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LUNG TRANSPLANTATION

Lung Allocation Score for Lung
Transplantation*

Impact on Disease Severity and Survival
Cynthia J. Gries, MD, MSc; Michael S. Mulligan, MD, FCCP:

Jeffrey D. Edelman, MD, FCCP; Ganesh Raghu, MD, FCCP;
] Bandall Curtis, MD, MPH, FCCP; ond Chf‘i&'tophef" H. Goss, M3, MSe, FCCP

lementation of the lung allocation score {LAS) system, allocation o?’
donor lungs was based on acerued time on the waiting list and was poten influenced by
center-specific thresholds for lisfing. The impact of LAS implementation on patient characteris.

divided into two cohorts: 2 years before LAS implementati L
after LAS implementatjon. LAS was calculated and compared by cohort. Pre-1.2
T diffe I FRaTactevistics were examined, Waiting list and pos

rates for each cohort were examined using Kaplan-Meier estimates and Cox egression.

Results: After LAS implementation, the distribution of diagnoses in patients prgoing transplan-
tation significantly changed (p = 0.02), while the distribution of diagnoses in thuse listed did not
(p = 0.17). Characteristits of patients on the waiting list were similar, except that a hig er proportion

of nonwhite paticnts v
implementation. Simmils
except that posttranspl:
Calculated LAS was hig]

-

pre listed (p = 0.04) and lower FVC (p < 0.001) was ohserved after LAS

ly, characleristics of patients undergoing transplantation did not change,

hospital length of stay was shorter {p = 0.01) after LAS implementation.

er afler LAS implementation (p = 0.006), After contre ling for age and

diagnosis, neither waiting list nor transplant survival was sigpificantly different (p=10.93 and
p = 0.81, respectively).

Conclusions: After LAS fmplementation, the distribution of diagnoses in lung t t recipients
was significantly changed, while that of candidates was not. Posttransplant and %ﬂ;ﬁ list survival
were not affected by the| LAS system, but power was limited. Larger and long-term survival studies
are needed to determing if the LAS system improves overall allocation and swavival for patients
interested in hung transplantation. (CHEST 2007} 132:19534-1961)

Key words: Iung allocation sogre; lung transplantaiion; organ allocation; resource allocation

Abbrevistions: CI = confidence interval; CF = cystic fibrasis; HR = hazand ratio; IPAH = 1dig ¢ pulmonary artery
hypertension; IQR = interqudrtile range: LAS =lmg allocation score; NYHA = New York | Heart Assaeiztion;
OPTN = Organ Procurement 4nd Transplantation. Network; PA — pulmonary artery; PCWP = nary capillary wedge
pressure; UNOS = United Netivork of Organ Sharing; SMWT = 6-min walk test _J

With advancements in immunosuppressive and the necessity of a new lung allocation system became

surgical techniques, lung| transplantation has apparent.? In May 2005, the Organ Procurement and
become one of the treatments of choice for advanced Transplantation Network (QPTN) implemented a
lung discase.! Before May 2005, priotity for lung composite score, the lung allocation score (LAS),

allocation was primarily based dn accumulated time which prioritized dandidates iy expoc 5
on a waiting list? However, Hue to the relative . plant_sirviv; Tedictod | walting

scarcity of argans, the growing njimber of patients on Prior to the LAS Sytein e on iting Jist
the waiting list, and the increasirlg number of deaths, varied greatly becanse| of differences in center-
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specific thresholds and praptices for active listing.
i transplant center
(University of Washington| Medical Center , for
which criteria has not changdd since LAS implemen-
tation. Therefore, the regionil impact of the LAS on
listing diagnosis and seven ty of disease can be
uniquely assessed in this region without the con-
founding of changes in cente r-specific thresholds for
listing,

Diagnosis has heen shown fo be an im

dictor of both waiting Fstand postrransplant survival 56
Thereforg, understanding how| the LAS system affects
recipient diagnosis, posttransplint survival, and rates of
death on the list for each diagnostic grouping is essen-
tial for future improveTenEnr HeTA% Tn addition,
the underying premise of the LAS is to improve
waiting list survival by perforining transplantation in
patients with the highest mortality risk before trans.
plantaﬁon and_hyv imn r-u-.-_ Dasiiranselan

supvival Iy
avoiding hng plantation in patieatswha ace yn-
likely to survive after tranenlahtat Mowever, it is

unknown if the LAS has indeed established this
balance.

