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I N TRODUC TION

Many patients with acute myeloid leukaemia (AML) diag-
nosed after 60 years of age are not considered suitable for 
intensive remission-induction chemotherapy, either due 
to comorbidities or frailty associated with advanced age.1 
Despite treatment with either low-dose cytosine arabinoside 

(LDAC) or a hypomethylating agent,2,3 survival is usu-
ally poor, with 1-year overall survival (OS) after LDAC of 
21%–32% in NCRI AML16 and historical arms of LI-1.3 
Combination therapy with a backbone of LDAC or a hy-
pomethylating agent with additional agents represents an 
attractive option, with the potential to improve patient out-
comes without substantially increasing toxicity.4–7
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Summary
Improving outcomes for older patients with acute myeloid leukaemia remains an 
unmet need. As part of the LI-1 trial, we evaluated lenalidomide (LEN) in combi-
nation with low-dose cytosine arabinoside (LDAC) in patients aged >60 years unfit 
for intensive therapy and compared this to LDAC alone. Two hundred and two pa-
tients, randomised 1:1, were evaluable. Overall response rate (CR + CRi) was higher 
for LDAC + LEN versus LDAC (26% and 13.7% respectively p = 0.031). However, there 
was no difference in overall survival between the arms (14% and 11.5% at 2 years for 
LDAC + LEN and LDAC respectively). The addition of LEN was associated with in-
creased toxicity and supportive care requirements.
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Recently, the BCL-2 inhibitor venetoclax has been ap-
proved and widely adopted for the treatment of older, less fit 
patients with AML in combination with either azacitidine 
or LDAC.4,5 This has demonstrated superior complete re-
mission (CR) rates compared to azacitidine or LDAC alone: 
36.7% for azacytidine + venetoclax compared to 17.9% for 
azacitidine alone in VIALE-A,4 and 48% for LDAC + vene-
toclax compared to 13% for LDAC + placebo in VIALE-C.5 
Improvements in survival are also seen, with a median OS 
of 14.7 months for azacitidine + venetoclax, 9.6 months for 
azacytidine alone in VIALE-A, 8.4 months for LDAC + vene-
toclax and 4.1 months for LDAC + placebo in VIALE-C.4,5 
These survival benefits are modest with most patients still 
dying of AML, and there remains a need to develop new 
well-tolerated, outpatient-based, effective therapeutic strat-
egies for older, frail patients with AML to further improve 
outcomes.

Lenalidomide (LEN; Revlimid™), a derivative of thalido-
mide, is an immunomodulatory drug used to treat myeloma8 
and some cases of myelodysplastic syndrome (MDS),9 and 
has potent anti-neoplastic, anti-angiogenic, anti-inflamma-
tory and pro-erythropoietic properties.10 Early-phase trials 
of LEN in AML have demonstrated clinical activity with ac-
ceptable toxicity.11,12

We assessed the efficacy and tolerability of LDAC + LEN 
versus LDAC alone in patients aged 60+ unsuitable for in-
tensive therapy.

M ETHODS

Design and eligibility

The LI-1 trial (ISRCTN40571019) was an international 
multicentre, multiarm, randomised phase II/III trial 
developed to study the efficacy and tolerability of novel 
non-intensive therapies in AML using a ‘pick-a-winner’ 
design.6,13 In LI-1, the comparator arm was LDAC, and 
there was no comparison of different experimental arms. 
Patients in the LDAC control arm were recruited and 
randomised 1:1, with the experimental arms available 
contemporaneously.

Patients aged ≥60 years, with de novo or secondary 
AML or high-risk MDS (>10% marrow blasts), considered 
unfit for intensive therapy were eligible. Patients with a 
prior diagnosis of MDS with <10% blasts who had failed 
a demethylating agent but subsequently developed AML 
were also eligible. Impaired renal or hepatic function (de-
fined as serum creatinine >174 μmol/L, total bilirubin ≥1.5 
times the upper limit of normal (ULN), aspartate amino-
transferase or alanine aminotransferase ≥2.5 times ULN) 
were exclusion criteria. Patients with a history of myo-
cardial infarction, unstable angina, cerebrovascular acci-
dent/transient ischaemic attack within 6 months were also 
excluded.

LDAC was given at 20 mg BD SC on days 1–10 of each 
course. LEN was administered orally once daily in a flat 

10 mg dose for 21 days, where Day 1 was Day 1 of LDAC, 
with courses occurring at 5-week intervals for courses 1–4. 
Patients considered to be benefitting after four courses, that 
is in remission or stable disease, could continue to receive 
treatment until disease progression, either with LDAC + LEN 
at 6-week intervals or LEN only at 4-week intervals if the pa-
tient had experienced significant toxicity.

