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Abstract

Haemophagocytic lymphohistiocytosis (HLH) is a life-threatening immunodeficiency
characterized by severe systemic hyper-inflammatory responses to infectious or other triggers of
the immune system. In many patients, the underlying cause of HLH is a genetic defect leading to
defective CD8+ T-cell and natural killer cell granule-mediated cytotoxicity. The treatment of HLH
consists principally of immune suppression followed by allogeneic haematopoietic cell
transplantation (HCT) to cure the underlying defect and prevent relapse of HLH. Initial treatment
regimens consist of steroids coupled with either etoposide or antithymocyte globulin, +/-
cyclosporine. Complete responses are observed in only 50-75% of patients and even after a
complete response, relapse and death still occur. The only definitive, long-term cure for patients
with genetic forms of HLH is allogeneic HCT. Unfortunately, allogeneic HCT for patients with
HLH is often complicated by critical illness, extensive organ involvement, active infections, or
refractory HLH. For these reasons, patients are unusually prone to developing transplant-related
toxicities and complications. In recent years, great strides have been made with regard to the care
and transplantation of patients with HLH. Here we review the current state of the treatment of
patients with HLH with allogeneic HCT, highlighting the important steps forward that have been
made with reduced-intensity conditioning.
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Introduction

Haemophagocytic lymphohistiocytosis (HLH) is a rare, life-threatening immunodeficiency

characterized by severe systemic hyper-inflammatory responses to infectious or other

(known or unknown) triggers to the immune system. In many patients, the underlying cause

of HLH is a defect in one of several genes whose protein products participate in processes
leading to effective CD8+ cytotoxic T-cell and NK cell granule-mediated cytotoxicity.

Several of the genetic conditions that cause HLH are grouped together as Familial HLH
(FHLH). These include mutations in PRF1 (Stepp, et al 1999), UNC13D (Feldmann, et al
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2003), STX11 (zur Stadt, et al 2005) and STXBP2(Cote, et al 2009, zur Stadt et al, 2009).
Abnormalities of XIAP (BIRC4) are also associated with FHLH phenotypes, though patients
are more commonly classified as having the related disorder, X-linked lymphoproliferative
disease (XLP) (Marsh, et al 2010a, Rigaud, et al 2006). XLP is classically caused by
mutations in SH2D1A.(Coffey, et al 1998, Nichols, et al 1998, Sayos, et al 1998) Mutations
in RAB27A(Menasche, et al 2000) and LYST(Barbosa, et al 1996, Nagle, et al 1996) also
cause distinct genetic syndromes which prominently include HLH: Griscelli syndrome, type
2, and Chediak-Higashi syndrome, respectively.

Despite the growing number of genetic defects that are known to cause HLH, the underlying
pathophysiology of HLH appears to be similar among most patients. All of the known
genes, except for XIAP, have been shown to be essential for normal granule-mediated
cytotoxicity. Because the genetic defects result in decreased or absent cytotoxicity, a viral or
other antigenic trigger can lead to inappropriate hyper-inflammatory responses. These
responses may be driven by heightened and protracted immune stimulation in the absence of
normal antigen clearance, with resultant prolonged activation and hyperproliferation of T
cells, hypercytokinaemia, and loss of the homeostatic measures that would normally ensure
down-regulation of the immune response. The resulting inflammatory milieu results in host
organ damage that is ultimately fatal in the absence of appropriate therapy.

The treatment of HLH consists principally of immune suppression, coupled with treatment
of the underlying trigger if possible. Treatment regimens usually consist of steroids coupled
with either etoposide or antithymocyte globulin (ATG).(Henter, et al 2002, Mahlaoui, et al
2007) Cyclosporine is also often used. Published reports indicate that complete responses
are observed in only 50-75% of patients. However, even after a complete response, relapse
and death may still occur. Currently, a trial evaluating the efficacy of a “hybrid”
immunotherapy approach using dexamethasone, ATG, and etoposide is underway in North
America (http://clinicaltrials.gov/ct2/show/NCT01104025). However, the only definitive
long-term cure for patients with genetic forms of HLH remains allogeneic haematopoietic
cell transplantation (HCT). The same holds true for cases that progress while on established
therapies or experience relapse of HLH after initial remission.

