

* NSAA patients who are transfusion dependent, bleeding,
encountering infections or for lifestyle (activities),

* SAA)/VSAA patients in the absence of an HLA-matched
sibling,

* SAA/VSAA patients >35-50 years of age (see Fig 1),

There is no upper age limit for ATG, but there is
increased mortality in patients aged >60 years treated with
ATG (Tichelli et al, 1999, 2011) (see later section on Treat-
ment of AA in the Elderly). A second course of ATG may be
indicated for failure to respond or relapse after a first course
or if the patient is incligible for UD HSCT (Marsh et al,
2009; Passweg & Marsh, 2010; Scheinberg & Young, 2012)
(see Pig 2). For a second course, rabbit ATG may be given,
A second course of horse ATG is an alternative option, but
this may be associated with more immediate and late (serum
sickness) side effects (Marsh et al, 2012), Compared to horse
ATG, rabbit ATG produces more profound and prolonged
lymphodepletion and, in some recent studies, more infec-
tions. It is therefore important to ensure that patients receive

adequate prophylactic antimicrobial support when using rab-
bit ATG.

Administration of ATG

Antithymocyte globulin must be given as an in-patient, ATG
is a powerful immunosuppressive agent; it should only be
used in centres that are familiar with using the drug and
with its side effects. Prior to starting ATG:
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) S No response at
“.._3=6 months

EBMT SAAWP, Sureda et al, 2015

Pationt
<35-50 yoars

The patient should be clinically stable and ideally afebrile.
Platelet count increment studies should be performed to
exclude platelet refractoriness.

Prophylactic antiviral, antibiotic and antifungal drugs
should be administered according to local policy.

+ Tor patients aged >60 years, careful assessment of co-mor-
bidities is necessary to determine medical fitness prior to
consideration for ATG, because there is increased mortality
from infection and bleeding after ATG in this age group.

The dose of horse ATG (ATGAM) is 40 mg/kg/d for
4.d. It is given as an intravenous infusion over 12-18 h,
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No response
1

Fig 1. Treatment of acquired severe aplastic
anaemia. HSCT may be considered, using a
matched sibling donor or a suitably matched
unrelated donor if no matched sibling donor is
available, for patients aged 35-50 or >50 years
who fail to respond to first line immunosup-
pressive therapy (Sureda et al, 2015), ATG,
antithymocyte globulin; HLA; human leucocyte
antigen; HSCT, haemopoietic stem cell trans-
plantation; CSA, ciclopsporin.

i Noresponse at
3-6 months

hd

!

Fig 2. Treatment of adult refractory severe
aplastic anaemia. ATG, antithymocyte globulin;
CSA, ciclosporin; HSCT, haemopojetic stem
cell transplantation; 18T, immunosuppressive
therapy. Modified from Marsh, J.C. & Kulase-
kararaj, A.G. 2013,

Due to the risk of anaphylaxis, a ‘test” dose must be given.
Current practice is to use an intravenous infusion test
dose (recent survey of the EBMT SAA Working Party,
unpublished data May 2012), whereby the first 100 ml of
the first day infusion is given over 1 h. ATG should be
given through a double lumen Hickman or other central
venous catheter, as it is sclerosing to peripheral veins, and
also for ease of administration of other drugs and blood
products. Each dose of ATG should be preceded with
intravenous methyl prednisolone 1 mg/kg, chlorphenamine,
and platelet transfusions aiming to keep the platelet count
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>20-30 x 10%1 (Marsh et al, 2009; Scheinberg & Young,
2012). Broad-spectrum intravenous antibiotics according to
local policy should be given for febrile episodes irrespective
of the neutrophil count. Fluid retention occurs commuonly
during ATG treatment, especially in older patients; careful
attention to fluid balance is important. Prednisolone is
started on the day after ATG is completed at a dose of
1 mg/kg/d for 2 weeks, followed by rapid tapering over
the 2 weeks.

Ciclosporin should be commenced as the prednisolone
dose is tapered, at a dose of 5 mgfkg/d to achieve trough
blood levels of 100-200 pg/l. CSA should be continued whilst
the blood count continues to rise. A slow tapering of the
drug (25 mg every 2 3 months) can be started after at least a
further 12 months of therapy, to reduce the risk of later
relapse (Dufour et al, 2013).

Side effects of ATG are (i) early reactions, including fever,
tash, rigors, hypo/hypertension, fluid retention, rarely acute
pulmonary oedema/adult respiratory distress syndrome and
anaphylaxis and (ii) later, serum sickness occurring days 7 14

Table IV, Criteria for response to IST in AA (Marsh et ul, 2009),

(a) Response criteria following IST in severe AA
None Still fulfil severe disease criteria
Partial Transfusion independent
No longer meet criteria for severe disease
Complete  Haemoglobin concentration normal for age and gender
Neutrophil count >1:5 x 101
Platelet count >150 x 10%/]
(b} Response criteria following IST for non-severe AA
None Blood counts are worse, or do not meet criteria below
Partial Transfusion independence (if previously dependent)
or doubling or normalization of at least one cell line
or increase of baseline

* haemoglobin concentration of >30 y/l (if initially <60)
" meutrophils of >U3 X 10%1 (if initially <0.5)
* platelets of >20 % 10%1 (if initially <20)

Complete Same criteria as for severe disease

AA, aplastic anaemia; IST, immunosuppressive therapy,

Table V. Factors predicting response to ATG.

Guideline

from the start of ATG, most commonly with arthralgia,
myalgia, rash and fever.

Serum sickness is treated with intravenous hydrocortisone
100 mg four times a day (QDS) and adequate analgesia; it
usually requires a few days of treatment, Extra platelet trans-
fusions are often needed during the period of serum sickness
due to platelet consumption.

There is no indication for using G-CSF with ATG + CSA,
as prospective randomized studies have shown that daily
G-CSF given for 3 months after ATG does not improve
response or overall survival (OS) (Tichelli et al, 2011).