In addition, the L.AS algorithm was modeled from
data that were collected durin the pre-LAS period.
If the LAS system affects the characteristics and
survival of patients who are listed and receive trans-
plantation, data from the pre-IJAS peried may not be
the best predictor of post-L.AY survival.s Identifying
these changes may be useful [for refining the LAS
system and counseling patients and their families
confronted with lung transplantation.

In this study, we cvaluated the effect of LAS
implementation on patient diagmosis, patient demo-
graphics, and pretransplant clifical parameters such
as lung function and hemodydamic values. We hy-
pothesized that patients who underwent transplanta-
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tion after implementation| of the LAS system would
be less likely to have a pretransplant diagnosis of
COPD and more likely to have diseases such as
pulmonary fibrosis and cystic fibrosis (CF). We believe
that understanding the imphet of the LAS is important
in order to further refine |the allocation system and
mazimize overall survival on the waiting list and after
lung transplantation.

MATERIALS AND METHODS

Data Collection |

Using data from the United Network of Orgen Sharing
(UNOS), we performed analysgs on two different data sets
available as of May 05, 2007: (1) 170 patients listed between May
4, 2003, and May 3, 2006, at U rsity of Washington Medical
Center; and (2) 127 lung transplant recipients who underwent
transplantation in the same time period. Fach data st was then
divided into two cohorts: the pre{LAS cohort included patients
who were listed (or underwent splantation} 2 years prior to
LAS tmplementation, and the post-LAS cohort mdyded patients
who were listed {or underwent transplantation) 1 year after LAS
implementation (Fig 1). Listing driteria for transplantation fol-
lowed national guidelines, . Patienl characteristios at the time of
listing and the time of transplant were obtained from the UN 0s,
Human subject approval for this study was obtained from the
University of Washington prior to obtaining data from UNOS,

Grouping of Lung Disease Diagnokis

Using the diagnosis codes from the UNOS database, we classified
our dats sets nto six diagndsis grgups: (1) COPLYu,-antitrypsin
deficlency; (2) pulmopary fibrosis, theluding idiopathic pulmonary
fibrosis, sarcoidosts, theumatoie lang, CREST (calcinosis, Raynand
phenomenon, esophageal dysmotilit}, scderodactyly, and telangiec-
tasia} syndrome, scleroderma, Sjogren syndrome, and oiher fibrosis;
(3) CF; (4) idiopathic pubneriary arterial hypertension (IPAF) snd
secondary pulmonary arterial hypertension; {5) bronchiectasis; and
(6) other, including bronchiolitis oblitrans retransplant, obliterative
bronchiolitis nontransplant, Zoute rejection after transplantation,
lymphangiohomyomatesis, Eisenmerger syndrome, and pulmanary
hemosiderosis.

Calculation of LAS

LAS values for patients in the transplant data set were
caleulated in both eohorts. OPTN defaults® of New York Heart
Association (NYHA) class T and > [L50 fest for 6-min walk test
(6MWT) were entered for all subljects. Alsa, OPTN® default
hemodynamic values including sysfolic pulmonary artery {(PA)
pressures, mean PA pressures, and pulmonary capillary wedge
pressure (PCWP) were entered into the TAS calculation if the
value was missing,

Data Analysis

In order to determine differencds in patient characteristics
between the pre-LAS and post-LA$ coharts in both data sets,
we performed a x> analysis for Fisher exact) test for categor-
ical variables, two-sample mean comparison for normally
distributed confinuous vari#b]es, and Mamn-Whitney rank-
sum test for skewed continuous variables. The Kruskal-Wallis