Navigating a successful allogeneic HCT for patients with HLH is often complicated. Many
patients are very ill prior to HCT due to extensive organ involvement with HLH. Many
patients have one or more infections. Active HLH itself is associated with profound intrinsic
depression of many innate and adaptive immune responses (Sumegi, et al 2011), which may
be further crippled by the immune suppressants used for therapy of the disease.
Additionally, patients may have frankly active or smoldering HLH at the time of
transplantation. For these reasons, patients are unusually prone to developing transplant-
related toxicities, infectious complications, and recurrent manifestations of HLH during the
initial post-transplant period.

Despite these challenges, great strides have been made in the care and transplantation of
patients with HLH. In order to summarize the experience with allogeneic HCT of patients
with HLH, we performed a review of the literature using combinations of the terms
haemophagocytic lymphohistiocytosis, erythrophagocytic lymphohistiocytosis, X-linked
lymphoproliferative disease, haematopoietic cell transplantation, stem cell transplantation,
bone marrow transplantation, reduced-intensity conditioning (RIC), Chediak-Higashi
syndrome, Griscelli syndrome, alemtuzumab, and treatment. Here we review the current
state of the treatment of patients with HLH with allogeneic HCT, highlighting the important
steps forward that have been made with RIC.
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The First Steps: Myeloablative Conditioning (MAC) Regimens for
Allogeneic HCT

The first allogeneic HCT for HLH was described in 1986 using a matched sibling donor
(Fischer, et al 1986), followed by several case reports and case series over the next 10 years
confirming that allogeneic HCT was curative for HLH. In 1996, the outcomes of 122
patients included in an international registry were reported by (Arico, et al 1996). The
estimated 5-year survival was 66% for patients undergoing HCT, as opposed to the
estimated 5-year survival of 10% for patients not undergoing HCT. This report proved the
need for HCT for long-term survival, but also revealed a high mortality rate in patients even
with HCT, as it was performed in that era.

Following these registry findings, 4 additional small series were reported. The 3 largest
series of patients during this time frame included 14 (Jabado, et al 1997), 20 (Baker, et al
1997) and 17 patients(Imashuku, et al 1999). The majority of patients received conditioning
regimens consisting of busulfan and cyclophosphamide, with or without etoposide and ATG.
In the first study (Jabado et al 1997) 64% of patients were surviving. Deaths in that series
were related to progressive disease, hepatic veno-occlusive disease (VOD), fungal infection,
and aplasia. The 3-year probability of survival in the largest series (Baker et al 1997) was
also poor, at 45%, with deaths attributed to relapse of HLH, infection, pneumonia, adult
respiratory distress syndrome, and multi-organ failure. Notably, only 17% of patients with
active disease at the time of transplant survived in this series, and no patients with active
central nervous system disease (CNS) disease at the time of transplant survived to 3 years.
Two-year probability of survival was 54% for patients included in the series reported by
Imashuku et al (1999), with 3/5 deaths related to disease relapse following HCT. In a single,
contrasting, single-centre series of patients(Durken, et al 1999), a remarkable 100% survival
was reported. However, it is notable that 5/12 patients developed hepatic VOD and that 3/12
patients developed pneumonia or sepsis requiring mechanical ventilation, though all patients
recovered. Four of 12 patients experienced psychomotor retardation following HCT; 3 had
CNS HLH prior to HCT. The collectively disappointing outcomes revealed in these studies
were generally speculated to be related to a degree of active HLH at the time of
transplantation and pre-existing organ damage (especially liver) in the setting of busulfan-
based preparative regimens.

In 2002, the Histiocyte Society reported their results of the HLH-1994 study, the first large,
collaborative effort to standardize the pre-HCT treatment of patients with HLH and
prospectively monitor progress through HCT (Henter, et al 2002). The suggested HCT
conditioning regimen consisted of busulfan, cyclophosphamide, and etoposide, with or
without ATG, depending on donor relationship. Sixty-five patients underwent HCT, with a
62% 3-year probability of survival. Four of 25 deaths post-transplantation were related to
reactivation of HLH, with the majority of remaining deaths related to unspecified HCT
complications prior to day +100 (Table I).

