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Abstract

Background

The aim of this study was to investigate inequalities in survival for non-Hodgkin’s lymphoma
(NHL), distinguishing between direct and indirect effects of patient, social and process-of-
care factors.

Methods

All cases of NHL diagnosed in Ireland in 2004—-2008 were included. Variables describing
patient, cancer, stage and process of care were included in a discrete-time model of survival
using Structural Equation Modelling software.

Results

Emergency admissions were more common in patients with co-morbid conditions or with
more aggressive cancers, and less frequent for patients from more affluent areas. Aggres-
sive morphology, female sex, emergency admission, increasing age, comorbidity, treatment
in a high caseload hospital and late stage were associated with increased hazard of mortal-
ity. Private patients had a reduced hazard of mortality, mediated by systemic therapy,
admission to high caseload hospitals and fewer emergency admissions.

Discussion

The higher rate of emergency presentation, and consequent poorer survival, of uninsured
patients, suggests they face barriers to early presentation. Social, educational and cultural
factors may also discourage disadvantaged patients from consulting with early symptoms of
NHL. Non-insured patients, who present later and have more emergency admissions would
benefit from better access to diagnostic services. Older patients remain disadvantaged by
sub-optimal treatment, treatment in non-specialist centres and emergency admission.
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Introduction

International studies have shown a rapid increase in incidence of non-Hodgkin’s lymphoma
(NHL) [1-5] in many countries from the early 1970s onwards and significant improvements
in survival from the mid 1990s [2,3,6-9]. Survival differences persist between countries [6],
although they are smaller than for many solid tumours. Differences in NHL survival by sex,
ethnicity and socio-economic status are also observed within countries [10-16]. While some
differences in survival between groups may be due to differences in tumour biology [17], most
are probably attributable to differences between groups in underlying health and in the use of,
access to, and experience of, health services. Poorer outcomes may be related to age, sex, mari-
tal status, ethnicity, relative poverty, geographical isolation or social isolation and may be exac-
erbated by conscious or unconscious discrimination in health service access, operation or
configuration [18-22].

Investigation of the impact of these factors on survival should distinguish between direct
and indirect effects of personal attributes and differential access to services. Factors like
comorbidity or age may have direct effects on survival or may operate indirectly via associa-
tions with, for example, treatment. Deprived patients may have financial, cultural or transport
difficulties in accessing diagnostic or treatment services and may suffer discriminatory treat-
ment by health providers [23]. Conventional survival modelling can control for these factors—
insofar as they are measurable—but cannot provide information on the complex pathways
through which deprivation influences survival, or on the relative magnitudes of these indirect
effects; this information is only available if direct and indirect influences are distinguished.
Without this information, action to mitigate deprivation may be targeted inappropriately.

The aim of this study was to investigate inequalities in survival for patients diagnosed with
NHL, distinguishing between direct and indirect effects of patient, social and health service-
related factors. The methodology used in this paper is particularly suited to the study of sur-
vival in NHL, which is close to that of all cancers combined [24] and is strongly dependent on
age, stage and treatment. We have attempted to overcome the limitations of current models by
using an alternative analytical approach. This involves extending Structural Equation Model-
ling to include survival outcomes, via an innovative discrete-time specification of the hazard.
This has allowed us to explore the complex relationships between variables and to distinguish
between direct and indirect effects on survival.

Methods

All cases of NHL registered by the Irish National Cancer Registry as incident during the years
2004-2008 were included. Patients registered with a subsequent invasive cancer (other than
non-melanoma skin cancer) between 1/1/2004 and 31/12/2011 were excluded as it was not
possible to determine which cancer would be the cause of death. Completeness of registration
of cancer at the Registry has been estimated to be at least 97-98% [25].

Registry data were linked, using probabilistic matching on name, address and date of birth,
to public hospital discharge data from the Hospital Inpatient Enquiry (HIPE) for all patients
admitted to public hospitals [26]. 86% of cases could be linked in this way to at least one HIPE
record. The public/private status of patients (i.e. if they paid directly, or through health insur-
ance, for some or all of their treatment or diagnostic procedures) is recorded in the HIPE data
for patients admitted to public hospitals. Patients admitted to private hospitals only did not
have a HIPE record and were classified as “private”. Patients who attended both public and
private hospitals for their cancer treatment were assigned one of these two categories on the
basis of their longest admission.
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The type of initial admission (scheduled or emergency) was determined from HIPE data, as
was co-morbidity. HIPE data includes information on up to 19 co-morbid conditions for each
discharge and this information was used to assign a Charlson comorbidity score [27], exclud-
ing NHL, for each patient. No admission type or Charlson score could be assigned to patients
(380, 13.6%) who were never admitted to a public hospital, and therefore had no HIPE record;
these patients were assigned a Charlson score of 0 and defined as scheduled admissions.

Information on patient age, address, sex and marital status, tumour stage (Ann Arbor) and
grade (indolent or aggressive, based on histological type) at diagnosis was provided by the Reg-
istry. Stage information was missing in 14.7% of cases and was assigned using the EM algo-
rithm. Lymphomas were classified as “aggressive” if the ICDO3 morphology [28] was
described as any of the following: mantle cell lymphoma; malignant lymphoma (mixed small
and large cell), diffuse; malignant lymphoma (large B-cell), diffuse; malignant lymphoma
(large B-cell), diffuse, immunoblastic, NOS; Burkitt lymphoma, NOS; follicular lymphoma,
grade 3; mature T-cell lymphoma, NOS; angioimmunoblastic T-cell lymphoma; anaplastic
large cell lymphoma, T-cell and Null cell type; hepatosplenic gamma-delta cell lymphoma;
intestinal T-cell lymphoma; NK/T-cell ymphoma, nasal and nasal-type; precursor cell lym-
phoblastic lymphoma, NOS; or precursor T-cell lymphoblastic lymphoma. 913 cases were
coded as 9590/3 and 9591/3 (NHL or malignant lymphoma, not otherwise specified) and were
their grade was classified as “unknown”; the remainder of histological types were classified as
“indolent”. A Pobal (HP) area-based deprivation score was assigned to each case, based on the
census small area of residence (average population ~230 persons) at the time of diagnosis [29].
This score was unknown in 8.0% of cases, and was assigned using the EM algorithm. Popula-
tion density of the area of residence was obtained from the 2006 census of population (www.
cso.ie) [30] and used as a measure of urban/rural residence. Addresses were also assigned to
one of four Health Service Executive (HSE) Regions, two of which include Dublin and two
which cover the South and West of the country. These regions are largely self-sufficient with
regard to adult cancer services.

