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Abstract

Background

Despite evidence of chemotherapy’s ability to cure or comfort those @dh cancer, nearl
half of such Americans do not receive it. African Americans YAs&em particularl
disadvantaged. An ethnicity by poverty by health insurance intenaetas hypothesizg
such that the multiplicative disadvantage of being extremely poanaddquately insured
worse for AAs than for non-Hispanic white Americans (NHWA).
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Methods

California registry data were analyzed for 459 AAs and 3,001 NH@&gnosed with stage
Il to IV colon cancer between 1996 and 2000 and followed until 2011. Socioecodatajic
from the 2000 census categorized neighborhoods: extremely po8d% of households
poor), middle (5-29% poor) and low poverty (< 5% poor). Participants wardoml

selected from these poverty strata. Primary health insuenes Medicaid, Medicare, private
or none. Chemotherapy rates were age and stage-adjusted and aomepaexl standardized
rate ratios (RR). Logistic and Cox regressions, respectivalgelad chemotherapy recejpt
and long term survival.

Results

A significant 3-way ethnicity by poverty by health insuranceerattion effect op
chemotherapy receipt was observed. Among those who did not live imekyr poot
neighborhoods and were adequately insured privately or by Medicare, chemothtzamyq
not differ significantly between AAs (37.7%) and NHWAs (39.5%). Amtmase who lived
in extremely poor neighborhoods and were inadequately insured byadwkedicuninsured,
AAs (14.6%) were nearly 60% less likely to receive chemothetapy were NHWAS$
(25.5%, RR = 0.41). When the 3-way interaction effect as well andire effects of poverty,
health insurance and chemotherapy was accounted for, survivabfadés and NHWAS
were the same.

Conclusions

The multiplicative barrier to colon cancer care that resutisi fbeing extremely poor and
inadequately insured is worse for AAs than it is for NHWAS. A#e more prevalently poar,
inadequately insured, and have fewer assets so they are prolszblgble to absorb the
indirect and direct, but uncovered, costs of colon cancer care. Padikgrs ought to be
cognizant of these factors as they implement the Affordabte 8at and consider futufe
health care reforms.
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Background

Chemotherapy provided after surgical resection is benefisraliany with non-localized
colon cancer. Survival benefits are large for many with advanced, but nostas&tad, stage
lll disease and smaller, but still significant for some witdge Il disease [1-3]. There are
probably even small survival benefits of chemotherapy for people wittstagized, stage IV
colon cancer, in addition to its clear palliative benefits Y&t nearly half of all such people
in the United States do not receive chemotherapy with the inteotieither cure or comfort
[5]. Moreover, chemotherapy access may be affected by socis@@nomic characteristics
such as race or ethnicity, and income and health insurance adeffri@an Americans
(AA), who are also poorer and less adequately insured, on avdrage)dn-Hispanic white



Americans (NHWA), seem patrticularly disadvantaged [6,7]. Theyless likely to receive
adjuvant chemotherapy and this can explain much of their survival disadvantage [5,8-10].

Social and health care systemic factors seem most ingdigatthis racial divide for the
following reasons. First, clinical studies of equal-access thealte systems within the US
have consistently observed similar chemotherapy and survivabratesy AAs and NHWAs
with colon cancer [11-14]. Second, colon cancer chemotherapy ratesssbermuch higher
in Canada than in the US [15,16]. Third, recent population-based stud@smicancer care
in California and Ontario suggested that people of color, including Ipeckle of various
ethnic backgrounds, with colon cancer are much better served inor@alif[16-18].
Moreover, health insurance inadequacies in the US versus universshge\of medically
necessary care in Canada largely explained the between-cdivitky. Being uninsured or
insured by Medicaid has been consistently found to be less adél@atbeing insured by
Medicare or by a private insurer [5,17,18]. Fourth, this field’s rekesyntheses allow for
the conclusion that socioeconomic status (SES) and treatment rikEeréargely explain
observed AA-NHWA survival differences [5,8-10]. The fact that theyehargely, but not
completely accounted for racial differences with social-systefactors suggests the
plausibility of at least one of their causes being biologicat. é&xample, AA and NHWA
patients may differ on oncogene-based tumor characteristicaftbat survival directly or
indirectly, through their effects upon clinicians’ decisions tespribe chemotherapies.
Modest equivocal differences between racialized groups on colon tundar [@]a however,
suggest that, though possible, this explanation for the differential uptake of chexpgtéued
survival differences between AAs and NHWAs is improbable.