CHEST /132 / §/ DECEMBER, 2007 1955

ril 2, 2008




APR 21 2008 12:31PM

HP

W

LASERJET 3200

LAS adopted
| |

May 4, 2003

]
May 4, 2004

I T
May 4, 2005 May 3,

Pre-LAS cohort

Post-LAS cohort

38 transplanted

Year 1

atients listed 53 patients

Year 2
44 transpianted

Year 3
68 patients listed
45 transplanted

listed

2006

Fieure 1. Time division of LAS cohorts for patients undergoing transplantation and lrbed patients,

test was used to determine differel
tion of median lung allocation sed
post-LAS cohorts.

nees between the distribu-
yres between pre-LAS and

Survival estimates for patients listed were calculated from time
of listing to time of death, transplantation, or 360 days of

follow-up. Survival estimates for
culated from Hme of transplant to
follow-up. Survival estimates were

splant recipients were cal-
e of death or 360 days of
culated with Kaplan-Meier

product limit estimator. Cox proportinal hazard model was used
in both data sets to examine survival differences between LAS

cohorts with and without adjustm
(age and diagnosis). The propartio

for potential confounders
hazards assumption was

tested with graphical inspection of log-log survival curves [In
{(-In{8 (D)} vs time plots] and assessmént of Scheorfeld residuals.

Significance was reported at two-

ed p value < 0.05 for all

statistical tests. Statistical software {STATA SE version 9.0:

StataCorp; College Station, TX; cop;
used for all analyses,

Table 1—Characteristics af the Time of Listing for Potients Listed 2 Years Prion
After tmplementation of the LAS*

zht from 1984 to 2005) was

REsuLTS

Waiting List Patients

A total of 170 patients (d

re-LAS cohort, n = 102;

post-LAS cohort, n = 68) were listed for lung trans-
plantation in region 6 between May 4, 2003, and May
3, 2006 (Fig 1). No differences in patient character-

istics were observed betwe

en LAS cohorts, except

for the following: (1) proportionately fewer white
patients were listed in the post-1.AS cohort in com-
parison to the pre-1AS cohort (pre-LAS cohort,

94%; vs post-LAS cohort,
the patients listed after 1|

FVC porcentage of ipredi
34.1%; vs post-LAS' cohg

B4%; p = 0.04); and (2)

LAS had a lower mean
cted {pre-L.AS cohort,
i, 45.2%:; p < 0.001)

to and I Year

Total Before After
Characteristics (n = 170} LAS {n =102) LAS (n ~ 68) p Value
Age at listing, yr 50.1 = 14,1 506 + 14.3 499+ 148 0.19
Female gender 79 (46.5) 45 (44,12} 34 (50) 0.53
Race 0.04
White 153 (80) 96 (94.1) 57 (838)
Nenwhite 17 (10.0) 6(3.9) 11(152)
Body mass index 25.0 £ 4.3 25.2 = 4.33 246 X 4.3 0.38
Elood type 0.055
Type A 66 {38.8) 33(324) 33 (48(5)
Type AB 5(2.9) 5(4.9) 0{0)
Type B 18 (10.6) 10(9.8) 5(11/8)
Type O 81 (47.7) 54 (53.0) 27 (397)
Diahetes 20 {17.3) 17 (17 12 (171D 0.54
Oxygen requirement, L 2{2-4) 2(2-3) 324 0.20
FEV,, % predicted 3532191 335 203 331 4 185 0.91
FVC, % predicted 505 + 16.9 54.1 + 17 1452 H 155 0.0006
Mean PA pressure, mm Hg 25 (20-30) 25 {20-30) ‘24 {20129} 0.4¢
Systolic PA pressure, mm Hg 36 (30-42) 36 (30-42) 136 (29144 5} ¢.90
PCWP, mm Hg 10 (7-13) 11 {8-13) 9(7-12) 0.10
Waiting list time, d 72 (23-180) 60.5 (21-176) Vﬁ (24-1225) 0.36
*Data are presented as mean = $D, No. (%), or median (IQR).
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[Table 1). After stratifying |by diagnosis, post-LAS Table 3—Survival of Lung Traneplant Condidates
COPD/e, -antitrypsin deficiency patients waited Stratified by LAS C""""‘f“ the Waiting List at 90,
longer (median, 57.5 days; interquartile range [IQR], 180, and 360 Days