Active cancer-directed treatment was defined as systemic therapy, radiotherapy or surgery,
where the primary aim was to destroy, or reduce the extent of, the lymphoma. Treatment was
classified as “any systemic therapy” (chemotherapy, immunotherapy, targeted therapy) or
“other” (radiotherapy, surgery or no active tumour-directed treatment). The hospital of main
treatment was determined for each patient from National Cancer Registry data. In most cases,
this was the hospital in which the patient had systemic therapy; for patients who did not have
systemic therapy, the main hospital was that of radiotherapy, any other tumour-directed treat-
ment or diagnosis. Caseload for the main hospital was calculated as the annual average number
of patients with NHL admitted (whether or not they had active tumour-directed treatment)
during the study period. The highest quartile of caseload (four hospitals treating >30 patients/
year) was defined as “high caseload”.

Registry data were linked to official death certificate data from the Central Statistics Office.
Deaths were classified as either due to NHL, or to other causes, using an algorithm developed
by the Scottish Cancer Registry [31]. The censoring date was 31/12/2012.

Survival was modelled using a discrete-time survival model using only time-invariant
covarijates with constant hazards. The methods have been described in detail previously [32].
All models were estimated using version 5.21 of the software package MPlus using the MLR
estimator [33]. This allows the specification of a complex model including direct and indirect
effects. The structure of the model is illustrated in Fig 1, using the typical conventions for path
diagrams. These are modelled by assuming that there is a normally-distributed latent response
variable underlying each ordinal dependent variable. The discrete values of the categorical var-
iable coincide with thresholds on the scale of this latent variable or liability factor. The first
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component of the model comprises 24 dichotomous indicators containing quarterly survival
data, covering six years from the moment of diagnosis, and a latent hazard factor which cap-
tures the propensity of death during each interval. The second component consists of the
remaining variables, grouped into eight blocks: patient characteristics, tumour characteristics,
contextual measures, year of diagnosis, stage of disease, type of admission, systemic therapy
and hospital caseload. The last four of these are considered as describing the process of care,
and the others the background characteristics of the patient and cancer. The model assumes
that the background characteristics influence the stage of the cancer at the moment of diagno-
sis (i.e. early/late diagnosis), whilst treatment optimality is influenced, once again, by back-
ground characteristics, the stage of the disease, the caseload of the hospital where treatment is
received and the route by which the patient entered the hospital. Caseload and entry route are
also regressed on the background characteristics, with a view to exploring their role as mediat-
ing factors. Finally, the survival prospects of the patient depend on the combined effect of all of
these influences.
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In order to simplify interpretation of the indirect effects, we report the results of a model
which specifies classical linear regression equations for all dependent variables, regardless of
their measurement scale (with the exception of the dichotomous survival outcome, which is
modelled using a standard logit specification). A sensitivity analysis was carried out and con-
firms that the sign and p-values for model coefficients are not unduly influenced by this
specification.

Results

Study population

2,793 cases of NHL, incident in 2004-2008, were included in the analysis (Table 1). 54% of
patients were male and 63% were aged under 70. The majority (58%) were married and two-
thirds (64%) attended hospital solely, or predominantly, as public patients. 41% of cancers
were at Ann Arbor stage I or II at diagnosis, and 41% were classified as having aggressive mor-
phology. 79% of patients had no recorded comorbid conditions and 19% were admitted as an
emergency. Just over two-thirds (68%) had systemic therapy, either alone or in combination;
23% had no active cancer-directed treatment.

Associations between background characteristics and process variables

The association of background patient and cancer characteristics with four process-of-care
variables—stage, emergency admission, hospital caseload and systemic therapy—is shown in
Table 2.

Presentation at late (III/IV) stage increased significantly over the study period. Late stage
was more frequent for female patients and older patients, and those with one or more comor-
bidities; it was less frequent in those living in more affluent areas and for more aggressive lym-
phomas. Emergency admissions with lymphoma decreased significantly during the study
period and were more common in patients with one or more co-morbid conditions or with
more aggressive cancers, and less frequent for patients from more affluent areas, or living in
the Dublin North-East and South HSE regions.

Treatment in high caseload hospitals was more common for patients with one or more
comorbidities, and for those living in the HSE West region; it was less common for private
patients, for those living outside urban areas and for those presenting as an emergency. Sys-
temic therapy was more frequent for married patients, those living in the South and West HSE
regions and for patients with more aggressive or late stage lymphomas. Systemic therapy was
less common for private patients and for those admitted to hospital as emergency cases.

Effects on survival

Tables 3 and 4 show the direct and indirect effects, respectively, of both background and
process-of-care variables on the hazard, expressed as logit coefficients. Factors associated with
an increased hazard of mortality were, in decreasing order of effect size, aggressive morphol-
ogy, female sex, emergency admission, increasing age, comorbidity, residence in the South
HSE region, treatment in a high caseload hospital and late stage. The hazard of mortality was
significantly reduced by systemic therapy and private patient status, after controlling for the
other variables. In terms of indirect effects, married patients had a reduced hazard of mortality,
which was mediated by a higher rate of systemic therapy. Affluence also reduced the hazard
indirectly, by reducing late stage and emergency admission, and private patients had a reduced
hazard mediated through systemic therapy, admission to high caseload hospitals and fewer
emergency admissions. The indirect effects were statistically significant for marital status and
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Table 1. Patient, cancer and treatment characteristics (N = 2,793).

Variable
year of incidence

age at diagnosis

sex

marital status

main category of care (private or public)

HSE area

urban/rural residence

grade of tumour

comorbidities

tumour stage

first hospital admission type

main treatment in high-caseload hospital

systemic therapy

doi:10.1371/journal.pone.0168684.t001

Value

2004

2005

2006

2007

2008

<60

60-69
70-79

80+

male
female
married
unmarried
public
private
Dublin Mid Leinster
Dublin North East
South

West

urban
intermediate
rural
unknown
indolent
aggressive
unknown
none/unknown
1 or more
Stage |
Stage Il
Stage lll
Stage IV
unknown
planned
emergency
no

yes

no

yes

Number of cases (%)

542 (19.4%)
511 (18.3%)
576 (20.6%)
571 (20.4%)
593 (21.2%)
1083 (38.8%)
677 (24.2%)
661 (23.7%)
372 (13.3%)
1500 (53.7%)
1293 (46.3%)
1613 (57.8%)
1180 (42.2%)
1776 (63.6%)
1017 (36.4%)
778 (27.9%)
568 (20.3%)
732 (26.2%)
701 (25.1%)
986 (35.3%)
598 (21.4%)
943 (33.8%)
266 (9.5%)
734 (26.3%)
1146 (41.0%)
913 (32.7%)
2210 (79.1%)
583 (20.9%)
704 (25.2%)
432 (15.5%)
622 (22.3%)
625 (22.4%)
410 (14.7%)
2265 (81.1%)
528 (18.9%)
2098 (75.1%)
695 (24.9%)
884 (31.7%)
1909 (68.3%)

affluence, but for private patients the negative effect of lower rates of systemic therapy largely
cancelled out the positive impact of admission to higher caseload hospitals and reduced emer-

gency admissions.

