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kground: Kaposi's sarcoma (KS) is the most common cancer diagnosed among people with HIV in the
States. Highly active antiretroviral therapy (HAART) is an essential treatment for KS, and recent re-

document the emergence of racial disparities in KS incidence and HIV-related mortality in the post-
T era (1996 to present). The aim of this study was to examine trends in KS survival by race from
ginning of the HIV epidemic through the introduction of HAART.
thods: Median cause-specific survival and adjusted hazard ratios for KS from 1980 to 2004 were calcu-
y race using Surveillance, Epidemiology, and End Results nine-area data.
ults: Median survival among both black and white patients was relatively constant until 1995 (average
n survival, 14 and 18 months, respectively). In 1996, white patients experienced an increase in median
al to 103 months. In subsequent years, the increase in median survival was so great that white patients
t reach 50% mortality (follow-up ending December 31, 2007). Survival among black patients increased
ally until its peak in 2001 when median survival had not been reached after 83 months of follow-up.
ver, subsequent relative decreases to 35 months occurred in 2002 and 2004.
clusions: The current analysis provides evidence that there have been substantial increases in KS sur-
mong white patients in the HAART era. Black patients have also experienced some improvements but
attenuated extent.
to an

Impact: Careful attention should be paid to the continuing evolution of trends in KS survival and survival
disparities. Cancer Epidemiol Biomarkers Prev; 19(11); 2718–26. ©2010 AACR.
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osi's sarcoma (KS) is the most common cancer di-
ed among people with HIV in the United States (1)
ccurs most frequently among those who are immu-
icient (2). The incidence of KS has been greatly
nce by trends in the AIDS epidemic; incidence in-
d through the 1980s as the AIDS epidemic spread
ncidence rates declined dramatically once highly
antiretroviral therapy (HAART) was introduced
6 as a treatment (3-5).
ddition to being a treatment for HIV, HAART has
shown to cause regression of KS itself (6, 7) and is
ten exclusive, treatment for this cancer (8,
rts document the emergence of racial dis-
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es in KS incidence and HIV-related mortality in the
d States since the advent of HAART (3, 10). How-
no known studies have explored if these disparities
flected in survival after diagnosis with KS. Thus,
m of this study is to examine trends in KS survival
troduction of HAART.

rials and Methods

lation
population-based incidence and survival data

the Surveillance, Epidemiology, and End Results
) nine-area public-use database (Connecticut,
it, Atlanta, San Francisco, Seattle, Iowa, Utah,
Mexico, and Hawaii) were used for this study.
ls on the SEER program are published elsewhere
S cases were coded according to the International
fication of Disease-Oncology, 2nd Edition (ICD-O-
those with a histology code of 9140. From 1980 to
13,682 cases of KS were reported. We excluded
eople whose cancer was ascertained from autopsy
ath certificate, 503 people for whom KS was
e first cancer, 370 people with “other” race, and

r whom we lacked information on race. Addition-
ecause SEER data do not contain information on
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AIDS status and non–AIDS-related KS tends to oc-
the elderly (12), those 65 years or older (n = 745)

also excluded. Our analytic data set was composed
726 individuals and follow-up ended on December
07 (13).
AIDS Clinical Trials Group (ACTG) staging criteria
used for tumor risk classification. Those patients
single or multiple skin lesions were classified as
g good tumor risk (T0). Those patients with lesions
e mucosa (e.g., oral cavity, anus, rectum, vagina,
ulva) or visceral organs (e.g., pulmonary, gastroin-
al tract, spleen, and other) alone or in combination
esions in other areas were considered to have poor
risk (T1). Those patients with multiple lesions of
ecific location or unknown number and location
ors (n = 4688) were classified as having unknown

r risk. The ACTG system classifies single oral tu-
differently according to their nodularity and exact
n. Because SEER data do not contain this informa-
nd there was the possibility of misclassification, we
to minimize heterogeneity in the low-risk group
ategorized these tumors as high risk (n = 277). An
ment of extent of immunodeficiency or systemic ill-

centages may not sum precisely to 100 due to rounding.
s not possible using SEER data; thus, we were not
o assess survival according to these factors.

the m
amon
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riates
was divided into quartiles: <32, 32 to 36.9, 37 to
nd 43 to 64.9 years. Marital status was categorized
rried, unmarried (single, divorced, separated, or
ed), or unknown. SEER data do not include infor-

n on individual-level socioeconomic status (SES).
fore, area-level indicators are commonly used as a
al measure of SES (14, 15). We used the percentage
sons in the participants' county who live below the
ty line as a measure of ecologic SES. This variable
ategorized as follows: <5% poverty, 5% to 9.9%
ty, 10% to 19.9% poverty, and ≥20% poverty (16).