Following this, three moderate-sized studies in the late 2000s of similar conditioning
regimens essentially supported the observation of an approximate 60% survival of patients
with HLH undergoing allogeneic HCT. These studies (Horne, et al 2005 [n=86]; ,Ouachee-
Chardin, et al 2006 [n=48]; Baker, et al 2008 [n=91]) observed 3-5 year probabilities of
survival ranging from 49%-64% (Table I). Recent observations of predominantly Italian,
Japanese, or Korean patients are similar (Cesaro, et al 2008, Ohga, et al 2010, Yoon, et al
2010), and experiences with Chediak-Higashi syndrome (Eapen, et al 2007) and Griscelli
syndrome (Al-Ahmari, et al 2010, Pachlopnik Schmid, et al 2009) have also been reported
(Table I). Deaths in most series were predominantly before day +100, and related to early
transplant-related complications including non-engraftment, hepatic VOD, pulmonary
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toxicity, pneumonia, interstitial pneumonitis, bronchiolitis obilterans, idiopathic pneumonia
syndrome, infections, organ failure, haemorrhage, and graft-versus-host disease (GVHD), or
to HLH. Importantly, many studies noted an adverse effect of active disease at the time of
HCT upon outcomes, supporting the initial presumptions that active HLH at HCT portends a
WOrse prognosis.

When taken together, these studies reveal that myeloablative protocols consisting
predominantly of busulfan, cyclophosphamide, with or without etoposide and/or ATG
prevents HLH from recurring in 80-90% of patients (Table I). Mixed chimerism occurs in
approximately 20% of patients, with one study that included a large number of haplo-
identical donors observing a higher rate of 50% (Table I). Insufficient donor chimerism or
graft rejection often precedes the development of HLH following HCT, although disease
recurrence may take many years to manifest (Ardeshna, et al 2001). Overall, approximately
one-quarter of patients with HLH died within 100 days following HCT with MAC, with an
approximate 60% overall long-term probability of survival (Table I).

An Important Step Forward: RIC Regimens

Two patients with XLP were reported to undergo RIC HCT in 2000 and 2005, using
fludarabine and melphalan with either alemtuzumab or ATG. Both patients developed mixed
donor and recipient chimerism. Following HCT, one patient developed EBV viraemia,
which cleared after receipt of a stem cell boost (Slatter, et al 2005). The second patient
developed HLH and subsequently died of pseudomonas sepsis after starting treatment for
HLH (Amrolia, et al 2000).

Shenoy at al (2005) published their results using a RIC regimen consisting of alemtuzumab,
fludarabine, and melphalan for a variety of patients with non-malignant diseases, including 2
patients with HLH. One patient with HLH died at day +14 of drug-resistant pseudomonas
sepsis.

A year later, another group described the outcomes of 12 patients with HLH who underwent
HCT with RIC regimens (Cooper et al 2006; Table I1). The predominant regimen used was
an alemtuzumab, fludarabine, and melphalan regimen that was similar to that reported
earlier (Shenoy et al 2005), with the exception of the timing and dose of alemtuzumab
(Cooper, et al 2006). Patients with haploidentical donors received ATG instead of
alemtuzumab, and additionally received busulfan. They observed a notable lack of VOD,
and 75% of patients survived. Of the 9 survivors, 3 patients developed mixed donor/
recipient chimerism, but maintained disease remission. Notably, one of these patients
possessed donor chimerism in only the T-cell compartment. A follow-up report in 2008 of
25 patients with HLH or Langerhan’s Cell Histiocytosis (including the 12 patients reported
earlier) by the same group described an 84% survival rate (Table 11).(Cooper, et al 2008)

While these results were promising, a direct comparison of RIC to MAC regimens was
lacking. Ohga et al (2010) reviewed their experience with FHLH and also EBV-Associated
HLH in Japan. No difference was noted between patients receiving MAC versus RIC,
though RIC patients received fludarabine and melphalan-based regimens that included low-
dose total body irradiation, and the total number of patients receiving RIC was small
(N=11). A recent survey-based study of XLP compared 23 myeloablative transplants to 23
RIC transplants, and observed no difference in survival (83% versus 79%, respectively).
(Booth, et al 2011)

Also in 2010, we reported our experience at Cincinnati Children’s Hospital with 26 HLH
patients who underwent allogeneic HCT using alemtuzumab, fludarabine, and melphalan
(Table I1) (Marsh, et al 2010b). We noted a remarkable improvement in 3-year probability
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of survival of patients receiving RIC, 92%, as compared to MAC patients treated at our
centre, 43%. The current long-term survival of patients is similar (Figure 1). There were no
cases of VOD, and there were no deaths prior to day +100 in the RIC group. Furthermore,
the 2 deaths in this group were not related to toxicity from the conditioning protocol.