In attempting to account for SES, this field’s population-based sthdies typically used
census data to define low-income neighborhoods. However, their lowest eincom
neighborhoods only ranged from 10% to 20% poor. They therefore haddlipviger to
study colon cancer care among the “truly disadvantaged” [19] wleo flor example, in
America’s poorest neighborhoods where 30% to 40% or more of householdst@wes
below the poverty line [19-21]. Consequently, they probably did not accounédmiual
confounding. That is, their AA participants probably had substantiayerd incomes than
their NHWA counterparts, even in the lowest income neighborhoods sti#e2B]. This
field also seems limited by its focus on the mere maincisffef race/ethnicity, SES and
health insurance. Recognizing that it is important to analyzer@iffeacial/ethnic minority
groups uniquely, our previous research on breast cancer care amorgarMARrerican
women leads us to anticipate complex interactions of ethnicity riyoaed health insurance
status [24-26]. We were recently presented with a serendipitoustapippto systematically
replicate that notion among AAs with colon cancer.

We oversampled people with colon or breast cancer in the highestypogghborhoods of
California for other primary studies [17,18,24]. This necessarily ningbat we also
oversampled AAs. Secondary to our original study’s intentions wetheapportunity to
compare the chemotherapy and survival experiences of AAs and NHMWIA colon cancer
while providing more control for residual confounding by SES than previmases had.
This field’s historical-theoretical context strongly suggestdtiplicative, rather than additive
disadvantages of being poor and inadequately insured among AAs. Tha isombined
effects of being poor and of being uninsured or underinsured on colon caneearea
probably worse for AAs than for NHWAs. Therefore, we hypotheai®way ethnicity by
poverty by health insurance interaction on the receipt of chemothe®mupndarily, we
hypothesize that this complex interaction, along with the maircteffef poverty, health



insurance adequacy and treatment access, will caowpletelyexplain any observed AA-
NHWA survival differences.

Methods

Six thousand, three hundred people who were diagnosed with colon cancemb&d@6 and
2000 were randomly selected from the California Cancer RedS€{R) that was joined to
the 2000 census by census tracts [17,18,27]. The original sample wasraified by SES
(extremely poor neighborhoods where 30% or more of the householdpeoeré&% to 29%
or less than 5% poor) and place (large or smaller urban dj.rilas secondary analysis
excluded localized, stage | cancers for which chemotheramt isdicated as well as people
of other racial or ethnic backgrounds [28,29]. This study then analyded cancer care
among 459 AAs (also non-Hispanic) and 3,001 NHWAs with stage Il to IV disease.

A logistic regression model was used to test the 3-way @A vs. NHWA) by poverty
(extremely poor or not) by health insurance adequacy (uninsured aica¥te insured vs.
privately or Medicare insured) interaction in predicting binarynubtberapy receipt [30].
Odds ratios (OR) and 95% confidence intervals (Cl) were edsttmfom regression
statistics. AA study participants were youngktr £ 67.4,SD = 13.9), on average, than the
NHWA participants i1 = 70.9,SD = 13.0),F (1, 3,458) = 28.3% < .05. Therefore, all rates
were internally age-adjusted and reported as percentagesp@ate30). Chemotherapy rates
were also stage-adjusted as clinical indication and preseripgites differ significantly for
stage Il, Ill and IV disease. Then standardized rate ratiod ({®Re reported for critical
between-group comparisons with 95% Cls derived from the Mantel-Haegszelst.
Standardized rate difference (RD) indices were also used teffuatd the interpretation of
practical-clinical significance. The hypothesis that the maid ateracting effects of
ethnicity, poverty, health insurance and chemotherapy access woubdetalgnexplain any
observed AA-NHWA survival difference was tested with unadjusted alpastad Cox
proportional hazards regression models [31]. All participants wamenally followed for 10
years, from the date of their diagnosis until January 1, 2011. Heteorsl (HR) and 95% Cls
were estimated from regression statistics. Other methodoladgtails have been reported
[17,18,27]. This study was reviewed and cleared by the Universityiradddt research ethics
board.