Discussion

This study illustrates the complexity of the pathways leading to better or worse survival pros-
pects for patients with NHL. Many of the determinants of survival identified in this study are
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Table 2. Regression coefficients (beta) of optimum treatment, caseload, tumour stage and first hospital admission type on background variables.

Significant results (p<0.05) are shown in bold.

Background variables

Sex

age
older men

affluence
marital status

public/private status

comorbidities

area of residence

urban/rural residence

tumour grade

year of diagnosis
Process variables
stage

emergency admission

hospital caseload

systemic therapy

male
female
each 10 years

stage HI/1IV

0.00 (ref))
0.53 (0.22, 0.84)
0.09 (0.05, 0.13)

all females; males aged <70 | 0.00 (reference class)

males 70+

per unit score
unmarried
married

public

private

none

one or more
Dublin Mid Leinster
Dublin North east
South

West

urban
intermediate
rural

unknown

low

high

per year

I/

117\%

no

yes

<30 cases/year

30 cases+ per year
no

yes

doi:10.1371/journal.pone.0168684.t002

-0.07 (-0.13, -0.01)
-0.33 (-0.60, -0.06)
0.00 (reference class)
0.02 (-0.06, 0.10)
0.00 (reference class)
-0.06 (-0.16, 0.04)
0.00 (reference class)
0.15 (0.05, 0.25)

0.00 (reference class)
0.00(-0.12,0.12)
-0.08 (-0.20, 0.04)
0.01(-0.11, 0.13)
0.00 (reference class)
0.07 (-0.05, 0.19)
0.03 (-0.09, 0.15)
-0.03 (-0.19, 0.13)
0.00 (reference class)
-0.14 (-0.24, -0.04)
0.05 (0.01, 0.09)

0.00 (reference class)
0.04 (0.02, 0.06)
0.00 (reference class)
0.01(-0.01, 0.03)
0.00 (reference class)
0.01 (-0.01, 0.03)

0.00 (reference class)
0.00 (-0.12,0.12)
0.00 (-0.02, 0.02)
0.00 (reference class)
0.00 (-0.02, 0.02)
-0.19 (-0.29, -0.09)
0.00 (reference class)
-0.01 (-0.05, 0.03)
0.00 (reference class)
-0.03(-0.07, 0.01)
0.00 (reference class)
0.10(0.06, 0.14)

0.00 (reference class)

-0.04 (-0.08, 0.00)
-0.10 (-0.14, -0.06)
0.00 (-0.04, 0.04)

0.00 (reference class)
0.02 (-0.02, 0.06)
0.03 (-0.01, 0.07)
0.05 (-0.01,0.11)

0.00 (reference class)

0.10 (0.06, 0.14)
-0.02 (-0.04, 0.00)

0.00 (reference class)
0.04 (0.02, 0.06)

0.00 (reference class)
0.01 (-0.01, 0.03)

0.00 (reference class)-
-0.70 (-0.74, -0.66)

emergency admission | caseload>30 cases/year

0.00 (reference class)
-0.06 (-0.20, 0.08)
-0.01 (-0.03, 0.01)
0.00 (reference class)
0.01 (-0.01, 0.03)
0.07 (-0.05, 0.19)
0.00 (reference class)
0.00 (-0.04, 0.04)
0.00 (reference class)
-0.08 (-0.12, -0.04)
0.00 (reference class)
0.08 (0.04, 0.12)

0.00 (reference class)

0.03 (-0.01, 0.07)
0.02 (-0.02, 0.06)
0.10(0.06, 0.14)

0.00 (reference class)
-0.07 (-0.11, -0.03)
-0.13(-0.17, -0.09)
-0.11(-0.17, -0.05)
0.00 (reference class)
0.04 (0.00, 0.08)
-0.01 (-0.03, 0.01)

0.00 (reference class)
0.01 (-0.01, 0.03)
0.00 (reference class)
0.01 (-0.01, 0.03)

0.00 (reference class)
-0.01 (-0.05, 0.03)

systemic therapy

0.00 (reference class)
0.00 (-0.12,0.12)
-0.06 (-0.08, -0.04)
0.00 (reference class)
0.00 (-0.02, 0.02)
0.04 (-0.08, 0.16)
0.00 (reference class)
0.10 (0.06, 0.14)

0.00 (reference class)
-0.05 (-0.09, -0.01)
0.00 (reference class)
0.00 (-0.04, 0.04)
0.00 (reference class)
0.03 (-0.03, 0.09)
0.05 (0.01, 0.09)

0.07 (0.01, 0.13)

0.00 (reference class)
-0.01 (-0.05, 0.03)
-0.01 (-0.05, 0.03)
-0.02 (-0.08, 0.04)
0.00 (reference class)
0.22(0.18, 0.26)

0.00 (-0.02, 0.02)

0.00 (reference class)
0.01 (-0.01, 0.03)

0.00 (reference class)-
-0.70 (-0.74, -0.66)
0.00 (reference class)
-0.01 (-0.05, 0.03)

well-established in the literature—age, socio-economic characteristics, stage, cancer aggres-
siveness and comorbidity [10,12,13,16,34]. Living in a more affluent area had no significant
direct effect on the hazard of mortality, but nevertheless exerted a significant indirect effect,
mediated by a lower probability of late stage and emergency presentation. Private patients also
had a lower hazard of mortality, but for different reasons [35]—a direct reduction of the haz-
ard, probably due to lower levels of unrecorded comorbidity [36,37] and indirect effects due to
lower rates of emergency admission and, somewhat unexpectedly, the fact that admission to
higher caseload hospitals was associated with a higher hazard. Private patients were less likely
to have systemic therapy, which led to an increase in the hazard of mortality.

The negative impact of higher hospital caseload on survival may be due to differences in
case-mix not captured by this analysis. We could find only one study of the effects of caseload
on NHL outcome [38]; this looked at physician caseload and found no effect. Patients admitted
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Table 3. Direct effects (beta) of patient, cancer and treatment characteristics on the hazard.