Notably, there was a high incidence of mixed donor and recipient chimerism in the RIC
group, occurring in 65% of patients, despite that the grafts were from fully matched or single
allele mismatched donors. This may be due to the inclusion of alemtuzumab in the
preparative regimen, as a significant effect of timing of alemtuzumab was noted upon the
incidence of mixed chimerism. Many patients were treated with donor lymphocyte
infusion(s) (DLI) and/or stem cell boost, to stabilize or increase the donor contribution to
haematopoiesis. In this cohort, 13 patients received a first or only DLI at a median of 121
days following HCT (range 54-230). The median whole blood donor chimerism level at the
time of DLI was 42% (range 9-69%). Nine patients received further DLI(s). Two patients
additionally received a stem cell boost. These interventions resulted in stabilization or
increase in the donor contribution to haematopoiesis in all but 1 patient who required a
second HCT.

Despite the incidence of mixed chimerism and need for intervention in this group of
patients, RIC HCT was successful in 96% of patients. One patient developed HLH as donor
chimerism fell to less than 10% of whole blood samples. This patient underwent a second
HCT, which was successful. Though no direct analysis was performed regarding the
influence of active HLH at the time of transplantation, it is notable that, in the only RIC
patient to require treatment of systemic HLH following transplantation and subsequent
second HCT, HLH was very difficult to treat, with three reactivations prior to
transplantation.

The Steps Ahead

Work thus far reveals that RIC HCT using alemtuzumab, fludarabine, and melphalan has
dramatically improved patient survival at 2 centres in London and Cincinnati. However,
clinical experience following RIC HCT remains relatively short, and further time is needed
to confirm that patients will maintain sufficient donor contribution to haematopoiesis to
sustain disease remission. Additionally, multi-centre trials are needed to confirm that the
improved results observed with RIC HCT can be reproduced at other centres.

RIC HCT can be associated with a high incidence of mixed donor and recipient chimerism.
This often complicates and lengthens the treatment of patients following HCT due to the
need for aggressive monitoring of donor/recipient chimerism and interventions such as DLI
or stem cell boost. RIC regimens could possibly be improved by optimizing the timing and
dosing of alemtuzumab, such that an adequate amount is given to limit the incidence of
acute GVHD, but not offer such profound graft T lymphocyte depletion as to contribute
unnecessarily to the development of mixed chimerism. However, until RIC regimens are
improved, DLI and stem cell boost may continue to be necessary for many patients.

Unfortunately, there is currently limited data upon which to base decisions regarding
instigation of DLI or stem cell boost. Formal studies are needed to accurately define the risk
of HLH with low-level donor chimerism and to determine which specific donor lymphocyte
populations are required for permanent remission. HLH has been observed at whole blood
donor chimerism levels of less than 20%,(Marsh, et al 2010b, Ouachee-Chardin, et al 2006)
but it is notable that long-term remission has been observed in a patient with donor cells
found only in the T cell compartment.(Cooper, et al 2006)
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Decisions regarding DLI should currently be made on a case-by-case basis, based on patient
chimerism trends, availability of DLI product, active infections, history of GVHD, and other
factors. At our centre, DLIs are often pursued when donor contribution to overall
haematopoiesis and/or T- and/or NK-cell chimerism is rapidly or persistently declining
during the early post-transplant period towards thresholds that cause concern for eventual
HLH relapse. In practical terms, patients with trends of donor contribution to
haematopoiesis that are decreasing to levels lower than 40-60% within the first 6 months
post-HCT are often considered for DLI. Consideration is at this point so as to avoid further
decreases to levels below 20%. The onset and rate of decline of donor chimerism are also
useful indices. Patients with earlier onset or more rapid decline of donor chimerism appear
to be at higher risk of graft loss or HLH recurrence.