Results

Description of AA and NHWA samples

Unadjusted descriptive profiles of the AA and NHWA samples a@aiied in Table 1. The
statistically significant comparisons seem consistent wiikstiag knowledge. AAs were
much more likely to live in high poverty neighborhoods and seemed mokettikbe either
uninsured or to be insured by Medicaid. Interestingly, oversampliogn fpoor
neighborhoods seems to have provided ample control for SES and bioldgicadteristics.
Median annual household incomes among extremely poor AAs ($22,600) and NHWAs
($23,650), though significantly different in a statistical sense, \@eteally quite similar.
Overall, the two ethnic groups did not differ significantly on eitherdr grade or on stage of
disease at diagnoses. AAs seemed somewhat less likely to receivehdramot



Table 1 Socio-demographic and clinical characteristics of African American anghon-
Hispanic white American colon cancer patients in California, 1996-2000
African American, No. (%) Non-Hispanic White, No. (%)

Age at diagnosis, y

25-59 129 28.1 563 18.8
60 - 69 99 21.6 629 21.0
70-79 138 30.1 980 32.7
>80 93 20.3 829 27.6
Women' 275 59.9 1,574 52.4
Neighborhood poverty prevalencé
<5 31 6.8 1,240 41.3
5-29 76 16.6 1,131 37.7
> 30' 352 76.7 630 21.0
Primary health insurers
Private 194 42.3 1,409 47.0
Medicare 201 43.8 1,391 46.4
Medicaid 36 7.8 72 2.4
Uninsured 28 6.1 129 4.3
Stage at diagnosis
Il 184 40.1 1,270 42.3
1] 132 28.8 927 30.9
v 143 31.2 804 26.8
Tumor grade
I 31 7.4 192 6.8
Il 286 68.4 1,863 66.4
Il or IV2 101 24.2 752 26.8
Missing data 41 8.9 194 6.5
Examined 12 or more RL'N 124 40.4 939 44.1
Missing data 9 2.8 67 3.0
Received Chemotherapy 145 31.7 1,124 37.6
Missing data 2 0.4 9 0.3

Note. RLN Regional lymph nodes.

! Median annual household income for extremely paér ($22,600) and NHWA ($23,650) subsamples;
median test [46]* (1,N = 982) = 5.51p < .05.

2 0Only 23 (0.7%) of the tumors were undifferentiatedyrade IV.

3 Stage IV metastasized disease excluded.

"p<.10 and” p < .05 for between-ethnic group differeng@test).

Age-adjusted comparisons served to clarify the socioeconomic divisedretAAs and
NHWASs. AA patients (77.3%) were nearly four times as like\N&dWA patients (20.9%) to
live in extremely poor neighborhoods (RR = 3.70, 95% CI 3.33, 4.11), they welg thece

as likely to be either uninsured to Medicaid-insured (12.0% vs. 6.9%s RR4, 95% CI
1.31, 2.31) while they were 17% less likely to be privately insured (394%7.5%, RR =
0.83, 95% CI 0.74, 0.93). While one of every nine AA study participants (11.3%) suffered the
multiplicative disadvantage of living in an extremely poor neighborhond being
inadequately insured, only one of every 36 NHWA participants was adwdistaged (RR =
4.03, 95% CIl 2.97, 5.48). Finally, the AA patients were 26% less likelyeteive
chemotherapy (age- and stage-adjusted rates of 28.2% vs. 38.2%, .RR 9530 CIl 0.63,
0.85). It should be noted that nearly all (99.0%) of the patients wigje $taor 11l disease
received surgical resections. Fewer with stage IV dideadeurgery, and among them fewer



of the AA (60.1%) than NHWA (73.1%) patients were so treated (REB2, 95% CI 0.73,
0.93). However, surgery refusal rates (5.5%) were identicah®AAs and NHWAs with
metastasized disease.

Ethnicity by poverty by health insurance interactian

As hypothesized, a significant 3-way ethnicity by poverty ithensurance interaction was
detected (OR = 1.46, 95% CI 1.04, 2.06) with an age, stage and grade-alfjgisttcl
regression on chemotherapy receipt that included the well-known disadvantaging
effects of being AA (OR = 0.64, 95% CI 0.48, 0.84), extremely poor (@R76, 95% CI
0.58, 0.85) and inadequately insured (OR = 0.60, 95% CI 0.40, 0.89). Neitheromain
interacting effects of gender nor the number of region lymph nodasieed entered the
model. As interpretation of the 3-way interaction effect’s postingate (OR = 1.46) is not
intuitive, the interaction is practically depicted in Table 2.ti#d top of the table it can be
seen that among those who did not live in extremely poor neighborhoods ered w
adequately insured, chemotherapy rates did not differ significargtyveen AAs and
NHWAs. Moving down the table one sees that among those with one of $adventages,
AAs were 20% less likely to receive chemotherapy (RR = 0. at the bottom of the
table we see that among the multiply disadvantaged, the disadvantaffect on
chemotherapy access appeared multiplicative. Among them Afesvearly 60% less likely
to receive chemotherapy than were NHWAs (RR = 0.41). One shoulthabvtghemotherapy
refusal rates did not differ between these, most disadvantaged588) and NHWA
(6.3%) patientsy® (1,N = 130) = 0.01p = .92.