Variable

Background variables
sex

age
older men (age*sex
interaction)

affluence
marital status

public/private status

comorbidities

area of residence

area population density

tumour grade

year of diagnosis
Process variables
stage at diagnosis
emergency admission

hospital caseload

systemic therapy

Value

male
female
each 10 years

all females; males aged

<70

males 70+

per unit score
unmarried
married

public

private

none

one or more
Dublin Mid Leinster
Dublin North east
South

West

urban
intermediate
rural

unknown
indolent
aggressive

per year

I/

/v

No

Yes

<30 cases/year

30 cases+ per year
No

Yes

doi:10.1371/journal.pone.0168684.t003

Hazard coefficient (95% confidence

intervals)

0 (reference)
1.00 (0.20, 1.80)
0.44 (0.34, 0.54)

0 (reference)

-0.12 (-0.24, 0.00)
-0.02 (-0.41, 0.37)
0 (reference)
-0.04 (-0.20, 0.12)
0 (reference)
-0.19 (-0.35, -0.03)
0 (reference)

0.41 (0.23, 0.59)
0 (reference)

0.01 (-0.21, 0.23)
0.35 (0.15, 0.55)
-0.07 (-0.29, 0.15)
0 (reference)

0.02 (-0.20, 0.24)
0.10 (-0.10, 0.30)
0.14 (-0.11, 0.39)
0 (reference)

1.02 (0.80, 1.24)
-0.04 (-0.10, 0.02)

0 (reference)

0.24 (0.18, 0.30)

0 (reference)

0.68 (0.50, 0.86)

0 (reference)

0.21 (0.05, 0.37)

0 (reference)
-0.53 (-0.69, -0.37)

to high caseload hospitals had a higher level of comorbidity, which was controlled for in this
analysis, but it is probable that higher caseload hospitals simply see more complex patients.
This complexity may not be fully captured by the comorbidity data available in the HIPE sys-
tem and the difference in comorbidity between patients in high and low caseload hospitals
may be greater than measured here. It should also be noted that only a small number of hospi-

tals were classified as “high caseload” and the finding may be chance.

Although poorer survival and lower treatment rates are often accepted as inevitable results
of ageing and increasing co-morbidity, systemic therapy and radiotherapy for NHL are gener-
ally well tolerated by older patients [39,40]. We found that systemic therapy was associated
with significantly better survival. Older patients in this study were significantly less likely to
have systemic therapy, had poorer survival and were less likely to be admitted to a high

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016
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Table 4. Indirect effects (beta, logit coefficient) of patient, cancer and treatment characteristics on hazard.
Hazard
married (.v. unmarried) | affluence (per unit score) | private patient (.v. public)

systemic therapy -0.05 (-0.08, -0.03) -0.02 (-0.08, 0.04) 0.03 (0.01, 0.05)
high caseload 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.04) -0.02 (-0.03, 0.00)
late stage 0.00 (-0.02, 0.02) -0.08 (-0.14, -0.01) -0.02 (-0.04, 0.01)
emergency admission -0.01 (-0.03, 0.01) -0.13 (-0.20, -0.05) -0.02 (-0.04, 0.00)
high caseload— systemic therapy <0.01 0.00 (0.00, 0.00) <0.01
late stage— systemic therapy <0.01 0.04 (0.00, 0.08) <0.01
late stage—high caseload <0.01 <0.01 <0.01
late stage—emergency admission <0.01 -0.01 (-0.02, 0.00) <0.01
emergency admission— systemic therapy <0.01 -0.01 (-0.01, 0.00) <0.01
emergency admission—high caseload <0.01 0.01 (0.00, 0.01) <0.01
late stage—high caseload— systemic therapy <0.01 <0.01 <0.01
late stage—emergency admission— systemic therapy <0.01 <0.01 <0.01
late stage—emergency admission—high caseload <0.01 <0.01 <0.01
late stage—emergency admission—high caseload— systemic <0.01 <0.01 <0.01
therapy

All indirect effects -0.06 (-0.09, -0.02) -0.18 (-0.28, -0.07) -0.02 (-0.06, 0.01)
Direct effect* -0.04 (-0.20, 0.12) 0.08 (-0.41, 0.57) -0.19 (-0.35, -0.03)
Total effect -0.10 (-0.25, 0.06) -0.10 (-0.60, 0.39) -0.21 (-0.37, -0.05)

Each cell shows the indirect effects of the column variable on hazard, as mediated through the row variable e.g. the change in hazard of being married, due
to receipt of systemic therapy, is -0.05 (-0.08, -0.03).

Statistically significant hazards are shown in bold.

* as shown in Table 2

doi:10.1371/journal.pone.0168684.t004

caseload hospital. Under-treatment of older patients, not explained by co-morbidity, has been
frequently reported [41-43] and may reflect attitudes and beliefs both within and outside the
health services. Although being married had no independent direct effect on hazard, it had a
significant indirect effect, as married patients were more likely to have systemic therapy. Asso-
ciations between marital status and survival are increasingly reported [17,44-47], but this anal-
ysis suggests that these are not direct effects but rather because married patients are more
likely to receive optimal treatment [48,49], possibly due to intervention by family members
[50].

The reasons for poorer outcomes in NHL patients who present as an emergency are
unclear. The proportion of emergency admissions in this study was lower (19% as opposed to
27%) than in a recent large English study [51], which also showed an increase in emergency
admission with increasing deprivation. However, we had no information on type of admission
for 13.6% of patients, so 19% may be an under-estimate. Unlike the English study, we found
no sex difference, after adjustment, in the proportion of emergency admissions. Initial man-
agement of elective and emergency lymphomas was similar (data not shown), but there may
have been complexities in emergency management not captured here. Significantly more
comorbidity was recorded for emergency admissions, but this (as well as stage) was controlled
for in the analysis. Not all relevant prognostic data can be routinely recorded by cancer regis-
tries [37], and more in-depth analysis (likely involving primary data collection) will be needed
to better understand the effects of emergency presentation.

Patients from more affluent areas, and those treated privately (i.e. with private health insur-
ance), had fewer emergency admissions, and consequently better survival, although private

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016 9/14



@° PLOS | ONE

Affluence and Private Health Insurance Influence Treatment and Survival in Non-Hodgkin’s Lymphoma

health insurance was not related to stage at diagnosis. The higher rate of emergency presenta-
tion by uninsured patients suggests that they face greater barriers to earlier presentation. This
is unlikely to be at primary care level, as all patients, with the exception of those with the lowest
income, must pay a fee of about €60 per visit (and this is generally not covered by health insur-
ance). Hospital waiting times for public patients are lengthy in Ireland [52, 53]. The Irish
health system is a very complex mixed public-private system. All residents have access to low-
cost secondary care (including all phases of cancer treatment) with small co-payments, but
many purchase private health insurance and health care, which tend to coincide. About 44% of
the population held private health insurance at the time of the study [54]; this generally covers
inpatient care in private hospitals, and inpatient care as a private patient of a consultant in a
public hospital.

Emergency presentation may occur if the patient has severe systemic symptoms or obstruc-
tive symptoms due to extranodal disease. For the majority of patients, however, symptoms are
insidious and non-specific, and an enlarged lymph node or other mass is usually the first diag-
nostic sign [55]. As with breast [56, 57] and testicular [58-60] cancer, socio-economic factors
may lead to cultural and educational differences causing delay before presenting with a lump.
These delays may contribute to late or emergency presentation. Patients may also present to
different specialties, either medical or surgical, which has the potential to generate further
delays in diagnosis and treatment.

Opverall, we observed significant disparities in stage at diagnosis and treatment of NHL due
to socio-economic status, whether based on area of residence or health insurance. The effect of
measures at individual level differed from those measured at the area level, as the latter may
have been mediated by geographical factors such as proximity to hospitals and local availability
of general practitioners. Clearly, measures constructed at the area and individual levels provide
different insights and both should be used whenever possible.