Outcoines

Response to ATG (as defined in Table [Vab) is delayed,
starting after an average of 34 months. The 6-month
response rate to a first course of horse ATG is around 70%.
Five-year OS is age-dependent: 100% for age <20 years, 92%
for 20-40 years, 71% for 4060 years and 56% for >60 years
(Tichelli et al, 2011). In comparison, the response to a first
course of rabbit ATG is around only 35 45%, with signifi-
cantly worse OS (Scheinberg el al, 2011; Marsh et al, 2012;
Scheinberg & Young, 2012). For NSAA, ATG + CSA results
in significantly higher response rates, 74% versus 46% (and
better event-free survival), compared to CSA alone (Marsh
et al, 1999). Relapse after ATG occurs in up 0 35% of
patients; the risk of later clonal evolution to MDS/acute mye-
loid leukaemia is 15%, and haemolytic PNH in 10% (Rosen-
feld et al, 2003; Scheinberg & Young, 2012),

Response to a second course of ATG from most studies is
around 35% for refractory AA and 55-60% for relapsed AA
(Marsh et al, 2009; Passweg & Marsh, 2010; Scheinberg &
Young, 2012). Factors predicting for response are summa-
rized in Table V,

Other immune suppressive drugs that have been used in
AA

It is recommended that expert advice be sought when con-
sidering the use of other immunosuppressive drugs,
Mycophenolate  mofetil, sirolimus, corticosteroids  and

1 Young age
Less severe disease

2
3 Absolute reticulocyte count >25 x 10%1 and absolute lymphuocyte count >1.0 % 10%] (Scheinberg et af, 2009)
4 The finding of either of the chromosomal abnormalitics trisomy 8 or del(13q) in the context of AA predicts for good response to ATG

(Maciejewsld et al, 2002; Holbro et al, 2013)

3 The presence of a PNH clone is predictive of response in some but not all studies

6 Telomere length is not predictive of response, but longer telomeres identify a sub-group who show excellent overall survival after IST
(Scheinberg et al, 2010)

7

Passweg & Marsh, 2010; Schelnberg & Young, 2012)

Response to a second course of ATG from: most studies is around 35% for refractory AA and 55-60% for relapsed AA (Marsh et al, 2009;

AA, aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinuris; ATG, untithymocyte plobuling IST,
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Table VI, Other immunosuppressive drugs that have been used in AA.

Alemtuzumab

Effective in around 35% and 55% of patients with refractory and relapsed AA, respectively

Not recommended as first line IST, as a response rate of only 19% was reported from the prospective NIH study

(Scheinberg et al, 2012).

May be considered as an option for refractory/relapsed AA (i) when a second course of ATG is not possible, or (i) in the
presence of renal impairment, as it is effective as monotherapy without addition of CSA or (iii) if the patient is ineligible

for HSCT

Given as a total dose of 100 mg; given as a subcutaneous dose of 10, 30, 30 and 30 mg over 4 d. Relapses are frequent
although patients may respond again to a further course, All patients should receive adequate prophylaxis including

against Prenntocystis jirovecii

Patients being considered for alemtuzumab should be referred to a tertiary centre, be treated as part of the established

EBMT protocol and reported to EBMT registry

There is no indication for the addition of other immunosuppressive drugs, such as mycophenolate mofetil or sirolimus,
either in addition to ATG or in isolation, as there is no evidence that they are effective in AA

In combination with ATG + CSA they do not increase the response rate, survival or reduce relapse, compared to ATG +

Mycophenolate
mofetil and
sirolimus

CSA (Scheinberg & Young, 2012)

Cyclophosphamide

The use of high dose or even so called ‘'moderate’ dose cyclophosphamide as treatment for AA is not recommended.

Although response occurs in around 50% of patients with refractory AA, its predictable prolonged duration of
neutropenia results in a high incidence of severe fungal infections and mortality (Tisdale et al, 2000; Marsh et al, 2009;
Samarasinghe & Wehb, 2012; Scheinberg & Young, 2012; Scheinberg et al, 2014)

AA, aplastic anaemia; IST, immunosuppressive therapy; ATG, antithymocyte globuling CSA, ciclosporin HSCT, haemopoietic stem cell transplan-

tation; EBMT, European Group for Bone Marrow Transplantation,

cyclophosphamide are not recommended in the treatment of
AA (see Table VI).

Vaccinations in non-transplanted patients

There is a potential relapse risk of AA following vaccinations
in those patients who have responded to IST. The evidence
base is limited and based on anecdotal case reports, as well
as an appreciation that a viral insult is likely to be an impor-
tant trigger in the pathogenesis of AA (Viallard et al, 2000;
Hendry et al, 2002). Vaccinations, including influenza vacci-
nation, should be avoided if possible, except following
HSCT, when AA patients should be routinely vaccinated as
recommended for all allogeneic bone marrow transplantation
recipients (see HSCT section).

Key recommendations for IST

» The current standard fivst line IST is horse ATG (ATG-
ATGAM) combined with CSA, Grade 1A

» Immunosuppressive therapy is recommended first line
therapy for non-severe AA patients requiring treatment
(see indications in text), severe or very severe AA
patients who lack a MSD, and severe or very severe AA
patients aged >35-50 years, Grade 1A

* A second course of ATG may be indicated following fail-
ure to respond to a first course (if the patient is ineligi-
ble for a matched UD HSCT) or following relapse after
a first course, Grade 1A

* ATG is an immunosuppressive drug and should only be
administered in centres familiar with its use; the drug
must only be given to in-patients. Grade 1B
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« The use of high dose or moderate dose cyclophos-
phamide (without stem cell support) is not recom-
mended in AA. Grade 1A

* Following IST, vaccinations, including influenza, should
be avoided if possible as there is a theoretical risk of dis-
ease relapse. Grade 2C

Haemopoietic stem cell transplant in AA

Current indications for HSCT in adults

The current indications for HSCT are based on the EBMT
SAAWP guidelines (Sureda et al, 2015), Patients should be
managed in JACIE {Joint Accreditation Committee-Interna-
tional Society for Cellular Therapy (ISCT) and EBMT)]-accre-
dited centres.