Table 2 Effects of the interaction of ethnicity, neighborhood poverty and health
insurance on chemotherapy receipt in California, 1996-2000

NHWA-AA
No!  Rate RR? (95% ClI) Chemotherapy RD

< 30% Poor & Adequately Insured

Non-Hispanic white American 2,249 .395 1.00

African American 94 377 0.95 (0.75, 1.20) %.8
Intermediate Groups

Non-Hispanic white American 673 .345 1.00

African American 314 277 0.80 (0.65, 0.98) 89%.
> 30% Poor & Inadequately Insured

Non-Hispanic white American 79 .352 1.00

African American 51 146 0.41 (0.22, 0.78) 620.

Notes. NHWANon-Hispanic white AmericamdA, African American;RR Standardized rate rati®D, Standardized rate
difference;Cl, Confidence interval. All rates were directly ayed stage-adjusted using this study’'s combined ARAR
population of cases as the standard.

! Number of incident colon cancer cases.

2 A rate ratio of 1.00 was the within-ethnic growugsbline.

3 Included those who lived in extremely poor neigtiioods, but were adequately insured or those wheal lin less poor
neighborhoods, but were inadequately insured.

The multiplicative disadvantage of extremely poor and inadelguatired AAs is depicted
in another, perhaps more clinically telling way, in the tablig/strcolumn. The NHWA-AA
RD on chemotherapy receipt was 1.8% among the most advantaged grouth&/iRID of
20.6% among the most disadvantaged group was more than a 10-fold multighiat of
baseline difference. Such seems indicative of a huge chemothacapss barrier. The
support we found for our secondary hypothesis strongly suggests though taat lbe
effectively remediated. An age, gender, stage and grade-ad{Lsxecegression on survival



found that the AA patients were much more likely to die overlthgear follow-up period
(HR = 1.26, 95% CI 1.13, 1.42). When another model was run in which the maits eife
poverty, health insurance and chemotherapy as well as the imgrrattect of ethnicity-
poverty-health insurance were entered, AAs and NHWAs experienaadcaleisks of death
(HR =1.01, 95% C10.71, 1.43).

Discussion

First, this field’s established ethnicity-outcome relationshipsevegstematically replicated
among historical cohorts of AAs and NHWAs with non-localized colonearariis study’s
AA participants were about 25% less likely to receive chemaptyeand about 25% more
likely to die over the 10 years following their diagnosis thamewts NHWA participants.
Next, this field’s well-known main predictive effects werelieated. AAs, those who lived
in extremely poor neighborhoods and those who were inadequately insuredalver
significantly less likely than NHWAs, the less poor or the adedyansured to receive
chemotherapy and so more likely to die sooner. Then an ethnicity bytypdyehealth
insurance interaction on chemotherapy receipt was discovered. Uithyssstentral original
finding, the 3-way interaction is evidence of the multiplicative diisatage experienced by
extremely poor and inadequately insured AAs seeking colon caneerAtaong relatively
advantaged people, AA and NHWA chemotherapy rates differ Iiftlat all (< 2%).
However, among the multiply disadvantaged extremely poor and inadequmestelgd, the
AA-NHWA chemotherapy RD (> 20%) could, we think, be fairly chéeazed as huge in
terms of both its clinical and human significance. Finally, comtigplfor residual SES
confounding by oversampling from extremely poor neighborhoods and feaheolling for
demographic and biological differences through mathematical mggdele discovered that
the main and interacting effects of poverty, health insurance adegqodctreatment access
can completely account for the typically observed AA-NHWA suiviliiierences. After we
accounted for such social forces, the survival experiences of thandANHWA colon
cancer patients we studied were essentially identical.