The impact of deprivation on survival is well known, but the mechanisms through which it
exerts its effects have been difficult to elucidate. This is at least partly due to the limitations of
conventional regression and survival models. The limitations of routinely collected registry
data, such as we use here, to examine the causes of socio-economic variation in survival have
also been well described [37]. Patients in lower socio-economic groups, or living in “deprived”
areas, have been shown to present later [16,17], to have higher levels of co-morbidity [12,17]
and to be less likely to have radiotherapy [12,61]. These factors are clearly inter-related [19]
but few studies have attempted to unravel the complex configurations of risk factors that
appear to be at work. This can be adequately described only by using a more flexible class of
statistical model, such as that used in this analysis. A key finding of this study is that depriva-
tion may influence outcomes in multiple ways, each of which needs an appropriate and tar-
geted form of intervention. These models can not only quantify the importance of different
pathways, but can also illustrate areas where more information would lead to better
understanding.

As already mentioned, a key limitation of this type of study is its retrospective nature and
dependence on routinely collected data. The factors determining a patient’s decision to seek
help for symptoms, the doctor’s decision to investigate and shared decisions on treatment are
complex, and need to be explored. We were also limited by significant amounts of missing
data, again inevitable in a registry based study. The fact that all co-morbidity data was missing
for patients with no public hospital stays was particularly limiting, although sensitivity analysis
showed that imputed values for these patients gave almost identical coefficients. The use of
public/private inpatient status as a proxy for health insurance status may also be a weakness,
but given the high costs of inpatient private care it is unlikely that many patients would have
opted to pay these from their own resources.
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These findings could be strengthened by more focussed patient-centred research [23,62-
65] to identify the pathways leading to emergency and non-emergency presentation, and their
consequences for treatment and outcomes; to gain better insights into the processes of shared
decision-making on treatment and how these are affected by age, co-morbidity and socio-
economic status; and to develop more sensitive measures of comorbidity and fitness for
treatment.

Acknowledgments

All authors participated in the planning and design of the study. Marianna de Camargo Can-
cela prepared the data and carried out preliminary analysis; Jonathan Pratschke and Trutz
Haase carried out the statistical analysis; Harry Comber wrote the first draft of the paper; all
authors edited and revised the paper.

Author Contributions

Conceived and designed the experiments: HC MCC TH HJ LS JP.
Analyzed the data: JP TH MCC.

Contributed reagents/materials/analysis tools: JP TH.

Wrote the paper: HC MCC TH HJ LS JP.

References

1. CoxB, Liu C-W, Sneyd MJ, Cameron CM. Epidemic of non-Hodgkin lymphoma in new Zealand remains
unexplained. J Cancer Epidemiol. 2014; 2014: 315378. doi: 10.1155/2014/315378 PMID: 24799901

2. Al-Hamadani M, Habermann TM, Cerhan JR, Macon WR, Maurer MJ, Go RS. Non-Hodgkin lymphoma
subtype distribution, geodemographic patterns, and survival in the US: A longitudinal analysis of the
National Cancer Data Base from 1998 to 2011. Am J Hematol. 2015; 90: 790-795. doi: 10.1002/ajh.
24086 PMID: 26096944

3. IssaDE, van de Schans SAM, Chamuleau MED, Karim-Kos HE, Wondergem M, Huijgens PC, et al.
Trends in incidence, treatment and survival of aggressive B-cell lymphoma in the Netherlands
1989-2010. Haematologica. 2015; 100: 525-533. doi: 10.3324/haematol.2014.107300 PMID:
25512643

4. Linet MS, Brown LM, Mbulaiteye SM, Check D, Ostroumova E, Landgren A, et al. International long-
term trends and recent patterns in the incidence of leukemias and lymphomas among children and ado-
lescents ages 0-19 years. Int J Cancer. 2015;

5. Shiels MS, Engels EA, Linet MS, Clarke CA, Li J, Hall HI, et al. The epidemic of non-Hodgkin lymphoma
in the United States: disentangling the effect of HIV, 1992—-2009. Cancer Epidemiol Biomark Prev.
2013; 22: 1069-1078.

6. De Angelis R, Minicozzi P, Sant M, Dal Maso L, Brewster DH, Osca-Gelis G, et al. Survival variations by
country and age for lymphoid and myeloid malignancies in Europe 2000-2007: Results of EUROCARE-
5 population-based study. Eur J Cancer. 2015; 51: 2254-2268.

7. JansenlL, Castro FA, Gondos A, Krilaviciute A, Barnes B, Eberle A, et al. Recent cancer survival in Ger-
many: an analysis of common and less common cancers. Int J Cancer J Int Cancer. 2015; 136:
2649-2658.

8. SantM, Minicozzi P, Mounier M, Anderson LA, Brenner H, Holleczek B, et al. Survival for haematologi-
cal malignancies in Europe between 1997 and 2008 by region and age: results of EUROCARE-5, a pop-
ulation-based study. Lancet Oncol. 2014; 15: 931-942. doi: 10.1016/S1470-2045(14)70282-7 PMID:
25030467

9. Pulte D, Gondos A, Brenner H. Ongoing improvement in outcomes for patients diagnosed as having
Non-Hodgkin lymphoma from the 1990s to the early 21st century. Arch Intern Med. 2008; 168:
469-476. doi: 10.1001/archinternmed.2007.125 PMID: 18332290

10. Crozier JA, SherT, Yang D, Swaika A, Foran J, Ghosh R, et al. Persistent Disparities Among Patients
With T-Cell Non-Hodgkin Lymphomas and B-Cell Diffuse Large Cell Lymphomas Over 40 Years: A

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016 11/14


http://dx.doi.org/10.1155/2014/315378
http://www.ncbi.nlm.nih.gov/pubmed/24799901
http://dx.doi.org/10.1002/ajh.24086
http://dx.doi.org/10.1002/ajh.24086
http://www.ncbi.nlm.nih.gov/pubmed/26096944
http://dx.doi.org/10.3324/haematol.2014.107300
http://www.ncbi.nlm.nih.gov/pubmed/25512643
http://dx.doi.org/10.1016/S1470-2045(14)70282-7
http://www.ncbi.nlm.nih.gov/pubmed/25030467
http://dx.doi.org/10.1001/archinternmed.2007.125
http://www.ncbi.nlm.nih.gov/pubmed/18332290

@° PLOS | ONE

Affluence and Private Health Insurance Influence Treatment and Survival in Non-Hodgkin’s Lymphoma

11.

12

13.

14.

15.

16.

17.