22 to 133 days; vs median, 137 days; IQR, 49 to 357 Variables 90 Days 180 Days 360 Days

days; p = 0.02) and post-1AS CF patients had a Before LAS  0.88 (0.79-0.94) (.80 {0.67-0.89) 0.60 0.47-0.83
lower FVC percentage of predicted (48.8 = 132%  Aferras  os 50.72—0@2; q84 f0.72-0.92; o8t ?0.72-0.92;
of g&%l;:ted vs 383199% of predicted;  overl 0870080082 g (0.72-089) 0.7 (0.64-0.85)
p=0. . ' :

There was no significant difference in recipient et s prosented as median (QR)
listing diagnosis between the pre-LAS and post-LAS
cchorts {p = 0.17). The entage of COPD/i;- . ) )
antitryps:iI;] deficiency ngi nts lgisted decreased cohorts, except crefﬁmne was shg%ltly low‘er in the
from 45.1 to 26.5%, while the percentage of post-LAS cohart (p = 9'04) dmed:a..n hospital length
pulmonary fibrosis and CF patients listed in- of stay after transplant lower in the post-LAS
creased from 27.5 to 41.2% and from 15.7 to C(.)hOI‘t (p = 0.01) .[Table 4] Excluding patients vwho
20.6%, respectively (Table 2}, ‘{hei medfan.ho§p1tal length of stay. after transp!anta—

The proportion of pre-LA$ patients survivin g on ;;m was still significantly lower after implementation of
the waiting list from the time of Listing to the time of © LAS (pre-LAS cohort, I3 days [IOR, 10 10 175
death, transplant, or 360 ¢ follow-up was 0.69 days];wposbLA}S Cobmt’ 10 days [IQ.I_{’ 8 to 15, days];
(95% confidence interval [CI], 0.47 10 0.83) in the ~ P = 002). Median time on the waiting list in the
pre-LAS cohort, compared to the post-LAS cohort of Pre,'LAS.?Oho.rt W?S 58 days (IQR, 10 to 137 days),
084 (95% CI, 0.72 to 0.92) [ Table 3, Fig 2. Cox  vihile walting time for the popt-LAS cohort was 72 days
regression demonstrated no significant difference in &gﬁ’ 28Nt0 deESQ days )Z s wash not s:g;yﬁ cantly
waiting list survival between pre-LAS and post-LAS L erené. bo erences n petient characteristics were
cohorts without adjustment (hhzard ratio [HR], 0.92; o hserve ; E?twe lf“ prP—LA and pos t-LAS cohorts
95% CI, 0.39 to 2.15; p = 0.83) and with adjustment E"be“,sn’a“ ed by diagnosis|escept in the pulmonary
for age at listing and diagnosis (HR, 0.93; 95% Cl, Y0sis stratn. Among patients with pulmonary fibrosis,

_ : differences included a highelr age (mean + SD)} after
040 to 2.21; p =0.93). The proportional hazards : ) ag
assumption was not violated. LAS implementation (pre-LAS cohort, 53.2 + 9.0

years; vs post-LAS cohort, 59.8 + 5.7 years; p = 0.01)
and lower prevalence |of diabetes in the post-LAS
cohort (30% vs 0%; p =0.02)} Alter implementation of
A total of 127 patients (prerLAS cohort, n = 82; the LAS, recipients differed by listing diagnosis
post-LAS cobort, n = 45) undgrwent lung transplan- (p = 0.02); the proportion of |patients with COPD/a;-
tation between May 4, 2003, 4nd May 3, 2006 {Fig antitrypsin deficiency decreased from 50.0 to 26.7%,
1). There were no significant Hifferences in patient and the proportion of patienty with pulmonary fibrosis
characteristics between the pre-LAS and post-LLAS increased from 24.4 to 37.8% (Table 5),

Transplant Recipients

Table 2—Distribution of Diagnosia on the Waiting List 2 Years Priorito and 1 Year

After Implementation of the LAS*
Total Béfore After
Diagnoses {r =170 LAS {n = 103) LAS (n = 68)

COPD/o -antitrypsin deficiency 84 (37.7) 46 (45.1} 18 {26.5)
All pulmonary fibrosis {IPF only; pre-LAS cohort, n = 20; 58 (32.9) 28 (27 5) 28 (41.2)

post-LAS cohort, n = 15)+
CF 30177 16 {15.7) 14 (20.8)
All pulmonary arterial hypertension ([PAH anly; pre-LAS 7(4.1) 5(L9) 2(2.9)

cobort, 0 = 4; post-LAS cohort, n = 2 )i
Broncliectasis 8{4.7) 4189 4(5.9)
Other§| 5(2.9) 3{0.9) 2(29)

*Fisher exact test for all diagnosis {p =017). Data are presented as No, (%),

fAlL pulmonary fibrosts: idiopathic pulgwmary fibrosis {IPF), sarccid, CREST (calcinosis, Raynaud plienomenon, esophageal dysmotility,
sclerodactyly, and telangiectasia), rheumbtoid humg, other.

fAll pulmonary hypertension: IPAH, secdndary pulmonary arterial hypertension, ‘

§Other, before LAS implementation: bronghiolits oblirerans retransplant, bronchidlitis obliterans nontransp]m% acute refection after transplantation.

ther, after LAS implementation: ymphangialyomyomatosis, Eisenmenger syndtome. :
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follow-up (360 days

(post-LAS) implementation of the LAS.

The median LAS was significantly lower before
implementation of the LAS cqmpared to after (pre-

LAS cohort, 33.1 [IQR, 32.2

to 35.2]; vs post-LAS

cohort, 35.0 [IQR, 33.0 to 37| 4]; p = 0.006). How-

ever, no significant difference

Table 4 —Characteristics at the

was seen in LAS be-

tween patients within specifig
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F1GuRr 2. Kaplan-Meier graph of survival from Hme of listing to time of death, transphnt, or end of

by patients undergoing transplantation 2 years prior to (pre-LAS) and 1 vear after

diagnostic groups (Tahle

6). The COPD/o-antitrypsin patients had lower me-
dian LAS values than other disease groups.

The survival estimales after transplantation  were
similar between 1AS cohorts (Table 7, Fig 3). We

Time of Transplant for Patients Undergoing Transplontation 2 Years Prior to and 1
Year After Implementation of the LAS*

Total Before After
Characteristics (n =127} LAS (n =82} LAS (n = 45) p Value

Age. vt 51 * 137 50 + 13,72 51.5|* 13.74 0.76
Male gender 73 (57.5) 48 (58.5) 25 (55.6) 0.85
Race 0.61

White 124 (96.9) 80 (97.6)

Nonwhite 4(3.1) 2(24)
Body mass index 2544 25 +43 0.93
Elood type 0.57

Typs A 46(36.2) 29(35.4)

Type AB 5(3.8} 4(4.9)

Type B 14{11.0) 7 (8.5)

Type O 62 {48.8) 42 (51.2)
Diabetes 20(15.9) 14(17.0) .80
Oxygen requirement, L 2{2-4) 2{2-3) 0.36
FEV,, % predicted 339+ 20.3 331 =211 0,60
FVC, % predicted 518161 534 + 170 0.12
Mean FPA pressure, mm Hg 25 (20-30) 25.5 (20-31) 0.61
Systolic PA pressure, mm Hg 36 (30-44) 36 (30-48) 0.57
PCWP, mm Hyg 10(8-13) 10 (7-13) 0.44
Creatinine, mg/dL 0.85 0,23 0.82 £ 0.20 0.04
Length of stay, d 13 {5-20) 13 (8-23) 0.01
Length of stay for survivors only, d 12 (9-16) 13{(16-17.5) 0.02
Waiting list time, d 64 (22-139) 57.5(19-137) 0,30

%), or median {IQR).

*Data are presented as mean * SD, No.

1958
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Table 5—Distribution of Diagnosis in Patients Undergaing Transplantation 2 Years Prior to and 1 Year After

Implementation of the LAS*

i Beforg

Total After
Diagnoses (n = 127) LAS (n =(82) LAS (n = 45)
COPD/«, -antitrypsin deficiency 53 (41.7) 41 (50} 12.(268.7;
All pulmonary fibrosis {IPF only: pre-LAS cchort, 1 = 14; 37(29.1) 20 (24.4) 17(37.8)
post-LAS cohort, n = 9){
CF 22 (17.3) 14171 8(17.8)
All pulmonary arterial hypertension (IPAH only: pre-LAS 7(5.5) 5(6.1) 2(44)
cohart, n = 4; post-LAS cohort, m = 23¢
Bronchiectasls 5{3.9) ‘2{2.4) 3(6.7)
Other§ 3 (2.4} 0{0) 3(6.7

¥Fisher exact test for all diagnoses (p  0.02). Data are presented as No. (%). See Table 2 for expansidn of aljbreviation.
FAll pulmonary &brosis: idicpathic palmonery fAbrosis, sarcoic, Sjogren syndrome, seleroderma, rheumaioid lubg, other.

Al pulmonary hypertension: IPATY, speondary pulmonary arterial hypertension.
§Other, post-LAS cohort: lymphangiolpomyomatosis (n = 2}, pulmanary hemosiderosis.

foumd no significant difference ;g pre-LAS survival com-

pared to post-1.AS survival
and diagnosis (HR, 1.10; 95% C|
or did not control for these

er we controlled for age
, 050 to 243; p = 081)

potential comfounders (HR,

L13; 85% CI, 052 10 245, p = 0.76). Proportional
hazards assumption was not vidlated.

Missing Data
Calculation of the LAS in |

oth time periods was

complicated by missing data. NYHA class was miss-
ing for all patients; therefore, the OPTN default® of

NYHA class T was entered

for all observations.

Results for the 6MWT were missing for a greater
percentage of the pre-LAS cohort than the post-LAS

cohort (pre-LAS cohort, 969
38%). Therefore to avoid bias, 3
default® of a value > 150 feet 1

lo; post-LAS cohort,
ve entered the OPTN
or all patients. Of the

recipients who did have a SMWT distance recorded,
only 2 of 74 patients (2.7%) were reported to have a

6MWT distance <2 150 feet.
There were 14 pre-LAS reg
post-LAS recipients (9%) who

ripfents (17%) and 4
had missing hemody-

namic values. Again, OPTN default® values were
entered into the LAS caleylator for missing vahies.
In order to evatuate for bias| we compared recipients
with missing hemodynamics to thase without missing
hemodynamics in each LAS$ cohort. Patients in the
pre-LAS cohort with no missing hemodynamic val-
ues had an LAS median of 3353 (IQR, 32.25 to 35.79)
and were not significantly different than patients in the
pre-LAS cohort with missing hemodynamic values who
bhad a median LAS of 32.94 (IQR, 31.95 to 33.75;
p = 023). Patients in the post-1AS cohort with no
missing hemodynamic values had a median TAS of
35.04 (IQR, 32.97 to 37.25), 4ud were not significantly
different than the post-LAS cohort with missing hemo-
dynamie values who had a mddian LAS of 32.04 (IQR,
3195 to 33.75) [p = 0.19].

In addition, we used values from the 95th percen-
tile in our data to perform & sensitivity analysis for
missing data. For missing hemodynamics, we en-
tered 71 mm Hg, 46 mm Hg| and 18 mm Hg for the
PA systolic, mean PA pregsure, and the PCWP

values, respectively, into the

LAS calculator. Using

Table 6—LAS Before and After LAS Implementation by Pretransplant Diagnosis*

Diagnosis Group Total Before LAS After LAS p Value
COPD/o, -antitrypsin deficiency 33.2 {31,7-34.4) 323 (31.6-32.9) 332 (3)1.8-34.4) 0.23
All pulmonary fibrosist 37.2(35.2-38.8) 373 (34.8-38.3) 36.8 (35.740.7) 0.74
CF 33.7 (33.0~35.2) 335 (32.9-34.8) 36.0 {33.1-39.6) 0.17
All pulmonary hypertension} 34.1(32.4-35.6} 341 {32.435.6) 134.3 (35.6-35.0) 1.0
Bronchiectasis 33.7 (32.6-36.0) 33.1(32.6-33.7) %6.0 (31.8-38.0) 0.56
Other§ 52.28(32.2-33.6) 32.28 (32.2-33.6)

All patients 33.7(32.3-36.2) 33.1(32.2-35.2) 35.0 (38.0-374) 0.006

*Data are presented az median (IQR},

FARl pulmonary fibrosis: idiopathic pulmonary fibrosis, sarcoid, CREST {caleinasis, Raynaud phenomenon, ssophageal dysmatility, sclerodactyly,

and telangizetasia), Sjogren syndrome, shleroderma, theumatoid lung, other.
Al putmonary hypertension: primary pulmonary hypertension, secondary pulmonary hypertemsion.

§Other, pre-1LAS cohort: bronchiolitis obkterans retransplant, bronchiolitis obliterans nontransplant, acute }rejecl:ium after transplaniation.

ther, pust-LAS cobort: lymphangiolyomyomatests, Eisenmenger syndrome, pulmonary hemosiderosis.
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Table 7—Surcival of Lung F'ransplant Candidates

diagnoses for patients wh

o underwent transplanta-

Stratified by LAS Cohort an the Waiting List ai 90,
180, and 360 Days*
Survival at 90 Sunvival ot 180 Survival at 360
Variables Days Days Days
Before LAS  0.91 {0.84-0.96) 0.87 (0.79-0.93) 0.85 (0.76-0.91)
After LAS  0.91{0.78-097) 085(0.75-085) 082 {0.68-0.91)
Owerall 0.81(0.85-0.85) 0.88{0.810.83) ©0.84(0.77-0.90)

*Data are presented as HR (95% CI)

these values, the median LA$ score for the pre-LAS
cohort was 33.77 (IQR, 32.3D to 36.52) and for the
post-LAS cohort was 35.18 [(IQR, 33.01 to 37.51).
With this sensitivity analysis, the difference between
the LAS scores between thel two cohorts remained
significant (Kruskal Wallis p yalue of 0.046). Finally,
in order to evaluate the potential bias of using
default values overall, we compared our calculated
LAS score to that recorded in UNOS. There was no
significant difference betwedn our calculated LAS
and the LAS that was listed in the UNOS database

tion; however, there was|no significant change in
diagnoses listed. Few clinically significant changes
between pre-LAS and pqst-LAS cohorts were ob-
served in patient characteristics overall and when
stratified by disease ih either the transplant-recipient
or candidate data set. In dddition, we also observed
that transplant recipients in the pre-LAS cohort had
a significantly lower|overall LAS median than pa-
tients in the post-LAS cohprt. Finally, no difference
in survival after listing or transplantation was ob-
served between LAS icohotts, although the 95% Cls
were relatively wide.