sis
R-defined cause-specific mortality was the end-
of interest for these analyses. This includes mortal-
e to KS, HIV/AIDS, and several other cancer types.
ls on how this classification is constructed is de-
d elsewhere (17). Differences in the distribution of
iates according to race were assessed by conducting
ided χ2 tests of association. We compared median
al times using log-rank tests to assess absolute sur-
differences and calculated what we will refer to as
1. Demographi
 characteristics of those diagnosed with KS
edian s
g white
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ts) to assess survival differences on the ratio scale.
riate and multivariate Cox proportional hazards
ls were constructed to assess the influence of cov-
s on racial differences in 5-year survival (follow-
r those diagnosed in 2003 and 2004, 2.4% of study
ation, was ended at 3 and 4 years, respectively).
were very few women in our sample; therefore,
gh they are included in the descriptive statistics,
ere not included in median survival or regression

sis.
ause we suspected that trends might be different in
with higher KS incidence rates, but did not possess
ent power to compare each SEER area separately,
nducted additional analysis to contrast trends be-
San Francisco (3) and all other SEER areas. The

er of people in the lowest SES and highest SES cat-
was small in some of the strata. Thus, we collapsed
S variable into two categories for the Cox models

of county residence in poverty and 10%+ of coun- a gre

reach
(follow
black
when
month
crease
Wh

age m
mont
HAA
month
white
idence in poverty).

lts

ore HAART (1980-1995), the distribution of sex, ex-
f disease, age, marital status, and ecologic SES dif-
according to race (Table 1). Among patients with
iable tumors, 64.2% of white and 58.5% of black pa-
were diagnosed with T0 KS (P = 0.003, test not
). Additionally, a larger proportion of blacks lived
nties with >20% of their residents living below the

ty line than whites (14.2% versus 2.1%; P < 0.0001, MSR

not re
dispa
(12 ve
versu
were
1.5 ve
was n
HAA
Dif

San F
(Fig.
ences
HAA
obser
HAA
(P = 0
ences
signif
0.15),
other
were
Un

survi
show
the 5
[haza

ong black patients in 2001 and 2003 (follow-up through
ber 31, 2007).
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ved after HAART (1996-2004). Among patients with
iable tumors, 65.3% of white and 54.6% of black pa-
were diagnosed with T0 KS (P = 0.0002, test not
n). A significantly greater proportion of blacks than
s were diagnosed at younger than 43 years of age
versus 65.0%; P < 0.0001, χ2 test), and a greater

rtion of blacks lived in counties with >20% poverty
hites (15.6% versus 3.8%; P < 0.0001, χ2 test).

dian survival time, the time from diagnosis at
50% of the patients are found to be still alive,

g both black and white patients was relatively con-
until 1995 (Fig. 1), with white patients experiencing
erage median survival of 18 months and black pa-
experiencing an average median survival of 14
s (P = 0.0006; Fig. 2). In 1996, after the introduction
ART, white patients experienced a dramatic in-
in median survival from 23 months in 1995 to
onths (Fig. 1). Median survival increased to such
at extent by 1997 that 50% mortality was not
ed in the population diagnosed in subsequent years
-up ending December 31, 2007). Survival among
patients increased gradually until its peak in 2001
median survival had not been reached after 83
s of follow-up. However, subsequent relative de-
s occurred in 2002 and 2004.
ite and black T0 patients experienced similar aver-
edian survival before HAART (18 versus 16

hs; P = 0.77; MSR = 1.1; Fig. 2). However, after
RT, median survival among black patients was 88
s, whereas 50% mortality was not reached among
patients after 143 months of follow-up (P = 0.0002;
= 1.6, underestimated because median survival was
ached among white patients). Among T1 patients,
rities in median survival were observed both before
rsus 8 months; P < 0.0001) and after HAART (76
s 18 months; P < 0.0001). However, the disparities
greater on both the absolute and relative (MSR =
rsus 4.3, underestimated because median survival
ot reached among white patients) scales after

RT.
ferences in median survival were observed between
rancisco and the other SEER areas combined
3). Among T0 patients in San Francisco, no differ-
in survival were observed before (P = 0.79) or after
RT (P = 0.31). In other registries, no differences were
ved before HAART (P = 0.60). However, after
RT, significant survival differences were observed
.0004). Among T1 patients in San Francisco, differ-
were observed before HAART (P = 0.003), and no
icant differences were observed after HAART (P =
although this is likely due to insufficient power. In
registries, disparities in survival among T1 patients
evident both before and after HAART.
ivariate analysis assessing the relation between KS
val and race before HAART among T0 patients
ed no difference in hazard of mortality during

years of follow-up between black and white men
t). Racial differences in all covariates were also