18.
19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

SEER Database Review. Clin Lymphoma Myeloma Leuk. 2015; 15: 578-585. doi: 10.1016/j.ciml.2015.
06.005 PMID: 26198444

Kent EE, Breen N, Lewis DR, de Moor JS, Smith AW, Seibel NL. US trends in survival disparities
among adolescents and young adults with non-Hodgkin lymphoma. Cancer Causes Control CCC.
2015; 26: 1153-1162. doi: 10.1007/s10552-015-0609-1 PMID: 26084209

Wang M, Burau KD, Fang S, Wang H, Du XL. Ethnic variations in diagnosis, treatment, socioeconomic
status, and survival in a large population-based cohort of elderly patients with non-Hodgkin lymphoma.
Cancer. 2008; 113: 3231-3241. doi: 10.1002/cncr.23914 PMID: 18937267

Roswall N, Olsen A, Christensen J, Rugbjerg K, Mellemkjaer L. Social inequality and incidence of and
survival from Hodgkin lymphoma, non-Hodgkin lymphoma and leukaemia in a population-based study
in Denmark, 1994-2003. Eur J Cancer 1990. 2008; 44: 2058—-2073.

Kato |, Booza J, Quarshie WO, Schwartz K. Persistent socioeconomic inequalities in cancer survival in
the United States: 1973-2007 surveillance, epidemiology and end results (SEER) data for breast can-
cer and non-Hodgkin’s lymphoma. J Regist Manag. 2012; 39: 158—-166.

Ewing JC, White JM, Rattray A, Lessells A, Mackie MJ. Total registration of non-Hodgkin’s lymphoma
and Hodgkin’s disease in Scotland: effect of deprivation and caseload on outcome. Hematol Amst Neth.
20083; 8: 211-220.

Bray C, Morrison DS, McKay P. Socio-economic deprivation and survival of non-Hodgkin lymphoma in
Scotland. Leuk Lymphoma. 2008; 49: 917-923. doi: 10.1080/10428190801933377 PMID: 18464111

Frederiksen BL, Brown P de N, Dalton SO, Steding-Jessen M, Osler M. Socioeconomic inequalities in
prognostic markers of non-Hodgkin lymphoma: analysis of a national clinical database. Eur J Cancer
1990. 2011; 47: 910-917.

Luddy G. Women, disadvantage and health. Ir Med J. 2007; 100: suppl 71-73.

Woods LM, Rachet B, Coleman MP. Origins of socio-economic inequalities in cancer survival: a review.
Ann Oncol. 2006; 17: 5-19. doi: 10.1093/annonc/mdj007 PMID: 16143594

Quaglia A, Vercelli M, Lillini R, Mugno E, Coebergh JW, Quinn M, et al. Socio-economic factors and
health care system characteristics related to cancer survival in the elderly. A population-based analysis
in 16 European countries (ELDCARE project). Crit Rev Oncol Hematol. 2005; 54: 117—128. doi: 10.
1016/j.critrevonc.2004.12.001 PMID: 15843094

Kogevinas M, Porta M. Socioeconomic differences in cancer survival: a review of the evidence. IARC
Sci Publ. 1997; 177-206. PMID: 9353665

Quaglia A, Lillini R, Mamo C, Ivaldi E, Vercelli M. Socio-economic inequalities: A review of methodologi-
cal issues and the relationships with cancer survival. Crit Rev Oncol Hematol. 2013; 85: 266-277. doi:
10.1016/j.critrevonc.2012.08.007 PMID: 22999326

Tang SY, Browne AJ, Mussell B, Smye VL, Rodney P. “Underclassism” and access to healthcare in
urban centres. Sociol Health llin. 2015; 37: 698-714. doi: 10.1111/1467-9566.12236 PMID: 25720520

De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D, et al. Cancer survival in
Europe 1999-2007 by country and age: results of EUROCARE—5-a population-based study. Lancet
Oncol. 2014; 15: 23-34. doi: 10.1016/S1470-2045(13)70546-1 PMID: 24314615

O’Brien K, Comber H, Sharp L. Completeness of case ascertainment at the Irish National Cancer Regis-
try. Ir d Med Sci. 2014; 183: 219-224. doi: 10.1007/s11845-013-0993-z PMID: 23955644

Economic and Social Research Institute, Department of Health, Health Service Executive. Activity in
acute public hospitals in Ireland annual report 2012. Dublin: Economic and Social Research Institute;
2013.

Charlson M, Wells MT, Uliman R, King F, Shmukler C. The Charlson comorbidity index can be used pro-
spectively to identify patients who will incur high future costs. PloS One. 2014; 9: e112479. doi: 10.
1371/journal.pone.0112479 PMID: 25469987

WHO | International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3). In: WHO [Internet].
[cited 11 Dec 2015]. http://www.who.int/classifications/icd/adaptations/oncology/en/

Haase T, Pratschke J. The Pobal HP Deprivation Index (Haase and Pratschke, 2012) [Internet]. [cited
8 Oct 2014]. https://www.pobal.ie/Pages/New-Measures.aspx

Sharp L, Donnelly D, Hegarty A, Carsin A-E, Deady S, McCluskey N, et al. Risk of several cancers is
higher in urban areas after adjusting for socioeconomic status. Results from a two-country population-
based study of 18 common cancers. J Urban Health Bull. 2014; 91: 510-525.

Scottish Cancer Intelligence Unit. Trends in Cancer Survival in Scotland 1971-1995 [Internet]. Edin-
burgh: Information & Statistics Division.; 2000. http://www.isdscotlandarchive.scot.nhs.uk/isd/files//
trends_1971-95.pdf

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016 12/14


http://dx.doi.org/10.1016/j.clml.2015.06.005
http://dx.doi.org/10.1016/j.clml.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/26198444
http://dx.doi.org/10.1007/s10552-015-0609-1
http://www.ncbi.nlm.nih.gov/pubmed/26084209
http://dx.doi.org/10.1002/cncr.23914
http://www.ncbi.nlm.nih.gov/pubmed/18937267
http://dx.doi.org/10.1080/10428190801933377
http://www.ncbi.nlm.nih.gov/pubmed/18464111
http://dx.doi.org/10.1093/annonc/mdj007
http://www.ncbi.nlm.nih.gov/pubmed/16143594
http://dx.doi.org/10.1016/j.critrevonc.2004.12.001
http://dx.doi.org/10.1016/j.critrevonc.2004.12.001
http://www.ncbi.nlm.nih.gov/pubmed/15843094
http://www.ncbi.nlm.nih.gov/pubmed/9353665
http://dx.doi.org/10.1016/j.critrevonc.2012.08.007
http://www.ncbi.nlm.nih.gov/pubmed/22999326
http://dx.doi.org/10.1111/1467-9566.12236
http://www.ncbi.nlm.nih.gov/pubmed/25720520
http://dx.doi.org/10.1016/S1470-2045(13)70546-1
http://www.ncbi.nlm.nih.gov/pubmed/24314615
http://dx.doi.org/10.1007/s11845-013-0993-z
http://www.ncbi.nlm.nih.gov/pubmed/23955644
http://dx.doi.org/10.1371/journal.pone.0112479
http://dx.doi.org/10.1371/journal.pone.0112479
http://www.ncbi.nlm.nih.gov/pubmed/25469987
http://www.who.int/classifications/icd/adaptations/oncology/en/
https://www.pobal.ie/Pages/New-Measures.aspx
http://www.isdscotlandarchive.scot.nhs.uk/isd/files//trends_1971-95.pdf
http://www.isdscotlandarchive.scot.nhs.uk/isd/files//trends_1971-95.pdf

@° PLOS | ONE

Affluence and Private Health Insurance Influence Treatment and Survival in Non-Hodgkin’s Lymphoma

32.