Two-way poverty by health insurance interactions have previously dleserved in studies
of breast and colon cancer care among NHWAs [18,24,25]. The benefieiels of health
insurance were observed to be strongest in low poverty neighborhowds. theorized that
the effectiveness of health insurance programs was positivpgcied by the availability of
other key resources. In more affluent neighborhoods, where social and ecaapmal
abounds, most people with cancer seemed able to absorb the indinecltogt from work,
recuperation, transportation and others) and direct, but additional uncovered-pouket
costs of care (co-insurance and co-payments). Within high povediboehoods on the
other hand, relatively lacking in such capital reserves, health m=u@ograms seemed to
be much less effective. Such extremely poor people were probaioly less able to pick-up
the co-insurance costs and co-payments that are prevalent incAmegancer care. The 3-
way ethnicity-poverty-health insurance interaction observed in tinily snay be thought of
as an extension of the previously observed 2-way poverty-health insuraecection. It
strongly suggests that the 2-way interaction’s effect is strdng@As. Their relative lack of
capital reserves could explain this differential ethnic effg2t33]. We saw that this study’s
oversampling from extremely poor neighborhoods seemed to fairlycowadiol AA-NHWA
differences on depth of impoverishment [22,23], at least in termseof dannual household
incomes that only differed by about $1,000. However, a contemporaneoussftalysi that
among the poorest households in America, NHWAs typically held $10,000 ofoetuity,
while AAs typically had no assets at all [7]. It seems prabdbat their lack of capital



reserves operates to further potentiate the disadvantagesyadrgaetienced by extremely
poor and inadequately insured AAs as they try to purchase chemotiteramel other colon
cancer care services.

Practical—clinical and policy—significance

Approximately 13,300 AAs are diagnosed with colon cancer each y&&35].
Unfortunately, they quite commonly live in poor, often extremely poeighborhoods (one
of every four or five households) and are also commonly uninsured orinswted (one of
every three or four households) [6,20]. Applying this study’s chemgheastimates to these
population parameters and social exposures we estimate thayesachlightly more than
1,500 AAs with colon cancer are treated less optimally than ak&A-Hof similar ages with
colon cancers of similar stages and grades [36]. That remesE#hb00 relatively
undertreated AAs with colon cancer during the 15 years that megessage of the Patient
Protection and Affordable Care Act, so-called Obamacare.sthiksng inequity is probably
only the tip of the iceberg of AA disadvantages as colon camoaunts for less than 3% of
the burden of disease in the US [37]. One should hope that as Obamacdied out and
provides millions more Americans with health insurance thatlitalgo diminish the racial
and ethnic divides that presently exist in American health &Gureh will probably depend
largely upon the adequacy of the new health insurances it providethHare reformers
need to account for the fact that even covered health care, dgpeciauch diseases as
colon cancer [38], has myriad out-of-pocket costs. Health insuiamoggams that serve to
minimize such costs will necessarily be more effective than those that do not.

Potential limitations

This study could have been limited by incomplete information on cheraptheBecause
chemotherapy is most often received as an outpatient it can bechakenging for cancer
registries to survey. For the following reasons we think it rpmitant alternative explanation.
First, the CCR has been demonstrated to be mostly completetd884%0) on chemotherapy
and errors have been demonstrated not to differ significantlyats/ethnicity or income
[39,40]. Second, missing chemotherapy data was modest and did notbéiffeeen this
study’s AA and NHWA samples. Third, analyses of health insurawegeries and survival
were unlikely to have been affected [40-43] and modest errors kety id not differ by
socioeconomic factors [41]. Such nondifferential errors suggestrifdiias would probably
have been toward the null [44,45]. That is, the magnitude of this stotigerved AA
disadvantages may, in fact, be underestimates of the truth.

This study’s findings could also have been confounded by comorbid difeessdoetween its
AA and NHWA samples. The CCR did not code comorbidities thatvateknown to be
associated with socioeconomic factors, colon cancer care and sybjivelowever, AAs
and NHWAs with similar disease stages were compared andythroathematical modeling,
essentially matched on a proxy of cancer virulence, tumor gradeyratwo strong correlates
of other chronic diseases, age and poverty. Therefore, the two groups deebee quite
similarly diseased, making comorbid alternative explanations unlikely.



Conclusions

Overall, AAs with non-localized colon cancer are 25% less likelyreiceive indicated
chemotherapy than are NHWAs with similar colon cancers. Antlbagxtremely poor and
inadequately insured AAs are 60% less likely than NHWAs tovecich care. Ethnicity,
poverty and health insurance status appear to interact in such thavaige multiplicative

barriers to care of being extremely poor and inadequately insueedase for AAs than

they are for NHWAs. AAs are more prevalently poor and inadequatsiyed, but even
when depth of income-based poverty is controlled, they still have subbyafgwer assets
than NHWAs so they are probably much less able to absorb thecindind direct, but

uncovered, costs of colon cancer care. Policy makers ought to be cogiitaese factors as
they roll out Obamacare and consider future reforms of health care in America.
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