HLA identical sibling donor. Up-front HSCT from a MSD is
indicated for SAA in young and adult patients who have a
MSD. EBMT data show similar outcomes for patients aged
40-50 to those aged 30-40 years (Sureda et al, 2015). How-
ever, co-morbidities should be carefully assessed to determine
fitness for up-front transplantation instead of IST for
patients aged 35-50 years.

Unrelated donor.  Unrelated donor HSCT is indicated for SAA
after failure to respond to one course of IST. There is no strict
upper age limit but this should be discussed on an individual
patient basis and according to co-morbidities at the respective
transplant cenire. The donor should be 10/10- or 9/10-
matched based on HLA high resolution typing for class I
(HLA-A, -B, -C) and Il (HLA-DRBI, -DQBL!) antigens.
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Alternative donor: cord blood and haploidentical. Alternative
donor HSCT using either cord blood, a haploidentical family
donor or a 9/10-matched UD may be considered, among
other treatment options, after failure to respond to IST and
in the absence of a MSD and a suitably matched UD (Sama-
rasinghe et al, 2012; Passweg & Aljurf, 2013), All donors
should be screened for donor-directed HLA antibodies, the
presence of which is associated with a very high risk of graft
rejection. There is Jess clear guidance on the exact indication
for alternative donor HSCT as this is less successful than
MSD or UD HSCT, but new approaches to alternative donor
HSCT are being evaluated using uniform EBMT protocols.

Syngeneic donor. In the rare situation where there js a syn-
geneic donor available, HSCT should be considered in all

patients regardless of age as long term OS exceeds 90%
(Marsh & Kulasekararaj, 2013),

Timing of donor search/availability

For all newly diagnosed AA patients who may be potential
transplant candidates, HLA tissue typing should be per-
formed at time of diagnosis, so that (i) MSD HSCT can pro-
ceed as soon as possible, and ideally before the patient
becomes sensitized, not only to HLA but also to minor histo-
compatibility antigens, and (ii) the potential availability of
UDs is established, so that if there is no response to a course
of ATG and CSA, the patient can then proceed to UD HSCT'
{or carlier if the patient’s condition is of concern with severe
andfor recurrent infections). Assessment for response to IST
is usually made at 3 6 months.

Pre-transplant work up

An MDT approach is. essential for the pre-transplant work
up. The aims of the work up are to (i) confirm the diagnosis
and exclude/document clonal evolution (i) assess co-mor-

bidities (iii) select the donor, conditioning regimen, stem cell
dose and source, (iv) address fertility issues and (v) inform
the transfusion laboratory of the potential transplant and
review of transfusion requirements (Table VII).

Conditioning regimens

The choice of conditioning regimens to use depends on (i)
patient age (i) type of donor (iii) centre preference for
choice of antibody, whether ATG (Bacigalupo et al, 2010;
Sanders et al, 2011) or alemtuzumab (Marsh et al, 2011;
Bacigalupo et al, 2012). See Table VIII,

How successful is HSCT for AA?

For adult MSD HSCT, the survival is age-dependent, but OS
is 70-85% between the ages of 30 and 50 years. A recent
EBMT analysis has shown that outcomes after UD HSCT are
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no longer inferior to MSD HSCT, in that UD is not a nega-
tive predictor of survival (Bacigalupo et al, 2013; Marsh et al,
2014),

Specific issues relating to AA HSCT regarding early post-
transplant management and management of late effects are
summarized in Table IX,

Key recommendations for haemopoietic stem cell
transplantation

* All patients being considered for HSCT should be evalu-
ated in a multi-disciplinary team setting, and considera-
tion should be given to discussion of the case with a
centre that has expertise in AA regarding the indications
for HSCT and the choice of conditioning regimen, Grade
1C

To inform the multi-disciplinary team decision making
regarding HSCT:

-

* All patients who are potential HSCT candidates
should undergo HLA typing at diagnosis, followed by
related or UD searches as appropriate to assess the
availability of potential donors, Grade 1B

* A careful reassessment should be made to confirm
the precise diagnosis and exclude clonal evolution to
MDS or PNH, as this will influence the choice of con-
ditioning, It is also vital not to miss constitutional
AA so as to avoid (i) serious (and potentially lethal)
toxicity from the transplant and (i) inappropriate
selection of a sibling donor, Grade 1¢

* The Haematopoietic Cell Transplant Co-morbidity
Index or equivalent assessment should be docu-
mented. Grade 2B

* Alternatives to HSCT, including IST, should be

actively considered in the management plan. Grade
1B

* Up-front MSD HSCT for young and adult patients is the
treatment of choice for severe AA, but patients aged
between 35 50 years need to be carefully assessed for co-
morbidities prior to consideration for transplantation.
Grade 1B

Unrelated donor HSCT in adults should he considered
after lack of response to one course of IST, Grade 11
There have been recent improvements in outcomes after
alternative donor HSCT for patients who lack a suitably
matched donor, but these transplants are still expeti-
mental and specialist advice should be sought; only
European Bone Marrow Transplantation SAAWP
approved protocols should be used. Grade 2B

Treatment of AA in the elderly

The treatment of elderly patients (aged >60 years) with AA is
more complex than in younger patients. In addition, the
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Table VII. Pre-transplant work up.