33.
34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

Pratschke J, Haase T, Comber H, Sharp L, de Camargo Cancela M, Johnson H. Mechanisms and
mediation in survival analysis: towards an integrated analytical framework. BMC Med Res Methodol.
2016; 16: 27. doi: 10.1186/s12874-016-0130-6 PMID: 26927506

Muthén L, Muthén B. MPlus User’s Guide. 5th ed. Los Angeles, CA: Muthén & Muthén; 2007.

Smith A, Crouch S, Howell D, Burton C, Patmore R, Roman E. Impact of age and socioeconomic status
on treatment and survival from aggressive lymphoma: a UK population-based study of diffuse large B-
cell lymphoma. Cancer Epidemiol. 2015;

Chang C-M, Su Y-C, Lai N-S, Huang K-Y, Chien S-H, Chang Y-H, et al. The combined effect of individ-
ual and neighborhood socioeconomic status on cancer survival rates. PloS One. 2012; 7: e44325. doi:
10.1371/journal.pone.0044325 PMID: 22957007

Hastert TA, Ruterbusch JJ, Beresford SAA, Sheppard L, White E. Contribution of health behaviors to
the association between area-level socioeconomic status and cancer mortality. Soc Sci Med 1982.
2015; 148: 52-58.

Olszewski AJ, Foran JM. Health Insurance-Related Disparities in Lymphoma Survival Are Partly Medi-
ated by Baseline Clinical Factors. The Oncologist. 2015; 20: 1223—-1224. doi: 10.1634/theoncologist.
2015-0228 PMID: 26432820

Ewing J c., White J m., Rattray A, Lessells A, Mackie M j. Total Registration of Non-Hodgkin’s Lym-
phoma and Hodgkin’s Disease in Scotland: Effect of Deprivation and Caseload on Outcome. Hematol-
ogy. 2003; 8: 211-220. doi: 10.1080/1024533031000135685 PMID: 12911938

Bonnet C, Fillet G, Mounier N, Ganem G, Molina TJ, Thiéblemont C, et al. CHOP Alone Compared With
CHOP Plus Radiotherapy for Localized Aggressive Lymphoma in Elderly Patients: A Study by the
Groupe d’Etude des Lymphomes de I’Adulte. J Clin Oncol. 2007; 25: 787-792. doi: 10.1200/JC0O.2006.
07.0722 PMID: 17228021

Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy plus
rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell ymphoma. N Engl J
Med. 2002; 346: 235-242. doi: 10.1056/NEJMoa011795 PMID: 11807147

Firat S, Pleister A, Byhardt RW, Gore E. Age is independent of comorbidity influencing patient selection
for combined modality therapy for treatment of stage Ill nonsmall cell lung cancer (NSCLC). Am J Clin
Oncol. 2006; 29: 252—257. doi: 10.1097/01.coc.0000217824.20290.ab PMID: 16755178

Vulto AJCM, Lemmens VEPP, Louwman MWJ, Janssen-Heijnen MLG, Poortmans PHP, Lybeert MLM,
et al. The influence of age and comorbidity on receiving radiotherapy as part of primary treatment for
cancer in South Netherlands, 1995 to 2002. Cancer. 2006; 106: 2734—2742. doi: 10.1002/cncr.21934
PMID: 16703598

de Rijke JM, Schouten LJ, Schouten HC, Jager JJ, Koppejan AG, van den Brandt PA. Age-specific dif-
ferences in the diagnostics and treatment of cancer patients aged 50 years and older in the province of
Limburg, The Netherlands. Ann Oncol. 1996; 7: 677—685. PMID: 8905025

Aizer AA, Chen M-H, McCarthy EP, Mendu ML, Koo S, Wilhite TJ, et al. Marital status and survival in
patients with cancer. J Clin Oncol. 2013; 31: 3869-3876. doi: 10.1200/JC0.2013.49.6489 PMID:
24062405

Inverso G, Mahal BA, Aizer AA, Donoff RB, Chau NG, Haddad RI. Marital status and head and neck
cancer outcomes. Cancer. 2015; 121: 1273—1278. doi: 10.1002/cncr.29171 PMID: 25524565

Thomas A, Khan SA, Chrischilles EA, Schroeder MC. Initial Surgery and Survival in Stage IV Breast
Cancer in the United States, 1988—2011. JAMA Surg. 2015; 1-8.

Zhou R, Yan S, Li J. Influence of marital status on the survival of patients with gastric cancer. J Gastro-
enterol Hepatol. 2015;

Burns RM, Sharp L, Sullivan FJ, Deady SE, Drummond FJ, O Neill C. Factors driving inequality in pros-
tate cancer survival: a population based study. PloS One. 2014; 9: e106456. doi: 10.1371/journal.pone.
0106456 PMID: 25203444

de Camargo Cancela M, Comber H, Sharp L. Which women with breast cancer do, and do not, undergo
receptor status testing? A population-based study. Cancer Epidemiol. 2015; 39: 778-782. doi: 10.1016/
j.canep.2015.08.006 PMID: 26318110

Zhang AY, Siminoff LA. The role of the family in treatment decision making by patients with cancer.
Oncol Nurs Forum. 2003; 30: 1022—1028. doi: 10.1188/03.0NF.1022-1028 PMID: 14603359

Abel GA, Shelton J, Johnson S, Elliss-Brookes L, Lyratzopoulos G. Cancer-specific variation in emer-
gency presentation by sex, age and deprivation across 27 common and rarer cancers. Br J Cancer.
2015; 112 Suppl 1: S129-136.