1. Median cause-specific survival by year of diagnosis.
ates prior to 1986 unstable because of small sample size.
an survival not reached among white patients from 1997 to 2004
rd ratio (HR), 0.97; 95% confidence interval (CI),
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.10; Table 2]. However, after HAART, there was a
ncreased hazard of mortality during follow-up in
men in comparison with white men (HR, 1.58;
I, 1.23-2.02). Among T1 patients, mortality was
ed for blacks in comparison with whites both be-
HR, 1.37; 95% CI, 1.20-1.56) and after HAART
1.59; 95% CI, 1.24-2.05).
ltivariable analysis adjusting for age, marital status,
cologic SES yielded similar results. Among T0 pa-
, no difference in survival was observed before
RT (HR, 1.00; 95% CI, 0.88-1.13; Table 3), but a
ncreased hazard of mortality among black patients
bserved after HAART (HR, 1.45; 95% CI, 1.12-1.88)
parison with white men. Additionally, during both
s, men who were identified as married had a sig-
ntly lower hazard of mortality than those men who
unmarried. Among T1 patients, mortality was ele-
for blacks in comparison with whites both before
1.35; 95% CI, 1.18-1.55) and after HAART (HR,
5% CI, 1.17-1.98).

.05. **, underestimate, median survival not reached among white patients
ore the advent of HAART among T0 patients, there
no observed survival disparities in San Francisco

after t
ment
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1.06; 95% CI, 0.90-1.25; data not shown) or in the
SEER areas combined (HR, 0.94; 95% CI, 0.77-
However, after HAART, disparities emerged in
SEER areas (HR, 1.61; 95% CI, 1.15-2.25), but no
ically significant differences were observed in San
isco (HR, 1.13; 95% CI, 0.71-1.81). Among T1 pa-
, statistically significant disparities were observed
e HAART in San Francisco and before and after
RT in other SEER areas, although the magnitude of
sparitieswas lower in San Francisco (beforeHAART:
.26; 95% CI, 1.06-1.51; after HAART: HR, 1.18; 95%
74-1.90) than in other SEER areas (before HAART:
.48; 95% CI, 1.19-1.84; after HAART: HR, 1.61; 95%
3-2.26).

ssion

study results illustrate that there has been an in-
in KS survival in the HAART era. Although sur-
improved for both black and white men with KS
†

he introduction of HAART, the degree of improve-
was greater for white men on both the relative and

ncer Epidemiol Biomarkers Prev; 19(11) November 2010 2721
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te scales. This pattern remained after accounting
mor prognosis. The increase of a survival dis-
is noteworthy, particularly because one of the

d States' health goals during the time of its emer-
was specifically to decrease racial disparities in
(18, 19).

ore the advent of HAART, treatment for KS was
y palliative (20). HAART, which promotes immune
stitution, has been shown to cause regression of KS
and is recommended either in part or in total as
ent for most KS cases (8, 9). Thus, increases in its
ability and use are likely strong mechanisms
gh which KS survival has improved. In a recent
of Medicaid-insured individuals from five states,
reported that black HIV/AIDS patients were less
to receive HAART treatment than white patients
IV/AIDS (21). Accordingly, one possible explana-

or the increase in KS survival disparities in the
RT era is that there exist differences in the type

uality of treatment afforded to black patients in
arison with white patients.

in co
HAA

. *, P < 0.05. **, underestimate, median survival not reached among white patien

r Epidemiol Biomarkers Prev; 19(11) November 2010

on August 28, 2019. © 20cebp.aacrjournals.org wnloaded from 
re are several other possible explanations for the
ased KS survival disparity after the advent of
RT. Initial treatment for KS with HAART is one in-
e on survival; however, long-term adherence to
ent may also be necessary (22). Thus, differences

atment adherence may also partially explain differ-
in survival. Although HAART is an essential treat-
for KS, advanced KS often additionally requires
treatments, such as chemotherapy or radiation (9,
hus, some of the increase in disparities may be
o differences in the receipt of these treatments as
Additionally, although we were able to account
mor risk, we were not able to adjust by immune
or HIV-associated systemic diseases using SEER
Therefore, there could be residual confounding of
ndings by these factors.
interesting to note that survival disparities existed
g those with poor tumor prognosis before HAART,
gh they were relatively small on an absolute scale