All patients provided written informed consent. The LI1 
trial was sponsored by Cardiff University and approved by 
the Research Ethics Committee for Wales in compliance 
with the Declaration of Helsinki.

End-points and toxicity

The aim within the experimental arms was doubling 2-year 
survival from 11% to 22% (HR 0.69), with planned interim 
assessments after 50 and 100 patients were recruited per arm. 
At the first interim assessment, overall response rate (ORR), 
was the primary end-point, defined as either CR or CR with-
out evidence of adequate count recovery (CRi), and was re-
quired to be at least 2.5% higher in the experimental arm. CR 
was defined as normocellular marrow with <5% leukaemic 
blasts, evidence of normal myeloid maturation, neutrophil 
and platelet recovery in the absence of platelet transfusions 
(>1 × 109/L and >100 × 109/L respectively). Patients in CR 
but failing to achieve neutrophils >1 × 109/L and platelets 
>100 × 109/L were designated as CRi. At the second interim 
assessment, the primary end-point was OS, with an HR of 
<0.85 in the experimental arm for the trial to continue.

The co-primary objectives at the final analysis were OS, 
defined as time from trial randomisation to death from any 
cause or last follow-up; ORR (CR + CRi) and reasons for fail-
ure; duration of response; relapse rates; and deaths in the 
first CR. Relapse-free survival (RFS) was defined as time 
from remission (CR/CRi) to death or relapse, censored at 
last follow-up; relapse risk (RR) was defined as time from 
remission (CR/CRi) to relapse, censored at death in CR and 
last follow-up; death in CR (DCR) was defined as time from 
remission (CR/CRi) to death, censored at relapse and last 
follow-up. Secondary objectives were haematological recov-
ery times, defined as time from end of course to recovery 
of platelets to >100 × 109/L and neutrophils to >1 × 109/L, 
censored at next course, or time last known not to have 
been recovered; adverse events and toxicity defined by the 
National Cancer Institute Common Terminal Criteria for 
Adverse Events (NCI CTCAE) version 4; and resource usage, 
including number of units of blood and platelets per course; 
number of days on intravenous antibiotics or in hospital per 
course.

Statistical analysis

All analyses are by intention-to-treat. Categorical end-
points (e.g. CR rates) were compared using logistic re-
gression, giving odds ratios and confidence intervals. 
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Continuous/scale variables were analysed by non-paramet-
ric (Wilcoxon rank sum) tests. Time-to-event outcomes 
were analysed using the log-rank test and Kaplan–Meier 
survival curves. Hazard ratios and 95% confidence inter-
vals were calculated using the statistics from the log-rank 
test.14

R E SU LTS

Patient characteristics

Between January 2017 and June 2019, 206 patients from 
Denmark (8%), New Zealand (16%) and the United Kingdom 
(76%) were randomised (Consort Diagram; Figure S1). Four 
patients were randomised in error and removed from sub-
sequent analyses. Thus, 202 patients were evaluable. The 
median age was 78 years (range 62–89); 92.6% of patients 
were aged ≥70 years and 35.1% ≥80 years. Baseline patient 
demographics are shown in Table 1. Overall, 153/202 (75.7%) 
patients had de novo AML, 40/202 (19.8%) secondary AML 
and 9/202 (4.5%) high-risk MDS. Cytogenetic data were 
available for 173/202 patients (85.6%). One patient had fa-
vourable cytogenetics, 133 normal/intermediate and 39 ad-
verse karyotypes. Of interest, 13/202 (6.4%) patients had a 
del5q abnormality, but in 12/13, this was as part of a complex 
karyotype or in association with a TP53 mutation. The one 
patient with isolated del5q was randomised to the control 
arm, did not achieve CR/CRi and died from sepsis after two 
cycles of LDAC.

The most prevalent baseline comorbidities were car-
diovascular disease, infection, arrhythmias and diabetes, 
all affecting >10% of the study population. Less frequent 
comorbidities are shown in Figure S2A. The haematopoi-
etic cell transplantation-comorbidity index (HCT-CI) was 
available for 198/202 patients and was 0 in 36.1%, 1–2 in 
33.1% and ≥3 in 28.7%, indicating an overall frail popula-
tion (Figure S2B).