Irish Health. All hail the mighty waiting list. Apr 2011. http://www.irishhealth.com/article.htm|?id=18986

Health Service Executive. Health Service Performance Assurance Report [Internet]. 2014. http://www.
hse.ie/eng/services/publications/corporate/performancereports/d14par.pdf

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016 13/14


http://dx.doi.org/10.1186/s12874-016-0130-6
http://www.ncbi.nlm.nih.gov/pubmed/26927506
http://dx.doi.org/10.1371/journal.pone.0044325
http://www.ncbi.nlm.nih.gov/pubmed/22957007
http://dx.doi.org/10.1634/theoncologist.2015-0228
http://dx.doi.org/10.1634/theoncologist.2015-0228
http://www.ncbi.nlm.nih.gov/pubmed/26432820
http://dx.doi.org/10.1080/1024533031000135685
http://www.ncbi.nlm.nih.gov/pubmed/12911938
http://dx.doi.org/10.1200/JCO.2006.07.0722
http://dx.doi.org/10.1200/JCO.2006.07.0722
http://www.ncbi.nlm.nih.gov/pubmed/17228021
http://dx.doi.org/10.1056/NEJMoa011795
http://www.ncbi.nlm.nih.gov/pubmed/11807147
http://dx.doi.org/10.1097/01.coc.0000217824.20290.ab
http://www.ncbi.nlm.nih.gov/pubmed/16755178
http://dx.doi.org/10.1002/cncr.21934
http://www.ncbi.nlm.nih.gov/pubmed/16703598
http://www.ncbi.nlm.nih.gov/pubmed/8905025
http://dx.doi.org/10.1200/JCO.2013.49.6489
http://www.ncbi.nlm.nih.gov/pubmed/24062405
http://dx.doi.org/10.1002/cncr.29171
http://www.ncbi.nlm.nih.gov/pubmed/25524565
http://dx.doi.org/10.1371/journal.pone.0106456
http://dx.doi.org/10.1371/journal.pone.0106456
http://www.ncbi.nlm.nih.gov/pubmed/25203444
http://dx.doi.org/10.1016/j.canep.2015.08.006
http://dx.doi.org/10.1016/j.canep.2015.08.006
http://www.ncbi.nlm.nih.gov/pubmed/26318110
http://dx.doi.org/10.1188/03.ONF.1022-1028
http://www.ncbi.nlm.nih.gov/pubmed/14603359
http://www.irishhealth.com/article.html?id=18986
http://www.hse.ie/eng/services/publications/corporate/performancereports/d14par.pdf
http://www.hse.ie/eng/services/publications/corporate/performancereports/d14par.pdf

@° PLOS | ONE

Affluence and Private Health Insurance Influence Treatment and Survival in Non-Hodgkin’s Lymphoma

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

The Health Insurance Authority. Annual Report and Accounts 2013 [Internet]. The Health Insurance
Authority, Ireland; 2014. http://www.hia.ie/sites/default/files/2013%20Annual%20Report%20and%
20Accounts%20Final%20English%20Version.pdf

Shephard EA, Neal RD, Rose PW, Walter FM, Hamilton WT. Quantifying the risk of non-Hodgkin lym-
phoma in symptomatic primary care patients aged >40 years: a large case-control study using elec-
tronic records. Br J Gen Pract. 2015; 65: €281-288. doi: 10.3399/bjgp15X684793 PMID: 25918332

Marlow LAV, McGregor LM, Nazroo JY, Wardle J. Facilitators and barriers to help-seeking for breast
and cervical cancer symptoms: a qualitative study with an ethnically diverse sample in London. Psy-
chooncology. 2014; 23: 749-757. doi: 10.1002/pon.3464 PMID: 24352798

Forbes LJL, Atkins L, Thurnham A, Layburn J, Haste F, Ramirez AJ. Breast cancer awareness and bar-
riers to symptomatic presentation among women from different ethnic groups in East London. Br J Can-
cer.2011; 105: 1474-1479. doi: 10.1038/bjc.2011.406 PMID: 21989188

Braga IC, Cabral J, Louro N, de Carvalho JL. Testicular Cancer Awareness and Knowledge: Is It the
Same? Exploratory Study in a Mixed-Gender Population. J Cancer Educ. 2015;

Oztiirk C, Fleer J, Hoekstra HJ, Hoekstra-Weebers JEHM. Delay in Diagnosis of Testicular Cancer; A
Need for Awareness Programs. PloS One. 2015; 10: e0141244. doi: 10.1371/journal.pone.0141244
PMID: 26606249

Vasudev NS, Joffe JK, Cooke C, Richards F, Jones WG. Delay in the diagnosis of testicular tumours—
changes over the past 18 years. Br J Gen Pract. 2004; 54: 595-597. PMID: 15296558

Frederiksen BL, Dalton SO, Osler M, Steding-Jessen M, de Nully Brown P. Socioeconomic position,
treatment, and survival of non-Hodgkin lymphoma in Denmark—a nationwide study. Br J Cancer. 2012;
106: 988-995. doi: 10.1038/bjc.2012.3 PMID: 22315055

Lyratzopoulos G, Saunders CL, Abel GA, McPhail S, Neal RD, Wardle J, et al. The relative length of the
patient and the primary care interval in patients with 28 common and rarer cancers. Br J Cancer. 2015;
112 Suppl 1: S35-40.

Lyratzopoulos G, Liu MP-H, Abel GA, Wardle J, Keating NL. The Association between Fatalistic Beliefs
and Late Stage at Diagnosis of Lung and Colorectal Cancer. Cancer Epidemiol Biomark Prev. 2015; 24:
720-726.

Vedsted P, Olesen F. Are the serious problems in cancer survival partly rooted in gatekeeper princi-
ples? An ecologic study. Br J Gen Pract. 2011; 61: e508-512. doi: 10.3399/bjgp11X588484 PMID:
21801563

Macleod U, Mitchell ED, Burgess C, Macdonald S, Ramirez AJ. Risk factors for delayed presentation
and referral of symptomatic cancer: evidence for common cancers. Br J Cancer. 2009; 101: S92-S101.
doi: 10.1038/sj.bjc.6605398 PMID: 19956172

PLOS ONE | DOI:10.1371/journal.pone.0168684 December 19, 2016 14/14


http://www.hia.ie/sites/default/files/2013%20Annual%20Report%20and%20Accounts%20Final%20English%20Version.pdf
http://www.hia.ie/sites/default/files/2013%20Annual%20Report%20and%20Accounts%20Final%20English%20Version.pdf
http://dx.doi.org/10.3399/bjgp15X684793
http://www.ncbi.nlm.nih.gov/pubmed/25918332
http://dx.doi.org/10.1002/pon.3464
http://www.ncbi.nlm.nih.gov/pubmed/24352798
http://dx.doi.org/10.1038/bjc.2011.406
http://www.ncbi.nlm.nih.gov/pubmed/21989188
http://dx.doi.org/10.1371/journal.pone.0141244
http://www.ncbi.nlm.nih.gov/pubmed/26606249
http://www.ncbi.nlm.nih.gov/pubmed/15296558
http://dx.doi.org/10.1038/bjc.2012.3
http://www.ncbi.nlm.nih.gov/pubmed/22315055
http://dx.doi.org/10.3399/bjgp11X588484
http://www.ncbi.nlm.nih.gov/pubmed/21801563
http://dx.doi.org/10.1038/sj.bjc.6605398
http://www.ncbi.nlm.nih.gov/pubmed/19956172