Our results demonstrate that the LAS system
significantly increased the median LAS between the
pre-LAS and post-LAS ¢ohorts. This effect was
observed in the setting of p higher average number
of CF and pulmonary fibiosis patients being listed
per year, while the average number of COPD pa-
tients listed per yean remgined relatively constant.
Because our listing practices have not changed at our
center after LAS implemgntation,” this trend sug-
gests that more patierits with pulmonary fibrosis and

(median calculated 1.AS, 35.04 [IQR, 33.01 to
37.37]; vs UNOS LAS median, 34.87 [IQR, 33.62 to
38.4]; p = 0.55).

CF were referred to our center for transplantation.
One explanation for this tiend could be that refer-
ring centers who may have ponsidered certain CF or
pulmonary fibrosis patients|too ill to accrue time on
the waiting list before the LAS, now considered
them potential candidates|after the T.AS because
higher allocation scores cquld expedite the trans-
plantation procedure.

Discussipn

Our ﬁhdings suggest that the implementation of
the LAS system led to significant differences in the

Post-Transplant Survival by LAS cohort
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Frevne 3. Kaplan-Meder graph of survival from time of transplantation to time pf death or end of
follow-up (360 days) by patients undergoing transplantation 2 years prior to (pre-LAS) and I year after
(post-LAS) implementation of the LAS. !

pre-LAS

1960 Criginal Research

Downioaded from chestjournal.org on April 2, 2008
Conpyright © 2007 by American College of Chest Physician$




APR 21 2008 12:34PM

HP LASERJET 3200
|
|
|
!

In addition, an increasei in median LAS after
implementation of the L.AS [system was also associ-
ated with a lower proportion of COPD patients and
higher proportion of pulmongry fibrosis patients who
underwent transplantation. These findings mirrored
changes that were seen on a hational level, including
a national decrease in the centage of emphysema
patients (60 to 45%) and 4 national increase of
pulmonary fibrosis Ppatients (12 to 28%).1° In addi-
tion, this finding was also obgerved in g simulation

e, the LAS system
ry fibrosis higher and
the waiting list. Be-
ts often have a higher

ranked patients with pulmon
patients with COPD lower o
cause pulmonary fibrosis patie
acuity and higher risk of dying on the waiting list
than COPD patients, these finti gs suggest that the
LAS system has helped benefif the group of patients

with the highest waiting list mortality while waiting

to undergo transplantation 2

Although we were limited byja small sample size to
detect significant differences, |we observed similar
survival estimates after listing and after transplanta-
tion between LAS cohorts. In addition, our survival
estimates mirrored that of thel national waiting list
and posttransplant survival rat reported by OPTN
for 20045 Observing similar shrvival estimates be-
tween LAS cohorts despite i
patients listed more frequently
tation is interesting, A potenti
finding is that higher-acuity patients are less likely to
die on the waiting list because ey are more likely to
undergo transplantation. Becatise patients in the
post-LAS cohort had a similar [survival after trans-
plantation compared to the pre-LAS cohort, our
analyses suggest that performi transplantation in
patients with a higher LAS an greater severity of
illness does not necessarily lead to worse outcomes.
In further support of this finding|, other centers have
reported a decrease in mortality fate (10 to 3%) after
the implementation of the 1A%, 12

Our study has several limitations, Although we
designed this retrospective studylto ohserve regional
changes that were not biased b changes in center
practices for allocation other thap LAS implementa-
tion, our ability to detect differences in survival and
characteristics between diagnoses are limited by
small sample sjze, missing data from the UNOS
database, and limited follow-up time. Another limi-
tation is that although these data represent the effect of

www.chestjournal.org
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the LAS score on a regionhl level, they do represent
data from a single center ahd generalizability may be
reduced. Despite these Bmitations, our findings pro-
vide useful information on |the impact of the LAS on
survival in patients undergoing lung transplantation
and may help identify directions for refining the LAS
model.

In conclusion, implementation of the L.AS was
associated with a significantly different distribution
of transplant diagnoses at our cemtor, Although
criteria for listing have not changed at our center, the
median LAS has signific tly increased after its
adoption. Future studies with laxger samples and
longer kollow-up in well-defined patient populations
are needed to assess effects on waiting list survival
and posttransplant survival,
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