One hundred and ninety-seven patients received their 
allocated therapy: 100 in the LDAC arm and 97 in the 
LDAC + LEN arm (Figure  S1). A median of two courses 
(range 0–24; mean 3.28) was delivered in the LDAC arm and 
one course in the LDAC + LEN arm (range 0–25; mean 3.48; 
Figure S3).

Response

Overall response (CR/CRi) was achieved in 40/202 patients 
(19.8%) (Table 2). There was a significant difference in ORR 
between the LDAC and LDAC + LEN arms (LDAC 13.7% 
and LDAC + LEN 26%, respectively, OR 0.45 [0.22, 0.93], 
p = 0.031).

Despite the difference in ORR, 1- and 2-year OS showed no 
significant difference between the LDAC and LDAC + LEN 
arms at the second interim analysis (22.9% and 11.5% in 
the LDAC arm and 29.7% and 14% in the LDAC + LEN 

arm, respectively; HR 0.94 [0.69, 1.2], p = 0.719 at 2 years). 
Median OS was 4.6 months for LDAC versus 3.5 months for 
LDAC + LEN; HR 0.96 (0.71, 1.30), p = 0.798 (Figure  S4A). 
One-year OS for patients that did not enter CR/CRi was 
6.8% for LDAC + LEN versus 16.9% for LDAC (p = 0.028). 
The most common cause of death in both arms was a re-
sistant/recurrent disease. There was no difference in sur-
vival after remission, RFS or survival after relapse between 
the two arms (Figure S4B–D). Note, however, that the study 
was powered to detect a difference in OS, so with the low 
response rate observed, it was unlikely differences in RFS 
could be detected. Analysis by AML or patient characteris-
tics did not identify any subgroup in which LDAC + LEN had 
an OS benefit (Figure S5).

Toxicity and resource usage

Most adverse events (AEs) were grade 1/2 in both arms 
(Figure  S6). During cycle 1, there were 78 versus 51 grade 
3/4 AEs in the LDAC + LEN and LDAC arms respectively 
(p = 0.02). This included five thrombotic events in the 
LDAC + LEN arm (4 grade 3 and 1 grade 4) and none in the 
LDAC arm. Thirty- and 60-day mortality were not signifi-
cantly different between the arms (19.2% for LDAC vs. 19.4% 
for LEN + LDAC at 30 days [OR 1.02 {0.52, 1.92}; p = 0.96] 
and 31.3% vs. 41.2% in the LDAC vs. LDAC + LEN arms at 
60 days [OR 1.33 {0.84, 2.12}; p = 0.23]; Table 2).

In course 1, supportive care requirements were higher in 
terms of both days of antibiotics (7 vs. 3; p = 0.001) and hos-
pitalisation days (11 vs. 6.5; p = 0.005) for the LDAC + LEN 
arm (Figure  S7). There was no difference in transfusion 
requirements.

CONCLUSION

Despite improving the CR/CRi rate, the combination of 
LDAC + LEN did not improve OS, RFS or time in remis-
sion in elderly patients with AML. The addition of LEN to 
LDAC resulted in increased toxicity, including episodes of 
thrombosis, and increased supportive care requirements. 
Alternative strategies to improve survival for elderly patients 
with AML remain a significant clinical need.
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T A B L E  1  Baseline clinical characteristics.

Randomisation

TotalLDAC + Lenalidomide LDAC

N = 100 N = 102 N = 202

Age at entry (years)

Mean (SD) 77.5 (5.3) 77.2 (5.5) 77.3 (5.4)

Median (IQR) 77.7 (73.5, 81.1) 77.5 (73.4, 81.2) 77.7 (73.4, 81.2)

Min, max (62.2, 89.1) (63.1, 92.2) (62.2, 92.2)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

Age group (years)

60–64 2 (2.0) 1 (1.0) 3 (1.5)

65–69 4 (4.0) 8 (7.8) 12 (5.9)

70–74 29 (29.0) 27 (26.5) 56 (27.7)

75–79 28 (28.0) 32 (31.4) 60 (29.7)

80+ 37 (37.0) 34 (33.3) 71 (35.1)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

Sex

Female 46 (46.0) 39 (38.2) 85 (42.1)

Male 54 (54.0) 63 (61.8) 117 (57.9)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

WHO performance status

0 15 (15.0) 15 (14.7) 30 (14.9)

1 58 (58.0) 59 (57.8) 117 (57.9)

2 22 (22.0) 23 (22.5) 45 (22.3)

3 5 (5.0) 5 (4.9) 10 (5.0)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

AML type

De novo 75 (75.0) 78 (76.5) 153 (75.7)