mparison with the disparities observed after
RT. The natural history of KS has changed as a
3. Median cause-specific survival time by race, tumor prognosis, treatment era, and SEER area (SEER 1980-2004). †, median survival not reached at

ts.
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of the advent of HAART. Before HAART, KS pa-
were more likely to die as a result of AIDS-related
tunistic infections, and after HAART, mortality
only follows progression of KS (24). Thus, the find-
at survival disparities existed among those with
tumor prognosis before HAART may result from
management of HIV-related opportunistic infec-
among white patients before HAART (25, 26),
gh heterogeneity of risk within this group may
e a partial explanation.
current results are consistent with previous studies
lated topics. A recent study by Levine et al. (10)
ed that racial disparities in HIV-related mortality
sed in the United States after HAART was intro-
. Additionally, despite the existence of universal
care, researchers in British Columbia documen-

ifferences in the provision of HAART to those of
SES after adjusting for clinical parameters and

iated socioeconomic disparities in HIV-related
lity (27).
analysis comparing the survival experience of
in San Francisco with those in other SEER areas
d results that suggest that, within racial groups,
diagnosed in San Francisco have better survival
men diagnosed in other areas. The attenuation
growth in survival disparities may be due to

ences in individual-level factors, such as SES, or

0.05.
factors such as greater clinical experience and
tise or a more developed public health infrastruc-

use to
ment
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round HIV and HIV-related disease. These find-
are consistent with studies in the United States
have documented increased HAART treatment
g patients who access physicians with more expe-
treating HIV-positive patients (28, 29).
re are several potential limitations to the current
. First, the data lack information on treatment with
RT. This hinders our ability to make the direct link
en treatment and increased survival. However, the
ase in mortality after the introduction of HAART
ramatic to the extent that much of the trend is likely
its availability.
is staged differentially than most solid tumors.
CTG uses tumor extent, severity of immunosup-
on, and the presence of HIV-associated systemic
ses to stage KS. Unfortunately, it is not possible
sess extent of immunosuppression or systemic
s using SEER data. Thus, there may be residual
unding of the study results by these factors.
ver, an assessment of the ACTG staging system
pre-HAART era suggested that tumor character-
and immune status provide the best predictions
ease outcome (30). In contrast, an assessment of
aging system conducted in the post-HAART era
ded that tumor characteristics and systemic ill-

best predicted survival (24). Thus, tumor charac-
ics may be the most appropriate measure to
2. Unadju
 ted HRs for 5-y cause-spec
ific mortality among men dia
compare survival b
era.
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4 1.00
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 .11 0.76
 0.54-
 .06 1.00
 0.88-
 .15 1.06
 0.76-
 .47 0.88*
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 0.56-1
.27

l status

ried 0.59*
 0.47-
 .73 0.44*
 0.23-
 .83 1.09
 0.86-
 .39 0.90
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 .82 0.46*
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 .59 0.28*
 0.10-0
.74
0 0 1 1 0
arried 1.00 1.00 1.00 1.00 1.00 1.00

nown 0.59*
 0.46-
 .68 0.58*
 0.37-
 .92 0.70*
 0.51-
 .96 0.74
 0.38-
 .43 0.78*
 0.69-
 .89 0.49*
 0.32-0
.72

y % poverty
0.81
 0.52-
 .26 1.67
 0.73-
 .80 1.41
 0.92-
 .16 1.68
 0.78-
 .64 0.86
 0.56-1
.31 1.02
 0.41-2
.53

9% 1.00
 1.00
 1.00
 1.00
 1.00
 1.00
-9.

0-19.9% 1.02 0.94-1.10 0.95 0.74-1.23 1.02 0.92-1.14 1.07 0.81-1.40 0.92 0.84-1.00 1.16 0.84-1.59
0%+ 0.85 0.67-1.07 1.16 0.74-1.82 1.26 0.96-1.67 1.85* 1.13-3.01 0.72 0.75-1.11 1.64* 1.01-2.67
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other limitation is the ecologic nature of our
economic measure. However, research has
ated the importance of area-level SES in health
ealth outcomes (31, 32), and a recent study

ted community-level deprivation to be a predic-
f AIDS-related survival above and beyond the
of individual-level SES in a population with

rsal health care coverage including free HAART
ent (33).

lusion

literature on health disparities has documented
nequalities are dynamic and their magnitude can
e over time. Using empirical data, researchers have
that after the introduction of a medical innovation

its tend to be apparent first in more advantaged
s, who have better access to care, and health dispa-
can widen. Over time, as innovations reach less
taged social strata, health disparities are expected
row (34). However, it is not inevitable that medical
ations should lead to the emergence of disparities.
ving equal access to efficacious therapy has the po-
l (at least in theory) to eliminate this source of in-
ity.
current data illustrate increasing KS survival dis-

s after the introduction of HAART, and time will
pr

HAA

le e i
0-2004)

e
hi
lac 1 1 1
(y
32 1 3 1
2-3
7-4
3-6 1 1 1
ita
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nk 0 1 0
nt
5% 1 4 2