Confirm diagnosis and
exclude/document
clonal evolution

Assess co-morbidities

Select donar, conditioning
regimen, stem cell source
and dose

Address fertility issues

Perform a reassessment BM aspirate, trephine biopsy, cytogenetic analysis (and FISH for chromosomes 5, 7, 8
and13 if cytogenetic analysis fails) to confirm the diagnosis is still AA, and to exclude other causes of
pancytopenia, such as hypocellular MDS (see diagnostic section)

Repeat flow cytometry to document whether there is a PNH clone

Exclude a constitutional form of AA (sce diagnostic section, emerging diagnostics), for example FA or DC not only
in children but also adults, Late onset FA or DC may present without the classical somatic abnormalities, and
instead may be associated with, for example, pulmonary fibrosis or cirrhosis, which may both impact on
transplant outcomes (Gerull er al, 2013}, Conditioning regimens are different from those used in acquired AA,
which are likely to be fatal in undiagnosed constitutional AA. Avoid using a MSD with an unsuspected
constitutional AA

Consider referral for opinion/advice to a centre with AA expertise and access to integrated diagnostic laboratories,
including molecular genetic techniques to help differentiate AA from MDS and to exclude constitutional AA

Follow standard guidelines as for all patients undergoing allogeneic HSCT and document the Hematopoietic Cell
Transplant Co-morbidity Index or equivalent

As AA patients are likely to be multi-transfused at the time of HSCT, assess for iron overload with serum ferritin
and, if available, T2* MRI scan for assessment of cardiac and liver iton can be considered (see section Blood
Product Support for patients with AA)

Perform serum HLA antibody screen to assess for HLA antibodies. This is to (i) ensure adequate platelet count
increments and (ii) select the appropriate donor for patients being considered for mis-matched HSCT, whether
using cord blood, haploidentical or 4 9/10-matched unrelated donor

Choice of donor and type of conditioning regimen is usually straightforward but not always, so consider discussion
with a centre with AA expertise .

Compared to HSCT for haematological malignancies, a higher stem cell dose is required, in order to reduce the
risk of graft failure. For MSD and UD HSCT, a minimum of 3 % 10° CD34-positive celis/kg (or 3 x 10* TNC/kg)
is required. For cord blood HSCT, a minimum of 4 x 107 TNC/kg is recommended, thus usually necessitating a
double cord infusion (Passweg & Aljurf, 2013). There is no consensus on cell dose for haploidentical HSCT, but a
proposed algorithm for donor selection to optimize the cell dose includes using, if possible, a young and male
family donor (Parikh & Bessler, 2012)

Tor ATG-based conditioning regimens, BM is the preferred stem cell source (http://ebmtonline.forumservice.net;
Bacigalupo et al, 2010). For alemtuzumab-based regimens, either BM or PBSC may be used. The use of PBSC to
increase the stem cell dose is being explored in the EBMT SAAWP protocol for haploidentical HSCT (Clay et al,
2014)

AA patients receiving high dose cyclophosphamide as part of the conditioning regimen are likely to retain their
fertility post-HSCT (Ciurea & Champlin, 2013), Less long term data are available using fludarabine with lower
dose cyclophosphamide regimens, although cases of successful pregnancy have been reported. The effect of low
dose TBI (2 Gy) is another factor

For patients of childbearing age, referral to an assisted conception unit for discussions on fertility should be offered.
Men should be offered sperm storage. Women should have the opportunity to discuss with an assisted conception
unit specialist the latest results of egg/embryo cryopreservation so they can decide if they wish to proceed with this

However, if the patient has on-going systemic sepsis and needs an urgent HSCT, the procedure of gonadal
hyperstimulation may be too dangerous. In addition, in the presence of a significant PNH clone, the risk of
venous thrombosis is further increased by the state of gonadal hyperstimulation, and in this situation expert advice
from one of the two national UK PNH centres should be sought regarding the use of eculizumab

AA, aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinuria; IBMFS, inherited bone marrow failure syndrome; MDS, myelodysplastic syn-
drome; ATG, antithymocyte globulin; CSA, ciclosporin; FA, Fanconi anaemia; DC, dyskeratosis: congenital; HSCT, haemopoietic stem cell trans-
plantation; MSD, imatched sibling donor; UD, unrelated donor; EBMT, Buropean Group for Bone Marrow Transplantation; SAAWDP, Severe
Aplastic Anaemia Working Party; TBI, total body irradiation; BM, bone matrow; PBSC, peripheral blood stem cells; MRI, magnetic resonance

imaging; HLA, human leucocyte antigen; TNC, total nucleated cells.

outcome is worse due to inferior tolerability of the treat-
ment. Therefore patients should be individually assessed for
co-morbidities and their specific wishes should be respected,
as quality of life is an important outcome in this group.
With regard to diagnosis, it Is important to exclude
hypoplastic MDS, as MDS is far more common than AA in
this age group (see diagnostic section),
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Older age per se, is not a reason to withhold treatment
even in the very elderly. Immunosuppression is considered
the treatment of choice. There is no place for allogeneic
HSCT as first line therapy in patients aged >60 years,
although HSCT can be considered in selected patients with a
syngeneic donor. Ideally, the least toxic and most convenient
treatment should be given, However, another consideration

© 2015 John Wiley & Sons Ltd
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Table VIII. Conditioning regimens used in HSCT for severe AA.

Guideline

Matched sibling donor

Unrelated donor For 10/10-matched UD HSCT, for adults,

FCC without TRI

Cord blood

Haploidenticat family

For patients aged <30 yenrs, high dose CY (200 my/kg) with ATG or alemtuzumab, Post
with GSA and ‘short’ course MTX if using ATG, or CSA alone if using alemtuzumab

For patients aged >30 years, fludarabine 30 mg/m® x 4, CY 300 mg/m® x 4 and ATG (‘FCATG)
("FCC’). Post-graft immune suppression as for patients aged <30 years

Post-graft CSA is usvally continued for 9 months with tapering of dose over 3 months,

There is no indication for using radiation as part of the conditioning regimen

the cholce is either (i) the EBMT protacol of FCATG with 2 Gy TBI or (i)

~graft immune suppression
or alemtuzumab

to reduce late graft failure

For 9/10-matched UD HSCT, cither PCATG + 2 Gy TBI or FCC + 2 Gy TBI

There is no consensus but it is recommended that the EBMT-
CY 120 mg/kg, ATG, TBI 2 Gy, with one dose of rituximab on day +5,
and not less than 4 out of 6 HLA mis-matched cord units (Passweg & Aljusf, 2013)

There is no consensus (Passweg & Aljurf, 2013} but it is recommended that the cutrent EBMT SAAWP protocol be

adopted French protocol be followed, using fludarabine,
total nucleated cell dose infused >4 x 107/kg

followed, using non-myeloablative conditioning (CY 14:5 my/kg x 2, fludarabine 30 mg/m® % 4, TBI 2 Gy) with
post-graft high dose CY (50 mg/kg on days +3 and +4) with tacrolimus and MMF post-graft, Either BM or PBSC

Syngeneic

can be used, but a high stem cell dose is essential (Clay et al, 2014)

Conditioning prior to stem cell infusion is recommended, using high dose CY and probably also ATG.
geod rational for using PBSC in preference to BM, as the use of PBSC is associated with a lower risk
in the setting of syngeneic HSCT (Marsh & Kulasekararaj, 2013)

There may be
of graft failure

AA, aplastic anaemia; ATG, antithymocyte globuling CSA, ciclosporing

UD, unrelated donor; CY, cyclophosphamide; MTX, methotrexate

PBSC, peripheral bluod stem cells; MMF, mycophenolate mofetil,

HSCT, haemopoietic stem cell teansplant; MSD, matched sibling donor;

FCC, fludarabine, cyclophosphamide, alemtuzumal {Campath); EBMT, Euro~
pean Group for Bone Marrow Transplantation; SAAWP, Severe Aplastic Anaemia Working Party; TBI, total body irradiation;

BM, bone marrow;

Table IX, Management of early issues and Jate complications post-HSCT for severe AA.

Early post-transplant
management

instead

Post-graft CSA is continucd for 9 months followed by tapering to 12 months,
Blood CSA trough levels need to be maintained at higher levels than used in h
300 and 350 pg/l, If renal function is compromised, a *half dose’ CSA and

Regular monitoring of unfractinnated and lineage-specific CD3 (T-
marrow is recommended to detect early graft failure,
rejection, Stable mixed T-cell chimaerism in the

to reduce the risk of Inte graft failure
aematological malignancies, between
*half dose’ MMF regimen can be used

cell) chimacrism in peripheral blood and bone
Progressive mixed chimaerism predicts a high risk of graft
presence of full donor myeloid chimaerism is common when using

the FCC regimen (Marsh et al, 2011; Bacigalupo et al, 2012)

Management of
Iate effects

Iron overload is common and is
transplant

Late effects monitoring should follow international guidelines, a
malignancy, endocrine, metabalic, bone (including avascular necrosis) and cardiovascular risks (Majhail ef al, 2012)

The risk of second malignancy in AA HSCT is reduced by avoiding irradiation and by the absence of chronic GVHD
most easily addressed by regular venesections once patients are fully engrafted post-

nd these include routine surveillance for secondary

In transplanted AA patients, re-vaccination should proceed as per standard allogeneic HSCT practice

AA, aplastic anaemia; ATG, antithymocyte globulin; CSA, ciclosporin; MMF, mycophenolate mofetil;
tion; FCC, fludarabine, cyclophosphamide, alemtuzumab (Canpath); GVHD, graft-versus-host disease.

is how quickly a response is required, such that those with
life threatening cytopenias (neutrophil count <0-2 x 10%1)
or having suffered a severe infection requiring hospitalization
should be treated more intensely than those with less severe
disease.

Treatment with ATG and CSA results in a more rapid and
complete response than CSA alone in patients with NSAA
(Marsh et al, 1999). However, patients require hospitalization
and have a higher risk of acute and delayed toxicity than
younger patients, so the risks and benefits of treatment

© 2015 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 172, 187-207

HSCT, haemopoietic stem cell tramsplanta-

should be weighed up for each individual patient. Patients
must be assessed carefully before treatment, as the risk of
infection, bleeding, heart failure and arrhythmias with ATG
is higher in the elderly. Older patients have an inferior sur-
vival after ATG compared to younger patients (Tichelli ef al,
1999),

Alternative treatments include CSA alone, oxymetholone
(or danazol) or alemtuzumab, Although the response rate of
CSA alone is inferior to the combination of ATG and CSA
in NSAA, OS s not inferior as CSA-refractory patients may
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respond to second line therapy with ATG and CSA (Marsh
et al, 1999). CSA alone has the convenience of being outpa-
tient-based but patients must be carefully monitored for
nephrotoxicity and hypertension. Alemtuzumab may be used
as a single agent in refractory/relapsed AA, but medical fit-
ness needs very carcful assessment in older patients prior to
considering this agent as a possible option (Scheinberg et al,
2012).

Oxymetholone or danazol can be considered in men
intolerant or unresponsive to CSA (Allen e al, 1968;
Jaime-Perez et al, 2011). Danazol has fewer masculinizing
side effects than oxymetholone so may be a better alterna-
tive for women, Carcful monitoring of oxymetholone is
required as it can cause nephrotoxicity, hepatic tumours,
mood changes, cardiac failure, prostatic enlargement and
raised blood lipids,

Patienis who are intolerant of, or who decline IST should
be oftered best supportive care,

Eltrombopag

Eltrombopag is a peptide, small molecule, oral thrombopoi-
elin receptor agonist. In an extension of an earlier phase II
study at NIH, 43 patients with refractory SAA were treated
with eltrombopag (Desmond er al, 2014). Haematological
responses, including trilineage response, were observed in
40% of patients. The drug was well tolerated in most
patients. Elevated transaminase levels may occur and there
are particular concerns about clonal evolution, including
monosomy 7, which requires further evaluation, Eltrom-
bopag has been approved by th? Food and Drug Administra-
tion in the USA for treatment of SAA refractory to IST, It
has recently, as of August 2015, been licensed by the EMA
for SAA refractory to IST or patients who are heavily pre-
treated and unsuitable for HSCT. It should be used with
meticulous long term monitoring for clonal evolution, or fol-
lowing a clinical research protocol. It is advised that a repeat
bone marrow is performed prior lo starting treatment to
exclude an abnormal cytogenctic clone typical of MDS/AA,
particularly monesomy 7.

Key recommendations for treatment of AA in the elderly

* Elderly patients with AA should be individually assessed
and their specific wishes respected, as quality of life is
paramount in this patient group. Grade 1C

» Immunosuppressive therapy is considered the treatment

of choice. ATG and CSA result in a more rapid recovery

of blood counts but, alternatively, CSA alone or oxy-
metholone can be considered. Grade 1B

Patients unfit for, who decline or who are intolerant of

IST should be offered best supportive care. Grade 1C

Eltrombopag is licensed by the EMA for SAA refractory

to IST or patients who ave heavily pre-treated and

unsuitable for HSCT. It should be used with meticulous

»
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long term monitoring for clonal evolution, or following
a clinical research protocol. Grade 2B

Management of AA in pregnancy

Although the relationship, either casual or coincidental,
between AA and pregnancy is controversial, it remains a seri-
ous condition, challenging to manage and with a variable
clinical outcome. AA can be diagnosed for the first time dur-
ing pregnancy, in early or late gestation, Cytopenia(s) often
progresses during pregnancy, but the disease may remit
spontaneously, after abortion (spontaneous or therapeutic)
or after delivery (Aitchison ef al, 1989). Relapse is common
during pregnancy in AA patients who have previously
responded to ATG, especially those with partial response
(Tichelli et al, 2002), Pregnancy docs not trigger relapse of
the disease in patients who had undergone successful HSCT.

Tichelli et al (2002) evaluated outcomes among 36 preg-
nancies in women previgusly treated with immunosuppres-
sion for AA. They reported almost half involved a
complication in the mother (three abortions, two cases each
of eclampsia and maternal deaths) and/or baby (five prema-
ture deaths). Relapse of AA occurred in 19% and a further
14% needed transfusion during delivery. Normal blood
counts before conception did not guarantee freedom from
relapse of AA during pregnancy.

Better supportive care in recent years, particularly in sup-
ply of blood products, has led to improvements in maternal
and fetal outcome (Kwon et al, 2006). However, it is impor-
tant to discuss with the patient and family the potentially
serious risks to both the mother and baby (Deka er al, 2003).
It is essential that the patient be monitored frequently
throughout pregnancy, initially monthly but later more fre-
quently and according to disease severity, and with very close
liaison with the obstetric team and haematologist, Presence
of a PNH clone should warrant discussion with a specialist
centre, The mode of delivery should be determined on
obstetric grounds.

Supportive care is the mainstay of treatment of AA in
pregnancy and the platelet count should, if possible, be
maintained above 20 x 10%/1 with platelet transfusions. The
high risk of alloimmunization and platelet refractoriness
needs to be considered. CSA is safe during pregnancy
(McKay & Josephson, 2006) and is recommended for those
needing transfusions. ATG, allogeneic HSCT or androgens
for AA during preghancy are not recommended.

Key recommendations for management of AA in
pregnancy

* Supportive care remains the mainstay of treatment of
AA in pregnancy, aiming to maintain the platelet count
above 20 x 10°/1 with platelet transfusions. Grade 1C

* CS8A is safe in pregnancy if needed. Grade 2C

© 2015 John Wiley & Sons Ltd
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Paroxysmal nocturnal haemoglobinuria and AA

Tests to detect a PNH clone

Paroxysmal nocturnal haemoglobinuria should be excluded
by performing flow cytometry (Parker ef al, 2005; Borowitz
et al, 2010). Analysis of GPl-anchored proteins is a sensitive
and quantitative test for PNH, enabling the detection of
small PNH clones which occur in up to 50% of AA patients,
the proportion depending on the sensitivity of the flow cyto-
metric analysis used (Dunn et al, 1999; Sugimori et ql,
2006). Such small clones are most easily identified in the
neutrophil and monocyte lineages in AA and will be detected
by flow cytometry. If the patient has had a recent blood
transfusion, a population of GPI-deficient red cells may still
be detected by flow cytometry in the granulocyte and mono-
cyte population. However, the clinical significance of a small
PNH clone in AA as detected by flow cytometry remaing
uncertain, Such clones can remain stable, diminish in size,
disappear or increase, hence the need for monitoring the
clone. What is clinically important is the presence of a signif-
icant PNH clone often associated with clinical or laboratory
evidence of haemolysis. Urine should be examined for hae-
mosiderin as this is a constant feature of haemolytic PNH
even when the patient does not have macroscopic
haemoglobinutia. Evidence of haemolysis associated with
PNH should be quantitated with the reticulocyte count,
serum bilirubin, serum haptoglobin and lactate dehydroge-
nase. Patients should be screened for PNH at the diagnosis
of AA. If persistently negative, test 6 monthly for 2 years and
then move to annual testing unless symptoms/signs develop.
If the PNH screen s, or becomes, positive, test 3-monthly
for the first 2 years and only reduce the frequency if the pro-
portion of the PNH cells has remained stable,

The presence of a PNH clone in the setting of AA does
not directly influence the choice of therapy for the underly-
ing BMF. There is some evidence that the finding of a PNH
clone predicts a better response to IST but this is not univer-
sal in all published reports, Patients with a significant PNH
clone receiving IST, especially ATG, should be actively moni-
tored for signs of haemolysis, Conversely, AA may later
emerge in PNH patients in the presence of significant
haemolysis.

New PNH patients should be referred to one of the two
specialized nationally commissioned PNH centres, St James's
University Hospital, Leeds, and King’s College Hospital, Lon-
don, to be assessed for PNH complications and for consider-
ation for anti-complement therapy, following formal PNH
National Setvice MDT review. Patients will be seen in cither
of the two national centres or in one of 10 Outreach clinics.

Data from the French Registry compared to the EBMT
outcomes demonstrates that allogencic stem cell transplant
has an inferior outcome in haemolytic and thrombotic PNH
compared to best supportive care including eculizumab when

@ 2015 John Wiley & Sons Ud
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indicated (Peffault de Latour e al, 2012). Therefore the find-
ing of a PNH clone does not affect positively or negatively
on the decision to transplant,

_ Key recommendations for PNH and AA

* All patients should be screened for PNH using flow
Cytometry on petipheral blood to detect deficiency of
GPI anchored proteins, such as CD14, CD16, CD24 as
well as BLAER for white blood cells, and CD55 and
CD59 for red cell analysis.
Patients should be screened for PNH at the diagnosis of
AA. If persistently negative, test 6 monthly for 2 years
and then move to annual testing unless symptoms/signs
develop. If the PNH screen is, or becomes, positive, test
3-monthly for the first 2 years and only reduce the fre-
quency if the proportion of the PNH cells has remained
stable. Grade 2C
* Small PNH clones can be detected in up to 50% of
patients with AA, usually without evidence of haemoly-
sig; large clones are clinically significant and may result
in haemolysis as well as increased thrombotic risk (‘hae-
molytic PNH’).
Presence of a small/moderate PNH clone in AA does not
directly influence the choice of treatment for the under-
lying BMF.
* New PNH patients should be referred to the PNH
National Service to be monitored for PNH complications
and assessed for anti-complement therapy.

Disclaimer

While the advice and information in these guidelines is
believed to be true and accurate at the time of going to
press, neither the authors, the British Committee for Stan-
dards in Haematology (BCSH) nor the publishers accept any
legal responsibility for the content of these guidelines. These
guidelines are only applicable to adult patients with AA.
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Attachment 3; e Pt Appeal Decision Letter



RE: Appeal for the Genetic Testing (CPT 81479) Requested by Dr. iSRS
Reference #:

Dear iR

We received your appeal regarding the genetic testing (CPT 81479) requested by Dr. SliRENER
ERR®. The appeal letter, along with all submitted clinical information, was forwarded to a
Medical Reviewer for consideration. We upheld the original decision, as the genetic testing (CPT

81479) was determined to be not medically necessary per the Plan’s language. The following is
the rationale:

“You have aplastic anemia and bone marrow failure syndrome. The requested test is to help with
treatment decisions. Health plan guidelines and plan benefit language have been reviewed, We
reviewed the information sent to us. Based on review of this information it is determined that this
test is not covered under your health plan. The health plan does not cover tests and ireatments
that are not shown to be medically necessary for your care. The previous denial is upheld.”

Therefore, we are unable, according to the summary plan description language, to certify the
genetic testing (CPT 81479) as a covered benefit under the plan.

Please be advised that the health benefit plan excludes coverage
for services that are not medically necessary. You may refer to page 90 of the plan document
(copy attached) which outlines this topic.

Clinical rationale utilized in making the appeal decision will be provided in writing upon request
by calling the Care Coordinators. You are entitled to receive, upon request and free of charge,

reasonable access to and copies of all documents, records and other information relevant to the
claim,

Your Plan provides for a second appeal level. You may submit a second appeal within 60 days
from the receipt of this letter to:



If you require additional information regarding your appeal rights, you can contact the GRS

SR, Y ou have the right to bring a civil action under ERISA § 502(a) if you file an
appeal and your request for coverage or benefits is denied following review. Any such action
must be filed not later than two years after the completion of the Plan’s claims review process.

If we can provide any information or assistance re

the Care Coordinators at S,

garding your healthcare needs, please contact

Sincerely,

Appeals Coordinator




Acupuncture

Care you receive before the
effective date or after the
termination date of your
coverage

Benefits you receive from
other plans or services
(other than personal
coverage policies)

Benefits you are eligible to
receive from other sources,
such as through government
programs, including the
Veterans’ Administration, for
an illiness or injury
connected to military service
(This exclusion does not
apply to Medicaid or
Medicare.)

Whole blood, packed red
blood cells, blood donor
fees, and blood storage fees
Cosmetic services and
procedures, except as
specifically included in the
Plan

Dental care, even when the
dental condition is related to
or caused by a medical
condition or medical
treatment unless specified in
this SPD

Exams or treatment required
by a third party

Fees associated with
missed appointments
Injection of varicose veins
Services that do not
conform with UMR’s medical
policy guidelines

Services or supplies that
you received when you were
not enrolled in the Plan
Services not expressly
identified in this SPD as

Summary Plan Description

covered services and
supplies

Services related to an injury
or iliness caused or
contributed by international
armed conflict, hostile acts
of foreign enemies,
invasion, war or acts of war,
whether declared or
undeclared.

Alternative/Complementary
treatment including
treatment, services or
supplies for holistic or
homeopathic medicine,
hypnosis or other alternate
treatment that is not
accepted medical practice
as determined by the Plan
Biofeedback Services

Claims received later than
12 months from the date of
service.

Any treatment or therapy
that is court-ordered, or that
is ordered as a condition of
parole, probation, or custody
or visitation, unless such
treatment or therapy is
otherwise listed as a
covered benefit.

Services related to an injury
or illness caused or resulting
from taking part in the
commission of an assault or
battery (or a similar crime
against a person) for which
the individual is charged or
a felony for which the
individual is charged.
Charges in excess of the
allowed charge (usual and
customary)

Extended care facility
services that exceed the
appropriate level of skill

920

Other Services the Plan Does Nat.Cover

required for treatment as
determined by the Plan

Growth hormones

Private duty nursing
services

Services related to an
iliness or injury related to
Hazardous Recreational
Activities, unless the injuries
or iliness are caused
primarily as the result of
another medical condition
not related to Hazardous
Recreational Activities or to
domestic violence

Exams, evaluations, or
services that are performed
solely for educational or
developmental purposes,
unless covered under this
Early Intervention Services
provision

Services and supplies
furnished by providers that
are not covered by the Plan
Any service or supply
furnished along with a non-
covered service

Services and supplies that
UMR, in its discretion,
determines are not
medically necessary
Phototherapy or devices
used in connection with
Seasonal Affective Disorder
(SAD)

Services that are furnished
to someone other than the
patient, except as described
in this SPD for hospice
services and the harvesting
of a donor's organ or bone
marrow when the recipient
is covered under this Plan

Services that are furnished
to all patients due to a



Attachment 4: EEamaaaa socond Appeal Decision Letter



RE: Second Level Appeal for the Genetic Testing (CPT 81479) Requested by Dr. S
S
Reference #: NS

Dear NjSEEp

We received your second level appeal regarding the genetic testing (CPT 81479) requested by
Dr. SRR Thc appeal letter, along with all submitted clinical information, was
forwarded to a Medical Reviewer for consideration. We upheld the original decision, as the
genetic testing (CPT 81479) was determined to be not medically necessary per the Plan’s
language. The following is the rationale:

“This case was reviewed by an external specialist Board Certified in Hematology & Oncology.
This was to obtain an expert opinion. They reviewed the available medical records. They looked
at the information submitted on appeal. They reviewed the health plan guidelines. They looked at
the plan benefit language. The specialist said there is not enough evidence in the literature to
show that this testing is helpful for treating your condition. The specialist said this test was not
medically necessary for your care. The health plan does not cover tests that are not medically
necessary. The prior decision is upheld.”

Therefore, we are unable, according to the summary plan description language, to certify the
genetic testing (CPT 81479) as a covered benefit under the plan.

Please be advised that the (GRS hcalth benefit plan excludes coverage
for services that are not medically necessary. You may refer to page 90 of the plan document
(copy attached) which outlines this topic.

Clinical rationale utilized in making the appeal decision will be provided in writing upon request
by calling the Care Coordinators. You are entitled to receive, upon request and free of charge,

reasonable access to and copies of all documents, records and other information relevant to the
claim.

You have exhausted the internal appeal process for this plan. You have a right to file a request

for an external appeal within four (4) months from the date of this letter. The written request for
an external appeal must be submitted to the following address:



I s

If you require additional information reg

arding your appeal rights, you can contact the e

You have the right to bring a civil action under ERISA § 502(a) if you file an
appeal and your request for coverage or benefits is denied following review. Any such action

must be filed not later than two years after the completion of the Plan’s claims review process.

If we can provide any information or assistance regarding your healthcare needs, please contact
the Care Coordinators at CHRESEREEER

Sincerely,




Acupuncture

Care you receive before the
effective date or after the
termination date of your
coverage

Benefits you receive from
other plans or services
(other than personal
coverage policies)

Benefits you are eligible to
receive from other sources,
such as through government
programs, including the
Veterans' Administration, for
an iliness or injury
connected to military service
(This exclusion does not
apply to Medicaid or
Medicare.)

Whole blood, packed red
blood cells, blood donor
fees, and blood storage fees
Cosmetic services and
procedures, except as
specifically included in the
Plan

Dental care, even when the
dental condition is related to
or caused by a medical
condition or medical
treatment unless specified in
this SPD

Exams or treatment required
by a third party

Fees associated with
missed appointments
Injection of varicose veins
Services that do not
conform with UMR's medical
policy guidelines

Services or supplies that
you received when you were
not enrolled in the Plan
Services not expressly
identified in this SPD as

Summary Plan Description

covered services and
supplies

Services related to an injury
orillness caused or
contributed by international
armed conflict, hostile acts
of foreign enemies,
invasion, war or acts of war,
whether declared or
undeclared.,

Alternative/Complementary
treatment inciuding
treatment, services or
supplies for holistic or
homeopathic medicine,
hypnosis or other alternate
treatment that is not
accepted medical practice
as determined by the Plan
Biofeedback Services
Claims received later than
12 months from the date of
service,

Any treatment or therapy
that is court-ordered, or that
is ordered as a condition of
parcle, probation, or custody
or visitation, unless such
treatment or therapy is
otherwise listed as a
covered benefit.

Services related to an injury
or iliness caused or resulting
from taking part in the
commission of an assault or
battery (or a similar crime
against a person) for which
the individual is charged or
a felony for which the
individual is charged.
Charges in excess of the
allowed charge (usual and
customary)

Extended care facility
services that exceed the
appropriate level of skill

90

Other Services the Plan Does Not Cover

required for treatment as
determined by the Plan

Growth hormones

Private duty nursing
services

Services related to an
illness or injury related to
Hazardous Recreational
Activities, unless the injuries
oriliness are caused
primarily as the result of
another medical condition
not related to Hazardous
Recreational Activities or to
domestic violence

Exams, evaluations, or
services that are performed
solely for educational or
developmental purposes,
unless covered under this
Early Intervention Services
provision

Services and supplies
furnished by providers that
are not covered by the Plan
Any service or supply
furnished along with a non-
covered service

Services and supplies that
UMR, in its discretion,
determines are not
medically necessary

Phototherapy or devices
used in connection with
Seasonal Affective Disorder
(SAD)

Services that are furnished
to someone other than the
patient, except as described
in this SPD for hospice
services and the harvesting
of a donor's organ or bone
marrow when the recipient
is covered under this Plan
Services that are furnished
to all patients due to a
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