Secondary 21 (21.0) 19 (18.6) 40 (19.8)

High-risk MDS 4 (4.0) 5 (4.9) 9 (4.5)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

WBC categories (10^9/L)

0.0–9.9 66 (66.0) 67 (65.7) 133 (65.8)

10.0–49.9 25 (25.0) 29 (28.4) 54 (26.7)

50–99.9 7 (7.0) 5 (4.9) 12 (5.9)

100+ 2 (2.0) 1 (1.0) 3 (1.5)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

Cytogenetic status

Favourable 0 (0.0) 1 (1.0) 1 (0.5)

Normal/Intermediate 63 (63.0) 70 (68.6) 133 (65.8)

Adverse 17 (17.0) 22 (21.6) 39 (19.3)

Unknown 20 (20.0) 9 (8.8) 29 (14.4)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

Wheatley index

Good 3 (3.0) 2 (2.0) 5 (2.5)

Standard 47 (47.0) 42 (41.2) 89 (44.1)

Poor 50 (50.0) 58 (56.9) 108 (53.5)

Missing (%) 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviations: AML, acute myeloid leukaemia; IQR, interquartile range; LDAC, low-dose cytosine arabinoside; MDS, myelodysplastic syndrome; SD, standard deviation; 
WBC, white blood cell count.

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19220 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [30/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 5COPLAND et al.
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R E F E R E N C E S
 1. Dennis M, Copland M, Kaur H, Kell J, Nikolousis E, Mehta P, 

et  al. Management of older patients with frailty and acute myeloid 

T A B L E  2  Response and survival outcomes.

Randomisation

OR/HR (95% CI) p value

LDAC + Lenalidomide LDAC

N = 100 N = 102

Patient status, n (%)

Resistant disease 55 (55.0) 69 (67.6) 1.71 (0.97, 3.03) 0.066

Induction death 19 (19.0) 19 (18.6) 0.98 (0.48, 1.98) 0.946

Achieved CR/Cri 26 (26.0) 14 (13.7) 0.45 (0.22, 0.93) 0.031

Response outcomes n (%)

CR 24 (24.0) 12 (11.8) 0.42 (0.20, 0.90) 0.026

Cri 2 (2.0) 2 (2.0) 0.98 (0.14, 7.10) 0.984

ORR (CR + CRi) 26 (26.0) 14 (13.7) 0.45 (0.22, 0.93) 0.031

Survival end-points (months)

Median survival 3.5 4.6

30-day mortality 19.4 19.2 1.02 (0.54, 1.92) 0.957

60-day mortality 41.2 31.3 1.33 (0.84, 2.12) 0.225

1-year survival 29.7 23.3 0.94 (0.68, 1.31) 0.732

2-year survival 14.3 11.1 0.95 (0.70, 1.29) 0.730

1-year relapse-free survival 57.7 35.7 1.26 (0.52, 3.02) 0.611

2-year relapse-free survival 30.8 14.3 1.57 (0.77, 3.22) 0.220

2-year survival after remission 45.8 35.7 0.66 (0.27, 1.61) 0.322

1-year survival after relapse 22.2 20.0 1.53 (0.65, 3.63) 0.351

1-year survival no CR/CRi 6.8 17.3 1.47 (1.04, 2.09) 0.024

Note: Response end-points are reported as n (%) and the odds ratio comparing LDAC to LDAC + LEN. Survival end-points are reported as Kaplan–Meier estimates (%) and 
hazard ratios comparing LDAC + LEN to LDAC.
Abbreviations: CR, complete response; CRi, complete response with incomplete recovery of counts; HR, hazard ratio; LDAC, low-dose cytosine arabinoside; OR, odds ratio; 
ORR, overall response rate.

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19220 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [30/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7655-016X
https://orcid.org/0000-0002-7655-016X
https://orcid.org/0000-0001-8561-1705
https://orcid.org/0000-0001-8561-1705
https://orcid.org/0000-0003-0166-0062
https://orcid.org/0000-0003-0166-0062
https://orcid.org/0000-0003-1893-8155
https://orcid.org/0000-0003-1893-8155
https://orcid.org/0000-0002-2540-8673
https://orcid.org/0000-0002-2540-8673
https://www.twitter.com/CoplandMhairi
https://www.twitter.com/mikewdennis


6 |   LOW-DOSE ara-C AND LENALIDOMIDE IN ELDERLY PATIENTS WITH AML

leukaemia: a British Society for Haematology good practice paper. Br 
J Haematol. 2022;199(2):205–21.