Despite the association of RIC HCT with mixed chimerism, it is the authors’ opinion that
RIC HCT using alemtuzumab, fludarabine, and melphalan should be considered for all
patients with HLH when an appropriate related or unrelated donor bone marrow or
peripheral blood stem cell graft is available. Caution should be used when considering RIC
for cord blood transplantation. Cord blood offers no source of additional donor stem cells or
T cells after transplant, which prevents the possibility of stem cell boost or DLI should they
be needed. The risks and benefits of RIC HCT versus traditional myeloablative HCT should
be contemplated on a case-by-case basis for patients with cord blood as their only option for
HCT.

In addition to the future improvements in the transplantation process for patients with HLH,
ongoing efforts to improve the pre-transplant treatment of HLH will improve the outcomes
of HCT. Patients with active HLH at the time of transplantation generally have worse
outcomes compared to patients with inactive disease, (Baker, et al 2008, Horne, et al 2005,
Ouachee-Chardin, et al 2006) and complete responses to conventional HLH therapies are
only observed in 50%-75% of patients.(Henter, et al 2002, Mahlaoui, et al 2007) Formal
trials of salvage therapies and standardization of second-line treatment schemas are needed,
and will improve HCT outcomes. Additionally, further experience with post-HCT CNS
HLH will improve transplant outcomes. In our experience, early post-transplant CNS
disease is not uncommon. Children with low donor chimerism also appear to be at increased
risk for the development of CNS disease. We have found that cerebrospinal fluid analysis
and brain magnetic resonance imaging (MRI) can be helpful in the early post-transplant
period, and that systemic dexamethasone and intrathecal treatment can be beneficial in
affected patients. However, there is very little data regarding the incidence, course,
treatment, or outcome of CNS HLH that occurs in the post-transplant period. Formal studies
are needed.

In summary, we have reviewed the current experience with allogeneic HCT for patients with
HLH. Although important steps forward have been made with regard to patient survival
using RIC-HCT, many steps remain to optimize this approach and further improve patient
outcomes.
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Figure 1.

Updated long-term probability of survival (Kaplan-Meier Survival Curves generated with
XLSTAT software) for 40 patients who underwent haematopoietic cell transplantation with
a reduced-intensity preparative regimen (RIC) or a myeloablative preparative regimen
(MAC) at Cincinnati Children’s Hospital between 2003-2009.(Marsh, et al 2010b)

Br J Haematol. Author manuscript; available in PMC 2012 September 1.



Page 11

Marsh et al.

‘sijuownaud
(SOd 1eah-G) %eL ‘uonoaul %92 %TT %S %92 payy10ads 10N %P8 %0 %92 %bL 9LV -/+ 'doyg ‘AL
(snouep) %T6 sisdag %0 %6 %0 (AI-11 s3pe19) %6 %EE %00T %0 %2 %EL LY -/+ 'doig -/+ *
HH ‘ebeyliowseH
Je|0dA|Y
10 8WOIPUAS
Mea AsejjideD
0} Arepuodss
ssalisig Alojelidsay (01T Aeq %0T
(snoureA) %0, 8IN0Y ‘AOA 03 Iolid) %0€ %08 %0T %0L 1ses) 18 ‘panytoads 10N %06 %02 %0€ %08 . 91V ‘A0 'ng
%0T g
%TT Ises) 1ses) Je S
Te ‘paiy! ‘parj1oads g 91V
(SOd 1eah-8) %65  HTH ‘UolIBYU| ‘QOA %8T 10N %TE %TC %G6 pay10ads 10N paiy108ds 10N peuioads JIONG  -/+ ‘9N o doyg -/+
N
HH ‘abeyiiowseH S
‘aHAD %8 N
‘alnjreq uebiQ 1se9) Je m
‘AOA ‘sniuownaud ‘paly1oads =
(SOd Je9A-G) %Sy [ennsIaiu| ‘suonoaul %SE %8T 10N %y %0T %16 %0 %6€ %65 .= 9LV -+ ‘doig ‘A
AHAD ‘siiuownaud %€ 15e9| m
‘uonoaju| 1e ‘paiy1oads =
(SOd 1eah-G) %29  'QOA 'Sa¥V ‘HIH %92 10N %ET %2S %ET %6 %TT %62 %09 & 9LV -+ 'dog -+
%Te =
1589] 1B 2
paly1oads ssIMIBYIO ‘panytoads m
(SOd 189A-0T) %6S 10N ‘suonosjul ‘HIH  panioads 10N %62 10N %.T %05 %8L %09 %2 %8E £ 9LV -+ 'dog -/+
HIH ‘AWD £
pue sniIAoUBPY Aun
UM eluownaud -
o
‘e1waondas ‘AHAD g
‘AIND ‘ain|red S
Aiojendsay ‘doog T
(SOd Iesh-g) %9 ‘elUOWNaUd ‘AOA %2 pa1}108ds 10N %8 %2E %6T %06 %6T %ST %99 2 9LV -+ 'doig -+
HTH ‘panioads
8SIMIBUYIO 10N
(SOd 1eoh-g) %z9  ‘suoneatjdwod 1ING %TE pay1oads 10N %S pal108ds 10N %Y %68 %2z %9 %29 9LV -/+ 'doig ‘A
(%)
1DOH-1s0d (AI-11 40 Al
yreaq 40 sasned 00T+ Aeq 01 asessiq -1) QHAD 81noy
(s4eaf) reninang JueUlWOpaId Jold yreeq (%) QOA  WauNddy  parelsd-HedD (%) wsHawiyd paxiN - (%) payelbug ojdeH ANWIN/GENIN- ANINJQYIN uswiBay DI JueUl
'¢00¢ @2
1 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript



Page 12

Marsh et al.

SISO}

eIuC

HIH
‘paiy10ads SSIMIBYIO
10N ‘AnferoN
(SOd 1e8h-0T) %G9 pae|ay Juedsues | %L1

pay1oads 10N

%S Pa14193ds 10N %6T %E8 %S %8¢

%S9

9LV -/+ ‘doig ‘Ag

ainje4 uebio
‘AHAD ‘ainjred
uebiO-nnA ‘sisdas
‘uondaul ‘sauV
‘abeylowseH
(SOd 1eah-g) %ey Areuownd %62

%0

%L %P %8T %00T %0 %9€

%¥9

B J Haematol. Author manuscript; available in PMC 2012 September 1.

9LV ‘doig -/+ ‘A:

H1H ‘ebeyriowseH
Areuownd

yeaq Jo sasned 00T+ Aeq 01
(saeak) realnang JuRUIWOPaId Jolid yreaq

(%) doA

(%)
19H-1s0d (AI-1140 Al
aseasiq -1) QHAD a1ndy
waandey  paleRpY-yel9 (%) wsHswiyd paxiN - (%) peyeabul ojdeH ANWIN/QININ

anin/adn

uawifisy DVIA 1uRUl

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 13

[eAIAINS J0

qgeL
3SeasIp aAISN|290-0Ud
auonejue|dsues |32 oNnal
m_mn_m\noo:m_co%_&z anAaof
aseasIp 1S0y-sns
[ean

louop parejaiun pay;
louop parejal pay
Jouop parejalu
louop pajey:
Buruonipuod Asus

MC 2012 September 1.

b Author manuscript; availabl

Marsh et al.

(SOd 1e3h-€) %z6  AHAD ‘uonosyu %0 %0 %t %8 %S9 %00T %0 %L %EL VAR ERUIEIN 9
(dn cm,._zm.mQ os[e pue ‘waje
-MO] |0 UBIP3IAl 40 pealRul 91V PaAIeal
163k -€) %v8 spiuownaud pay10ads 10N %0 %0 pay10ads 10N %62 %00T %9T %ty %07 sojdefh BN "Nig ‘waly ¢
(dn UBYNSI OS[E pUE ‘Wale
-MO]|04 UeIpPa|A J0 pealsul 9 |\ PaAIadal
Iuow-0g) %G. siuownaud pa10ads 10N %0 pay10ads 10N %EE %EE %00T %SZ %SC %09 sojdeHx 8N ‘Ni4 ‘WalY 2
(AI-11 10
Al-l) QHAD
91Ndy
yreaq jJo sasne)d 00T+ Aeq 01 parejay
(saeaf) reainans JueUIWOPaId Joud yreed (%) AOA (%) LOH-sod HH -yeso (9%6) wstBwIYD PaXIN - (%) peyesbug  ojdeH ANWIN/QHININ - ANN/AHIN - udwifisy D1y Jueulwopald |
‘HTH 10} 1OH OId
I 3|geL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