0.05.
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on August 28, 2019. © 20cebp.aacrjournals.org wnloaded from 
future. However, it is striking that after 10 years of
follow-up, black patients have yet to achieve the
level of median survival as white patients achieved
t the first year after HAART became available, espe-
because baseline median survival rates differed by
few months.

he case of disparities in infant mortality, which are
nced by the interplay between unequal social con-
s and access to advances in medical care, it has
argued that an essential determinant of the relative
butions of underlying risk and health care access is
ficacy of available interventions (35). To a certain
t, this seems also to be the case for KS survival. Be-
fficacious treatment was available, the results of the
t study suggest that KS mortality was influenced
by underlying risk than by access to medical care,
gh access to treatment for other opportunistic in-
ns likely played a role. After the introduction of
RT, the contribution that access to treatment has
in survival differences seems to have increased.
ver, future research will be needed to evaluate
portion of the increased disparity is due to each po-
l cause.
current analysis provides evidence that, in addi-

o previously reported reductions in KS incidence,
have also been increases in KS survival in the

RT era. It will take several more years of follow-
edicted decreases in disparities will be observed up data to assess just how much median survival in
3. Adjust
 d HRs for 5-y cause-specif
 c mortality among men diag
1

1

1

1

3

Cancer Epidemiolog

10 American Associa
nosed with KS (SEER
y, Biomarkers &

tion for Cancer Re
T0
 T1
 TUK
Preve

search
1980-1995 1996-2004 1980-1995 1996-2004 1980-1995 1996-2004

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
te 1.00 1.00 1.00 1.00 1.00 1.00

k 1.00
 0.88-
 .13 1.45*
 1.12-
 .88 1.35*
 1.18-
 .55 1.52*
 1.17-
 .98 1.10
 0.95-1
.27 1.67*
 1.22-2
.30

)

1.07
 0.96-
 .20 1.52
 0.66-
 .50 1.01
 0.89-
 .14 1.09
 0.75-
 .58 0.87*
 0.78-0
.97 1.04
 0.67-1
.62

6.9 1.00
 1.00
 1.00
 1.00
 1.00
 1.00

2.9 1.00 0.91-1.11 0.90 0.70-1.17 1.00 0.88-1.13 0.92 0.65-1.31 1.06 0.96-1.17 0.93 0.64-1.37

4 1.04
 0.94-
 .16 0.95
 0.60-
 .51 1.02
 0.89-
 .17 1.06
 0.76-
 .48 0.93*
 0.83-1
.04 0.99
 0.65-1
.50

l status

ried 0.59*
 0.47-
 .73 0.47*
 0.25-
 .90 1.07
 0.84-
 .36 0.82
 0.40-
 .66 0.43*
 0.33-
 .56 0.29*
 0.11-0
.79
0 0 1 1 0
arried 1.00 1.00 1.00 1.00 1.00 1.00

nown 0.55*
 0.46-
 .67 0.60
 0.38-
 .21 0.70*
 0.51-
 .96 0.80
 0.41-
 .58 0.78*
 0.68-0
.88 0.54*
 0.35-0
.83

y % poverty
0.80
 0.51-
 .25 1.66
 0.66-
 .19 1.36
 0.89-
 .09 1.45
 0.67-
 .16 0.90
 0.59-1
.38 1.01
 0.40-2
.53

9% 1.00
 1.00
 1.00
 1.00
 1.00
 1.00
-9.

0-19.9% 0.99 0.91-1.07 0.89 0.66-1.19 1.01 0.91-1.12 1.05 0.80-1.38 0.86 0.79-0.94 1.12 0.81-1.54
0%+ 0.84 0.66-1.07 0.89 0.52-1.53 1.13 0.85-1.50 1.56 0.94-2.57 0.94 0.76-1.17 1.20 0.72-1.98

E: All variables are adjusted for one another.
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men has improved since HAART. However,
men have not enjoyed similar levels of survival
ses. In fact, they have experienced relative de-
s in survival in recent years. As KS is the most
ntly diagnosed cancer among people with AIDS
d black men currently have the highest HIV inci-
rate of any racial/ethnic group in the United
(36), careful attention should be paid to the evo-
of KS survival trends and further research

d assess whether disparities might be redressed

earlier detection and better access to or continuity
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