 2. Saiz-Rodríguez M, Labrador J, Cuevas B, Martínez-Cuadrón D, 
Campuzano V, Alcaraz R, et al. Use of azacitidine or decitabine for 
the up-front setting in acute myeloid leukaemia: a systematic review 
and meta-analysis. Cancers (Basel). 2021;13(22):5677.

 3. Dennis M, Hills RK, Russell NR, Copland M, Thomas I, McMullin M-F, 
et al. An evaluation of 17 years of low dose cytarabine as therapy for AML 
patients not fit for intensive treatment, including patients with adverse 
cytogenetics, shows improving survival, potential underutilisation and 
highlights the need for new therapy. Blood. 2017;130(Suppl 1):3874.

 4. DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Wei AH, 
et al. Azacitidine and venetoclax in previously untreated acute my-
eloid leukemia. N Engl J Med. 2020;383(7):617–29.

 5. Wei AH, Montesinos P, Ivanov V, DiNardo CD, Novak J, Laribi K, 
et al. Venetoclax plus LDAC for newly diagnosed AML ineligible for 
intensive chemotherapy: a phase 3 randomized placebo-controlled 
trial. Blood. 2020;135(24):2137–45.

 6. Dennis M, Burnett A, Hills R, Thomas I, Ariti C, Severinsen MT, 
et  al. A randomised evaluation of low-dose cytosine arabinoside 
(ara-C) plus tosedostat versus low-dose ara-C in older patients with 
acute myeloid leukaemia: results of the LI-1 trial. Br J Haematol. 
2021;194(2):298–308.

 7. Dennis M, Thomas IF, Ariti C, Upton L, Burnett AK, Gilkes A, et al. 
Randomized evaluation of quizartinib and low-dose ara-C vs low-
dose ara-C in older acute myeloid leukemia patients. Blood Adv. 
2021;5(24):5621–5.

 8. McCaughan GJ, Gandolfi S, Moore JJ, Richardson PG. Lenalidomide, 
bortezomib and dexamethasone induction therapy for the treat-
ment of newly diagnosed multiple myeloma: a practical review. Br J 
Haematol. 2022;199(2):190–204.

 9. Garcia-Manero G, Almeida A, Fenaux P, Gattermann N, Giagounidis A, 
Goldberg SL, et al. Clinical benefit-risk profile of lenalidomide in patients 
with lower-risk myelodysplastic syndromes without del(5q): results of a 
phase III trial. Clin Lymphoma Myeloma Leuk. 2019;19(4):213–219.e4.

 10. Martinez-Høyer S, Karsan A. Mechanisms of lenalidomide sensitivity 
and resistance. Exp Hematol. 2020;91:22–31.

 11. Pollyea DA, Kohrt HE, Gallegos L, Figueroa ME, Abdel-Wahab O, 
Zhang B, et al. Safety, efficacy and biological predictors of response 
to sequential azacitidine and lenalidomide for elderly patients with 
acute myeloid leukemia. Leukemia. 2012;26(5):893–901.

 12. Wei A, Tan P, Perruzza S, Govindaraj C, Fleming S, McManus J, et al. 
Maintenance lenalidomide in combination with 5-azacitidine as 
post-remission therapy for acute myeloid leukaemia. Br J Haematol. 
2015;169(2):199–210.

 13. Hills RK, Burnett AK. Applicability of a "Pick a Winner" trial design 
to acute myeloid leukemia. Blood. 2011;118(9):2389–94.

 14. Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV, et al. 
Design and analysis of randomized clinical trials requiring prolonged 
observation of each patient. II. Analysis and examples. Br J Cancer. 
1977;35(1):1–39.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Copland M, Ariti C, Thomas 
IF, Upton L, Sydenham M, Mehta P, et al. A 
randomised evaluation of low-dose cytosine 
arabinoside plus lenalidomide versus single-agent 
low-dose cytosine arabinoside in older patients with 
acute myeloid leukaemia: Results from the LI-1 trial. 
Br J Haematol. 2023;00:1–6. https://doi.org/10.1111/
bjh.19220

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19220 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [30/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/bjh.19220
https://doi.org/10.1111/bjh.19220

	A randomised evaluation of low-dose cytosine arabinoside plus lenalidomide versus single-agent low-dose cytosine arabinoside in older patients with acute myeloid leukaemia: Results from the LI-1 trial
	Summary
	INTRODUCTION
	METHODS
	Design and eligibility
	End-points and toxicity
	Statistical analysis

	RESULTS
	Patient characteristics
	Response
	Toxicity and resource usage

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES




