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Abstract

Background

An association between travel to healthcare and subsequent route to diagnosis (RTD),
treatment and survival has not been previously reported for diffuse large B-cell ymphoma
(DLBCL) patients in the UK. This thesis aims to address this gap using data from the
Haematological Malignancy Research Network (HMRN).

Methods

Firstly, a literature review was conducted which showed a lack of research investigating the

impact of travel time to healthcare on outcomes of cancer patients in the UK, particularly

those with haematological malignancies, and informed the methods used in this thesis.

RTDs were assigned using Hospital Episode Statistics and travel distances and times were

calculated for journeys by car and public transportb et ween t he patientéds hom
diagnosis and healthcare facilities (registered GP and diagnostic hospital) using TRACC

(Basemap). Hospital activity in the two-years leading up to diagnosis was also calculated

and compared to background rates using a nested case-control study. Associations with

RTD and treatment were examined using logistic regression and survival was compared

using standard time-to-event analyses.

Results

Journeys to healthcare across HMRN were generally short, with a median time to hospital by
car of 10.8 minutes, however, corresponding journeys by public transport were four times
longer, at 43.1 minutes. A total of 1292 patients (31.4%) were diagnosed following an EP,
suggesting that many patients experience diagnostic delay and this result was supported by
the hospital activity analysis which showed that patients with DLBCL had elevated hospital
activity for two years before diagnosis compared to their matched controls. No statistically
significant associations between travel to healthcare and RTD, treatment intent or survival

were detected.

Conclusions

These findings reassuringly suggest that in the HMRN region, travel to healthcare does not
influence RTD or survival of DLBCL and that patients receive equitable care from the NHS

regardless of how close they live to healthcare services.
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Chapter 1 - Introduction

1 Introduction

1.1 Haematological malignancies
1.1.1 What is a haematological malignancy?

Haematological malignancies, commonly referred to as blood cancers, have traditionally
been grouped into three broad categories: leukaemias, lymphomas and myelomas. In lay
terms these are cancers of the blood, lymph systems and bone marrow, however, this is a
simplistic representation of a unique, complex and heterogenous group of cancers that can
affect people of any age, although incidence increases with age and varies between sub-
types (Smith et al., 2011). They also have the potential to transform from one sub-type to
another, for example Richterds syndrome, where c
into an aggressive lymphoma, most commonly diffuse large B-cell lymphoma (DLBCL), for
reasons not yet fully understood (Rossi, Spina and Gaidano, 2018). To understand the
complex nature of these diseases, it is helpful to have a basic understanding of the formation
of blood cells.

1.1.2 Haematopoiesis

All blood cells arise from a reservoir of multipotent haematopoietic stem cells (HSCs) by a
process known as haematopoiesis (Ng and Alexander, 2017). HSCs reside in the bone
marrow where a small number divide at any one time to replenish the supply of HSCs and/or
create multipotent progenitor cells. Multipotent progenitor cells support the production of all
blood cells by proliferating and beginning the process of differentiation down either the
lymphoid or myeloid lineage. This is a hierarchical process and with each progressive
division the cells become more numerous and more restricted in their capacity to
differentiate until mature blood cells are formed (Bryder, Rossi and Weissman, 2006). The
mature cells of the lymphoid lineage include plasma cells, lymphocytes and natural killer
cells and the myeloid lineage includes erythrocytes, neutrophils and macrophages (Orkin,
2000).

Haematological malignancies result from an error in the differentiation process leading to
uncontrollable proliferation of abnormal blood cells. The abnormal cells crowd the healthy
blood cells which prevents them from carrying out their normal function. The complex
differentiation process from HSCs to the many different types of blood cell derived from

them, each with its own function, reflects the variety of malignancies associated with them.

13



Chapter 1 - Introduction

1.1.3 Classification of haematological malignancies

Each subtype of haematological malignancy has its own distinct characteristics with regards
to clinical presentation, management and treatment. Prior to 2001 there was a lack of
consensus on the classification of haematological malignancies and most definitions were
based on morphological findings only. This was problematic, as a classification system that
is able to accurately differentiate between different subtypes is essential both clinically and in
order to carry out meaningful research. However, in 2001 the World Health Organisation
(WHO) r el eGasdfidation of $umdurs. Pathology and Genetics of Tumours of
Haematopoietic and Lymphoid Tissues6 whi ch i ncorporated cl i
immunophenotype and genetic abnormalities into its definitions (Jaffe et al. (Eds), 2001).
This was subsequently revised in 2008, 2016 and 2022 in line with the latest scientific
knowledge (Swerdlow et al., 2008; Swerdlow, 2016; WHO Classification of Tumours Editorial
Board, 2024).

The new WHO classifications were adopted by the 3rd edition of the International
Classification of Diseases for Oncology (ICD-0O-3) which was last updated in 2022. The ICD-
O-3 currently recognises over 100 different subtypes of haematological malignancy and
shows the proportion of cases for those most commonly diagnosed between 2004-2015
(Figure 1:1). However, although adopted promptly in clinical practice, many non-specialist
cancer registries still describe haematological malignancies according to the World Health
Organisations (WHO) International Classification of Disease (ICD) -10 because of
challenges collating the data required to assign ICD-O-3 codes due to diagnostic testing not

being centralised in some regions.
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T-lymphoblastic leukaemia
T-cell leukaemias-

T-cell lymphoma
Classical Hodgkin lymphoma

Lymphocyte predominant nodular Hodgkin lymphoma
Lymphoproliferative disorder NOS
Burkitt lymphoma
Large B-cell lymphoma

Follicular lymphoma Lymphoid

| ‘ Chronic myeloid leukaemia
Chronic myeloproliferative neoplasm

Myelofibrosis
Myelodysplastic/myeloproliferative neoplasm

Myelodysplastic syndromes

Acute myeloid leukaemia
Myeloid

Acute promyelocytic leukaemia
B-lymphoblastic leukaemia

Monoclonal B-cell lymphocytosis
Mantle cell lymphoma

Marginal zone lymphoma

Chronic lymphocytic leukaemia

Myeloma
Hairy cell leukaemia

Plasmacytoma Monoclonal gammopathy of undetermined significance

Figure 1:1. Diagnostic distribution of haematological malignancies and precursor conditions classified
by ICD-0O-3, Haematological Malignancy Research Network, 20041 2015.

1.1.4 Leukaemias

Leukaemia affects blood cells in the bone marrow, typically white blood cells but other cell
types can also be affected. The classification of leukaemia is complex and is determined by
a number of factors including the cells affected, which can be from either the lymphoid or
myeloid lineage, and the genetic changes that have occurred in the affected cells, such as
the presence or absence of the Philadelphia chromosome. It is a heterogenous group of
diseases consisting of both acute diseases that are very aggressive and have poor survival,
such as acute myeloid leukaemia (five-year net survival: 13.6% [95% confidence interval
(CI): 11.8%-15.4%]) and indolent diseases with relatively good survival such as chronic
lymphocytic leukaemia (CLL) (five-year net survival: 84.1% [95% CI: 81.7%-86.5%]) (HMRN,
2022Db). The acute leukaemias are some of the most common childhood cancers (Steliarova-
Foucher et al., 2017), but can be diagnosed at any age, while chronic leukaemias are
typically diagnosed in older adults, for example the median age at diagnosis for a CLL
patient is 71.7 years (Lamb et al., 2024).
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1.1.5 Lymphomas

Lymphomas develop in the lymphatic system, a part of the immune system that is made up
of tissues, vessels and organs including the spleen, bone marrow and lymph nodes. The
cells affected in lymphoma are lymphocytes, commonly referred to as white blood cells,
which help fight infection and disease. There are three main types of lymphocytes that
originate from the proliferation and differentiation of HSCs down the lymphoid lineage; B

cells, T cells and natural killer cells.

The classification of lymphomas is complex and depends on a humber of factors including
the type of lymphocyte affected and the location of the disease (WHO Classification of
Tumours Editorial Board, 2024). However, they are often broadly divided into two groups;
Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL). HL is characterised by the
presence of large, abnormal cells sometimes containing more than one nucleus called Reed-
Sternberg cells. All other types of lymphoma are classified as NHL, which is the 7th most
commonly diagnosed cancer in the UK (Cancer Research UK, 2024). It is a heterogenous
group that includes both aggressive and indolent sub-types such as DLBCL and follicular

lymphoma respectively.

1.1.6 Myeloma

Myeloma develops in the bone marrow, which is the spongy tissue inside the bone where
haematopoiesis takes place. The cells affected in myeloma are a type of lymphocyte called a
plasma cell, which are derived from B-cells and their function is to produce immunoglobulins
(also known as antibodies), which facilitate the detection and destruction of pathogens. The
plasma cells of people with myeloma make abnormal immunoglobulins, called paraproteins,
which do not function properly. Myeloma is incurable, but it can be managed with treatment
for many years with approximately 50% of patients alive 5 years after diagnosis (HMRN,
2022c).

1.1.7 The burden of haematological malignancies

Individually many subtypes of haematological malignancy are rare, for example, the annual
incidence rate of T-cell prolymphocytic leukaemia is 0.1 per 100,000 and the estimated UK
incidence equates to 70 people newly diagnosed each year (HMRN, 2022a). However,
collectively these cancers are common and as a group they are the fifth most commonly
diagnosed cancer in economically developed regions of the world (Islami et al., 2021) and
the third most common cause of cancer death in the UK (Cancer Research UK, 2022). They

are often expensive to treat, with lengthy hospital stays and complex, expensive treatments,
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making them the second most costly cancer with regards to total healthcare expenditure for
European Union countries after breast cancer (Burns et al., 2016). The considerable burden
of these diseases justifies in depth epidemiological research to better understand them and

improve outcomes.
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1.2 The Haematological Malignancy Research Network

The Haematological Malignancy Research Network (HMRN) was established in 2004.
HMRN is an ongoing population-based cohort of patients newly diagnosed with a
haematological malignancy in a catchment area that corresponds to two adjacent former
Cancer Networks and covers a population of approximately four million people in Yorkshire
and the Humber.

1.2.1 The purpose of HMRN

Although many non-specialist cancer registries collect data on haematological malignancies,
they have historically struggled to fully capture the complexities of them as they group
subtypes together, such as all NHLs, resulting in a gap in knowledge of specific
haematological malignancies (Lamb et al., 2024). Recently, a few specialist registries and
some national cancer registries have published additional statistics for distinct groups. For
example, the National Cancer Registration and Analysis Service (NCRAS) has recently
established the Get Data Out programme which reports statistics for cancers including
haematological malignancies by ICD-O-3 codes (National Disease Registry Service, 2025).
However, it is challenging for registries to complete data collection, as described in section
1.1.3,and as aconsequencet he &énot ot herwise specifiedd grourg
that differences between subtypes cannot be compared or controlled for. These differences
can be considerable, for example, primary diffuse large B-cell ymphoma of the CNS
(PCNSL), that affects the brain and spinal cord, has much worse survival than other
subtypes of DLBCL. Furthermore, as mentioned in section 1.1.1., some blood cancers have
the potential to transform to a more aggressive disease with poorer outcomes and tracking

these cancers for progression to other subtypes is challenging for non-specialist registries.

The purpose of HMRN i s -woor |pdrdo vpiodped datcoci uornat e, Or e @
haematological malignancies. HMRN diagnoses are coded according to WHO ICD-0O-3

classification system, described in section 1.1.3, which is specific to oncology and better

describes the different sub-types making research into specific sub-types possible. Patients

in HMRN are also tracked for disease progression making the data unique and highly

important for targeted and in-depth research into this diverse group of cancers.

1.2.2 HMRN study cohort

Currently, the HMRN cohort consists of approximately 55,000 individuals diagnosed with a
blood cancer or related disorder and individuals are added to the cohort at a rate of

approximately 2,500 per year (Roman et al., 2022). HMRN patients are all diagnosed at a
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single haematopathology laboratory in Leeds, the Haematological Malignancy Diagnostic
Service (HMDS) where all diagnostic tests are conducted and ICD-O-3 classification is
applied. The sociodemographic structure of the cohort is broadly representative of the
national population with regards to age, sex, ethnicity and levels of deprivation and patients
are treated following national guidelines meaning that any findings using the HMRN cohort
can be confidently extrapolated to the national population (Smith et al., 2018). Furthermore,
the HMRN study region includes 14 hospitals (Figure 1:2) and covers an area that is
geographically diverse including densely populated conurbations, such as Leeds and

Bradford, as well as suburban and rural areas, such as those within the North York Moors.
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Figure 1:2. Haematological Malignancy Research Network (HMRN). A, Study location. B, Population age and sex distribution. C, Urban/rural distribution

(Office of National Statistics definitions). D, Index of multiple deprivation (IMD): income domain.

Smith, A. et al. (2018). Cohort Profile: The Haematological Malignancy Research Network (HMRN): a UK population-based patient cohort. International

Journal of Epidemiology, 47 (3), pp.700i 700g. [Online]. Available at: doi:10.1093/ije/dyy044.
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1.3 Diffuse large B-cell lymphoma
1.3.1 Definition and epidemiology of diffuse large B-cell ymphoma

DLBCL is a type of NHL and is the most common haematological malignancy with an
estimated 4870 new cases per year in the UK (Smith et al., 2011). It is characterised by the
clonal proliferation of malignant B-cells following genetic damage, which diffusely spread
throughout the lymph nodes and in some cases the tissue that surrounds the lymph nodes,
such as the thyroid. The disease can occur de novo or as a result of a transformation from a
less aggressive malignancy (secondary), such as follicular lymphoma or chronic lymphocytic

leukaemia.

DLBCL can be diagnosed at any age but occurs more frequently in the elderly with a median
age at diagnosis of 70.3 years and like many haematological malignancies, is more common
in males than females with a male-to-female incidence rate ratio of 1.3 (95% CI: 1.3-1.3)
(Smith et al., 2018). Unlike many other cancers, such as lung cancer and its association with
smoking, no strong aetiological drivers have been identified for developing DLBCL, other
than male sex (Zhang et al., 2011). However, it has been observed that patients with certain
comorbidities are at increased risk of developing DLBCL, for example, those with
immunological disorders or who are chronically immunosuppressed by medication (Riaz et
al., 2019; Gibson et al., 2014).

1.3.2 Diagnosing diffuse large B-cell ymphoma

Patients typically present with enlarged lymph nodes commonly in the neck, armpit or groin,
although other lymph nodes can be affected, as shown in Figure 1:3. Following the biopsy of
a suspicious lymph node, identified by clinical examination or radiography, a
haematopathologist will examine the tissue under a microscope where malignant cells
appear as large and atypical. Further diagnostic investigations are carried out to confirm a
diagnosis of DLBCL, the stage of the disease and to provide a prognostic score. These
include immunohistochemistry tests to detect B-cell antigens such as CD20, blood tests
including a lactate dehydrogenase test, and a positron emission tomography scan combined
with a computed tomography scan (PET-CT) which can accurately detect the spread of
disease and identify bone marrow involvement without the need to perform an invasive and

painful bone marrow biopsy.
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Figure 1:3. Anatomical distribution of lymph nodes.

From HMRN Data Collection Manual, version 10, September 2020.
https://hmrn.org/resources/documentation.
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Based on the results of the PET-CT scan, patients are staged using the modified Ann Arbor

classification system (Lister et al., 1989). The Ann Arbor classification system was first
t he

ntroduced i n

1970s

and

i s based

summarized in Table 1:1. This staging system was initially developed for patients with

Hodgkin lymphoma and is used to stage all lymphomas, not specifically DLBCL.
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Table 1:1. Ann Arbor staging system for lymphomas (Lister et al., 1989).
Stage Description
I Involvement of a single lymph node region or lymphoid structure (e.g., spleen,
thymus, Waldeyeroés ring).

IE Involvement of a single extralymphatic organ or site.

Il Involvement of two or more lymph node regions on the same side of the
diaphragm.

IE Involvement of a single extralymphatic site contiguous or proximal to a known

nodal site plus involvement of one or more lymphoid region(s) or structure(s) the
same side of the diaphragm.

1l Involvement of lymphoid regions or structures on both sides of the diaphragm.
lHE Localised involvement of a single extralymphatic site contiguous or proximal to
known nodal site plus involvement of lymphoid regions or structures on both
sides of the diaphragm.

s Localised splenic involvement plus involvement of lymphoid regions or
structures on both sides of the diaphragm.

lIsE Fulfilling the definitions of both IIE and IIIS.

v Diffuse or disseminated involvement of one or more extralymphatic organs or

tissues with or without associated lymph node involvement.
Liver involvement is always considered diffuse and therefore stage IV.
Marrow involvement also indicates elevation to stage IV.

In the late 1980s, the Ann Arbor classification system was updated and these are referred to

as the Cotswold modifications, which are;

T The addition of an &6X6 suffix to denote bul k\
defined as enlargement of a single node or conglomerate nodal mass to 10cm or

above.

9 Further subdivision of stage Il into IlI1 which is with or without splenic, hilar, celiac or

portal nodes and 112 which is with para-aortic, iliac, mesenteric nodes.

Patients diagnosed at stage | or Il are often described as having limited or early-stage
disease and those diagnosed at stage lll or IV as having advanced stage disease. The
majority of patients with DLBCL will be diagnosed with stage IV or advanced stage disease
(Smith et al., 2015).

1.3.4 B symptoms

In addition to staging patients, the absence or presence of B symptoms at diagnosis are also
often recorded as well as their performance status which can be used to predict outcomes
for patients and calculate a prognostic score. B symptoms are a set of symptoms often
associated with advanced disease and 45% of DLBCL patients in HMRN are diagnosed with
them (Kane et al., 2017). The absence or presence of B symptoms can be denoted in

A

additiontoapatient 6 s st age using an ATheymreeB suffix respec

9 persistent or recurrent fever (>38°C)
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9 drenching night sweats

1 weight loss (10% body weight over 6 months with no other explanation)

1.3.5 Performance status

Performance status e syttoicarg dueeseryday gcievities,gutioas abi | it
getting dressed independently. The performance status of a patient is often assessed at

diagnosis using the Eastern Cooperative Oncology Group (ECOG) scoring system which is

described in Table 1:2 (Oken et al., 1982). The score can be used by the clinical team to

predict if a patient will tolerate aggressive treatment and it contributes towards their

prognostic score.

Table 1:2. Eastern Cooperative Oncology Group performance status scoring system (Oken et al.,
1982).

Score Description

0 Able to carry out all pre-disease performance without restriction.

1 Restricted in physically strenuous activity but ambulatory and able to carry
out work of a light or sedentary nature, e.g., light house work, office work.

2 Ambulatory and capable of all selfcare, but unable to carry out any work
activities; up and about more than 50% of waking hours.

3 Capable of only limited selfcare; confined to bed or chair more than 50% of
waking hours.

4 Completely disabled; cannot carry on any selfcare; totally confined to bed
or chair.

Unknown No information available to determine score.

1.3.6 Prognostic score

The International Prognostic Index (IPI) can be used to predict the prognosis of patients

diagnosed with DLBCL using information including their stage and ECOG score
(InternationalNon-Hodgki ndés Lymphoma Progno.sAnhoveralscaret or s P
from O to 4 is calculated by adding together individual scores for each risk factor in the table

below (Table 1:3), with a lower score predictive of better survival.

Table 1:3. Risk factors used to assign the IPI score (International Non-Hodgki nés Ly mphoma
Prognostic Factors Project, 1993).

Risk factor Score +0 Score +1
Age (years) 060 >60
Ann Arbor stage lorll Ior IV
Number of extranodal sites Oor1l >1
ECOG? score Oorl >1
Serum lactate dehydrogenase* Normal Elevated

aECOG= Eastern Cooperative Oncology Group
*An enzyme that is measured from a blood sample
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1.3.7 Treatment for diffuse large B-cell lymphoma

The majority of patients diagnosed with DLBCL will receive three or six courses of R-CHOP
as their first-line treatment, depending on their disease stage. R-CHOP is a chemo-
immunotherapy regimen consisting of a targeted monoclonal antibody, rituximab, a steroid,
prednisone, and three chemotherapy drugs; cyclophosphamide, doxorubicin and vincristine.
R-CHOP has been the standard treatment for DLBCL for almost two decades, with the
addition of r it ux.i,whchmarkedlytmprevedesarvivhl yCoif2idd €& 8l.6 s
2002; Wang, Li and Young, 2020). Rituximab works by binding to the CD20 antigen
expressed on the surface of most B-cells, including abnormal B-cells produced by patients

with DLBCL, triggering their destruction.

Patients not treated with standard R-CHOP as first-line therapy include those with PCNSL,
patients aged under 18 years and very frail patients. PCNSL patients are typically treated
with methotrexate as first-line therapy as this drug is able to cross the blood-brain barrier
unlike most other chemotherapy drugs (Fox et al., 2019). Those diagnosed under the age of
18 typically tolerate chemotherapy well and are given aggressive regimens, however, the
drugs used to treat paediatric DLBCL patients differ to those used in adult patients.
(Sandlund and Martin, 2016). Patients who are too frail to tolerate standard R-CHOP may be
given a less aggressive regimen such as R-CVP or mini R-CHOP, where the dose of the
drugs is reduced, or it may be decided by their clinical team that they are unlikely to benefit
from aggressive treatment and supportive/palliative care is in their best interest (Peyrade et
al., 2011).

Since the introduction of R-CHOP as standard therapy, several clinical trials have been
conducted to test the efficacy of other drugs for treating DLBCL such as the REMoDL-B trial
(Maishman et al., 2013). REMoDL-B was a phase 3 trial that recruited patients between
2011 and 2015 and aimed to determine if progression-free survival is improved by the
addition of a proteasome inhibitor, bortezomib, to the R-CHOP regimen (Davies et al., 2022).
As of 2023, the National Institute for Health and Care Excellence (NICE) approved the use of
polatuzumab vedotin in combination with rituximab, cyclophosphamide, doxorubicin and
prednisolone (Pola-R-CHP) as first-line treatment for DLBCL (National Institute for Health
and Care Excellence, 2023). This recommendation was made following evidence that
DLBCL patients treated with Pola-R-CHP have reduced risk of disease progression
compared to those treated with R-CHOP (Tilly et al., 2022). Polatuzumab vedotin is an
antibody-drug conjugate that binds to CD79b, which is expressed on the surface of all

mature B cells, including the abnormal B cells of DLBCL patients.
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1.3.8 Diffuse large B-cell lymphoma survival

DLBCL is an aggressive disease which requires immediate treatment but is potentially
curable with a standard regimen of R-CHOP or Pola-R-CHP and has a five-year net survival
of 61.1% (95% CI: 58.9% - 63.4%) (HMRN, 2025). However, 20-40% of patients will have
relapsed or refractory disease, where their lymphoma does not respond to treatment, and
survival for these patients is poor (Crump et al., 2017; Pennings et al., 2024). Other factors
associated with poorer survival include advanced stage disease, a higher ECOG score and
older age. For example, five-year overall survival for DLBCL patients; with stage | is 71.5%
compared to 35.0% for those with stage I1V; with ECOG score zero is 75.0% compared to
3.2% with a score of three or four; for those aged 18-54 is 73.7% compared to 8.1% for
those aged 85 or over (Smith et al., 2015).
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1.4 Delayed diagnosis and cancer survival
1.4.1 Delayed diagnosis

Cancer survival rates in the UK are poor and lag behind other European countries by as
much as 25 years according to recent analysis published by Macmillan, with survival better
for women with colon cancer diagnosed in Sweden between 1997-2001 than it was for
women diagnosed in England between 2016-2020 (Macmillan Cancer Support, 2024a). It
has previously been estimated that thousands of deaths could be prevented each year in the
UK if survival matched the European average (Abdel-Rahman et al., 2009). The reasons for
poor cancer survival in the UK are complex, but an often-cited contributing factor is
diagnostic delay, which is associated with advanced disease and lower odds of receiving
treatment with curative intent (Richards, 2009). In addition to this, if delays in the diagnostic
pathway result in patients starting treatment later, this can also negatively impact their
outcomes. A review and meta-analysis of studies across seven common cancers (bladder,
breast, cervical, colon, head and neck, rectum, lung) reported that delays starting treatment
can negatively impact survival, with a delay as small as four weeks associated with an

increased risk of death (Hanna et al., 2020).

Del ayed diagnosis can be defined as an ,awhoi dabl e
potential opportunities for delay to occur at multiple points along the diagnostic pathway, as
shown in Figure 1:4 (Rubin et al., 2015). Firstly, symptomatic patients may delay help-
seeking for a number of reasons. For example, they may not recognise the seriousness of
their symptoms or they may have concerns about accessing their GP due to transport
difficulties (Scott and Hoskin, 2024). Delays can also occur after the patient has first
presented to their GP; they may present multiple times before referral to secondary care or
they may not adhere to their investigation plans, and appointments for no-shows may not be
automatically re-scheduled (Lyratzopoulos et al., 2012; Lyratzopoulos, Vedsted and Singh,
2015). Minimising delays during the diagnostic pathway is important because longer
diagnostic intervals have been shown to be associated with poorer survival (Tgrring et al.,
2013).
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Total interval

Patient interval Doctor interval System interval

Primary care interval Secondary care interval

Diagnostic interval Treatment interval

v

First symptom First presentation or Firstinvestigation; First referral to secondary First specialist visit Diagnaosis Start of treatment
clinical appearance primary care is responsible | | care; refer responsibility
for the patient

Figure 1:4. Overall milestones and time intervals from first symptom to start of treatment.
Rubin, G. et al. (2015). The expanding role of primary care in cancer control. The Lancet Oncology,
16 (12), pp.1231i 1272. [Online]. Available at: doi:10.1016/S1470-2045(15)00205-3.

1.4.2 Policy on diagnostic delay

Achieving a greater proportion of cancer diagnoses at an early stage has been a key target
of the NHS for some time - highlighted as an area where improvements could be made a
guarter of a century ago in the 2000 NHS Cancer Plan (Department of Health, 2000) and
again in the 2007 Cancer Reform Strategy (Department of Health, 2007). More recently, the
2019 NHS Long Term Plan (NHS, 2019) set a target of diagnosing three-quarters of cancers
at an early stage (stage | or stage Il) by 2028. In an effort to tackle diagnostic delay, the two-
week wait (TWW) referral pathway was first introduced as part of the NHS Cancer Plan
(2000), whereby patients who met the criteria for suspected cancer should be seen by a
specialist within two weeks of referral by their GP (Department of Health, 2000). The referral
guidelines have since been updated by the NICE to lower the threshold for urgent referrals
for suspected cancer, with recommendations organised by symptoms and primary care
investigations, in addition to cancer site (NICE, 2015, 2005). The TWW standard was in
place for over two decades before being replaced in 2023 as part of the wider NHS England
Plan by the Faster Diagnosis Standard, which states that patients urgently referred for
suspected cancer should have cancer diagnosed or ruled out within 28 days. However, to
date there is no evidence to suggest that these policies have resulted in a reduced time-to-
diagnosis or improved survival for patients with cancer, including those with blood cancer
(Neal et al., 2014; Price et al., 2020; Rachet et al., 2009).

1.4.3 Route to diagnosis

Before 2009, there was some information relatingd
this mostly focused on patients diagnosed through screening and people referred under the
TWW pathway (Barrett and Hamilton, 2005; Blick et al., 2010). It was suggested that many
patients diagnosed at a late stage of disease may not have entered the health care system

through screening or following a TWW referral (Ellis-Brookes, 2015). However, little was
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known about how many cancer patients were diagnosed following other GP referrals,

through Accident and Emergency (A&E) or while they were in hospital for an unrelated

condition. In response, an algorithm that uses routinely collected data to categorise the

pathwaysi n whi ch cancer patients are diagnosed, the
devised by a team at the National Cancer Intelligence Network, which later evolved into

NCRAS and the methodology for this was published in the British Journal of Cancer in 2012
(Elliss-Brookes et al., 2012). These data were routinely collected and published between

2006-2020 and were available from NCRAS.

RTD can be defined as 6the sequence of interactd.i
care system, which led to a diagnosis of cancer6(Elliss-Brookes et al., 2012). There are a
multitude of interactions with the healthcare system that can lead to a patient being
diagnosed with cancer, but these unique pathways can be simplified and using the RTD
algorithm, all cancer patients can be assigned to one of eight distinct diagnostic routes:
Screen-Detected, TWW, Emergency Presentation, GP Referral, Inpatient Elective, Other
Outpatient, Death Certificate Only and Unknown. A description of each of these can be
found in Table 1:4, but they broadly represent the urgency of referral (Emergency, TWW, GP
Referral), patients whose route started in secondary care (Inpatient Electives and Other
Outpatients), those who were detected through screening (Screen-Detected), those
diagnosed at death (Death Certificate Only) and patients with no useful information available
on RTD (Unknown).

The Emergency Presentation route is associated with poor clinical outcomes and is widely
used in health research as a proxy for delayed cancer diagnosis (Hamilton, 2012; McPhail et
al., 2013). This assumes that most patients diagnosed as an Emergency were symptomatic
and sought help from their GP beforehand, and that opportunities for earlier diagnosis were
missed by primary care. There is evidence to suggest this could be the case, as it has been
reported that most patients diagnosed via the Emergency Presentation route contacted their
GP in the months beforehand (Mitchell et al., 2015; Renzi et al., 2016; Abel et al., 2017;
Murchie et al., 2017). However, Murchie et al also reported that for six of the commonest
cancers in Scotland, missed opportunities for earlier diagnosis in primary care only occurred
for ~20% of Emergency Presenters and for some patients this route was the most
appropriate diagnostic pathway (Murchie et al., 2017). It is also important to note that the
proportion of patients diagnosed through each route varies considerably by cancer type, and
that for a few aggressive, rapidly fatal cancers such as acute leukaemias, the Emergency
Presentation route is the most appropriate route and is not a marker of diagnostic delay
(McPhalil et al., 2013).
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Table1:4.The eroupebtbdidagnosi s @atiantcambe diagmosed via in England (Elliss-
Brookes et al., 2012).

Route to Diagnosis Description
Screen-Detected Detected via one of the three national screening programmes;
breast, cervical and bowel.
Two-Week Wait An urgent referral with a suspicion of cancer from the GP.
Emergency Presentation Diagnosed following an attendance at A&E?2, Emergency GP referral,

Emergency transfer or Emergency admission. The Emergency must
not be via an outpatient clinic and the patient must not have
outpatient attendances before the Emergency in the six-month
period prior to diagnosis.

GP Referral Routine and urgent GP referrals excluding the Two-Week Wait
referral route.
Inpatient Elective Where the most recent HES?@record to date of diagnosis is an

Inpatient Elective record and there are no previous outpatient
episodes in the six months prior to diagnosis.

Other Outpatient An elective route that starts with an outpatient appointment; either
self-referral, consultant to consultant, other or Unknown referral.

Unknown No inpatient or outpatient HES? data available for the six months
prior to diagnosis.

Death Certificate Only No data available from inpatient or outpatient HES#, CWT?3,

Screening and with a death certificate diagnosis flagged by the
registry in the NCDRa2,

aA&E=Accident and Emergency, HES=Hospital Episode Statistics, CWT=Cancer Waiting Times,
NCDR= National Cancer Data Repository

Interestingly, diagnosis following an Emergency Presentation is associated with worse
survival even after controlling for more advanced stage disease (Kane et al., 2017). This
means that the differences observed in survival between patients diagnosed as an
Emergency compared to non-Emergency routes cannot be fully explained by a higher
proportion of patients in the Emergency group having late-stage disease, with patients
diagnosed as an Emergency having worse survival than patients of the same stage

diagnosed via non-Emergency routes.

1.4.4 The potential impact of diagnostic delay in patients with DLBCL

Some cancers are more amenable to early diagnosis than others, such as those: with a

national screening programme, with dédalarming6 or
to seek medical help or increase their likelihood of an urgent referral, and those which

progress to an advanced stage more slowly. An example of a cancer where widespread

early diagnosis has already been achieved is breast cancer, with 85% of women diagnosed

at stage | or Il (NHS England, 2023a). There are many factors that may facilitate this high

proportion of early diagnoses for breast cancer. Principally, there is a national screening

programme for women aged between 50-70 years old, patients with a lump or mass in the

breast are likely to seek medical advice, and patients who present with a breast lump are

eligible for an urgent suspected cancer referral (if the patient is aged 30 and over) under the
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current NICE guidelines (NICE, 2015). In contrast to this, only 28% of women with NHL,
which includes DLBCL, are diagnosed at an early stage (NHS England, 2023a).

Patients with DLBCL are particularly vulnerable to diagnostic delay for a number of reasons.
Firstly, patients may delay help-seeking, and there is evidence to suggest this is the case as
a study that used self-reported data estimated that patients with DLBCL wait an average of
98 days after symptom onset before presenting to primary care (Howell et al., 2013). This is
likely because patients with DLBCL often experience vague symptoms including fatigue and
weight loss, and it has been reported that non-specific symptoms like these are associated
with delays in presentation to primary care (Forbes et al., 2014). Furthermore, the average
age of diagnosis for a patient with DLBCL is 70 years old, an age when symptoms such as
tiredness and weight loss may not be sufficiently alarming to prompt help-seeking, and
patients may misattribute their symptoms as part of expected age-deterioration (Howell et
al., 2019). There is also no screening programme to detect DLBCL, however, it is important
to consider that screening is not appropriate for all cancers and the beneficial impact of
current screening programmes is debated, with arguments against them centring on
overdiagnosis. This happens when a cancer that would likely never have been clinically
diagnosed is detected through screening, artificially inflating improvements in survival by
giving the impression of prolonged survival (lead-time bias) and reducing patients overall
wellbeing through distress caused by being told they have cancer (Marmot et al., 2013).
Once patients with DLBCL present to healthcare, vague symptoms such as fatigue and
infections (Howell, Smith and Roman, 2008; Howell et al., 2019), are unlikely to fulfil the
requirements for an urgent referral for suspected cancer, unless in combination with other
symptoms such as lymphadenopathy. Furthermore, GPs may not initially suspect cancer as
symptoms are typically those of benign or self-limiting conditions and patients may be
referred to multiple other non-cancer specialists before being referred to haematology,
elongating their diagnostic pathway further and increasing the risk of diagnosis with
advanced disease. It has been reported that patients with DLBCL often present to primary
care with non-specific symptoms multiple times before being referred for further tests which
extends their diagnostic pathway and increases their risk of being diagnosed as an
emergency and with advanced stage disease (Howell et al., 2013). If the patient is referred
routinely, they may also experience long referral wait times between primary and secondary
care. If delayed diagnosis results in the patient being diagnosed with more advanced stage
disease, survival may be impacted because DLBCL survival is better for those treated

promptly and aggressively (Smith et al., 2015).
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If some groups of patients with DLBCL are more likely to experience diagnostic delay than
others, for example those with low socioeconomic status (SES), who live in rural areas and
those who travel further to access healthcare, this could result in survival inequalities. It has
been widely reported that patients with low SES are more likely to be diagnosed following an
Emergency Presentation, a RTD synonymous with diagnostic delay and associated with
worse survival (Gunnarsson, Ekholm and Olsson, 2013; Abel et al., 2015; Herbert et al.,
2019a). For example, an association between increasing deprivation and the likelihood of
being diagnosed with cancer via the Emergency route has been reported across 27 cancer
types (Abel et al., 2015). This inequality contradicts the principle of the NHS, a universal
healthcare provider free at the point of access where care should be equally available to all
patients. Therefore, it is important to identify groups of patients vulnerable to diagnostic
delay and to investigate the factors contributing to this, so that policy makers are well

informed to implement necessary changes to reduce these inequalities.

These associations have been investigated extensively for other cancer types, particularly
those with strong aetiological factors such as lung cancer, however, minimal research has
focused on haematological malignancies and even less on DLBCL specifically, an
aggressive cancer that has no strong lifestyle or environmental risk factors or screening
programme (Zhang et al., 2011). Findings from research undertaken on other cancers,
including other NHLs or all NHLs combined, may not reflect the outcomes of patients with
DLBCL. Furthermore, many studies that include DLBCL patients do not distinguish between
different NHL types in their analyses because they do not have access to data with sufficient
granularity to do so. This presents a considerable gap in our knowledge of how these factors
may influence outcomes of patients with DLBCL, which will be explored in this thesis using
the high-quality data collected by HMRN.
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1.5 Socio-demographic and geographical factors to be investigated for associations
with diagnostic route and survival of DLBCL patients

1.5.1 Socioeconomic status

SEScan be defined as an individual 6s combined so:
others. A graded, positive association between higher SES and better health, akin to a dose-

response relationship, has been frequently described suggesting that socioeconomic

position, or the factors related to this, play a causal role in health status (Mackenbach et al.,

2008; Marmot and Bell, 2012).

The risk of developing some cancers is strongly associated with exposures related to SES.
For example, lung cancer is disproportionately diagnosed in individuals from more deprived
areas and this can largely be attributed to higher rates of smoking in more deprived groups
(Riaz et al., 2011). However, as mentioned above, no strong aetiological factors for
developing DLBCL exist and consequently no association between DLBCL incidence and
socioeconomic group has been reported. There is evidence to suggest that once the disease
has developed, outcomes, such as how promptly a patient receives their diagnosis and their
survival, differ between patients by SES (Smith et al., 2021a). This is unlikely to be fully
explained by differential exposure to unhealthy lifestyle factors, such as smoking and poor
diet, between different SES groups and suggests that the living environment may also

influence patientsd outcomes.

1.5.2 Measuring socioeconomic status

Traditionally, social c¢class was based on a persdc
and can change throughout t he course of a personés |ifeti me
captured by occupation alone. Several methods have been developed since the 1980s to

measure SES using different indicators such as income, level of education and access to

services including healthcare.

Most routinely used measures of deprivation in health research are area-based which are
beneficial in that that they enable the effect of SES to be estimated for an individual in the
absence of individual data on SES being explicitly collected. This is important because data
on individual income status is highly sensitive and seldom collected, for example, there is no
income question on the census. However, area-based measures of deprivation are
vulnerable to ecological fallacy, which is when the characteristics of an individual are
assumed to be the same as the population in the area where they live. In the case of SES,
an individual might live in a wealthy area particularly in a city, but may themselves be

deprived or vice-versa.
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1.5.2.1 Townsend Deprivations Score and Carstairs Index

Early methods of measuring area-based SES include the Townsend Deprivation Score
(TDS) (Townsend, Phillimore and Alastair, 1988) and the Carstairs index (Carstairs and
Morris, 1990) both of which are area-based measures of deprivation that use data from the

census.

The TDS of an area is calculated using a combination of four equally weighted indicator

variables:
1 percentage of private household who are not owner occupied
1 percentage of economically active residents who are unemployed
1 percentage of private households who do not own a car or van
1 percentage of overcrowded private households (more than one resident per room)

Following the log transformation of the unemployment and overcrowding variables to
normalise their distributions, z scores of the percentages of each of these variables are
calculated and added together to produce an overall score, with a higher score indicating

more deprivation.

The Carstairs index is commonly used in research based in Scotland and is calculated in a

similar way to the TDS using unweighted z scores of the following four variables:
1 percentage of economically active male residents who are unemployed
1 percentage of private households who do not own a car or van
1 percentage of overcrowded private households (more than one resident per room)
9 low occupational social class (class IV or V i partly skilled or unskilled workers)

However, there are limitations to both the Carstairs index and the Townsend score. For
example, the association between car ownership and financial affluence may be influenced
by other factors such as what type of area a person lives in, environmental concerns or
choosing active transport such as walking or cycling for health benefits. For example, in
dense, inner-city areas such as London, many affluent people may choose not to have a car
despite being able to afford one because they can easily access everything they need using

reliable alternative travel systems such as the London Underground, whereas people living
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in rural areas are likely to own a car regardless of their economic situation because it is
essential for them to get to work and other places. Furthermore, the reliance on census data
which is collected once every ten years, means that these measures can soon become very

outdated, especially in mobile populations such as inner cities.

1.5.2.2 The Index of Multiple Deprivation

In recent years, the most widely used measure of deprivation in England is the Index of
Multiple Deprivation (IMD) which was last updated in 2019 (Ministry of Housing,
Communities & Local Government, 2019). The IMD has been devised by the Social
Disadvantage Research Centre at the University of Oxford since 2000. It is used by national
and local organisations for a variety of purposes such as targeting resources to the most

deprived areas and examining changes in relative deprivation between areas.

IMD is a relative, area-based measure of deprivation for small areas known as lower-layer
super output areas (LSOAS) in England. LSOAs are census-based administrative spatial
areas developed by the Office for National Statistics (ONS), with an average population size
of 1500 people. LSOAs are small areas which makes them an appropriate unit for
calculating the IMD because smaller areas are more likely to be homogenous in terms of
level of deprivation than larger areas such as wards. Larger areas can be very
socioeconomically diverse and deprivation scores calculated for these areas are unlikely to

accurately represent the conditions of the people that live there.

What det er mi ne sSE&incompiexiand notdimayl rélated to access to financial
resources. In an effort to capture these complexities, the overall IMD score for each LSOA is
calculated from seven distinct domains of deprivation which are measured separately and
then weighted and combined to give an overall score of multiple deprivation for each LSOA
(Ministry of Housing, Communities & Local Government, 2019). The domains of the IMD and

their weightings are:
1 income deprivation (22.5%)
1 employment deprivation (22.5%)
9 education, skills and training deprivation (13.5%)
1 health deprivation and disability (13.5%)

1 crime (9.3%)
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9 barriers to housing and services (9.3%)
9 living environment deprivation (9.3%).

Across the seven domains of the IMD there are 39 indicator variables that are domain
specific. For example, the indicators of the 2019 income deprivation domain are:

9 adults and children in Income Support families

1 adults and childreninincome-based Jobseekerds All owance fam
9 adults and children in income-based Employment and Support Allowance families

9 adults and children in Pension Credit (Guarantee) families

9 adults and children in Working Tax Credit and Child Tax Credit families, below 60%

median income not already counted

91 asylum seekers in England in receipt of subsistence support, accommodation

support or both

9 adults and children in Universal Credit famiieswh er e no adulTnhno i s O6Wor ki

reqguirementsod conditionally regi me

The majority of indicators are measured as either the proportion or rate of the population in
an area that are deprived according to the parameters of the indicator, using data collected
from administrative records for the most recent time point available such as benefit records
from the Department of Work and Pensions. IMD calculations only use data from the census
on the rare occasion that the appropriate administration records are unavailable. The use of
administration records instead of census data is beneficial as it means that IMD scores can
be updated more frequently than once a decade and are more likely to accurately reflect the

conditions of the people living in an area at any one time.

The indicators are then combined to generate each of the seven domain scores, which can
be used individually or combined with the weightings described above as an overall
composite score. When the domains are added together it is done in a way that is
cumulative by exponentially transforming the ranked domain scores, so that a lack of
deprivation in one domain does not cancel out deprivation in another domain. This means
that the indices discriminate between and highlight deprived areas better than less deprived

areas, with little information provided about the distribution of middle to high incomes.
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IMD is a relative measure of deprivation with the scores used to rank each LSOA (~33,000
as of 2019) in the country from most (rank 1) to least deprived. In this way we can determine
that the LSOA ranked as 100 is less deprived than LSOA ranked as 1, but not that it is 100
times less deprived. LSOAs with the same score are distinguished between based on
population size with larger LSOAs assigned the lower rank because there are more people
living in deprivation in them. The ranks themselves are seldom used in health research and
the most common way of describing the IMD of an area is to use the decile or quintile of its

rank, for example, the LSOA is in the most deprived 10% of the country.

1.5.3 Travel to healthcare

Transport can act as a barrier to accessing healthcare and it has previously been reported
by the Social Inclusion Unit that over a 12-month period 1.4 million people missed, turned
down or chose not to seek healthcare due to transport problems (Department of Health,
2006). There is evidence to suggest that, at least for some cancers, geographical access to
healthcare impacts presentation, treatment and survival. For example, it has been reported
that in Northern England, longer car journeys to the GP are associated with late-stage
presentation of breast and colorectal cancer and poorer survival (Jones et al., 2008b). Other
studies have shown that cancer diagnosis post-mortem, often interpreted as a marker of
delayed diagnosis, was associated with increased travel to tertiary care but not GP access
for some cancers (Jones et al., 2010). It has also been shown that increased travel to
radiotherapy centre was associated with decreased odds of receiving radiotherapy treatment
for cancer patients in Northern England (Jones et al., 2008a). For patients with lung cancer,
although no independent effect of increased travel on the likelihood of receiving active
treatment or surgery was detected, it was reported that increased travel amplified the effects

of lower receipt of these treatments for the most deprived patients (Crawford et al., 2009).

Reorganisations of care that began with the NHS Five Year Forward View (NHS England,
2014) have resulted in considerable changes to primary care that may have resulted in
longer travel to healthcare for many patients. For example, there has been a shift towards
fewer but larger facilities staffed by multidisciplinary teams with fewer GPs and between
2013 and 2023 the number of general practices fell by 20%. In addition to potential
inequalities in the accessibility of primary care, it has been demonstrated that primary care
trusts (now obsolete) with more cases of breast, colorectal and lung cancer patients had
longer average travel times to cancer management and treatment services, and longer travel
time was also associated with poor survival rates, even after accounting for deprivation
(Murage et al., 2016). Therefore, it is possible that access to care across the HMRN may not

be equitable for patients with DLBCL.
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If longer journeys to healthcare cause DLBCL patients to delay seeking medical advice, they
may be at increased risk of Emergency Presentation, and/or with more advanced disease
and poorer survival. This effect may be compounded by the fact that the symptoms are non-
specific and could be wrongly attributed by the patient to other less serious and self-limiting
conditonst hat donét require i mméutheanore, longgodrneysad
specialist cancer centres could deter some patients from receiving optimal treatment for their

disease, which could also negatively impact survival.

1.5.4 Rurality

The influence of place of residence on health has been long observed. Until the 1940s,
those that lived in squalid, over-crowded conditions in inner-city areas had increased
mortality compared to those that lived in rural areas (Haines, 2001). In the UK, this
association has persisted, with the Department for Environment, Food and Rural Affairs
reporting the highest life expectancy for people born in Mainly Ruraléareas and lower
potential years of life lost from all cause death lower in &°redominantly Ruraldéareas than
d@redominantly Urbandareas (Department for Environment Food & Rural Affairs, 2022).

However, the association between better health and rurality is not observed for cancer
patients. For example, a systematic review of cancer survival in high-income countries
reported that survival was generally worse for patients living in rural areas than those in
urban areas, although none of the studies included were based in the UK (Afshar, English
and Milne, 2019). Another systematic review and meta-analysis of cancer patients in
predominantly developed countries estimated that rural patients had 5% lower survival than
their urban counterparts after adjusting for potential confounders including SES (Carriere et
al., 2018). Acknowledging that rural cancer patients face unigue challenges, Macmillan and
the Farming Community Network have established a Rural Communities Project to raise
awareness of cancer in these communities (Macmillan Cancer Support, 2024b). This
includes the O6Nip it in the Budobé campaign

communities, with a particular focus on farmers, to seek help for symptoms of cancer earlier.

The barriers to accessing healthcare and better outcomes for rural cancer patients are
complex and driven by a number of patient, geographical and cultural factors. A qualitative
study of Yorkshire patients who experienced symptoms of colorectal cancer reported many
reasons why rural patients delay help seeking, including stoicism regarding health in rural
populations, longer travel times to access primary care and more self-employed and
seasonal workers with financial concerns regarding taking time off work (Dobson et al.,

2023). A study of rural Australian lung cancer patients also identified travel to urban areas to
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access healthcare and the financial burden associated with this as a barrier to accessing
care (Ali et al., 2024). Furthermore, it has been reported that across many regions, rural
communities have lower provision of healthcare services and rural patients have longer

journeys to access specialist cancer services (Carriere et al., 2018).

As described above, HMRN consists of both urban and rural areas and it is possible that
DLBCL patients living in rural areas of the Network may have worse outcomes including

delayed diagnosis and poorer survival.
1.5.4.1 Office for National Statistics Rural/Urban Classification

Defining whether an area is rural or urban can be challenging because of different
perceptions of what it means to be rural, such as a low population density, isolated location
and agricultural landscape. However, it is important to be able to distinguish between rural
and urban areas because the demographics, services available and challenges of the

people living there can differ considerably.

The 2011 ONS rural-urban classification (RUC2011) was created by the Department of

Town and Regional planning at the University of Sheffield and is a revised version of the

2001 release (Office for National Statistics, 2016). RUC2011 are generated at the Output

Area (OA) level, the smallest geographical area for census statistics of between

approximately 100 and 650 people, with classifications for larger units, including LSOAs,

built from these. The ONS defines urban areas as
Ordnance Survey mapping that have resident populations above 10,000 people (2011

census)® and 6Ortthrosle amreas dasat are not ur ban, [
below 10,000 people or are open countrysidebo. E &
urban classificati on b asweightedaentravib withiasa urbanaré6s popul
rural area as defined above. Most people in England live in urban areas with the ONS

reporting that in 2011, only 17.6% of the population of England lived in rural areas despite

rural areas making up 85% of the land.

This dichotomous classification may be too simplistic to capture the diversity of rural and

urban areas and these two classifications can be further subdivided into ten categories at the

OA level based on settlement type, i.e., the population density of each 100m x 100m

0 s g u the derdsity of the surroundi ng 6 squaresédé, and the wider con
i.e., identify sparsely populated areas by looking at dwelling densities up to 30km away.

However, it is important to note that these classifications are based on population density

and settlement form alone and do not take into consideration the use or character of the
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land. For example, an OA may be classified as urban despite covering a large area of open

countryside if most of the population lives in urban settlements.

Settlements are more homogenous at the LSOA level and consequently eight settlement

classifications are recognised from the ten at the OA level, these are:

=

urban major conurbation

9 urban minor conurbation

9 urban city and town

9 urban city and town in a sparse setting

9 rural town and fringe

9 rural town and fringe in a sparse setting

9 rural village and dispersed

9 rural village and dispersed in a sparse setting
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2 Thesis Aims and Objectives

The overall aim of this thesis is to examine the relationship between travel to healthcare and
diagnostic route and survival of patients with DLBCL in the Yorkshire and the Humber
region. Patients with DLBCL may be vulnerable to diagnostic delay as evidenced by the high
proportion of patients diagnosed following an Emergency Presentation which in turn means
these patients are more likely to have advanced stage disease, and less likely to receive
curative treatment so have worse survival (Kane et al., 2017). To date, few studies have
investigated the impact of travel to healthcare on diagnostic route and survival of those with
haematological malignancies and none have specifically examined this relationship in
DLBCL patients in England, presenting a gap in knowledge about the disease. This is
important as travel to healthcare could influence decision making at multiple points along the
diagnostic and post-diagnostic pathway, such as when patients present to their GP and
regarding treatment choice. In recent years novel, highly specialised and personalised
treatments have been used increasingly to treat DLBCL, and these require delivery at
specialist centres whereas the standard treatment for the last two decades of chemo-
immunotherapy is delivered at all 14 hospitals in the Haematological Malignancy Research
Network. If these novel therapies begin to be used more routinely, this could disadvantage
patients with longer journeys to specialist centres. Therefore, it is important to understand if
patients who travel further to access healthcare have worse outcomes, including survival.
This thesis aimed to address this gap in the knowledge of DLBCL by examining the following

hypotheses; if patients:

1 who travel further to access healthcare are more likely to be diagnosed following an
Emergency Presentation as a consequence of travel acting as a barrier to help-

seeking

1 who are diagnosed following an Emergency Presentation have increased hospital
activity in the months leading up to their diagnosis compared to patients diagnosed

via other routes

1 who travel further to access healthcare are more likely to be diagnosed via an

Emergency Presentation and less likely to be treated curatively

1 have worse survival because they have further to travel to access healthcare and/or

are diagnosed following an Emergency Presentation.

These hypotheses will be tested by completing the specific objectives of this thesis, which

are to:
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1 synthesise the existing literature to; summarise and review previous research,

identify gaps in the literature and inform the methods and analysis for this thesis

9 describe travel times by both car and public transport to the GP and hospital and the

socio-demographic characteristics of those with different travel times

9 describe the pre-diagnostic hospital activity of DLBCL patients and compare this to

the background rate of hospital activity using a nested case-control study

1 describe the route to diagnosis of DLBCL patients and examine the association
between traveltimetop a t i &M and hinspital and socio-demographic

characteristics with the Emergency Presentation route

1 examine the impact of socio-demographic factors, travel to healthcare and route to

diagnosis on receiving curative treatment

1 examine the impact of socio-demographic factors, travel to healthcare and route to

diagnosis and treatment intent on survival.
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3 Literature Review
3.1 Outline

The purpose of this review is to summarise the current knowledge on the association
between travel, rurality and socioeconomic status (SES), and route to diagnosis (RTD) and
survival of cancer patients, with a focus on diffuse large B-cell ymphoma (DLBCL). This will
provide a wider understanding of the context under which these associations exist and
inform the methodology for this thesis. By compiling and critically evaluating the different
methods used in the literature to quantify travel and define SES and rurality, the most
appropriate methods for this thesis can be identified and selected. By summarising and
evaluating what has already been done the review will also demonstrate how the research

undertaken for this thesis is novel and adds to the current knowledge on the topic.

When comparing studies from different countries it is important to note that healthcare
systems, which undoubtedly have an impact on patient outcomes, vary considerably
between countries. In the UK and other European countries like Denmark, healthcare
coverage is universal meaning that all residents have access to essential healthcare without
incurring financial hardship. In contrast to this, there is no universal healthcare system in the
USA and care is largely provided by the private sector and paid for by private insurance, out-
of-pocket payments and public programs such as Medicaid and Medicare. Differences in
insurance coverage in the USA can lead to inequalities in access to care and as of 2023 8%
of the population had no private or public health insurance (USA Census Bureau, 2024).
Another important difference between countries is the role of the General Practitioner (GP)
and the relationship between primary and secondary care. For example, in the UK the GP
acts as a gatekeeper to accessing hospital specialists but in other countries, including
France and Germany, this is not the case and patients are able to self-refer to secondary
care services without authorisation from the GP. These differences may impact the way in
which patientds enter sec on hdaingso,dnflueree them d

vulnerability to diagnostic delay.

Furthermore, the influence of SES on how patients access healthcare may differ between
countries depending on their healthcare system. For example, in the UK healthcare is
universal and free at the point of accessandther e f or e t he cost wi ||l
decisions regarding help seeking and treatment. However, in the USA this is not the case
and concerns relating to the cost of healthcare, may cause patients to delay help seeking.
Furthermore, once patients are diagnosed a lack of financial resources may limit their
treatment options and impact their survival. SES is also challenging to measure and even

within countries several different ways to estimate it exist, including composite area-based
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measures calculated using administrative data, individual-level data relating to income or
education and more. It is important to remember that deprivation is relative to the society in
which the person lives and therefore conditions described as deprived in one country may

not be described as deprived in another.

It is also important to note that different definitions and methods of estimating diagnostic

delay are used by studies within and outside of the UK, therefore comparing studies can be
challenging and care must be taken when doing so. For example, in England a cancer

di agnosi s fEmdrdercyAr reg eaant ad i o n én heakth resdatcleas a proxye d
for diagnostic delay, however, other ways of estimating delayed diagnosis exist such as
number of days between first presentation and diagnosis. Other countries define delayed

diagnosis in ways that reflect their own healthcare system and cancer policies.

In addition to differences in the healthcare systems that make comparing results of studies
from different regions difficult, geographical size varies markedly between countries such as
the UK and USA which will likely impact average travel times to healthcare and geographical
isolation associated with rurality. These differences in healthcare systems, geographical
setting and definitions of diagnostic delay and SES are important to consider as they could

result in inconsistent effects of travel, rurality and SES on RTD and survival.

This chapter is organised into three main sections, the first of which details the search
strategy used for this review (section 3.2). The second section describes and critiques the
different methods used to describe SES, rurality and quantify travel and includes summaries
of the studies included in the review (section 3.3). The third section summarises and
compares associations between travel, rurality, and SES and RTD and survival identified in

the literature (section 3.4).
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3.2 Search strategy

To comprehensively cover all potential areas of interest for this thesis, the review consisted

of six main searches for literature relating to associations between:
9 travel to healthcare and diagnostic route
9 travel to healthcare and survival
1 rural-urban location and diagnostic route
1 rural-urban location and survival
1 SES and diagnostic route
1 SES and survival.

To identify the studies relevant to this thesis and because the amount of literature pertaining
specifically to DLBCL is limited compared to that for all haematological malignancies and all
cancers, each search was split into three categories; all cancers, all haematological
malignancies and DLBCL. These are summarised in the following categories; investigating
the influence of travel (Table 3:2), investigating the influence of rurality (Table 3:3) and
investigating the influence of SES (Table 3:4) on diagnostic route and/or survival. Each table

is organised by date of publication, with papers examining DLBCL at the top of the table.

Table 3:1. Summary of the inclusion/exclusion criteria of the literature review.

Population Setting Exposure Outcome Study
Inclusion  Adults (aged Global  Travel Delayed Cohort; cross-
18 years and north distance/time to diagnosis;  sectional; case-control;
above) with healthcare; survival clinical trials
cancer at socioeconomic
baseline status; rurality
Exclusion Children Global Measures of Quialitative studies;
(below 18 south socioeconomic case reports;
years of age) status only using conference posters;
educational letters; commentaries;
attainment. grey literature;

published before 2013;
published not in
English
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The cut-off start date for the search was 2013 so that the most recent and relevant research
could be included while restricting the number of papers retrieved by the search to a

practical and manageable quantity.

Studies of adults aged 18 years and older with a cancer diagnosis at baseline were included
in the study. As some studies include cohorts of patients that include participants aged both
under and over 18, where this was the case relevant studies were not excluded (see Table
3:1).

Only studies were participants resided in a global north country were included as these
countries are more economically developed and typically have efficient healthcare systems
and good quality cancer registries making the results of the studies more easily comparable

to the analysis undertaken in this thesis.

Exposures were: how far participants travelled to access healthcare, the rurality of the

par t i cresjentiatadddess and the participants SES. Travel to healthcare included both
measures of distance and time taken to complete a journey to a primary, secondary or
tertiary care facility. Rurality of participants was defined by each study and depended on
factors such as geographical setting, with different countries having their own measures. The
method used by each study to determine participants SES also varied according to factors
such as geographical location. Individual-level measures of SES are seldom collected and
therefore the majority of SES measures identified in this review were area-based. Studies

that estimated SES based only on educational attainment were excluded.

The primary outcomes of this review were delayed diagnosis and survival and there were no

exclusions for these outcomes.

Papers that were not written in English were excluded from this review as were qualitative
studies, case reports, conference posters, letters, commentaries and grey literature including

theses and government reports.

The PubMed database was searched for relevant studies in October 2023 and updated in
February 2025 using the advanced search function. PubMed was chosen as it is a free
resource that contains an extensive collection of health-related research papers from diverse
regions of the world. Using the training received in writing and reviewing epidemiological
papers as part of the Postgraduate Certificate from the London School of Hygiene and
Tropical Medicine, search terms were created using keywords and phrases with truncation

where appropriate, combined using Boolean operators. Some examples of the terms used

include:ibl ood cancer o and Ahematol ogi cal mal i gnanc?*®
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fsoci oeconomanddc| &% s ¢ dine wanddly So; u fonteryadv e 10; afrdur al
Aremotreaty;idi agnostic delayo and Atime to diagnos
Asurvival 6 and n ndearchea Weretdgsigned to re casnprehenisive abut not

exhaustive.

The search results were uploaded into Covidence software, which automatically removes
duplicates at import, for processing and study selection which was conducted in two phases;
initially titles and abstracts alone were screened followed by full-text screening. In addition to
reviewing the papers found by the search, the bibliographies were examined for relevant
studies not retrieved by the initial search. 3881 records were identified in PubMed and after
duplicate removal 2447 records remained for title and abstract screening, of which 2004
were excluded at this stage (see Figure 3:1). This left 443 records for full-text screening and
examination of their bibliographies. The purpose of the review was to provide an over-view
of and summarise the existing literature, so as to provide a background to the work
undertaken in this thesis, as well as to critically evaluate the methods used and discuss the
findings. All papers investigating DLBCL specifically were selected because this is the
disease examined in this thesis and at least one paper representing each method
encountered for measuring travel burden or defining rurality or SES were included. Other
high-quality or landmark studies (such as those that are highly cited by others in the field)
and those using data on haematological malignancies and UK populations were
preferentially selected. This selection process resulted in a total of 76 records included in the

review.

Relevant data, such as the study population and the setting, were extracted and summarised
into tables which are included below (Table 3:2, Table 3:3, Table 3:4), restricted to studies

included in the review.
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Records retrieved from
PubMed database search;

n=3881

Y

Records remaining following
duplicate removal at import
by covidence,
for title and abstract screening;

Records excluded;

h 4

n=2004

n=2447

Records identified for full-text
assessment and examination
of the bibliographies;

n=443

Studies included in the review;

n=76

-

Figure 3:1. Flow chart of studies included in the review.
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3.3 Methodology of studies
3.3.1 Quantifying travel

It is challenging to compare the results of studies that investigate the influence of travel to
healthcare on outcomes of cancer patients because of heterogeneity in the populations,
settings and cancer types in each study, as well as differences in the study methods. To
calculate travel time or distance, a point must be chosen to represent the patient's origin, or
starting point of their journey, and another point must be chosen as their destination, or
where their journey ends. The researchers must then use a suitable calculation to estimate
the time or distance between these two points. A summary of the methodology and findings

of studies identified by this review are in Table 3:2.
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Table 3:2. Studies included in the review that investigated the influence of travel to healthcare on diagnostic route or survival of cancer patients.

Title, author and year of

Population and setting

Origin and destination

Method to estimate travel

Direction of association

Lee et al., 2014

centres corresponding
to catchment area of

patientds po(

publication point time or distance
Effect of place of residence | 1357 DLBCL patients. Post code o fl Google Maps or MapQuest to Null i no association between
and treatment on survival residential address. estimate distance to distance and survival (adjusted
outcomes in patients with chemot herapy ( Q analyses).
diffuse large B-cell Canada. radiotherapy (0
lymphoma in British Post code of treatment anq transplant centre
Columbia. (0200, >200 km).

Treatment selection and
survival outcomes in early-
stage diffuse large B-cell
lymphoma: do we still need
consolidative radiotherapy?

Vargo et al., 2015

59,255 DLBCL patients.

USA.

Not stated.

Treatment facility.

Method to estimate distance not
stated (030, >3

Negative I greater distance
associated with inferior
treatment (unadjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Factors related to the
relative survival of patients
with diffuse large B-cell
lymphoma in a population-
based study in France:
does socioeconomic status
have a role?

Guyader-Peyrou et al.,
2017

1165 DLBCL patients.

France.

Geocoded
residential address.

pat

Nearest reference care
centre.

ArcGIS to estimate time
( O1 544,4%118 mins).

Null 7 intermediate time
associated with worse survival,
no association between greatest
time and survival (adjusted
analyses).

The impact of structural
factors on diagnostic delay
in diffuse large BZell
lymphoma.

Zurko et al., 2019

104 DLBCL patients.

USA.

Not stated.

Referral centre where
they received care.

Method to estimate distance not
stated (O5@nd >5
continuous).

Negative T greater distance
associated with diagnostic delay
(unadjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

The influence of
geographical access to
health care and material
deprivation on colorectal
cancer survival: evidence
from France and England.

Dejardin et al., 2014

7891 French and 32,722
English colorectal cancer
patients.

France and England

Patients residential
address.

Nearest cancer centre,
hospital and
radiotherapy unit.

ArcGIS (England) and
MAPINFO (France) to estimate
time to cancer centre (0-5, 5-
20, 20-40,40-90, 90+ mins),
radiotherapy centre (0-5, 5-20,
20-40,40-90, 90+ minutes) and
hospital (0-5, 5-10,10-12,15-40,
40+ mins).

Null i no association between
distance and survival (adjusted
analyses).

Greater distance associated
with better survival in
unadjusted analyses.

Association of distance to
treatment facility on quality
and survival outcomes after
radical cystectomy for
bladder cancer.

Haddad et al., 2015

408 patients with bladder
cancer.

USA.

Patientos r
code.

Treating facility.

q

Google maps to estimate
distance (<50, 50-100,100.1-
150, >150 miles).

Null i no association between
distance and survival (adjusted).

Factors affecting receipt of
expensive cancer
treatments and mortality:
evidence from stem cell
transplantation for
leukaemia and lymphoma.

Mitchell and Conklin, 2015

5,722 leukaemia patients
and 9,137 lymphoma
patients.

USA.

Patient 6s r
code.

Nearest hospital that
performs HSCT.

q

Method to estimate distance not
stated (<10, 10- <35, 35-<70,
>70 miles).

Negative I greater distance
associated with less chance of
receiving HSCT (adjusted
analyses).
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Title, author and year of

Population and setting

Origin and destination

Method to estimate travel

Direction of association

center: a proxy for poor
cervical cancer outcomes?

Barrington et al., 2016

USA.

Single comprehensive
cancer centre.

publication point time or distance
Association of distance 169,650 colon, pancreatic, Patientds rqo6Great circl ed |Positivei greaterdistance
travelled for surgery with esophageal or liver cancer code. miles and quartiles). associated with lower mortality
short- and long-term cancer | patients. (unadjusted and adjusted
outcomes. analyses).
ZIP code centroid of
USA. treating facility.
Wasif et al., 2016
Distance from a 390 cervical cancer patients. |[Pati ent 6s r d6Geographi c di s|Negativei greater distance
comprehensive cancer address. estimat ed ( <10 0fassociated with worse survival.

Geographical disparities in
access to cancer
management and treatment
services in England

Murage et al. 2016

Did not use data on
individual cancer patients.
Instead calculated the travel
times from all LSOA
centroids to the nearest
hospital and aggregated this
data to Primary Care Trust
(PCT) level.

England.

LSOA population
weighted centroids.

Nearest hospital site
offering treatment or
management for the
specified cancer.

ArcGIS to estimate mean travel
time per PCT.

Negative T greater average
travel times associated with
worse survival (adjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Impact of travel time and
rurality on presentation and
outcomes of symptomatic
colorectal cancer.

Murage et al., 2017

926 colorectal cancer
patients.

Scotland.

Patientsod r ¢
postcode.

Postcode of GP at
diagnosis.

ArcGIS to estimate time
(continuous minutes for
analysis and 25th,50th,75th
,99th percentiles for descriptive
table).

Mixed i greater time not
association with Emergency
Presentation but is associated
with better survival (adjusted
analyses i no interaction term).
With travel time-rurality
interaction term added results
differed e.g., greater travel time
reduced odds of Emergency
Presentation for urban
residents.

Impact of travel distance to
the treatment facility on
overall mortality in USA
patients with prostate
cancer.

Vetterlein et al., 2017

775,999 prostate
cancer patients.

USA.

Centroid of each
patientbés ZI

Street address of
treating facility.

Haversine formula to estimate
distance (<12.5,12.5-49.9,50-
249.9 miles).

Positive T greater distance
associated with lower mortality
(adjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

A cancer geography
paradox? Poorer cancer
outcomes with longer
travelling times to
healthcare facilities despite
prompter diagnosis and
treatment: a data-linkage
study.

Turner et al., 2017

12,339 colorectal, lung,
breast, prostate, melanoma,
oesophagogastric, cervical
or ovarian cancer patients.

UK.

Patientsd r
postcode.

Postcode of GP,
diagnostic centre and
treatment centre.

q

ArcGIS to estimate road and
flight (for island residents) time
to GP (<5, 5-9.9,10-14.9, >15
mins and separate category for
island residents) and diagnosis
and treatment centre (<15,15-
29.9,30-59.9,>60 mins and
separate category for island
residents).

Mixed i greater time associated
with prompter diagnosis and
treatment but worse survival
(unadjusted and adjusted
analyses).

Cervical cancer care in
rural Virginia: The impact of
distance from an academic
medical centre on
outcomes & the role of non-
specialized radiation
centres.

Rauh et al., 2018

180 cervical cancer patients.

USA.

Patientos r

code.

University of Virginia -
served as a proxy for
tertiary care travel.

q

Online mapping website (not
stated) to estimate distance
(<72, >72 miles).

Null i no association between
distance and survival (adjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Variation in geographical
treatment intensity affects
survival of non-small cell
lung cancer patients in
England.

Tataru et al., 2018

144,357 lung cancer patients
(excluding small cell
tumours).

England.

Patientsd r
postcode.

Nearest surgery and
radiotherapy treatment
centre(s).

q

ArcGIS to estimate time to
surgical centre (0-15,16-25,26-
35,36-55,>55 mins) and
radiotherapy centre (0-10,11-
20,21-30,31-40,>40 mins).

Negative T greater travel time
associated with lower odds of
surgery (adjusted and
unadjusted).

Associations between
distance, hospital volume,
and outcomes following
radical cystectomy in
patients with muscle-
invasive bladder cancer.

Xia et al., 2018

6551 bladder cancer
patients.

USA.

Patient's residential ZIP
code.

Hospital that reported
the case.

AiGreat circlebo
Haversine formula to estimate
distance (quartiles for main
analyses, continuous for
sensitivity analyses).

Null T no association between
travel distance and survival
(adjusted analyses 1 addition of
hospital volume).

Greater distance associated
with better survival in adjusted
analyses i without hospital
volume.

Racial and ethnic
disparities in travel for head
and neck cancer treatment
and the impact of travel
distance on survival.

Graboyes et al., 2018

131,147 head and neck
squamous cell carcinoma
patients.

USA.

Patients residential ZIP
code centroid.

ZIP code centroid of
reporting hospital.

iGreat circlebo
estimate distance (<12.5,12.5-
49.9,50-249.9 miles).

Positive T greater distance
associated with better survival
(adjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Travel distance: Impact on
stage of presentation and

treatment choices in head
and neck cancer.

Ringstrom et al., 2018

6029 head and neck cancer
patients.

USA.

Longitude and latitude
co-ordinates of exact
street address or ZIP-
code (dependent on
quality of data source).

Nearest
otolaryngologist,
radiation and academic
medical centre.

ArcGIS to estimate distance
and time (mean, median, range,
quartiles).

Positive i greater distance to
academic centres associated
with better treatment (adjusted
analyses).

Geographical access to
GPs and modes of cancer
diagnosis in England: a
cross-sectional study.

Murage et al., 2019

737, 495 breast, colorectal,
cervical, lung, prostate,
stomach, ovarian or brain
cancer patients.

England.

Pat i

Pat i

ent 6 s hd

ent 6 s G§

ArcGIS to estimate time
( 01 0 ,-20,20.1B0,>30
mins).

Negative T greater distance
associated withé | e s s
RTD (adjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Longer distance to
specialized treatment
centres does not adversely
affect treatment intensity or
outcomes in adult acute
myeloid leukaemia patients.
A Danish national
population-based cohort
study.

Tastesen et al., 2019

2992 acute myeloid
leukaemia patients.

Denmark.

City centre of
habituation.

Nearest specialized
treatment centre
offering remission-
induction therapy and
nearest centre offering
stem cell
transplantation.

Google maps to estimate
distance to treatment centre
(<10, 10-25,25-50,50-100, >100
km) and transplant centre (<10,
10-50,50-200, >200 km).

Null i no association between
distance and treatment or
survival (adjusted analyses).

Travel to a high-volume
hospital to undergo
resection of gallbladder
cancer: does it impact
quality of care and long-
term outcomes?

Beal et al., 2020

10,174 gallbladder cancer
patients.

USA.

Patient's residence.

Hospital that reported
on patients care.

iGreat circlebo
Haversine formula to estimate
distance (quatrtiles).

Null T no association between
distance and treatment or
survival (adjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Effects of distance from
academic cancer center on
overall survival of acute
myeloid leukemia:
retrospective analysis of

449 acute myeloid
leukaemia patients.

Patientods r

address.

q

Method to estimate distance not
stated (<25,25-50,50-100,>100
miles and continuous).

Null T no association between
distance and survival
(unadjusted and adjusted
analyses).

with colorectal cancer in
northern Sweden: A data
linkage study from the Risk
North database.

Sjostrom et al., 2020

Sweden.

Nearest diagnostic
hospital and operating
hospital (for operated
patients).

50,>50-60,>60-70,>70 mins).

: USA. Academic cancer
treated patients. centre.
Dhakal et al., 2020
Travel time to care does not | 3718 colorectal cancer Patient 6s r {dArcGISto estimate time (0-10, Null i no association between
affect survival for patients patients. address. >10-20, >20-30,>30-40,>40- distance and survival

(unadjusted and adjusted
analyses).

The impact of driving time,
distance, and
socioeconomic factors on
outcomes of patients with
locally advanced rectal
cancer.

Gotfrit et al., 2020

1064 rectal cancer patients.

Canada.

Patientds r
postcode centroid.

Nearest cancer centre
address.

q

CDXZIPStream mapping
software (using bing maps) and
validated using Google distance
matrix Application Programming
Interface to estimate time (>1,
<1 hour) and distance (>100,
<100 km).

Negative T greater time
associated with worse survival
(unadjusted and adjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Geographic impact on
access to care and survival
for non-curative
esophagogastric cancer: a
population-based study.

Yee et al., 2021

10,228 oesophagogastric
cancer patients.

Canada.

Patientds r
postcode centroid.

Nearest level 1, 2 or 3
cancer centre.

q

Straight-line distance ( O1 0,
50,51-1 00, 0101 km

Mixed i greater distance
associated with worse
treatment. Moderate distance
associated with worse survival
(adjusted analyses).

Travel distance and overall
survival in hepatocellular
cancer care.

Siegel et al., 2021

6860 hepatocellular cancer
patients.

USA.

Centre of t
ZIP code of residence.

Street address of
treating facility.

f

Straight line distance (<12.5,
050 miles).

Mixed T no association between
distance and survival for
patients treated at low-volume
centres. Greater distance
associated with worse survival
for patients treated at high-
volume academic centres
(adjusted analyses).

Associations between
geographic residence and
USA adolescent and young
adult cancer stage and
survival.

Johnson et al., 2021

178,688 cancer patients
aged between 15-39.

USA.

Patientoés r
code centroid or city.

Case reporting hospital.

q

ne d
mi |

Straight |
>125<50, 050

Negative I greater distance
associated with worse survival
(unadjusted and adjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Geographic variation in
diagnostic and treatment
interval, cancer stage and
mortality among colorectal
patients - An international
comparison between
Denmark and Scotland
using data-linked cohorts.

Murchie et al., 2021A.

4714 Danish and 1184
Scottish colorectal cancer
patients.

Denmark and Scotland.

Patients home address
using population-
weighted datazone
centroids (derived from
postcodes) in Scotland
and street addresses in
Denmark.

GP and Hospital using
postcodes in Scotland
and street addresses in
Denmark.

ArcGIS to estimate fastest
travel times (categorical
variable cut at the 25th, 50th,
75th and 90th percentile and
continuous variables also
used).

Mixed i moderate travel times
associated with worse survival
in Scotland and increased travel
up to an hour associated with
improved survival in Denmark.
U-shaped association with time
to GP (adjusted analyses).

Is place or person more
important in determining
higher rural cancer
mortality? A data-linkage
study to compare individual
versus area-based
measures of deprivation.

Murchie et al., 2021B.

11,803 breast, ovarian,
cervical, prostate,
melanoma, lung,
oesophagastric or colorectal
cancer patients.

Scotland.

Patientsd r
postcode.

Postcode of GP and
treatment centre.

q

ArcGIS to estimate time to GP
(<5,5-9.9,10-14.9,>15 mins)
and treatment centre (<15, 15-
29.9, 30-59.9, >60 mins) unless
patient was an island dweller.

Negative T greater distance to
treatment centre associated
with worse survival (adjusted
analyses).

61




Chapter 371 Literature review

Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Impact of travel burden on
clinical outcomes in lung

9240 lung cancer patients.

City of residence.

Google maps to estimate
distance to treatment centre

Negative i greater distance and
time to treatment centre

outcomes for clinical trial
patients: the Kinghorn
Cancer Centre experience.

Lim et al., 2023

patients.

Australia.

Cancer centre (clinical
trial).

stated (0-10,10-50,>50 km).

cancer. (samecit y, <50k m, associated with worse survival
Bulgaria. Treating facility. time to treatment centre (same | (adjusted analyses).
city, <60 mins,
Stoyanov et al., 2022.
Null - no association between
distance and stage at diagnosis
(adjusted analyses).
Impact of travel burden on 293,318 breast cancer Patient 6s r gStraightline di st an c e| Null-noassociation between
the treatment of stage | and | patients. code. miles). distance and survival (adjusted
Il breast cancer: A National analyses).
Cancer Database analysis.
USA. Treating hospital.
Perry et al., 2023
Impact of travel distance on | 173 solid-organ malignancy |Pat i ent 6 s h ¢ Method to estimate distance not | Null - no association between

distance and survival (adjusted
analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

Cancer survival and travel
time to nearest reference
care center for 10 cancer
sites: an analysis of 21
French cancer registries.

Gardy et al., 2023.

160,634 patients with;
breast, colon-rectum and
anal, pancreas, prostate,
skin melanoma, bladder,
head and neck, kidney or
liver cancer.

France.

Residential address (X,
Y coordinates).

Nearest University
Hospital or Cancer
Control Centre.

ArcGIS and a road-Network
database to estimate travel time
(<30, 30-59, 60-89, >90
minutes for descriptive results
and continuous for survival
models).

Negative T greater time to
cancer centre associated with
worse survival; lung cancer,
melanoma, breast cancer
(adjusted analyses).

Reverse U-Shape i greater

time to cancer centre

associated with worse survival
forthose i n the O6m
cancer, colon-rectum cancer in
males, head and neck cancer in
females (adjusted analyses).

Null i no association between
greater time to cancer centre
and survival; pancreas cancetr,
kidney cancer, bladder cancer,
head and neck cancer in men
and colon-rectum cancer and
anal cancer in women (adjusted
analyses).

Positive - greater time to cancer
centre associated with better
survival; prostate cancer
(adjusted analyses).
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Title, author and year of
publication

Population and setting

Origin and destination
point

Method to estimate travel
time or distance

Direction of association

The impact of travel time to
cancer treatment centre on
post-diagnosis care and
mortality among cancer
patients in Scotland.

Turner et al., 2023.

17, 639 patients diagnosed
with; breast, cervical,
colorectal, lung, melanoma,
ovarian, prostate or
oesophageal cancer.

Scotland.

Patientsd r
postcode.

Main regional cancer
treatment centre.

q

Google API to estimate travel
time (<15, 15-29.9, 30.0-59.9
and >60.0 minutes and an

6i sidaved | er sé6 c a

Negative T those with the
furthest to travel (island
dwellers) had worse survival
(adjusted analyses).

Access to primary care and
mortality in excess for
patients with cancer in
France: Results from 21
French Cancer Registries.

Gardy et al., 2024.

151,984 cases diagnosed
with; breast, colon-rectum
and anal, lung, pancreas,
prostate, skin melanoma,
bladder, head and neck,
kidney or liver cancer.

France.

Patients residential
address using X and Y
coordinates.

Primary care resources.

Two indices that consider

travel-distance to the facilities
and accessibility of resources
based on supply and demand.

Negative T those living in areas
with lower access to primary
care had worse survival for four
of the ten cancers studied
(adjusted for socioeconomic
status)
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3.3.1.1 Choice of origin

There is a lack of consistency in the literature regarding the origin used for travel
calculations. Most studies based in the UK used the patient's residential postal code
(Murage et al., 2017; Turner et al., 2017; Tataru et al., 2018; Murchie et al., 2021b) and
many studies based in other countries used a similar measure, such as ZIP code for the
USA (Lee et al., 2014; Mitchell and Conklin, 2015; Graboyes et al., 2018; Rauh et al., 2018;
Xia et al., 2018; Siegel et al., 2021; Perry et al., 2023). This is the most accurate origin point
to choose and if available should be used, however, postal code is highly identifiable and

because of data confidentiality is not always available.

Some studies that did not use postal code or ZIP code used the centroid of small areas such
as their Lower Layer Super-Output Areas (LSOA) (UK) (Murage et al., 2016) or residential
ZIP code (USA) (Vetterlein et al., 2017; Graboyes et al., 2018; Gotfrit et al., 2020; Yee et al.,
2021). These are convenient as this data is more readily available, however, using centroids
of small areas as the origin point could introduce inaccuracies into travel calculations. This is
because the boundaries of these areas are typically chosen based on number of people or
households in an area rather than geographical size, for example, an LSOA covers
approximately 1000 to 3000 people as opposed to a certain number of square-metres.
Consequently, the size of an area represented by a single centroid can vary substantially
depending on the population density and travel estimates for those living in sparsely
populated rural areas are more likely to be inaccurate compared to their urban counterparts
as the distance between the centcoodbemamimd t he sut
greater. Another issue with using aggregate level data to estimate distance is the possibility
of ecological fallacy, which occurs when the characteristics of a group are assumed to be the
same as the individuals within it (Mizen et al., 2015). In this case, if the centroid of an
administrative area is used as the origin point for calculating travel distance to a destination,
such as a hospital, the same distance will be calculated for everyone who resides in that
area. If the hospital is close to the centroid this would result in everyone from this area being
assigned a short travel time to the hospital, but this might not be the case for some patients.
This could lead to erroneous conclusions being drawn, for example, if cancer patients from
the administrative area have poor survival compared to other areas, it could be concluded
that short travel time is associated with worse survival. This may not be the case and in
reality, it could be those who live furthest away from the hospital that are driving the poor
survival. Therefore, care must be taken when using such measures and the smallest unit of

aggregation available should be chosen to minimise bias.
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A study that investigated the impact of travel time on survival of patients with lung cancer in
Bulgaria used the patients O6city umdytotreasnend ence 6 a
centre (Stoyanov et al., 2022). The authors went to considerable effort to make this a robust

estimate, choosing to run the calculations in google maps as they believed this would yield

the most accurate travel estimates with an up-to-date road Network and consideration of the

mountainous terrain. They also repeated the calculations several times under different

conditions and used the average values to group patients into broad categories for distance

and time. However, the usefulness of these travel estimates is questionable, as with such a

broad origin point misclassification seems likely and the ability to discern meaningful

differences between groups diminished.

3.3.1.2 Choice of destination

The choice of destination is influenced by each
distance is acting as a barrier to help-seeking and diagnosis, the researchers will probably
choose a primary care facility as the destination (Murage et al., 2017, 2019; Turner et al.,
2017). For example, a study based in England that investigated the association between
travel time to healthcare and RTD for patients with eight different cancer types used the
patients General Practitioner (GP) as the destination for the travel calculations (Murage et
al., 2019). However, if the hypothesis is that travel to healthcare is associated with survival,
the hospital is likely to be chosen as the destination (Graboyes et al., 2018; Beal et al., 2020;
Gardy et al., 2023). For example, a study in the USA investigated the hypothesis that travel
to treating facility influenced the treatment that patients with prostate cancer received and
subsequently their mortality (Vetterlein et al., 2017). Another possible destination point is
nearest healthcare facility, as opposed to the actual facility attended by the subject. A study
that investigated the impact of distance on stage of presentation of patients with head and
neck cancer in the USA used nearest facilities with the justification that some patients will
choose to travel further to receive care at hospitals they perceive as better (Ringstrom et al.,
2018).

3.3.1.3 Estimating distance or time between origin and destination points

The two most widely used methods for calculating travel distance or time between origin and
the destination points is to calculate the straight-l i ne di st ance, commonly r e
the crow f | i es évergine forgnulg), orwuseiGeographitaklnfokh@tion Systems

(GIS) to estimate the road network distance between.

Many of the studies based in the USA use National Cancer Database (NCDB) data which

includes the @reat circlebdistance, the straight-line distance between two points on a sphere,
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between the centroid of a patient's residential ZIP code and the centroid of their reporting
facility 6Z¢P code (Beal et al., 2020; Vetterlein et al., 2017; Xia et al., 2018; Yee et al., 2021).
This is a simplistic method that fails to consider the features of the road network and land
that may influence travel distance or time. However, a study found that there was high
correlation between straight-line distance and road distance for non-Emergency travel to
community hospitals using data from the USA, Columbia and Puerto Rico (Boscoe, Henry
and Zdeb, 2012).

Other studies use GIS software, such as ArcGIS, to estimate travel by private car between a
set of origin and destination points (Dejardin et al., 2014; Guyader-Peyrou et al., 2017;
Murage et al., 2017; Turner et al., 2017; Ringstrom et al., 2018; Tataru et al., 2018; Murchie
et al., 2021a). Although many of these softwares are sophisticated and provide good
estimates of journey distance and times, for example by adjusting the estimated times based
on the time of day, they are not capable of calculating the actual times experienced by
patients which will depend on many factors including the route taken and traffic conditions on
a specific day. However, there is evidence of good concordance between reported times and
those estimated by GIS (Haynes et al., 2006). Another issue with using private car estimates
generated in GIS to investigate the influence of
assumption that no patients have used public transport, patient transport, such as those
provided by the health service or charities, or active transport, which includes walking and
cycling. Making a journey by public transport may take substantially more time than by
private car, with some journeys potentially requiring multiple buses, trains or trams. A study
reported that estimated journey time between residential centroids and public libraries using
public transport in Helsinki was over twice the estimate for private car in their model
(Salonen and Toivonen, 2013). Another UK study found that using public transport
considerably increased travel time to treatment facility for cancer patients, for example, in
Yorkshire and the Humber 8.3% of journeys by private car exceeded one hour compared to
39.8% for public transport (Han et al., 2024). Therefore, using only private car estimates
could introduce bias into a study if certain groups, such as those with low SES and the
elderly, are more likely to use public transport because they do not own a car, the cost of
fuel or parking, difficulty driving in city centres or other reasons. Unfortunately, it is unlikely
that patient travel method is recorded in the datasets used by many studies, however,
Haynes et al. reported that 87% of cancer patients travel by car while only 5% used the bus,
making private car estimates the most appropriate measure in lieu of travel method data
(Haynes et al., 2006).
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Few studies used web-based mapping methods, such as Google maps (Lee et al., 2014;
Haddad et al., 2015; Tgstesen et al., 2019; Stoyanov et al., 2022), to calculate distance or
time. This is acceptable if using non-identifiable data, such as centroids of large census
areas, but is not appropriate when using highly identifiable data such as postal code of

residential address.

A novel approach to estimate the impact of accessibility to primary care resources on
mortality for patients with ten commonly diagnosed cancers in France was to use two indices
that consider both travel-distance to the facility and accessibility of resources based on
supply and demand; the Spatial aCcessibility multiscALar index (SCALe) and the
Accessibilité Potentielle Localisée (APL). SCALe is defined as the average distance by road
that the population in a geographical area has to travel to access care, weighted by the
theoretical pressures on these facilities and APL is a measure of accessibility to GPS that

considers supply and demand in the local area and surrounding areas (Gardy et al., 2024).

3.3.1.4 Analysis of travel data

Studies also differ in how they use travel data in their analyses. Few studies kept distance or
time as a continuous variable (Murage et al., 2017; Zurko, Wade and Mehta, 2019; Dhakal et
al., 2020; Murchie et al., 2021a; Gardy et al., 2023) and the majority used arbitrary cut-off
points to convert the continuous travel variables into categorical variables, probably because
this makes the results easier to interpret (Lee et al., 2014; Haddad et al., 2015; Mitchell and
Conklin, 2015, 2015; Vargo et al., 2015; Guyader-Peyrou et al., 2017; Rauh et al., 2018;
Tataru et al., 2018). Many studies assigned patients to a category based on their estimated
travel distance, e.g., short (<=12.5 miles), intermediate (>12.5 & <50 miles) and long (>=50
miles) and compared outcomes between these groups (Johnson et al., 2021). Unfortunately,
there is a lack of consensus on what these cut-offs should be, which makes comparison of
studies challenging. Furthermore, there is no standardised method for how they should be
determined and those selected may vary in accordance with what the researchers
themselves perceive to be an acceptable distance, which will also vary by region. For
example, individuals who live in large countries such as the USA and Australia may be used
to travelling further for services than those living in the UK and therefore may have different

expectations of the distances they must travel for care.

Another way in which the impact of travel on outcomes was investigated was to focus on
subjects with the most extreme distances or times (Siegel et al., 2021). For example, Siegel
at el., compared those living less than 12.5 miles from their treating facility to those over 50
miles away. This is a useful method if most subjects have short journeys and the hypothesis

of the study is that only those with the most extreme travel will have different outcomes.
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3.3.2 Defining rural-urban location

As described in section 1.5.4., defining whether an area is rural or urban can be challenging
because of different perceptions of what it means to be rural. Furthermore, a criterion that is
suitable to define rurality in the UK, may not be appropriate for use in other countries such
as the USA, making it difficult to compare different regions. However, even studies in the
same region display considerable variation in the definitions and the methods used to

measure rurality, as illustrated in Table 3:3.

The influence of rurality on cancer outcomes has been investigated more extensively in the
USA and Australia than the UK, which is likely a reflection of the size of these countries and
the greater number of residents residing in rural areas. Consequently, most of the studies

identified in this review are not based in the UK.
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Table 3:3. Studies included in the review that investigated the influence of rurality on diagnostic route of cancer patients.

Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Effect of place of residence and
treatment on survival outcomes in
patients with diffuse large B-cell
lymphoma in British Columbia.

Lee et al., 2014

1,357 DLBCL patients.

Canada.

Used cut-offs based on
population density as defined by
Statistics Canada.

Mixed 7 no difference in survival between
patients in rural and large urban areas, but
those in small and medium urban areas had
worse survival (adjusted analyses).

Rural and urban patients with
diffuse large B-cell and follicular
lymphoma experience reduced
overall survival: A National Cancer
DataBase study.

Ritter et al., 2019

83,108 DLBCL patients and 43292
follicular lymphoma patients.

USA.

Rural-Urban Continuum Codes
(RUCC).

Mixed 7 urban and rural residence
associated with worse survival compared to
metro residence (unadjusted and adjusted
analyses).

Prostate cancer in Scotland: does
geography matter? An analysis of
incidence, disease characteristics
and survival between urban and
rural areas.

Laing et al., 2014.

3308 prostate cancer patients.

Scotland.

Based on health board i patients
under the care of NHS Highland
and Western Isles classified as
rural and patients under the care
of NHS Lothian classified as
urban.

Negative T rurality associated with worse
survival (did not reach statistical
significance).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Survival of cancer patients in urban
and rural areas of Germany--a
comparison.

Nennecke et al., 2014

817,182 cancer patients (16 cancer
types included).

Germany.

District types of settlement
structure defined by the Federal
Institute for Research on
Building, Urban Affairs and
Spatial Development.

Mixed i some cancers showed differences in
survival by district type, e.g., female breast
cancer patients living in cities had better
survival than other districts, but no
association was detected for most cancers,
including NHL (adjusted analyses).

Impact of travel time and rurality on
presentation and outcomes of
symptomatic colorectal cancer: a
cross-sectional cohort study in
primary care.

Murage et al., 2017

926 colorectal cancer patients.

Scotland.

Scottish government urban rural
classification.

Mixed 1 rurality not associated with
Emergency Presentation but associated with
better survival (adjusted analyses).

Rurali Urban Disparities in Time to
Diagnosis and Treatment for
Colorectal and Breast Cancer.

Bergin et al., 2018

433 colorectal cancer patients and
489 breast cancer patients.

Australia.

Australian Statistical Geography
Standard-Remoteness Areas
index.

Mixed - rural residence was associated with
longer total intervals for colorectal but not
breast cancer; with most disparities post
presentation (adjusted analyses).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

A population-based analysis of
urbani rural disparities in advanced
pancreatic cancer management
and outcomes.

Canale et al., 2018

659 pancreatic cancer patients.

Canada.

Arbitrary cut-offs based on travel
distance.

Null i no association between rurality and
treatment or survival (adjusted analyses).

Geographic Distribution and
Survival Outcomes for Rural
Patients with Cancer Treated in
Clinical Trials.

Unger et al., 2018

36,995 patients from 17 different
cancer-specific cohorts.

USA.

RUCC

Null T rurality associated with worse survival
in 1 of 17 cohorts included in the study
(adjusted analyses).

Impact of rurality on processes and
outcomes in melanoma care:
results from a whole-Scotland
melanoma cohort in primary and
secondary care.

Murchie et al., 2018

9519 melanoma patients.

Scotland.

Scottish government urban rural
classification.

Null i no association between rurality and
survival (adjusted analyses).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Disparity of colon cancer outcomes
in rural America: making the case
to travel the extra mile.

Raman et al., 2019

647,949 colon cancer patients.

USA.

RUCC

Negative T rurality associated with worse
survival, although for patients who travelled
to high-volume centres this association did
not exist (adjusted analyses)

Differences in cancer survival by
remoteness of residence: an
analysis of data from a population-
based cancer registry.

Afshar et al., 2020

331,302 incident cancer cases (30
cancer types included).

Australia.

Australian Bureau of Statistics
remoteness structure.

Mixed 1 direction of association depended on
cancer type, e.g., melanoma patients had
better survival outside major cities but
stomach cancer had better survival outside
major cities (adjusted analyses).

Impact of geography on Scottish
cancer diagnoses in primary care:
Results from a national cancer
diagnosis audit.

Murchie et al., 2020

1905 cancer patients.

Scotland.

Scottish Government 2-fold and
6-fold urban rural classification.

Mixed 1 rurality not significantly associated
with diagnostic route or longer primary care
intervals (date of first presentation to primary
care with relevant symptoms to referral date)
but rural patients had longer diagnostic
intervals (date of presentation to date of
diagnosis).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Analysing the impact of living in a
rural setting on the presentation
and outcome of colorectal cancer.
A prospective single centre
observational study.

MacVicar et al., 2020

2463 colorectal cancer patients.

Scotland.

Scottish Government 2-fold and
6-fold and urban rural
classification.

Null i more cancers detected through the
bowel screening programme for rural patients
and rurality not associated with survival.

Epidemiology of acute myeloid
leukemia in Virginia: Excellent
survival outcomes for patients in
rural Appalachia.

Isaac et al., 2021

163 AML patients.

USA.

Rural-Urban Commuting Area
(RUCA).

Null' i no association between rurality and
survival (adjusted analyses).

Disparity of ovarian cancer survival
between urban and rural settings.

Ulmer et al., 2022

111,627 ovarian cancer patients.

USA.

National Center for Health
Statistics urbani rural
classification scheme for
counties.

Negative T rurality associated with worse
survival (adjusted analyses).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Assessing the impact of rurality on
oesophagogastric cancer survival in
the North-East of Scotland- a
prospective population cohort
study.

Griffin et al., 2023

1038 gastric cancer patients.

Scotland.

Scottish Government urban rural
classification.

Positive T rurality associated with better
survival (adjusted analyses).

The impact of rurality on patient
experience and diagnostic pathway
intervals in Scot
patients: Further results from a
national cancer diagnosis audit.

Maxwell et al., 2023.

4309 cancer patients.

Scotland.

Scottish Government 2-fold
urban rural classification.

Mixed 1 rurality not associated with
Emergency Presentation but rural patients
had longer primary care intervals (date of first
presentation to primary care with relevant
symptoms to referral date) and longer
diagnostic intervals (date of presentation to
date of diagnosis).

Disparities in cancer stage of
diagnosis by rurality in California,
2015-20109.

Oh et al., 2024.

497,559 patients with; breast,
prostate, lung, colorectal cancer or
melanoma.

USA.

Census tract aggregation zones.

Negative T increasing rurality associated with
increased odds of late-stage diagnosis for
breast cancer, lung cancer and melanoma
(male only).
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Title, author and year of
publication

Population and setting

Method used to define urban-
rural residence

Direction of association

Estimating the Impact of Rurality in
Disparities in Cancer Mortality.

Kenzik et al., 2024.

757,655 patients with; breast, lung,
cervical, colorectal, prostate,
endometrial, kidney, pancreas,
ovarian, stomach, liver,
oesophagus, thyroid, meningioma,
oral cavity, larynx, or pharynx
cancer.

USA.

RUCC

Negative T increasing rurality associated with

worse survival.
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3.3.2.1 Travel-distance based

Some studies used travel distance to healthcare to define rurality. For example, a study that
investigated urban-rural disparities in advanced pancreatic cancer in Canada defined an
urban residential location as being 100 km or less away from a treatment centre and a rural
location as being over 100 km away (Canale, Cho and Cheung, 2018). This is a simplistic
measure of rurality that fails to fully capture all the potential barriers associated with
geographical isolation, such as fewer public transportation options and worse infrastructure,

which may compound the effect of having to travel further to access healthcare.

3.3.2.2 Scottish Government Urban Rural Classification

The Scottish Government Urban Rural Classification system defines rural areas in Scotland
based on two factors; accessibility, based on drive time analysis, and population
(Geographic Information Science & Analysis Team and Rural & Environment Science and
Analytical Services Division, 2022). Two formats are available, a six-level format and an
eight-level format, both of which comprise of four main groups; large urban areas, other
urban areas, small towns and rural areas. The small towns and rural areas groups are
further divided into accessible and remote for the six-level version and accessible, remote

and very remote for the eight-level version.

This is a popular method to assign rutcedéi ty base
and is used by many Scottish studies (Murage et al., 2017; Murchie et al., 2018; MacVicar et

al., 2020; Griffin et al., 2023; Maxwell et al., 2023). The categories are often collapsed into

two, rural and urban, for example a paper that described the impact of rurality on outcomes

of patients with colorectal cancer used the 2003-2004 version of this system to classify

patients' residence as either rural or urban (Murage et al., 2017).

3.3.2.3 Health boards

One Scottish study used health boards, of which there are 14 in Scotland, to create an urban
and rural cohort of patients and the outcomes of patients belongingtot he &6r ur al 6 and 6

health boards were compared (Laing et al., 2014).

3.3.2.4 Rural Urban Classification i England

Although no studies included in this review used the classification system, it would be
appropriate to use the Office for National Statistics Rural-Urban Classifications, described in
section 1.5.4.1, to define rurality in studies based in England. This classification can be used
for different levels of census output areas, including LSOAs. Eight different types of

settlements are recognised at the LSOA level, characterised by their form and population
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density; urban major conurbation, urban minor conurbation, urban city and town, urban city
and town in a sparse setting, rural town and fringe, rural town and fringe in a sparse setting,
rural village and dispersed, rural village and dispersed in a sparse setting. These eight

classifications can be broadly split in two; urban and rural.

3.3.2.5 Rural-Urban Commuting Area 1 USA

The Rural-Urban Commuting Area (RUCA) codes were used by one study in this review to
define rurality (Isaac et al., 2021). They were devised by the United States Department of
Agriculture and use data from the census and American Community Survey on population
density, daily commuting and urbanisation to categorise census tracts, which are small areas
that represent approximately 4000 inhabitants, into ten codes (U.S. Department of
Agriculture, Economic Research Service, 2023a). Instead of using all ten codes, Isaac et al.,
2021 used a collapsed version of the codes to compare characteristics and outcomes of
6rural 6 and A limitdiien ofRUPAxddeseasrihiatghey are updated once per
decade in line with the census, so given how rapidly urbanisation can occur, may not
accurately reflect the characteristics of an area for the entire census period, which could lead

to the misclassification of individuals.

3.3.2.6 Rural-Urban Continuum Codes 1 USA

The Rural-Urban Continuum Codes (RUCC) can be used to define the rurality of patients in
studies based in the USA (Unger et al., 2018; Raman et al., 2019; Ritter et al., 2019; Kenzik
et al., 2024). RUCC classifies all USA counties into one of nine categories; three metro
groups based on population size and six hon-metro groups based on both population size
and adjacency to metro areas (U.S. Department of Agriculture, Economic Research Service,
2023b). Despite a large number of categories RUCC remains a crude measure of rurality for
individual patients because they are assigned at the county-level, some of which can have
extremely large populations and cover large geographical regions. For example, San
Bernardino County has a population of over 2 million people and covers an area of ~20,000
square miles,but has a si ngl & chtti€& mettolareas of Mmillion o
popul ation or moreb6. Furthermore, many studies
create fewer categories for their analyses which exacerbates this problem by further
reducing the granularity in the categories. For example, a study examining differences in
survival between rural and urban DLBCL patients collapsed the nine RUCCs into 3 groups;

metro, urban and rural (Ritter et al., 2019).
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3.3.2.7 National Center for Health Statistics Urbani Rural Classification Scheme 1
USA

Another method akin to the RUCC system is the National Center for Health Statistics Urbani
Rural Classification Scheme for Counties. This classifies counties in the USA into six groups
that can be collapsed into broader groups if required based on the Office of Management
and Budget standards for defining metropolitan statistical areas and population-based data
from the census (Ulmer et al., 2022). Again, this is a simplistic measure of assigning rurality
at an individual level and is susceptible to ecological fallacy. However, it does have the
advantage over RUCCs of distinguishing between locations within large metropolitan areas
with populations over one million, e.g., central areas or the suburbs. This is an important
distinction for health research that the RUCC codes fail to make, as the environment of

patients that reside in these two areas will likely be quite different.

3.3.2.8 Census tract aggregation zones i USA

A novel approach to assigning rurality adopted by a study of cancer patients in the USA was
to use population-weighted census-tract level rurality data from the US Census to calculate
rurality for zones (Oh et al., 2024). Zones had a minimum population of 50,000 and were
generated using software that identified geographical areas which were similar in terms of
ethnicity, poverty and rurality. Zones were categorized into seven levels, depending on the
proportion of residents in rural blocks within them, beginning at 0% (not rural) and increasing

in 10% increments from 0% to 50% and above.

3.3.2.9 Australian Statistical Geography Standard Remoteness Structure

The Australian Bureau of Statistics classifies Australia into a hierarchy of statistical areas,

with levels thatdir ect | y aggregate to the next. Remoteness
l evel 16 | evel (~400 people) and comprises five
regional, remote and very remote (Australian Bureau of Statistics, 2021). A dichotomised

version of this system was used to compare cancer survival between those that live in and

outside of major cities (Afshar et al., 2020).

3.3.2.10 Population Centre and Rural Area Classification i Canada

A study based in Canada that investigated the effect of place of residence on treatment and

survival of patients with DLBCL used the Canadian Population Centre and Rural Area

Classification to categorise patients' residence into large urban, medium urban, small urban

and rural areas (Lee et al., 2014). This uses data from the censusand St at i st i cs Canad:
Business Register to organise areas into these four groups based on their population size,

population density and employment density.
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3.3.3 Describing socioeconomic status

Socioeconomic status is a construct that we use to describe how disadvantaged one person
or group of people are relative to others. There are many different ways in which researchers
attempt to capture the SES of patients in their study, which can be broadly separated into
two categories, individual measures and area-based measures, as summarised in Table 3:4.
Individual measures use data that directly relates to each person in the study, for example
their personal income, whereas area-based measures relate an individual's SES to the

characteristics of the area they live in; in the UK this is often a LSOA.
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Table 3:4. Studies included in the review that investigated the influence of socioeconomic status on diagnostic route or survival of cancer patients.

treatment in diffuse large B-cell
lymphoma and impact on survival.

Nikonova et al., 2014

Canada.

census data.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Predictors of delay in diagnosis and | 278 DLBCL patients. Area-based. | Median income for postal code using [Null i no association between

deprivation and diagnostic or
treatment delay (unadjusted and
adjusted analyses)

status on treatment and survival
from aggressive lymphoma: a UK
population-based study of diffuse
large B-cell lymphoma.

Smith et al., 2015

England.

Socioeconomic disparities in 33,032 DLBCL patients. Area-based. | Composite neighbourhood SES Negative i greater deprivation
mortality after diffuse large B-cell score based on p a tassociated with worse survival
lymphoma in the modern treatment census-block group (Yost index). (adjusted analyses).

era. USA.

Tao et al., 2014

Impact of age and socioeconomic 2137 DLBCL patients. Area-based. Income domain of IMD. Null i no association between

deprivation and receiving
treatment with curative intent or
survival (adjusted analyses).
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with diffuse large B-cell lymphoma
and a low socioeconomic status.

Boslooper et al., 2017

Netherlands.

byA Soci aal Cul ture

(SCP) 0.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure

Emergency admission and survival | 1660 DLBCL patients. Area-based. | Income domain of IMD. Null i no association between
from aggressive non-Hodgkin deprivation and Emergency
lymphoma: A report from the UK's Presentation (unadjusted
population-based Haematological England. analyses).
Malignancy Research Network.
Kane et al., 2017
Factors related to the relative 1,312 DLBCL patients. Area-based. | French ecological European Null i no association between
survival of patients with diffuse large Deprivation Index (EDI). deprivation and survival
B-cell lymphoma in a population- (adjusted analyses).
based study in France: does France.
socioeconomic status have a role?
Guyader-Peyrou et al., 2017
No outcome disparities in patients 343 DLBCL patients. Area-based. | Composite score provided Null i no association between

deprivation and treatment or
survival (adjusted analyses).
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treatment and relative survival
among patients with diffuse large B-
cell ymphoma: a Hong Kong
population-based study.

Lee et al., 2021

Hong Kong.

level.

assistance.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Investigating the inequalities in 15,551 follicular Area-based. | IMD. Negative i greater deprivation
route to diagnosis amongst patients | lymphoma and 30,078 associated with Emergency
with diffuse large B-cell or follicular | DLBCL patients. Presentation (unadjusted and
lymphoma in England. adjusted analyses).
England.

Smith et al., 2021A.
Association between multimorbidity | 14,043 follicular Area-based. IMD. Negative i greater deprivation
and socioeconomic deprivation on lymphoma and 27,379 associated with greater mortality
short-term mortality among patients | DLBCL patients. (unadjusted and adjusted
with diffuse large B-cell or follicular analyses).
lymphoma in England: a nationwide
cohort study. England.
Smith et al., 2021B.
Socioeconomic inequalities in 4017 DLBCL patients. Household Based on the need for welfare Negative i greater deprivation

associated with reduced use of
chemotherapy and/or rituximab
and worse survival (unadjusted
and adjusted analyses).
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with autologous hematopoietic cell
transplantation outcomes for
lymphoma.

Hong et al., 2016

262 DLBCL, 102 follicular
lymphoma, 99 mantle cell
lymphoma, 52 T-cell
lymphoma and 18 other
non-Hodgkin lymphomas.

ZIP-code from census data.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Association of socioeconomic status | 154 Hodgkin lymphoma, Area-based. | Median annual household income by |Negative i greater deprivation

associated with worse survival
(unadjusted and adjusted
analyses).

socioeconomic status over time on
the long-term survival of adolescent
and young adult hodgkin lymphoma
survivors.

Berkman et al., 2021

lymphoma patients.

USA.

SES using method described by
Truong et al.

USA

Affluence and private health 2973 NHL patients. Area-based. | Pobal HP area-based deprivation Negative -greater deprivation

insurance influence treatment and score. associated with greater

survivalinnon-Hod g ki nds frequency of Emergency

lymphoma. Ireland. Presentation and indirectly
increased mortality (through late
stage and Emergency

Comber et al., 2016 Presentation).

Impact of race, ethnicity, and 15,899 Hodgkin Area-based. | County-level composite score for Negative i greater deprivation

associated with worse survival
(adjusted analyses).
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inequalities in cancer mortality:
results from a 35-year prospective
study in British men.

Ramsay et al., 2014

35 years and 1484 cancer
deaths occurred.

UK.

at study entry was used to define
social class using the Registrar

General s6 Soci al Cl

d

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Association of individual low-income | 7637 multiple myeloma Area-based Area-based - county-level Social Mixed i mixed interactions
status and area deprivation with patients. and Deprivation Index was used (Robert [between individual deprivation
mortality in multiple myeloma. Individual. Graham Center). and area-based deprivation
(adjusted analyses).
USA.
Hong et al., 2023 Individual-based - low income was
defined as patients that were dually
eligible and enrolled in Medicare and
Medicaid.
Emergency presentation and 12,293 colon cancer Individual. Information on patients' highest Negative i greater deprivation
socioeconomic status in colon patients. attained levels of education and (income) associated with greater
cancer. annual income was obtained from a  |odds of Emergency Presentation
continuously updated longitudinal (unadjusted and adjusted
Sweden. integrated database on labour market [analyses).
Gunnarsson, Ekholm and research (LISA).
Olsson., 2013
Time trends in socioeconomic 7489 men followed up for | Individual. Longest-held occupation of subjects [Negative i greater deprivation

(manual vs. non-manual social
class) associated with greater
cancer mortality (adjusted
analyses).
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treatment in socioeconomic
inequalities in lung cancer survival:
population-based, data-linkage
study.

Forrest et al., 2015

patients.

England

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
No socioeconomic inequalities in 1290 ovarian cancer Area-based. | Carstairs index for those diagnosed |Null i no association between
ovarian cancer survival within two patients. before 1996. deprivation and survival
randomised clinical trials. (unadjusted and adjusted
analyses).

England and Wales. Income domain of IMD for those
Abdel-Rahman et al., 2014 diagnosed from 1996.
Cancer-specific variation in 749,645 cancer patients Area-based. Income domain of IMD. Negative i greater deprivation
Emergency Presentation by sex, (27 different types). associated with greater odds of
age and deprivation across 27 Emergency Presentation for
common and rarer cancers. 24/27 cancers (unadjusted and

England. adjusted analyses).
Abel et al., 2015
The role of receipt and timeliness of | 22,967 lung cancer Area-based. Income domain of IMD. Negative i greater deprivation

associated with worse treatment
and survival (adjusted analyses).
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status, income, and race/ethnicity
on the survival of younger patients
diagnosed with multiple myeloma in
the United States.

Costa et al., 2016

multiple myeloma.

USA.

county of residence.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Impact of marital status, insurance 10,161 patients with Area-based. | Individual SES variables for the Negative i greater deprivation

associated with increased
mortality (unadjusted and
adjusted analyses).

deprivation, volume-outcome and
survival in adult patients with acute
lymphoblastic leukaemia in
England.

Maheswaran and Morley., 2018

England.

Impact of treatment and insurance 9353 Hodgkin lymphoma | Area-based. | Composite neighbourhood SES Negative i greater deprivation
on socioeconomic disparities in patients. score based on patfassociated with worse survival
survival after adolescent and young census-block group (Yost index). (adjusted analyses).

adult Hodgkin lymphoma: A

population-based study. USA.

Keegan et al., 2016

Incidence, socioeconomic 2921 adult ALL patients. Area-based. | Income domain of IMD. Negative i greater deprivation

associated with worse survival
(adjusted analyses).
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sociodemographic variables?

Bright et al., 2020

UK

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure

Socioeconomic differences in 13,656 colorectal cancer Area-based. | IMD. Negative i greater deprivation
selection for liver resection in patients. associated with lower rates of
metastatic colorectal cancer and the resection and worse survival
impact on survival. (adjusted analyses).

England.
Vallance et al., 2018
The impact of socioeconomic 980 chronic myeloid Individual. Individual SES variables from the Null i no association between
factors on treatment choice and leukaemia patients. integrated database for labour market [deprivation and survival
mortality in chronic myeloid research (LISA). (adjusted analyses). (Greater
leukaemia. deprivation associated with

Sweden. worse survival in unadjusted
Larfors et al., 2017 analyses.)
Does geodemographic 36,194 lung cancer and Area-based IMD linked at LSOA level and Mosaic [Negative i greater deprivation
segmentation explain differences in | 32,984 colorectal cancer and consumer classification group at associated with greater odds of
route of cancer diagnosis above patients. household- household or postcode level. Emergency Presentation, some
and beyond person-level level. differences in odds of Emergency|

Presentation between mosaic
groups (unadjusted and adjusted
analyses).
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status, area-level deprivation, and
contextual effects, in a cancer
patient cohort in England and
Wales.

Ingleby et al., 2022

UK.

Title, author and year of Population and setting | Individual or Method used to describe SES Direction of association
publication Area -based
measure
Socioeconomic deprivation is 209 acute myeloid Individual. Composite SES score from the Negative i greater deprivation
associated with decreased survival | leukaemia patients. EPICES (Evaluation de la Précarité  |associated with worse survival
in patients with acute myeloid et des Inégalités de santé dans les (unadjusted and adjusted
leukemia. Centres doExamens Janalyses).
France. t rans| &vakatonafs 0

Deprivation and Inequalities in Health
Le Floch et al., 2020 Examination Centresd questionnaire.
Impact of race, ethnicity, and 15,899 Hodgkin Area-based. | County-level composite score for Negative i greater deprivation
socioeconomic status over time on lymphoma patients. SES using method described by associated with worse survival
the long-term survival of adolescent Truong et al. (adjusted analyses).
and young adult hodgkin lymphoma
survivors. USA.
Berkman et al., 2021
An investigation of cancer survival 9276 breast, prostate or Area-based Income domain of IMD linked at Mixed i mixed associations by
inequalities associated with colorectal cancer patients. | and LSOA level and individual-level data [cancer type and sex. Some
individual-level socioeconomic Individual. from the census. cancers exhibited an interaction

between individual and area-
based measures of deprivation
(adjusted analyses).
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3.3.3.1 Individual measures

Individual-based measures of SES are advantageous because the data directly relates to
each person in the study, however, they are seldom used because it is difficult to acquire
data relating to SES at an individual level. Few studies identified in this review used
individual measures of SES but those that did were either based in countries such as
Sweden where this type of data is routinely collected or relied on additional methods to
estimate individual SES such as the EPICES questionnaire (Gunnarsson, Ekholm and
Olsson, 2013; Le Floch et al., 2020; Larfors et al., 2017). A UK study examined cancer
survival inequalities using both the IMD and individual-level data relating to socioeconomic

status which they obtained from the Census (Ingleby et al., 2022).

In the past, simplistic individual measures of SES based on the occupation of the primary
earner in the household such as that devised
were used t o des ¢Qarr-HileandiPstchard, 2902). ghisandasude fails to

fully capture the many facets of SES and only a single paper in this review used social class

to estimate socioeconomic status (Ramsay et al., 2014). More sophisticated measures that

use a combination of different factors such as income, health and educational attainment are

more popular in health research, as described below.

3.3.3.2 Composite area-based measures

Area-based measures are convenient as the data is widely available, however, they are
vulnerable to ecological fallacy, which can lead to the misclassification of subjects in the

study and erroneous conclusions.

Many papers based in the UK in the 19906s and
the Carstairs method for determining SES, which are described in section 1.5.2.1. These

measures are now rarely used and only one paper in this review utilised the Carstairs index
(Abdel-Rahman et al., 2014).

The most widely used measure of SES in recent UK papers identified in this review is the
Index of Multiple Deprivation (IMD) which is described in section 1.5.2.2 (Abel et al., 2015;
Bright et al., 2020; Forrest et al., 2015; Smith et al., 2021a; Vallance et al., 2018, 2018).
Studies that use the IMD to define SES can use the composite score for all domains
combined or choose the domain most pertinent to their research question. Many health
research papers use the income domain of the IMD (Abel et al., 2015; Smith et al., 2015;

Maheswaran and Morley, 2018). This is likely because inclusion of other domains,
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particularly the health domain, could potentially invalidate their analyses by artificially

inflating the association between deprivation and the health outcome they are interested in.

Similar area-based composite measures of SES that utilise administrative data are used in
studies in the USA and elsewhere. This includes the Yost index (USA) which was used by
one paper in this review (Tao et al., 2014) and has seven indicator variables including

6medi an hous emdl & pirrodbadread bhan 16 in the workfor

(Yost et al., 2001). The French European Deprivation Index is also similar, combining ten
weighted census-derived variables (Pornet et al., 2012) and was used by a study that
examined the influence of socioeconomic status on the outcomes of patients with DLBCL in

France (Guyader-Peyrou et al., 2017).

To further complicate matters, there is some evidence to suggest that area-level and
individual-level effects act separately to influence cancer outcomes (Woods et al., 2022).
Therefore, it could be argued that to fully capture the influence of SES on outcomes, data
relating to a patient's personal SES and that of the area they reside should be used. It is also
possible that in addition to acting separately, there is interaction between the SES of the
individual and the SES of the place they live. A lack of healthcare services in deprived areas,
for example, may disproportionately affect the most deprived individuals who may not have
the resources to travel to seek help elsewhere. Evidence from multiple myeloma patients in
the USA suggests that there is an interaction between individual low-income status and area

deprivation on mortality, although this relationship was not linear (Hong et al., 2023).

3.3.3.3 Geodemographic segmentation

A novel approach to describe SES used in a paper investigating sociodemographic
di fferences i n RTDcustamerBegmaentatioragnoGps (Bright €tali, 2020).
This classifies households in the UK into 15 broad lifestyle groups, which can be further split

into 66 more detailed groups, based on a combination of factors including age, home-

ownership and |ifestyle choices. These incl

ude

(o

mostly |live alone and have | b&arsadacwowmesanedyoddsge

households who typically live in affordable housing in private suburbs.
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3.4 Associations between travel, socioeconomic status and urban-rural location
with diagnostic route and survival

3.4.1 Travel and diagnostic route

The association between travel to healthcare and the diagnostic route of patients with cancer

has been inconsistently reported. A large, cross-sectional study in England reported

associations between longer journeystoGPandadé |l ess desirablssd rout e
(Emergency Presentation and Death Certificate Only) across eight cancer sites (Murage et

al., 2019). For example, they found that for every ten-minute increase in travel time, there

was a statistically significant increase in the relative risk of being diagnosed via the

Emergency route for breast cancer patients. The dose-response relationship between

increasing travel and Emergency Presentation supports the suggestion of a causal

relationship according to principle five of the Bradford-Hill criteria for causality - biological

gradient. This states that a dose-response relationship between an environmental exposure

and an outcome strengthens the argument that an association truly exists between them

(Hill, 1965). However, they also reported that increased travel was associated with reduced
likelihood of being diagnosed via the Screen-Detected and Two-Week Wait routes, which

are associated with good prognosisand t her ef or-deareabbédot estses
Furthermore, the analyses were not adjusted for stage at diagnosis, a likely confounder of

this relationship.

A study that examined geographic variation in the diagnostic interval and stage of patients
with colorectal cancer in Scotland and Denmark reported no association with diagnostic
interval (time between GP referral and cancer diagnosis) or advanced stage disease and
travel time to GP (Murchie et al., 2021a). However, a reverse U-shaped relationship between
increasing travel-time to hospital and advanced stage disease was detected for Scottish
patients only, with an increase in odds for those travelling up to 40 minutes and then a
reduction in odds for those with longer travel times, compared to those with a travel-time of
15 minutes. They also reported that increased travel time to the hospital was associated with
a shortened diagnostic interval in both countries. Another Scottish study reported that
compared to those who lived within 15 minutes of their cancer centre, patients who travelled
from an island to the mainland or who travelled further on the mainland to access their
treatment centre were more likely to be treated within 62 days of GP referral (Turner et al.,
2017).

As described in section 1.4.4, patients with non-specific symptoms, such as those with

DLBCL, are more likely to be diagnosed at a later stage of disease and via an Emergency
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Presentation (Pearson et al., 2020). This relationship may be compounded by the need to
travel further to access care, however, a limited number of studies have examined the
relationship between RTD of DLBCL patients and travel to healthcare and more studies are
needed to understand the nature of this relationship. A study that included data on 104
DLBCL patients in the USA examined whether increased distance to tertiary care was
associated with delayed diagnosis, which they defined as more than three months between
first symptom to diagnosis (Zurko, Wade and Mehta, 2019). They reported no association
between the mean time in months between first symptom and diagnosis for patients living
less than or more than 50 miles from the tertiary care unit. However, they did find that
patients who had delayed diagnosis lived further from tertiary care and they also detected a
modest but statistically significant increased odds of delayed diagnosis per mile travelled to
tertiary care centre (odds ratio: 1.01 [95% CI: 1.001-1.02]). Another paper that used data on
278 Canadian DLBCL patients reported that distance travelled to the treatment centre was
not a predictor of diagnostic or treatment delay (Nikonova et al., 2015). However, the
applicability of these findings to UK patients is uncertain because the characteristics of the

populations and environment are different, which presents a gap in our current knowledge.

3.4.2 Travel and survival

A likely hypothesis for the relationship between travel to healthcare and cancer survival is
that increasing travel is associated with worse survival, however, contrary to this
assumption, many studies report that increased travel is associated with better cancer
survival (Wasif et al., 2016; Vetterlein et al., 2017; Graboyes et al., 2018; Siegel et al., 2021).
It seems improbable that the act of travelling more to access cancer care is directly
associated with better survival and more likely that some characteristic of the patients who
travel further, such as higher SES, or the treating facilities they are travelling to, such as
specialist centres with better equipment, is driving this association. For example, in England
many of the most deprived patients live in inner-city areas where healthcare facilities tend to
be located and it has been extensively reported that patients living in deprived areas of high-
income countries persistently have worse cancer survival than their more affluent
counterparts (Coleman et al., 2004; Rachet et al., 2010; Singh and Jemal, 2017). The
confounding effect of SES on travel to healthcare is exemplified by a study of colorectal
cancer patients in England that reported better survival for those living further away from
healthcare in unadjusted analyses, but no association when adjusted for deprivation
(Dejardin et al., 2014). Similarly, opposite associations between travel times and survival for
breast and colorectal cancer at a population level were reported in an unadjusted and

adjusted model (Murage et al., 2016). In the unadjusted models, longer travel times were
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associated with better survival, but in those adjusted for deprivation, longer travel was
associated with worse survival. In the USA, a study reported that bladder cancer patients
who travelled further to hospital had better survival in unadjusted analyses, but this
association disappeared when hospital volume (the number of procedures to remove
bladder cancer per hospital per year) was included (Xia et al., 2018). It has been reported
that patients living in the USA, including those with DLBCL, treated at high-volume centres
or academic centres have better outcomes than those treated at local hospitals (Ermann et
al., 2020; Lidsky et al., 2017; Vardell et al., 2023). Therefore, it is possible that some patients
may choose to travel further for treatment at centres they perceive to be better, and those

able to do so are likely to be more affluent and fitter.

Other studies have reported an association in the opposite direction, that patients who travel
further for care are at a survival disadvantage (Barrington et al., 2016; Stoyanov et al.,
2022). A study based in the USA found that patients with rectal cancer who had a drive time
of over an hour to their nearest cancer centre had worse survival (Gotfrit et al., 2020).
Another study reported that patients with leukaemia and lymphoma were less likely to
receive a stem cell transplant the further they travelled. Receiving a stem cell transplant
improved mortality considerably and therefore patients with greater travel were found to be
at a survival disadvantage (Mitchell and Conklin, 2015). This suggests that some of the
association between travel and mortality observed for cancer patients could be explained by

differences in treatment received between the travel groups.

Finally, some papers reported no association between travel and survival for cancer patients
(Haddad et al., 2015; Dhakal et al., 2020; Sjostrom et al., 2020; Lim et al., 2023; Perry et al.,
2023). For example, no difference in survival was detected by distance to specialised
treatment centres for acute myeloid leukaemia patients in Denmark (Tgstesen et al., 2019).
Similarly, a USA study that dichotomised cervical cancer patients into two groups using the
median travel distance to academic medical centre reported no difference in survival
between the two groups (Rauh et al., 2018). Interestingly, a study based in Scotland found
no difference in one-year mortality by travel time for patients living on the mainland, but did
find that patients livingontheSh et | and or Orkney I sl-dwdbkl erseberr ¢
had worse one-year mortality (Turner et al., 2017). This difference in survival could not be
explained by delays in diagnosis or commencement of treatment and the authors suggested
that this may instead be explained by a lower incidence of outpatient oncology
appointments. It is also possible that in addition to increased distance to healthcare facilities,
these patients are susceptible to other factors, such as limited infrastructure and intra-island

travel, that could make accessing healthcare more difficult and influence their outcomes.
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Interestingly, a study that investigated the association between travel time to nearest care
centre and survival for the 10 most common solid cancers in France reported different
effects of travel for different cancer sites, and for some cancer sites different effects by sex
(Gardy et al., 2023). These were: increased travel associated with worse survival, increased
travel associated with improved survival, no association between travel and survival, and a
0 ReverfSher plé Pahere survimabwas worse for those with medium length journeys.
This reverse U-shape association was also observed between travel time to hospital and
one-year mortality for patients with colorectal cancer in Scotland, with the highest mortality
for patients with mid-range travel times, whereas for patients in Denmark, increased travel
time to hospital up to 60 minutes was associated with lower one-year mortality (Murchie et
al., 2021a). Interestingly, the same paper reported that the shape of the association between
travel time to GP and mortality was the opposite for travel time to hospital for Scottish
patients, instead displaying a U-shaped pattern, with those with mid-range travel times

having the lowest mortality.

A limited number of studies have specifically investigated the association between DLBCL
survival and travel. A study of DLBCL patients in Canada that included travel in a
multivariable analysis investigating the effect of place of residence and treatment on survival
outcomes found that distance to treatment did not have any individual prognostic value (Lee
et al., 2014). Another study based in France described an association between distance to
the nearest reference centre and survival, with those that lived intermediate distances having
the worst survival (Guyader-Peyrou et al., 2017). However, this was one of many factors

investigated in the paper.

The inconsistency in the direction of association between travel and survival is indicative of
its complex nature. This includes varying associations by cancer type and setting and its
vulnerability to confounding by many factors including the SES, fithess and age of patients.
Therefore, confounders such as SES should be accounted for in analyses investigating the
effect of travel on survival and care must be taken when drawing comparisons between

studies investigating different cancer types and in different settings.

3.4.3 Rurality and diagnostic route

The influence of rurality on diagnostic route differs between cancer types. For example, a
large study in the USA reported that rurality was associated with late-stage disease at
diagnosis for some cancer types, but not others (Oh et al., 2024). Similarly, a study in
Australia reported that rural residence was associated with longer time to diagnosis for

colorectal cancerp a t i ,éut forsbfeast cancer patients rural-urban differences were
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minimal (Bergin et al., 2018). These differences could be explained by patients presenting to
healthcare with a breast lump being more likely to be referred for diagnostic tests than

patients with colorectal cancer, who often present with non-specific symptoms.

Two Scottish studies that used data from the national cancer diagnosis audit reported that
there was no difference in the proportion of Emergency Presentations between rural and
urban patients, but that rural patients had more GP consultations prior to diagnosis (Murchie
et al., 2020; Maxwell et al., 2023). Furthermore, longer time between presentation and
referral to secondary care (primary care interval) for rural patients was reported by Maxwell
at al., 2023, and longer time between presentation and diagnosis (diagnostic interval) for
rural patients was reported by both studies. These results imply that rural patients
experience more diagnostic delay than urban patients, however, the authors also reported
that rur al patients did not prbsantagon ér diagmostia s ed odds
intervals, over 60 or 90 days respectively. They suggested that the longer intervals were
unlikely to be clinically significant and could be explained by an increase in investigations
carried out by the GP prior to referral and instead of indicating diagnostic delay may actually
refl ect appr opr AnatheeScditighastudy kepoetgul that gul.colorectal cancer
patients were more likely than urban patients to be detected through screening, a diagnostic
route often described as desirable, however, this did not translate to a survival advantage for

these patients (MacVicar et al., 2020).

Interestingly, a study of colorectal cancer patients in Scotland reported that the association
between travel time to healthcare and Emergency Presentation differed significantly between
urban and rural patients (Murage et al., 2017). For example, longer travel time was
associated with lower odds of Emergency Presentation for urban patients, but the opposite

was the case for rural patients.

There is limited literature regarding differences in RTD or delayed diagnosis by rurality for
patients with haematological malignancies and this search returned no papers that

investigated this association for DLBCL patients specifically.

3.4.4 Rurality and Survival

The findings of studies examining the influence of rurality on survival are mixed; some report
no differences between urban and rural dwellers, some report better outcomes for rural
patients, and others report worse outcomes for rural patients. The inconsistency in the
direction of association illustrates the complexity of the relationship, which is likely

confounded by other factors, principally SES.
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An Australian study reported that for 11 cancer types, excess five-year mortality was
significantly greater for patients who did not reside in major cities and this association
decreased but persisted for most cancers when adjusted for SES (Afshar et al., 2020). This
indicates that only some of the difference in survival associated with rurality can be
explained by differences in SES. Interestingly, the direction of the association between
outcomes of non-Hodgkin lymphoma (NHL) patients and rurality changed when the analysis
was adjusted for SES, so that those who lived outside major cities had better survival. This
suggests that in this population, the association between rurality and survival for NHL
patients can be explained by SES. Another study that used data from 111,627 patients
diagnosed with ovarian cancer in the USA reported that rural residence was associated with
worse survival compared to living in urban and metropolitan areas in unadjusted and
adjusted analyses (Ulmer et al., 2022). The authors suggested that the independent
association between rural residence and worse survival was compounded by other factors
identified in the analysis, such as insurance status and comorbidities, that together explain
the disparity in survival of urban and rural patients. Another large study based in the USA
that examined the effect of rurality on mortality across multiple cancer sites reported that
rural residence was associated with a 2.4% absolute increase in five-year mortality (Kenzik
et al., 2024). Furthermore, they reported that highly deprived rural patients had 6% higher
mortality compared to low-deprivation urban patients, illustrating the interaction between
rurality and deprivation in the USA. Australia and the USA are both much larger than the UK
and the geographical remoteness associated with rurality may be more extreme than that
experienced by patients residing in the UK. A survival disadvantage for rural prostate cancer
patients has been reported in Scotland, although this association was weak (Laing et al.,
2014).

Contrary to the findings discussed above, two Scottish studies reported better survival for
rural cancer patients (Murage et al., 2017; Griffin et al., 2023). Interestingly, another study
based in Scotland examining the influence of rurality on outcomes of melanoma patients
found no evidence of a trend for worse survival with increasing rurality (Murchie et al., 2018).
Similarly, a study that used data from 17 cancer-specific cohorts representing 36,995
patients enrolled in clinical trials across the USA found no evidence of statistically significant
differences in survival for any patient cohorts by urban-rural location other than a single
breast cancer cohort (Unger et al., 2018). This suggests that when treatment and care is
equal, such as in the setting of a clinical trial, residential location is not associated with
survival and the authors proposed that other papers that have reported a survival

disadvantage for rural patients failed to adequately control for differences in access to care.
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A German study that included data from NHL patients reported no consistent improvement in

survival with increasing urbanisation (Nennecke et al., 2014).

There are a small number of studies that have investigated the influence of rurality on
survival of patients with DLBCL. Lee et al examined data from 1357 DLBCL patients in
Canada and found that rural patients had comparable survival to those who resided in large
urban areas, whereas those residing in small and medium urban areas had worse survival
and this observation could not be explained by longer driving distances to care or lower
income in these groups (Lee et al., 2014). Another study that included over 83,000 DLBCL
patients from across the USA reported that rural and urban patients had worse overall
survival compared to those who lived in metropolitan areas when confounders including age,

stage and insurance status were controlled for (Ritter et al., 2019).

3.4.5 Socioeconomic status and diagnostic route

It has been repeatedly observed that patients with low SES who are diagnosed as
Emergencies have worse survival than more affluent patients diagnosed as Emergencies,
even after adjusting for confounders (McPhalil et al., 2013). It has also been reported that the
most deprived patients have a greater risk of Emergency Presentation across many cancer
types, including NHL (Abel et al., 2015). Therefore, it has been suggested that reducing the
proportion of diagnoses made via the Emergency route could narrow the deprivation gap in

cancer survival.

Haematological malignancies are frequently diagnosed following an Emergency attendance,
for example, it has been estimated that 27% of NHLs in England are diagnosed via the
Emergency route compared to 24% of all cancers (Elliss-Brookes et al., 2012). A study
based on data from the Haematological Malignancy Research Network (HMRN) (described
in section 1.2) reported that 40% of DLBCL patients in their cohort were diagnosed as an
Emergency and that survival was worse for these patients compared to those diagnosed via
other routes (Kane et al., 2017). However, they did not report any difference in the proportion

of patients presenting as an Emergency by deprivation.

An Irish study found that first hospital admission as an Emergency instead of a planned
admission was less common for affluent NHL patients compared to deprived NHL patients
(Comber et al., 2016). However, they did not distinguish between the different types of NHL
and the healthcare system in Ireland differs to that of the UKs, meaning these observations
may not be generalisable to UK patients with DLBCL. Another study based in Canada
reported that income and education, two factors commonly used to describe SES, were not

predictive of diagnostic delay in DLBCL patients (Nikonova et al., 2015).
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3.4.6 Socioeconomic status and survival

The majority of papers included in this review report that increasing deprivation is associated
with worse survival (Berkman et al., 2021; Costa, Brill and Brown, 2016; Forrest et al., 2015;
Hong et al., 2016; Keegan et al., 2016; Le Floch et al., 2020; Lee et al., 2021; Maheswaran
and Morley, 2018; Ramsay et al., 2014; Smith et al., 2021b, 2021a; Tao et al., 2014;
Vallance et al., 2018). The observation that for many types of cancer, including some of the
most common, such as breast, prostate and colorectal cancer, survival is worse for those
who are most deprived is not recent (Coleman et al., 2004; Kogevinas et al., 1991). Some,
but not all, of the differences in survival by SES can be explained by the lifestyle factors
associated with SES, such as smoking, and policy to reduce such inequalities has been
introduced, including the NHS Cancer Plan (2000) (Afshar, English and Milne, 2021).
However, the survival gap between the most and least deprived patients is a persistent
problem and in the years following the introduction of the NHS Cancer Plan (2000), there
has been no considerable improvement in reducing socioeconomic inequalities in cancer
survival (Exarchakou et al., 2018; Herbert et al., 2019a).

Interestingly, despite the frequently reported persistent nature of survival inequalities for
cancer patients, a study of ovarian cancer patients in a clinical trial in England and Wales
reported no inequalities in survival by SES (Abdel-Rahman et al., 2014). In clinical trials,
patients in any particular arm have equal access to treatment and care and therefore these
findings suggest that some of the socioeconomic inequalities in survival observed in
population-based studies are the result of unequal access to care and treatment. Although, it
is worth considering that trial participants are not typically representative of the disease
population, for example, they are usually younger patients with fewer comorbidities (Elting et
al., 2006). Other non-trial studies have reported similar findings, such as an English study
that reported that liver cancer patients who were more deprived had worse 3-year survival
(Vallance et al., 2018). However, when the survival analysis was restricted to only those who
received liver resection surgery, no socioeconomic differences were observed. Similarly, a
study investigating socioeconomic inequalities in survival of lung cancer patients in England
found that inequalities remained after adjusting for patient, tumour and healthcare system
factors but disappeared when treatment was accounted for (Forrest et al., 2015). The same
study also reported that patients belonging to the least deprived categories were more likely
to receive a resection even after adjusting for differences in comorbidities, suggesting that
undertreatment of more deprived patients could be contributing to the lower survival
observed in this group. Furthermore, a study of 20,000 women with breast cancer found that

pre-existing health status and primary care consultation history did not explain differences in

99



Chapter 371 Literature Review

cancer survival by socioeconomic group and reported that it is the post-diagnosis period that
iS most susceptible to socioeconomic disparities (Woods et al., 2022). These results suggest
that treatment inequalities contribute to the deprivation gap in survival for some cancer
patients, which is interesting as all these studies are based in the UK, where treatment is
provided by the NHS and care should be equitable across SES groups. Therefore, it seems
probable that other barriers exist that prevent patients from low SES groups accessing

optimum healthcare.

It has been reported that despite an overall improvement in 1-, 5- and 10- year survival over
time, inequalities between the affluent and deprived remained largely unchanged for patients
with NHL (Rachet et al., 2008). Another English study found that deprivation was a strong
predictor of 1-year mortality among DLBCL patients (Smith et al., 2021a). However, a paper
using HMRN data, a study based in the north of England, that investigated DLBCL alone
found no evidence of a difference in survival between different socioeconomic groups (Smith
et al., 2015). Findings from other countries are mixed, with some reporting no effect of SES
and others reporting worse outcomes for low SES patients with DLBCL. For example,
studies based in France (Guyader-Peyrou et al., 2017) and the Netherlands (Boslooper et
al., 2017) found that SES was not associated with survival, while a study in the USA found
that survival disparities were associated with neighbourhood SES (Tao et al., 2014). Tao et
al., 2014, also reported that the survival gap by neighbourhood SES increased after the
introduction of rituximab, which further implies that treatment is an important contributor to
SES disparities in survival. The obvious suggestion for what might be causing these
contradictory findings is the difference in healthcare systems between the USA and
European countries. However, disparities in survival for DLBCL patients by SES group have
also been reported in Hong Kong, which has a public health system akin to that in the UK
(Lee et al., 2021).
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3.5 Summary and next steps

This review has summarised the relevant literature examining the effect of travel to
healthcare, rurality and SES on route to diagnosis and survival of cancer patients. In doing
so, it has facilitated the selection of the appropriate methods for this thesis, which are

described in more detail in the Materials and Methods chapter.

Most studies that examined the influence of SES on diagnostic route or survival of cancer
patients reported that those living in more deprivation had worse outcomes. This relationship
was observed across many different cancer types and multiple countries, highlighting the
persistent nature of this association. Where no association with SES and survival was
reported, this was often in settings where treatment was equitable across all SES groups,
such as in a clinical trial, or where treatment had been included as a confounder. These
results suggest that cancer patients from low SES groups face barriers to accessing

optimum healthcare, even in countries where healthcare is universal, such as the UK.

The review showed that studies used a variety of different methods to assign both
deprivation and rurality to participants and these were typically measures specifically
developed for the country the study was based in. For example, rurality was often assigned
using national datasets which is appropriate because what is described as rural in a large
country such as Australia is likely different to the definition that would be applied in a much
smaller country like the UK. Therefore, despite no studies included in this review using the
ONS rural-urban classification to assign rurality, it was decided that because this was the
national dataset that covered our region, this classification would be used in this thesis.
Similarly, the way in which studies assigned deprivation varied between regions, with many
studies based in England using the IMD which is the deprivation measure that HMRN
routinely links to and was used in this thesis to ensure that results were easily comparable to
what has been published already. Some studies used the composite measure of the IMD
which uses a variety of data sources across seven distinct domains, while others opted to
use the income domain of the IMD in isolation. For this thesis only the income domain of the
IMD was used due to concerns that data used in the calculation of the health domain could

artificially inflate associations between deprivation and the outcomes of this thesis.

The associations between rurality and travel to healthcare on cancerp at i eutdte 0
diagnosis and survival were less consistent than those reported for SES: some studies
reported no association, some reported better outcomes for those who travelled further, and
others reported worse outcomes for those with the longest journeys. Furthermore, it is

challenging to compare the results of studies due to inconsistencies in the methods used to
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measure and analyse travel data; also, findings from regions with different healthcare
provision and geographical landscapes may not be applicable to UK patients. The effect of
travel and rurality on diagnostic route and survival of patients with DLBCL has been
examined by a small number of studies, none of which were based in England, highlighting a
gap in the knowledge of DLBCL.

The review demonstrated that currently there is no standardised method for estimating travel

time to healthcare for cancer patients. For example, there was variation in the way in which

travel distance/time was calculated, with both straight-ineor éas t he croawd fl i esd
shortest journey based on the road network between the origin and destination points

reported, as well as differences in the origin and destination points used in the calculations,

with some studies using postcode (or equivalent) while others used centroids of census-

based areas. Furthermore, most estimates reported in the literature were for journeys made

by private car, with little information about journeys made by other modes of transport such

as public transport available. The review also showed that there is no standardised approach

in which the travel data generated in these calculations was used in the statistical analyses,

with some studies keeping travel as continuous variables and others converting it into a

categorical variable using a number of different cut-offs. After reviewing the methods used

in these studies and considering the data available in HMRN, it was decided that calculating

travel distance and time by both car and public transport using the road network and using

postcodes for the origin and destination points would yield the most accurate estimates. This

was done using a travel time analysis software (TRACC by Basemap) to calculate shortest
journeys from each patientds residenti al addr es s
Practitioner and diagnostic hospital (see section 4.5). The decision on how to use this travel

data in the analysis and was made following discussion at my Thesis Advisory Panel

meetings, as discussed in section 4.8.2.

There are multiple ways in which diagnostic delay can be measured, as highlighted by the
review, and because different regions have different healthcare systems these also vary
depending on the geographical location of the study. Using the Emergency Presentation
route to distinguish cancer patients who have experienced diagnostic delay is a popular
method used in many studies based in the UK and so to ensure this work was comparable
with what had already been published relating to delayed cancer diagnosis in England, this

method was chosen for this thesis.
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4 Materials and Methods

A summary of the data sources used in this thesis to examine the impact of socio-
demographic and geographical factors on routes to diagnosis, disease presentation and
outcome of patients with diffuse large B-cell lymphoma (DLBCL) in the Haematological
Malignancy Research Network (HMRN) can be seen below in Table 4:1. All statistical

analyses were conducted in Stata 18 (StataCorp,Texas).

Table 4:1. Summary of data sources used in this thesis.

Data Source

Pat i déiseass,alinical presentation and treatment  HMRN routinely collected data
data.

Hospital Episode Statistics NHS England

Mortality NHS England

Rural-urban classifications Office for National Statistics

Index of Multiple Deprivation Ministry of Housing, Communities and

Local Government
GP postcodes (for importing into mapping software NHS England (EPRACCUR file)
only)
All postcodes in the HMRN region (for importing into NHS postcode directory (August 2022)
mapping software only)

Road Network Ordnance Survey (Meridian 2)
Public transport timetables DataCutter tool in TRACC (Basemap)
Life tables NHS England

4.1 Study population

Patients from the HMRN cohort newly diagnosed with DLBCL between January 2005 and
August 2019 were included in the analysis. 2019 was chosen as the cut-off point for
inclusion in this thesis for data completeness and due to the impact of the coronavirus
pandemi ¢ on pat iexpeiescé and suigahnfrons 2020 onwards. Only patients
with a de novo diagnosis of DLBCL within that time frame were included, that is, any patient
recorded as having been diagnosed with another haematological malignancy prior to their
DLBCL were excluded. A small number of patients treated at hospitals outside of the
Network were excluded as well as patients whose medical records could not be accessed
and therefore did not have complete follow-up (section 5.1). All patients with a
haematological malignancy in the area and beyond are diagnosed at a single NHS
laboratory regardless of whether they have private healthcare and this facilitates tracking

private patients for entry into the NHS.
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4.2 Haematological Malignancy Research Network case ascertainment and data
collection

Patients diagnosed with a new, ICD-O-3 coded haematological malignancy or precursor
condition by the Haematological Malignancy Diagnostic Service (HMDS) in Leeds since
September 2004 are included in the HMRN patient cohort. HMDS is a specialist diagnostic
laboratory providing a fully integrated diagnostic pathway that includes information on
histology, immunohistochemistry, gene expression profiling and more, meaning that all
HMRN patients are diagnosed at a single site. Patients are entered into the cohort on the
day they are first diagnosed with a haematological malignancy or precursor condition, with

newly diagnosed patients ascertained on a weekly basis via NHS systems.

Under section 251 of the NHS Act 2006, HMRN has permission to collect and store core
patient data without explicit patient consent. The core data that HMRN collects consists of
laboratory data, clinical data, data from linked national datasets and self-reported data from

consenting patients (Figure 4:1).

Focus groups Diagnostics

Interviews Routine monitoring

Surveys Disease progressions

Quality of life . .
measures Patients Haemfl':c'cg/pl)[a)tsf)}ology Prognostics

Death notifications Demographics

National
administrative
linkages Medical records

Hospital episode Electronic c
statistics (HES) prescribing ancer stage

Area-based measures
(e.g. Index of Multiple Deprivaticn)

Cancer registrations Performance status

Clinical mangement / therapy

Response to treatment

Chemotherapy

Figure 4:1. Haematological Malignancy Research Network data sources.
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4.2.1 Primary data collection

Figure 4:2 illustrates the flow of primary data collected by HMRN and stored on the HMRN
central database, which is managed by the Epidemiology and Cancer Statistics Group
(ECSG). ECSG is the research group that | am part of and is a multi-disciplinary team of
researchers, data managers, research nurses, clinical research assistants, IT and support

professionals, based at the University of York.

e
R
|

~

Figure 4:2. Haematological Malignancy Research Network
(HMRN) data collection and linkages.

Demographic and clinicaldataareabst ract ed from the patientsé me|
of trained research nurses using data collection formsthatares peci fi ¢ t o t he pat.
diagnosis. This information is initially collected approximately a year after the patient enters

the HMRN cohort and then repeated at specific follow-up points, ending at death. This

includes the patient® home address and registered General Practice (GP) as well as

information relating to relevant medical conditions such as Human Immunodeficiency Virus

and Down syndrome which could be related to their haematological malignancy diagnosis.

For patients with a previous cancer diagnosis, any chemotherapy or radiotherapy treatment

resulting from this is also recorded, to identify therapy-related myeloid cases.

Presentation data is collected using results of tests performed around the date of diagnosis

and before treatment starts including biopsies, blood tests, scans and clinical notes.
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Disease-specific presentation information is also recorded, which for patients with DLBCL

includes the presence or absence of B symptoms, sites of disease involvement and stage of

disease using the Ann Arbor classification. The Ann Arbor stage is also calculated

independently using primary data variables fromt he pat i e mmdcads withie @aiine a |

house algorithm. Sometimes it is not possible to collect all of this data, either because it was

not recorded in the patientdéds medical records or
is the case theresultisr e c or drotknowr®® ®@r O6not doFRedomeg especti vel
diagnoses, there are additional forms to record results of tests undertaken specifically for

that disease, such as Positron Emission Tomography (PET) scans for lymphoma patients.

Figure 4:3 and Figure 4:4 demonstrate data entry on HILIS for a patient with DLBCL, with

sensitive data redacted to preserve confidentiality.

Treatment data is collected by the research nurses at abstraction of the medical records and
is ongoing until death, even if a patient receives aggressive treatment and is effectively
6cur edd of .Thdsedatainctudeshe statand end dates of any treatments, the
hospital where treatment was administered and the specific drugs, e.g., R-CHOP. Any other
relevant information is also recorded as free text, such as dose attenuation and the reason
for this. The purpose of the treatment is also recorded, e.g., for palliative reasons only. If the
patient was treated with aggressive chemotherapy their response to treatment, e.g.,
complete response (CR) or progressive disease (PD), is inferred from the clinical notes and

scans, supported by laboratory data.

Diagnostic data comes directly from HMDS via their integrated laboratory information
system, HILIS, which is used for specimen tracking and reporting. This includes dates and
results of test s smigaldiagnbsis,guch as histdiogy apdat i ent 6
immunohistochemistry results, as well as from any tests undertaken as part of ongoing

monitoring for disease progression, transformation and response to treatment.
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Diagnosis: | Diffuse large B-cell lymphoma (DLBCL) [9680/3] | History

Patient summary:

Name DoB NHS number Lab No. Reported Source Referrer
.2018

Demographic data:

Address at diagnosis:
Post code:
GP practice: edit @
GP: v
Status: | alive v

[ delete ... ]

Event data:

Date of diagnosis: 2018
Age at diagnosis:

First haem. appointment: 2018
Palliative referral date:
Date of death:

MDT meeting dates [7]: .2019 [edit]
.2019 [edit]
2019 [edit]
2019 [edit]
2026 [edit]
.2020 [edit]
.202¢ [edit]

NounswnH

@

«new

[ delete ... ]

Referral pathway:

No referral data recorded
@ Add new entry

Antecedent/concurrent events:

: : Previous radiotherapy:
Event: | Non-haematological malignancy v
Previous chemotherapy: ()

[ delete ... ]

Treatment/trial history:

Centre Type Detail Start End Cycles  Response
1 chemotherapy CHOP / Rituximab (Truxima) 2019 2019 4 CR edit
2 supportive care G-CSF 2019 .2019 edit
3 non-haematological .2019 2019 edit
4 supportive care Blood products 2019 2019
dischargedto GP 2019

Figure 4:3. Example of data entry on HILIS with sensitive data redacted for a patient diagnosed with
diffuse large B-cell lymphoma in HMRN.
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Clinical data:

Lymphoproliferative data: &

ECOG: 0Ov Hb: 139 « (NS | ND) [g/fdL] [common]
Bone marrow: Nwv WBC: 6.2 «(NS|ND)[x 10%L] | [common]
Sweats: Nv Lymphocytes: 1.26 «(NS|ND)[x 109/L] [common]
Fever: Nv Albumin: 44 «(NS|ND)[gfL] [common]
Weight loss: | Nv Bom: |99.0 «(NS|ND)[mg/L] [common]
CTscan: Y LDH: normal v [common]
MRI scan: | Nv PET scan: | Y v [common]
Binet stage: NAWv Platelets: 197 < (NS|ND) [x 10°/L] [CLL data]
Ann-Arbor: | |lll v [non-CLL data]
Paraprotein: | not done v Paraprotein level: |999.0 «(NS|ND)[g/L]
PCV: 410 < (NS |ND)[%] Neutrophils: 4.39 «(NS|ND)[x 109/1]
Monocytes: 043 «({NS|ND)[x 109/L] Immunoglobulins: | normal v
[ delete ... ]

Calculated prognostic indicators:
Ann-Arbor: II[2]
Age-adjusted IPI: low [0]
Imaging data:

CT scan [1]: &

Inltlal scan on 72018 [edit [ X |

Nodal involvement:
Site

=
O

Axillary/Pectoral:

New scan: follow-up v date:

Nodal Involvement: Extranodal Involvement:

Slte LIR slte LIR

Blood: | O

Bone: | (]

CNs: (]

em: U

gu: O

Thymus: | (] Liver: | ()

Hllar: () (J Marrow: (]

Maediastinal: (] Muscle: | ()

Para-aortic: (] orblt: () O

Spleen (palpable): () Pericardium: [

Mesenteric: | (] Pulmonary: () O

Ilac: O O Salivary gland: () ()

Inguinal/Femoral: (] [J skin:| O

Popliteal: () [J Thyroid: | [

Bulky disease: (J Other:
Check scan: | (]
Extansive: | (]

Figure 4:4. Example of data entry on HILIS with sensitive data redacted for a patient diagnosed with
diffuse large B-cell ymphoma in HMRN.

108



Chapter 41 Materials and Methods

4.2.2 Patient self-reported data

With permission from their clinical team, patients in the HMRN cohort are asked to consent
to further contact. This includes a request to complete a self-reported questionnaire that is
sent to patients soon after diagnosis (approximately six weeks later) to prevent recall bias.
The documentation for this can be accessed on the HMRN webpage
(https://hmrn.org/resources/documentation). This questionnaire supplements the data which

is routinely collected by HMRN and includes questions relating to:

=

ethnicity, height and weight

1 smoking status

1 any symptoms experienced before being diagnosed with their condition
1 when the patient first sought help for their condition

1 quality of life.

Information from these questionnaires is not used in this thesis, however, the collection of
this data highlights HMRNO sommitment to hearing and understandingp at i ent s 6

experiences, including along the diagnostic pathway.

4.3 Linked national data

In addition to collecting primary data, HMRN links to a number of national databases
including death notifications, cancer registrations and Hospital Episode Statistics (HES) as
shown in Figure 4:5. The time periods available for each of these datasets is also shown in
Figure 4:5. Patients can also be assigned to area-based population indices such as the
Index of Multiple Deprivation (IMD) (described in section 4.3.2) using the postcode of their
home address at diagnosis, which is recorded as part of the initial data collection process

described in section 4.2.1.
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1995 2000 2005 2010 2015 2020 2025
1

Patient cohort

Comparison cohort

Cancer registration

Death and emigration

Hospital Episode Statistics (HES)

Inpatient
Outpatient

Accident & emergency

Adult critical care

Figure 4:5. National data availability: Haematological Malignancy Research Network patient cohort
and comparison cohort.

4.3.1 Hospital Episode Statistics

Administrative and clinical data are routinely collected by healthcare providers to support
patient care and are submitted to NHS England for the purpose of payment for, and the
planning and monitoring of, healthcare. This includes records of all patients admitted to NHS
hospitals in England including private patients treated in NHS hospitals, patients who do not
live in England and care delivered by centres funded by the NHS (including those in the
independent sector). This data is compiled, cleaned and processed before being released as
HES on a monthly basis, which includes clinical, patient, administrative and geographical
information relating to inpatient care, outpatient appointments and Accident and Emergency

attendances and is available in four datasets, two of which were used in this thesis:

1 Hospital Episode Statistics Admitted Patient Care (HES APC) i available from
01/04/1989

1 Hospital Episode Statistics Outpatients (HES OP) i available from 01/04/2003

Although not the primary purpose of HES data, it is used extensively in health research.
Periodically, HMRN applies to NHS England to obtain matched HES data for patients in the
cohort by their NHS numbers. This data is then linkedtothe p a t i anmguedstsidy ID and
can be used in conjunction with other data available in HMRN for a variety of analyses
including estimating the proportion of patients diagnosed through each route to diagnosis

and examining rates of hospital activity prior to diagnosis.
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4.3.2 Index of Multiple Deprivation

No individual-level measure of socioeconomic status is currently collected by HMRN,
however, because HMRN has access to patientos
be used to assign each patient an IMD score based on their Lower Super Output Area
(LSOA). Between 2005 and 2019, the timeframe in which patients included in this thesis
were diagnosed, there have been five versions of the IMD (2004, 2007, 2010, 2015 and
2019). The 2015 release of the IMD was chosen for this thesis because it approximately
reflects the median date of diagnosis for this sample of patients. Consequently, for some
patients, particularly those diagnosed at the start of the registry, other releases of the IMD
are closer to their diagnostic date. However, this is of limited concern because of the high
concordance between the different releases of the IMD, for example, 88% of
neighbourhoods in the most deprived decile in the 2019 release were also in the most
deprived decile in the 2015 release (Ministry of Housing, Communities & Local Government,
2019).

IMD is a composite measure of deprivation made up of seven distinct domains as described
in section 1.5.2.2. For this thesis, the 6ntome Deprivation Domaindéwas used in isolation to
estimate deprivation because of concerns that inclusion of other domains could lead to
overestimations of the associations between some of the variables in the analysis. For
example, the 6 &nlth Deprivation and Disability Domainéof the IMD uses years of potential
life lost as one of its indicator variables. Cancer patients generally have reduced survival
compared to the general population and are therefore likely to contribute towards a higher
deprivation score for the Health Deprivation and Disability Domain of the IMD. It would be
wrong to conclude that a higher deprivation score for this domain was contributing to lower
survival of cancer patients because the explanatory variable (deprivation) and outcome
variable (cancer survival) are at least in part measuring the same thing. Similarly, the

0 &riers to Housing and Services Domaindincludes distance to GP practice as an indicator
variable which is problematic when estimating differences in travel distance to healthcare

services by patient characteristics such as deprivation.

For this thesis, the IMD data was categorised into quintiles using the rank of the Income
Deprivation Domain for each LSOA in the country, where quintile 1 contains the 20% least
deprived LSOAs and quintile 5 the 20% most deprived LSOASs.
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4.3.3 Death notifications

Mortality data for patients registered in the HMRN cohort is sent from NHS England and the
last update to this data was August 2023. This means that date of death is only available for
patients who die after August 2023 when it is recorded by the study nurses at data collection
and input into the HMRN database before the official death certificate is sent by NHS
England.

4.3.4 Comparison cohort

HMRN patients diagnosed between 2009 and 2015 (n=18,127) are matched by NHS
England (formerly NHS Digital) on age, sex and residency in the study area to ten randomly
selected controls, who have not been diagnosed with a haematological malignancy or
related condition, from the population-based National Health Service Central Register. Each
control is linked to their matched case by a unique study identification code and the
diagnosis date of each case is assigned as a pseudo-diagnosis date to their matched
controls. In the same manner as the patient cohort, controls are linked to their own data in

national databases such as HES, not to that of their matched case.

The purpose of the control cohort is to provide estimates of background healthcare activity
and comorbidities of the general population to compare with that of patients diagnosed with
a haematological malignancy. In this thesis, data from the controls was used to estimate the
background rate of hospital activity and compare this to the rate of hospital activity of the
cases (HMRN DLBCL patients) in the two years before- and one year after- diagnosis. This
shows how many months before diagnosis on average patients with DLBCL are attending
hospital and in combination with information relating to route to diagnosis helps inform if they

experienced diagnostic delay.

4.4 Processing primary data for analysis
4.4.1 Treatment data

Any treatment that a patient in HMRN receives as part of their cancer care, including
supportive and palliative care, is abstracted from their medical records and recorded in the
HMRN database. Information relating to the regimen type (chemotherapy, radiotherapy,
supportive care, etc.), the date that the treatment started and ended, the name of the
regimen, such as R-CHOP, and a list of the drugs used (e.g., Rituximab, Cyclophosphamide,
Doxorubicin, Vincristine, Prednisolone) is recorded for each treatment that the patient

receives.

112



Chapter 41 Materials and Methods

Data relating to all treatments a patient received following their DLBCL diagnosis were

extracted for analysis. To identify patients treated with curative intent, the TreatLine ado-file

developed by ECSG (Stata code in Appendix 2) was firstly executeds el ecti ng only O6a
treatments to produce Oactived |ines. A treat men
type was described in the HMRN Treatment table as chemotherapy, CAR-T therapy,

radiotherapy or a stem cell transplant. The command was executed a second time for

patients who had no 6act i,wihahexpaededdistof tcbkgimeni f i ed by
types selected, such as discharged to GP and steroids. This was done to ensure that for

patients who may have received a non-active treatment prior to their active treatment, the

active treatment was prioritised and identified as the first-line treatment.

After the treatment data had been organised into lines and checked and cleaned for any

errors, a new variable c a | kuzative i t ewas generated, whi ch was coded as Oy
6 n for@each patient based on the treatment they received as first-line, to identify patients

who received aggressive treatment for their disease. Most patients in this analysis received

the standard regimen for DLBCL as first-line therapy, R-CHOP, an aggressive chemo-
immunotherapyand wer e therefore coded as AQbkavevér, f or t he
this therapy is not suitable for all DLBCL patients and alternative therapies may administered

with curative intent, for example, patients with either suspected or diagnosed primary diffuse

large B-cell ymphoma of the CNS (PCNSL) are typically treated with methotrexate, a single-

agent chemotherapy drug, as first-line treatment with the intention to cure them of their

disease. A comprehensive list of the different regimens received as first-line and whether

they were coded as curative can be found in Table 4:2.
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Table 4:2. First-line chemotherapy regimens and treatment intent: HMRN patients newly diagnosed with diffuse large B-cell ymphoma between January

2005-August 2019.

Regimen name Drugs Curative
Intent
AraC, Methotrexate, Rituximab AraC, methotrexate, rituximab Yes
Chlorambucil, Dexamethasone, Rituximab  Chlorambucil, dexamethasone, rituximab Yes
Chlorambucil, Prednisolone Chlorambucil, prednisolone No
Chlorambucil, Rituximab Chlorambucil, rituximab Yes
CHO, Rituximab Cyclophosphamide, doxorubicin, vincristine (+/-rituximab) Yes
CHOP Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone Yes
CHOP, Velcade Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, velcade Yes
CODOX-M Cyclophosphamide, cytarabine, vincristine, doxorubicin, methotrexate Yes
CODOX-M, IVAC Cyclophosphamide, doxorubicin, vincristine, methotrexate/ifosfamide, etoposide, cytarabine Yes
COP Cyclophosphamide, vincristine, prednisolone, methotrexate, hydrocortisone Yes
COPAD Cyclophosphamide, vincristine, prednisolone, doxorubicin, GCSF Yes
CRUK HD-MTX in PCNSL HD methotrexate, glucarpidase Yes
CRUK R-GCVP Rituximab, gemcitabine, cyclophosphamide, vincristine, prednisolone Yes
CVvP Cyclophosphamide, vincristine, prednisolone Yes
CYM/AraC, Methotrexate, Rituximab AraC, methotrexate (+/- rituximab) Yes
DHAP/R-DHAP Dexamethasone, AraC, cisplatin (+/- rituximab) Yes
EPOC/ R-EPOC Etoposide, prednisolone, vincristine, cyclophosphamide (+/- rituximab) Yes

EPOCH, Rituximab

Etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin, rituximab
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Regimen name Drugs Curative
Intent
Etoposide, Dexamethasone Etoposide, dexamethasone No
Etoposide, Prednisolone Etoposide, prednisolone No
EURO-LB 02 Induction 1a (protocol) Vincristine, daunorubicin, asparaginase, cyclophosphamide, cytarabine, mercaptopurine, Yes
methotrexate, prednisolone

Gemcitabine, Dexamethasone, Cisplatin, Gemcitabine, dexamethasone, cisplatin, rituximab Yes
Rituximab

Gemcitabine, Prednisolone Gemcitabine, prednisolone No
Gem-RCVP/GCVP/ R-GCVP Gemcitabine, cyclophosphamide, vincristine, prednisolone, (+/- rituximab) Yes
Ibrutinib, Rituxamab Ibrutinib, rituximab Yes
IdaRAM/ IdaRAM, Rituximab Idarubicin, AraC, methotrexate, dexamethasone (+/- rituximab) Yes
IVAC Ifosfamide, etoposide, cytarabine Yes
IVAC-M / Rituximab Ifosfamide, etoposide, cytarabine, methotrexate, rituximab yes
MATRIX/ MATRIX, R-ICE Methotrexate, cytarabine, thiotepa, rituximab (+/- ifosfamide,etoposide) Yes
MCOP, Rituximab Rituximab, cyclophosphamide,mitoxantrone, vincristine, prednisolone Yes
Methotrexate, AraC, Hydrocortisone Methotrexate, AraC, hydrocortisone Yes
Methotrexate, Rituximab Methotrexate, rituximab Yes
Methotrexate, Cytarabine, Thiotepa, Methotrexate, cytarabine, thiotepa, rituximab Yes
Rituximab

Mini-CHOP, Rituximab Same as R-CHOP but lower doses Yes
PMitCEBO/ PMitCEBO, Rituximab Prednisolone, mitoxantrone, cyclophosphamide, etoposide, bleomycin, vincristine (+/- Yes

rituximab)
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Regimen name Drugs Curative
Intent
R-CEOP Rituximab, cyclophosphamide,etoposide, vincristine, prednisolone Yes
R-CHOP Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone Yes
R-CHOP, Acalabrutinib Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, acalabrutinib Yes
R-CHOP, AraC Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, AraC Yes
R-CHOP, Enalapril Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, enalapril Yes
R-CHOP, Methotrexate Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, methotrexate Yes
R-CHOP, Methotrexate, AraC Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, methotrexate, AraC Yes
R-CHOP, Velcade Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone, velcade Yes
R-CODOX-M Rituximab, cyclophosphamide, doxorubicin, vincristine, methotrexate Yes
R-CODOX-M, IVAC Rituximab, cyclophosphamide, doxorubicin, vincristine, methotrexate/ifosfamide, etoposide, Yes
cytarabine

R-CVP Rituximab, cyclophosphamide, vincristine, prednisolone, Yes
Rituximab, Dexamethasone Rituximab, dexamethasone No
Rituximab, Methylprednisolone Rituximab, methylprednisolone No
Rituximab, Prednisolone Rituximab, prednisolone No
Thalidomide, Dexamethasone Thalidomide, dexamethasone No
VP, Rituximab/Vincristine, Prednisolone, Vincristine, prednisolone, rituximab Yes
Rituximab

Vincristine, Dexamethasone Vincristine, dexamethasone No
Vincristine, Prednisolone Vincristine, prednisolone No

116



Chapter 41 Materials and Methods

4.4.2 Route to Diagnosis

The algorithm published by Elliss-Brookes et al, described in section 1.4.3, uses a

combination of Hospital Episode Statistics (HES), National Cancer Data Repository (NCDR),

National Cancer Waiting Times (CWT) and National Breast and Bowel Screening

Programme data to assign a Route to Diagnosis (RTD) to cancer patients (Elliss-Brookes et

al., 2012). The process of assigninga RTDf or each patient begins by i
p oi n tedroute fromtthkeir HES records, i.e., their last healthcare interaction prior to

receiving their cancer diagnosis. The algorithm then searches backwards through the

patients6HES records from this end point to identify the &tart pointdof the route and the

information from this HES record is used to assign a route to diagnosis.

In the original algorithm, RTD is initially assigned using HES data and then may be changed
to the Two-Week Wait (TWW) or Screen-Detected route after examination of the Cancer
Waiting Times and National Screening Programme data. However, HMRN does not have
access to the National Screening Programme data or CWT data, meaning that the Screen-
Detected route could not be assigned and the TWW step could not be completed in this way.
Consequently, some adaptations to the Ellis-Brookes algorithm have been made so that a
RTD can be assigned to patients in HMRN using only the HES data, and the HES variables

used and adaptations made are summarised in Table 4:3, Table 4:4 and Figure 4:6.
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Table 4:3. Description of Hospital Episode Statistics (HES) data variables used to assign routes to
diagnosis.

HES Variable Source Description

ATTENDED HES APC Indicates whether or not the patient attended the
scheduled appointment

ADMIDATE HES APC Admission date (recorded for all episodes within a spell)

ADMIDATE_CIPS HES APC Admission date for start of spell

APPTDATE HES OP Date when the appointment was scheduled

ADMIMETH HES APC Method of admission (recorded for all episodes within a
spell)

ADMIMETH_CIPS HES APC Method of admission for start of spell

REFSOURC HES OP Source of referral

PRIORITY HES OP The priority of a request for services

HES=Hospital Episode Statistics, APC=Admitted Patient Care, OP=Outpatients
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Table 4:4. Hospital Episode Statistics (HES) data codes and their priorities for assigning diagnostic
route for HMRN patients.

Priority Original Additional Original REFSOURC  Additional Route to
ADMIMETH ADMIMETH codes REFSOURC  Diagnosis
Codes codes codes
(Referral Source)
(Admission
Method)
1 21,22,23,28 24.2A, 1,4,10 - Emergency
Presentation
2B,2D
2 N/A - 3,12 AND Two-Week
PRIORITY Wait
variable in
HES data =3
3 N/A - 3,12 AND GP Referral
PRIORITY
variable in
HES dat
4 N/A - 2,5,6,7,8,11,13,14,15, - Other
16,92,93,97,99 Outpatient
5 31,32,82,83,84,89 11,12,13,81 N/A - Inpatient
Elective

Currently, there is no screening programme in place in the UK to detect haematological
malignancies and therefore the lack of National Screening Programme data was not
detrimental to this work as it is unlikely that many patients, if any at all, in this cohort would
have been diagnosed through this route. However, although unlikely, it is possible that a
patient with DLBCL might be diagnosed as a result of attending a National Screening
Programme, for example, they might have an enlarged lymph node in the axilla detected in a
mammogram (National Breast Screening Programme) and then be referred to Haematology
and in this case Screen-Detected would be the most appropriate RTD to assign. To identify
patients where this could be the case, all outpatient HES records occurring within six months
of diagnosis where the source of referral was recorded as being from a National Screening
Programme (REFSOURC [hereinafter referred to as Referral Source] code 17) were
identifieda nd t h e s eHEP dataiared HHMRNAdata collection forms were individually
examined to determine if the Screen-Detected route was the most appropriate RTD to

assign. However, no such instances were identified in this cohort of patients and these
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referrals were all either to ophthalmology following diabetic eye screening, appointments
relating to other suspected cancers or a coding error in the HES data and consequently the

Screen-Detected route was omitted.

It is reasonable to expect a considerable proportion of DLBCL patients to be diagnosed
through the TWW route, which is assigned in the original algorithms using the CWT data.
Without the CWT data, TWW patients are likely to be assigned to the GP Referral route if the
HES algorithms detect the outpatient appointment made following the referral under TWW
made by the patients6GP as the start point of the RTD. Although these two routes to
diagnosis begin in the same way, it is important to distinguish between them as TWW
patients have been urgently referred to a specialist by their GP, nurse or dentist because
they have suspected cancer and represent a distinct group. Therefore, in the absence of the
CWT data an extra step was added to the original algorithms (see Appendix 1 for original
Elliss-Brookes et al., 2012 algorithms) to identify patients belonging to the TWW route in
HMRN, which is described in more detail in section 4.4.2.1.

The Death Certificate Only (DCO) route is used by cancer registries to represent the small

proportion of cancer patients where the first mention of their cancer is on the death
certificate, i.e., there are no | aboratory tests
medical records regarding the cancer diagnosis. When this occurs, the GP is contacted for

any additional information about the cancer to ascertain if it was genuinely only detected at

death. Although HMRN does not receive natification of DCO patients, HMDS may notify

HMRN of patients whose diagnostic sample was taken post-mortem, but this number is

minimal. It was checked if these patients had any HES activity prior to diagnosis and if not,

these patients were assigned to the Unknown route.

The data for this analysis is taken from the HES Admitted Patient Care (also known as
inpatient care) and HES Outpatient datasets (described in section 4.3.1) and the variables
used can be found in Table 4:3. For each patient, all inpatient and outpatient HES records
occurring up to six months priortot h edate of sSamplebwere extracted for analysis,
excluding records for outpatient appointments that were cancelled by, or on behalf, of the
patient (ATTENDED code 2). @ate of sampledis the date that the sample which led to the
patient® DLBCL diagnosis was taken and is obtained from the HILIS data (section 4.2),
hereinafter referred to as date of diagnosis or diagnosis. This is often used by cancer
registries as the diagnostic date and was used in this thesis in lieu of the formal diagnostic
date because diagnosing haematological malignancies is complex and the time taken to
complete this process can vary considerably, whereas date of sample is consistent across

all patients. Consequently, some DLBCL patientsmayb e ef f eaghwelegdo6odin cl i ni
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have appointments regarding disease management before they receive a formal
confirmation of their diagnosis from HMDS and it would be inappropriate to include HES

records relating to these appointments when determiningthe p a t i diaghostis route.

If there was no HES activity for the six months prior to diagnosis the patient was assigned to
t he 6 Un k n cPatiends whochadtatleast one HES episode in the six months before
they were diagnosedweres ort ed i nto either (ashlescribedinpati ent
section4.4.22)or 6 Out pat i @Gsdescrihé&d sectior 5402.3), depending if the
last record before diagnosis, the end point of their route, was an inpatient or outpatient
episode. Some patients have multiple HES episodes on this date, each of which could be
identified as the end point of the route but which could result in different RTDs being
assigned. Therefore, it is important that records are organised consistently, first by date,
then b ypriadity orderdand lastly for inpatient records only using a HMRN variable called
CIPS_ID which uniguely identifies each inpatient record in chronological order. The priority
order used in this analysis is an adapted version of the order described in the original Elliss-
Brookes et al., 2012 paper (Table 4:4) which prioritises activity using ADMIMETH codes
(hereinafter referred to as Admission Method) and Referral Source codes based on the
RTDs associated with them. This ordering should not be confused with the PRIORITY
(hereinafter referred to as Priority) variable in the outpatient HES data which is used to
identify HES activity that resulted from TWW referrals.

If there was both inpatient and outpatient records on the date with HES activity closest to

HE

their diagnosist he pati ent was assigned to the O6Outpatie

case and the patient had one or multiple HES episodes within 28 days of date of diagnosis
andoneofthes e was an inpatient episode they were

they only had outpatient HES activity within the 28 days preceding their diagnosis they were

ass

assigned to the O6Outpatient HES stepoutpatent a pat i

activity on the same day or a HES episode in the 28 days before diagnosis but did have at

least one HES record within the six months prior to diagnosis, they were assigned to either

the 6l npatient HES stepd or whethdriheaHES mocordthedES st e

shortest amount of time before their date of diagnosis was for an inpatient or outpatient

episode.
4.4.2.1 Additional Two-Week Wait step

In this step, information from the Referral Source and Priority variables in outpatient HES
records were combined to identify patients referred to secondary care under the TWW
pathway in the 62 days prior to- or 14 days after- their date of diagnosis. The Referral

Source code was used to identify patients referred to secondary care by a GP and the
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Priority code indicatedt he ur gency of this referral;- 1
week waitd and Howdva,the DWWbcbde kf the Rrioridy variable is only
available for HES episodes from 2008 onwards meaning that for episodes occurring before
2008 there is no way to distinguish between routine and TWW referrals made by GPs in this
timeframe. Therefore, if such an episode was identified as the start point of a patient® RTD,
they would be assigned to the GP Referral route regardless of whether the referral was

routine or made under the TWW pathways.

In response to concerns that this could lead to underestimation of the TWW route, the route
was prioritised in the algorithm and any HMRN patient identified as having had a TWW
referral in the 62 days leading up to diagnosis or 14 days after diagnosis were assigned to
this route. Furthermore, TWW referrals were only considered by the original algorithm if a

@ecision to treat datedwas within 62 days before- or 31 days after- diagnostic date, however,

this rule was not applied to this algorithmas HMRN does not hdecsientaccess

treatdated6 whi ch i s par t.Todrefotehtés pdSIVIE that aome mateents may
be incorrectly assigned to the TWW RTD if they had a referral to secondary care under the
TWW pathway in the 62 days leading up to diagnosis or 14 days after diagnosis that did not
directly lead to treatment for their DLBCL. However, it seems unlikely that many TWW
referrals made this cl ose unelatedtophreit DLBGLL 6 s

4.4.2.2 Using inpatient data to identify the start point of the route

The 6l npati ent HBEafacterising fhéadmigsianrntethod bf yhe episode
identified as the end point of the route. If the admission method was a transfer (see Table
4:4 for admission methods codes) the HES data was searched iteratively for a previous

episode within the six-month time-frame where the admission method was not a transfer. If

f

or

1

di agnos

no such episode could be identified th&Tpatient

The data was searched for patients where the admission method for the HES record
identified as the end point of their route indicated that they were admitted to hospital

following an emergency attendance (see Table 4:4 for admission method codes) and these

patients were assigned t o t he 6Emergency Presentationd

HES record identified as the end point of the route indicated that a patient was admitted
following an emergency attendance via a consultant clinic (code 24), the HES records were

searched for an outpatient appointment that preceded this inpatient HES record. If a

previous outpatient record could be identifi

HES s t eifpnd previous outpatient attendance for the six-month time frame existed the

rout

ed,

patient was assigned to the &6Emergency Presentat
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If the admission method of the end point of the route indicated that a patient was admitted

ante-partum (code 31), t he patient was assigned to thehe 061 np
ot her codes associated with t heTabld4ddgeadudimnt EI| ect
code 81) were used to describe the admission method, the patients HES records were

searched for an earlier outpatient appointment. This is because these codes represent either

being on a waiting list, having a booked admission, or a planned admission and therefore

prior outpatient HES activity relevant to their RTD is anticipated. If a previous outpatient
appointment was identified, the patient was redi

ot herwi se they were assigned to the O6lnpatient E

4.4.2.3 Using outpatient data to identify the start point of the route

The 6Outpatient ¢th&a&tersihgehe defersatsaurceé of thebepisode

identified as the end point of the route. If the referral source of this episode indicated that the

appointment was made following a consultant-to-consultant referral (code 5) the patients

HES records were checked iteratively for a previous outpatient appointment that was not a

consultant referral. If no such previous record existed, t he pati ent was assign
Qutpatientdé route. | f tnaent pvas éound, dhis vas detletminaditabe nt ap p C
the start point of the route and the RTD was assigned based on the referral source code

attached to this appointment (as described in Table 4:4). If the HES record determined to be

the end point of the route was not a consultant referral, the RTD was assigned based on the

referral source code attached to this appointment.
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Extract inpatient and outpatient HES

data up to six manths befare diagnosis No
records

Does this occur between 62 days
before or 14 days after diagnosis?

Any outpatient records
with TWW code?

Yes
Is there both inpatient and
outpatient activity on the dale
closest to diagnosis?
No
Is there activity in the 28
days before diagnosis?
Yes
. . ‘Which type of
ts thers inpatiart activily is closesl
activity? to date of diagnosis?
A,
Inpatient HES step Outpatient HQ‘
Yes
Yes
Is there prior What is the admission Whal is the source
inpatient a?:ﬁvity Transfer type of the record clostest of the referral for the record
that v\?as ot a transfer? to diagnosis? closest ta diagnosis?
|s there prior outpatient
Consultant activity that was not a
) 0‘:1‘?" " Was this via an Emergency consultant referral?
inpatan outpatient clinic?
Outpatient,
GP
Are there any Are there any

outpatient records
that precede this?

outpatient records
that precede this?

Figure 4:6. Flow chart illustrating how route to diagnosis was assigned for HMRN patients.
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45 Travel data
451 TRACC

Travel data were generated using the desktop version of TRACC 2.1.4 (Basemap). The
distance travelled and time taken to complete journeys between different origin and
destination points were calculated by private car and public transport separately. There are a
number of settings which can be adjusted when preparing calculations in TRACC. Notably,
all estimated journeys were outbound (i.e., from the origin point to the destination) and the
maximum distance an origin point could be from a road for the calculation to run was 800m.
The maximum distance between an origin and destination point as the crow flies was set at
100km. For journeys by car, the time taken was estimated for morning peak traffic conditions

and the average speeds used to calculate these journey times were:
9 Minor road - 35km/hr
1 Avroadi 75km/hr
1 Broadi 65km/hr
1 Motorway 1 100km/hr
1 Walking speed i 4.8km/hr

For journeys made by public transport the time frame that the journey had to be completed
within was set at between 7-10am on a Monday, which was extended by an hour from the
default setting of 7-9am to reflect the long distances some patients in the Network might
need to travel to access healthcare. Monday morning is the default setting in TRACC and
this was not changed because many patients are likely to have had morning appointments
during the working week, when congestion is typically worse than other times of the day or
on a weekend. The calculations were not restricted to a maximum number of changes per
journey but the maximum distance to the first stop was set at 2km and the maximum internal
connection (i.e., the distance between getting off at a stop and walking to another stop to

make the next leg of the journey) was set at 500m.

4.5.2 Origin point

The patient 6s postgnasidwas ased as thea origin poiet in thé tradel a
calculations. Postcode data is highly identifiable so to preserve patient confidentiality all
postcodes covered by the HMRN region, instead of

all destination points in TRACC. The postcodes for the HMRN region were found by taking
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the postcodes that belong to the Cancer Networks that mapped to our study region from the
August 2022 NHS postcode directory.

To produce contour maps, a shapefile covering the HMRN region was generated in TRACC
using the DataCutter tool, with a 250m grid overlaid. Each point on the grid was treated as

an origin point, instead of postcodes, to produce smoother contours on the maps.

4.5.3 Destination points

For each patient in the study there were two destination points; the postcode of their GP
practice at diagnosis and the hospital where the patient was diagnosed. The postcodes of
the hospitals were taken from the contact section of their websites and the postcodes of the
GP practices were taken from the EPRACCUR data set which is created by NHS Digital and

lists all GP practices addresses and postcodes.

4.5.4 Defunct postcodes

For a small number of home addresses (n=11) and GP practices (n=53) the postcode
recorded in the HMRN database could not be located using the OS Code Point function in
TRACC either because the postcode was no longer in use (defunct) or was outside the
HMRN Network. Consequently, travel distances or times could not be calculated for some

patients.

To minimise the amount of missing data the northings and eastings of defunct postcodes
were used to find the nearest active postcode in the NHS postcode directory so that the
travel distances and times for these nearest active postcodes could be used as proxies for

the values of the retired postcodes.

455 Road network data

The road network data used in this analysis was Meridian 2 data which was downloaded as
a shapefile from the DataCutter tool in TRACC. Meridian 2 data are derived from the
Ordnance Survey Roads database and has a resolution of 1m. It contains data for
motorways, major roads and minor roads as of 2016 but is not fully comprehensive, for
example, cul-de-sacs less than 200m are not represented unless they terminate at a
roundabout or leave an isolated developed land use area and the data does not contain

information on drive restrictions such as one-way streets.
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4.5.6 Public transport data

The timetables for the bus, tram and train services in operation in the Yorkshire and Humber
region in 2017 were downloaded into TRACC using the DataCutter tool. To download public
transport data from the DataCutter tool you first select the region which you require public
transport data for. Because services often run across regions, the DataCutter tool does not
truncate journeys at the perimeter of the region selected and instead includes in the
download the full timetable of the service for any journey that enters the region. For
example, the region selected for this analysis was Yorkshire and the Humber, so if a train
journey terminated in Leeds and started in Manchester, the entire route would be

downloaded because part of the journey is in the selected region.

These digital public transport timetables are available in quarterly updates and for this
analysis the 2017 dataset was downloaded because it was the oldest, complete data set
available in the DataCutter tool at the time of the download. However, some patients in this
thesis were diagnosed over a decade before 2017 and consequently the public transport
network may have been quite different when they travelled to access healthcare regarding
their DLBCL diagnosis. The limitations of this data are discussed in more detail in the

Discussion chapter.

4.5.7 Measuring distance and time to GP, diagnostic hospital and treating hospital

by private car and public transport

Using TRACC, travel distances and times by both car and public transport between all origin
points to all GP practices in the HMRN region and to all HMRN hospitals were calculated
meaning that, where possible, travel data for all origin-destination combinations in the HMRN
region was generated. For each origin-destination combination, TRACC calculates the
fastest route for morning peak travel conditions using the Dijkstra shortest path algorithm.
The travel data generated was then exported as CSV files into a secure table in the HMRN
database and patients were linked to this data using their home address postcode in
combination with their GP& postcode and the postcode of their diagnostic hospital. Any
identifiable data, such as the patient® home address postcode, was deleted before the data

was saved and exported for analysis in Stata.

4.5.8 Heat maps

To generate heat maps illustrating the accessibility of hospitals across the HMRN region, a
shapefile was created outlining the boundary of HMRN, with a 250m grid overlaid. Travel

times by car and public transport from each point on the grid to the nearest HMRN hospital
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were generated and heat maps illustrating the time to complete this journey by car and

public transport were produced separately.

Using the grid as the origin points for the calculations, instead of individual patient postcodes
is beneficial because the heat map produced covers the entire Network whereas using
patient postcodes would produce a sparser heat map because there are more postcodes in
the Network than patients and consequently large areas of the Network may not be
represented by a patient included in this thesis. Using the grid instead of postcodes also
does not risk exposing the identities of patients who live in less populated areas. Sometimes
the calculation was not possible if the origin point was over 800m away from a public road or
for public transport calculations if the origin point was more than 2km from a train station,
bus stop or tram stop. These areas are displayed as 6 b | armals én the heat maps with no

colour overlaid.

4.6 Descriptive statistics

Descriptive statistics were undertaken to explore the variation in and distribution of variables
and to understand the relationship between the covariates and the outcome variables prior
to undertaking regression analyses. Summary statistics of characteristics of the study
participants were described first including sex, age at diagnosis, disease subtype and stage,
using standard descriptive methods including counts and percentages. The distribution of
each of the continuous variables was examined using histograms and box and whisker plots
prior to undertaking any statistical analysis to ensure that the most appropriate tests were
used. Due to the non-normal distribution of many of the variables used in this thesis medians
and inter-quartile ranges were used to describe the average values for continuous variable
and non-parametric tests such as Wilcoxon rank-sum and Kruskal-Wallis were used to test
for differences in these variables by covariates. To test differences in observed and
expected values of categorical outcome variables, such as route to diagnosis, between

groups of -pogadred esistweré usedh i

4.7 Hospital activity rates in the pre- and post- diagnostic period

To examine the pattern of hospital activity for patients with DLBCL in HMRN compared to
that in an age-sex matched cohort from the region (as described in section 4.3.4), hospital
activity rates for HMRN patients (cases) and their matched controls for the two years before-
and year after- diagnosis (pseudo-diagnosis for matched controls) were calculated. The
purpose of this was to determine if patients, particularly those diagnosed via the Emergency
Presentation diagnostic route, attended hospital more frequently in the months leading up to

their diagnosis, which could indicate that opportunities for earlier diagnosis were missed. All
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inpatient and outpatient HES activity for cases and their matched controls that occurred in
the 24 months before- and 12 months after- diagnosis/pseudo-diagnosis were extracted.
Cases and their matched controls were excluded if the case had no HES records
corresponding to this period of time or they had died over a month before diagnosis. Each
unique HES record was counted as an activity and for individual cases and controls, a total
number of activities was counted for each month starting at 24 months before
diagnosis/pseudo-diagnosis and ending 12 months after diagnosis/pseudo-diagnosis. The
total number of activities per month for all cases and controls was summed separately and
from this, an average activity rate per 100 people was calculated by dividing the total activity
for that month for cases/controls by the total number of cases/controls multiplied by 100. All
cases and controls were included in the denominator for each month regardless of whether
they contributed any activity to that month, on the condition that they are alive at the start of
the month. Rate ratios with 95% confidence intervals comparing the activity of cases and

controls were also produced.

4.7.1 Patients with missing travel data

There are a small number of patients (n=337, 8.2%) for whom it was not possible to link to
some or any travel data because:t he patientds residenti al postcoc
recorded in the database,t h e p a@Piwasnotdesorded in the database, they lived

outside the study region or the postcode could not be located in TRACC.

4.8 Measures of association

Binary logistic regression is a commonly used statistical technique that predicts the

likelihood of an outcome with two possibilities, based on one (univariate) or more

(multivariate) independent variables/covariates. The6 1 ogi t 6 ¢ o meoenmahdsannd s ub
Stata were used to calculate unadjusted and adjusted odds ratios using univariate and

multivariate logistic regression respectively to examine if certain groups of patients, such as

those with longer travel times to healthcare, were more likely to experience the outcome of

interest, such as whether a patient received treatment with curative intent (yes/no).

Continuous variables (age at diagnosis and travel variables) were converted into categorical

variables after likelihood-r at i o t ests (usi ngStatd)reveaednot est 6 ¢ 0o mme
difference in model fit between the continuous and categorical variables as demonstrated by

the p-values which were all non-significant at the 95% confidence level. The largest group

was generally chosen as the reference category, except where categories were similar in

size and one group aided interpretation. For example, the largest age group category was
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chosen as the reference group but for IMD, quintile one (least deprived) was chosen as the
reference group.

All variables examined in the univariate models were also included in the multivariate

models, unless they displayed collinearity with other variables in the model. Multicollinearity

was assessed using Spearmand s or r el ati on coef fici eStaa)withbcorrel a
an a priori cut-off of r=£0.4.

4.8.1 Outcomes
The outcome variables were: route to diagnosis and treatment intent.

The data sources and method used for assigning route to diagnosis are described in section
4.4.2. The algorithm used to assign route to diagnosis categorises patients into five distinct
routes which were collapsed into two groups for the regression analysis: Emergency
Presentation and Elective Referrals (which comprised of all other routes excluding the
Unknown route). This decision was made due to concerns about how accurately the TWW
route could be assigned using the data available to HMRN (described in more detail in
section 6.2.4). Additionally, as outlined in the aims and objectives (2), one of the questions
this thesis aimed to answer is whether particular groups of HMRN patients with DLBCL are
more likely to be diagnosed following an Emergency Presentation, which is associated with

poor outcomes, and therefore this is the route we were primarily interested in distinguishing.

The data sources and method for determining if a patient was treated with curative intent or
not is described in section 4.4.1. This was an important outcome variable as DLBCL is an
aggressive disease which left untreated has a very poor prognosis, therefore it is important
to know if certain groups of patients are less likely to receive curative treatment, such as
those with longer journeys to healthcare as described in the aims and objectives (2). In the
logistic regression where treatment intent was the outcome variable, route to diagnosis was

included as a confounder in the adjusted model.

4.8.2 Exposures

The exposure variables in these analyses were: deprivation (IMD quintile), rurality (rural-

urban classification) and travel to healthcare.

A deprivation score was assigned to individuals using the IMD, which is released by the
Ministry of Housing, Communities & Local Government and described in more detail in
sections 1.5.2.2 and 4.3.2. Every LSOA in England is assigned a rank from most to least

deprived based on their IMD score and for this thesis a deprivation score of 1 (least
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deprived) to 5 (most deprived) was assigned to each individual depending on the quintile
their home address at diagnosis belonged to according to the ranks, i.e., those assigned a

score of 5 belonged to an LSOA that ranked in the 20% most deprived in the country.

HMRN patients were assigned a rural-urban classification based on the 2011 Office for
National Statistics Rural/Urban Classification (RUC2011) (as described in section 1.5.4) of
the LSOA of their home address at diagnosis. At the LSOA level, eight rural-urban
categories can be assigned but, in this thesis, this was collapsed into a binary variable with
i ndividual s assi gra@udltiwvaand fririgd) riral totvrhaad frindgedn a
sparse setting, rural village and disperse, rural village and dispersed in a sparse setting) or
6 Ur b(wrbardmajor conurbation, urban minor conurbation, urban city and town, urban city

and town in a sparse setting) group.

Travel variables were made using the travel data generated in TRACC as described above
in section 4.5. As shown in Figure 4:7 and Figure 4:8, the distributions of the continuous
travel variables are skewed right with the majority of patients making short journeys to
access their GP and hospital, and outliers representing a relatively small group of patients
that had considerably longer journeys to access these services. Due to the right-skewed
distributions, the 25" percentile, 75" percentile and 95" percentile were chosen as the cut-
off values to generate categorical variables with four levels respectively: low, medium, high

and highest. The 95" percentile was chosen to capture those with the most extreme travel

distancesandt i mes as it is plausible that trliAhs group
additional category was also creané)d dmd a hdotsiemer
out & category for the public transpormtwasvari abl es

possible but could not be completed within the set time, as described in section 4.5.1. These
cut-offs, which have been used previously to distinguish those with the most extreme travel
(Haynes, Pearce and Barnett, 2008), were chosen a priori following extensive discussion at
my Thesis Advisory Panel meetings regarding the most appropriate way to use the travel
data. Furthermore, sensitivity analysis where the travel variables were arranged into
categories using the 25", 50" and 75™ percentiles was conducted and there was no

significant difference to the odds ratios calculated.
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The four travel time variables can be thought of as two pairs; journey times to GP and

journey times to hospital. The correlation between these pairs of variables is clearly

illustrated in Figure 4:9, with those who have shorter journeys by car to their healthcare

destination also generally having shorter journeys by public transport. These variables are

highly, but not perfectly, correlated and although many patients will be in the same

categories for the two pairs of variables, some will be in different categories. For example,

for journeys to GP, two opatifeonrt & iime tbhtye c@ahi qh est
category for time by public transport and a furt
shows that the variables for journeys by car and journeys by public transport are similar but

distinct and justifies examining them individually.
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Figure 4:9. Scatter plots showing the relationship between journey time by public transport and car in
minutes (mins) to access GP and hospital
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4.8.3 Covariates

Covariates were selected a priori if they were of interest or were clinically meaningful. The
covariates chosen for these analyses were: sex, age at diagnosis, diagnostic subtype
(PCNSL or non-PCNSL), stage, B symptoms, performance status (Eastern Cooperative
Oncology Group [ECOG] score), diagnostic hospital and Cancer Alliance. These are
important because they may impact how patients are diagnosed, their likelihood of receiving
curative treatment and survival. For example, PCNSL is an aggressive subtype which may
need to be adjusted for in some analyses or have results presented separately. Patients with
PCNSL may experience different symptoms to other DLBCL patients, such as headaches
and blurred vision, which could alter their susceptibility to diagnostic delay. These patients
are also more |likely to be referred to St Jameso?@
up (as this is a specialist centre in the Network) which could result in them being exposed to
longer travel to hospital than other patients. Similarly, socio-demographic and geographical
factors such as Cancer Alliance are important to consider. For example, the areas covered
by Humber, Coast & Vale Cancer Alliance are more geographically isolated and have fewer
transport connections compared to areas belonging to the West Yorkshire & Harrogate

alliance which are more urbanised, whi ch coul d i nfluence patientsd

Information on sex, age at diagnosis, stage at diagnosis, diagnostic subtype, B symptoms,

performance status and diagnostic hospital were obtained from data routinely collected by

HMRN. Age at diagnosis is collected for all HMRN patients and is their age in years at the

time they received their DLBCL diagnosis. For the regression analyses, this was converted

into a categorical variable made up of six age groups (<18, 18-39, 40-59, 60-69, 70-7 9, .08 0)

Sex was a binary variable (male and female) and represents the patient®& biological sex,

obtained from their medical records. Stage at diagnosis is Ann Arbor stage (as described in

section 1.3.3) of disease at presentation and is derived from Computed Tomography (CT)

and Positron Emission Tomography (PET) scans. For the regression analyses, diagnostic

subtype was condensed into a binary variable which was coded as yes/no for PCNSL, which

is an important subtype to identify because it is particularly aggressive and outcomes for

these patients are generally poor. B symptoms are recorded in the HMRN data as &esdif it is

noted in the medical records that the patient had at least one B symptom (fever, weight loss,

night sweats), Modif none of these were mentioned in the records and dulléif it was non-

calculable (as described in section 1.3.4). Performance statusi s t aken from the pa
medical notes and recorded in HMRN as 0,1,2,3 or 4 as per the standard ECOG scores

(described insection1.3.5)and a 6énot knowné gr ou mtatiscauldp at i ent

not be abstracted from the medical records.
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Diagnostic hospital is the hospital where the first diagnostic sample was taken and was used
in this thesis instead of treating hospital (which is defined as the hospital where the first
treatment was given) because not all patients in the cohort are treated and therefore treating
hospital had a higher proportion of missing values. It was also reasoned that most patients
would be diagnosed at the hospital the shortest distance away from their home address and
as all hospitals in the HMRN are capable of delivering the standard treatment for DLBCL,
any patient not treated at their diagnostic hospital may have chosen to travel further for care

and this longer journey would not represent poor accessibility to care as intended.

The Cancer Alliance assigned to each patient was determined using their diagnostic
hospital. There are 21 Cancer Alliances in England, two of which serve the HMRN region;
West Yorkshire and Harrogate Cancer Alliance and Humber, Coast and Vale Cancer
Alliance. The West Yorkshire and Harrogate Cancer Alliance includes: Airedale NHS
Foundation Trust, Bradford Teaching Hospitals NHS Trust, Calderdale and Huddersfield
NHS Foundation Trust, Mid Yorkshire Teaching NHS Trust and Leeds Teaching Hospitals
NHS Trust. The Humber, Coast and Vale Cancer Alliance includes: Hull and East Yorkshire
Hospitals NHS Trust, North Lincolnshire and Goole Hospitals NHS Foundation Trust and
York Teaching Hospitals NHS Foundation Trusts. Cancer Alliances are partnerships of
hospital trusts, health and social care organisations that manage the care of patients with
cancer locally. They were introduced from 2016 as part of the NHS Cancer Strategy and

replaced the former Cancer Networks (The Independent Cancer Taskforce, 2015).

Cancer Alliance was not included in multivariate regression analyses because it was
completely determined by diagnostic hospital and including both variables would have

introduced redundancy and multicollinearity into the models.

4.9 Estimating impact on survival

Survival analysis, or time-to-event analysis, is concerned with examining both if and when an
event, in this case death, occurs. In this thesis, overall survival, net survival and hazard

ratios were calculated by patients: sex, age group, diagnostic subtype, stage at diagnosis, B
symptoms, performance status (ECOG score), deprivation (IMD quintile), rurality (rural-urban

classification), travel to healthcare, treatment intent and route to diagnosis.

4.9.1 Overall survival

Overall survival is a crude estimate of survival that compares the number of patients alive at
a defined start point, usually diagnoses, to those still alive at another point in time, for

example, one year after diagnosis. The &tsdécommand and subcommands in Stata were
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used to calculate the survivor function, which is the probability of surviving to time t or

beyond, using Kaplan-Meier estimates. Kaplan-Meier estimates survival using:

9 Serial time - amount of time each individual was observed from the start of the study

until an event

1 Event status i whether the event, in this case death, occurred or if the patient was

censored

1 Group i which group that patient belongs to (e.g., age group), if we are estimating
survival for different groups separately

4.9.2 Net survival

To estimate the impact of DLBCL alone on survival of patients, an estimate that is not

influenced by other causes of death, often referred to as competing risks, is useful. Net

survival is not influenced by other causes ofdeathandwas esti mated wusing the
command and sub-commands in Stata, which produces Pohar Perme estimators. Population

mortality estimates were taken from lifetables for the Yorkshire and the Humber region

stratified by calendar year of diagnosis, age, sex and IMD quintile (NHS England, 2023Db).

4.9.3 Cox proportional-hazards model

Cox proportional hazard (PH) models offer a multivariable approach to time-to-event

analysis that allows for adjustment for several potential confounders and also the magnitude

of the effect of each factor. This is advantageous over univariate analysis, such as Kaplan-

Meier, when comparing survival between groups as it is likely that multiple factors, or

covariates, willimpactp at i survivas. ©he Gtcoxdbcommand in Stata was used to produce

hazard ratios. The proportional hazards assumption was assessed usingthe6 e st at pht est 6
command, which is based on Schoenfeld residuals, using a p-value of >0.05, alongside log-
logplotsgener at ed usi ng t h;etagé atdigpghogid and pérforcnancema n d

status (ECOG score) did not meet this assumption. However, after conducting a sensitivity

analysis using stage at diagnosis and performance status as time-varying covariates, hazard

ratios and significance levels remained consistent with the final models.

RTD and treatment intent also violated the proportionality assumption and because these
were important outcomes this was handled by splitting the survival follow-up time and
displaying results for only those treated with curative intent. The plots showed that for RTD,
survival was divergent in the first year following diagnosis, with the Emergency Presentation

group having a much steeper survival curve than the Elective Referral group between date
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of diagnosis and one-year post-diagnosis, followed by the survival curves becoming almost
parallel for the two RTD groups between years one- to five- post-diagnosis (see Figure
5:15). To account for this, survival estimates were presented separately for these two time

periods: date of diagnosis to one-year post-diagnosis, and one- to five-years post-diagnosis.
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5 Results
5.1 Study population baseline characteristics

A total of 4178 patients were newly diagnosed with diffuse large B-cell lymphoma (DLBCL)
in the Haematological Malignancy Research Network (HMRN) region between January 2005
and August 2019 (Figure 5:1). Of these, 4115 patients had medical records available for
abstraction of demographic and clinical data. Of the 4115 patients with complete data
collection: postcode of home address at diagnosis could not be obtained for five patients,
postcode of registered General Practice (GP) at diagnosis was not available for 100 patients

and 63 patients could not be linked to Hospital Episode Statistics (HES) data.

( All HMRN patients )

diagnosed with de
novo DLBCL
2005-2019

(n=4178, 100%)
\\§ J

( N\

Medical records
available for
abstraction

(n=4115, 98.6%)

. J

Postcode of home Linkage to HES
address available data

(n=4110, 99.9%) (n=4052, 98.5%)

Postcode of GP
available

(n=4015, 97.6%)

Figure 5:1. Completeness of data: HMRN patients newly diagnosed with DLBCL between January
2005-August 2019.
DLBCL=diffuse large B-cell ymphoma, HMRN=Haematological Malignancy Research Network,

HES=Hospital Episode Statistics

More males were diagnosed with DLBCL (n=2179, 53.0%) than females (Table 5:1). Cases
occurred in all age categories, but more cases were diagnosed in older patients compared to

younger patients as illustrated by the median diagnostic age of 70.4 years and over half of
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diagnoses occurred in patients aged over 70, compared to less than one percent of cases in
patients aged under 18. The median was chosen to represent the diagnostic age of the
typical patient in this cohort due to the skewed distribution of age at diagnosis described
above. The majority of patients were diagnosed with diffuse large B-cell ymphoma, not
otherwise specified (NOS) (n=3620, 88.0%), with the next largest subtype being primary
diffuse large B-cell lymphoma of the CNS (PCNSL) (n=141, 3.4%). The largest proportion of
patients were diagnosed with stage IV disease (n=1740, 42.3%) and some patients were not
fully staged (n=498, 12.1%). Only 122 patients (3.0%) were assigned the highest Eastern
Cooperative Oncology Group (ECOG) score of 4 compared to 1543 (37.5%) patients with a
score of 1 and 1196 (29.1%) with a score of 0 and the majority of patients presented without
B symptoms (n=2294, 55.7%). The most common route to diagnosis (RTD) was the GP
route (n=1334, 32.4%), closely followed by Emergency Presentation (n=1292, 31.4%). The
percentage of patients belonging to each quintile of the Index of Multiple Deprivation (IMD)
Income Domain ranged from 20.1% (n=827) in quintile one (least deprived) to 21.0%
(n=865) in quintile five (most deprived quintile), and almost 80% (n=3260) of patients lived in
urban areas. Patients were diagnosed at hospitals across the HMRN region, with more
patients under the care of the West Yorkshire & Harrogate Cancer Alliance (n=2469, 60%)
than Humber, Coast & Vale Cancer Alliance, and the greatest percentage diagnosed at St
Jamesbs Hospital Leeds (13. 1%)

Table 5:1. Baseline clinical and socio-demographic characteristics and diagnostic route: HMRN
patients newly diagnosed with diffuse large B-cell ymphoma between January 2005-August 2019.
All Diagnoses

N (%)
Total 4115 (100.0)
Sex:
Male 2179 (53.0)
Female 1936 (47.0)
Age at diagnosis (years):
<18 27 (0.7)
18-39 225 (5.5)
40-59 786 (19.1)
60-69 976 (23.7)
70-79 1245 (30.3)
080 856 (20.8)
Median (IQR) 70.4 (59.9-78.6)
Diagnostic subtype:
Diffuse large B-cell ymphoma (DLBCL), NOS 3620 (88.0)
High grade B-cell lymphoma? 77 (1.9)
Large B-cell ymphoma, other? 40 (1.0)
Plasmablastic lymphoma 38 (0.9)
Primary diffuse large B-cell ymphoma of the CNS (PCNSL) 141 (3.4)
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All Diagnoses

N (%)
Primary mediastinal large B-cell lymphoma 111 (2.7)
T-cell/histiocyte-rich large B-cell ymphoma 88 (2.1)
Stage:
I 526 (12.8)
Il 696 (16.9)
I 655 (15.9)
v 1740 (42.3)
Not fully staged® 498 (12.1)
B Symptoms:
Yes 1818 (44.2)
No 2294 (55.7)
Not known 3(0.1)
ECOG score:
0 1196 (29.1)
1 1543 (37.5)
2 823 (20.0)
3 365 (8.9)
4 122 (3.0)
Not known 66 (1.6)
Route to Diagnosis:
Emergency presentation 1292 (31.4)
Two-week wait 745 (18.1)
GP 1334 (32.4)
Other outpatient 466 (11.3)
Inpatient Elective 86 (2.1)
Unknown/Diagnosed at death 192 (4.7)
IMD income quintile:
1 (least deprived) 827 (20.1)
2 889 (21.6)
3 819 (19.9)
4 710 (17.3)
5 (most deprived) 865 (21.0)
Not known 5(0.1)
Rural-urban classification:
Rural 850 (20.7)
Urban 3260 (79.2)
Not known 5(0.1)
Cancer Alliance:
West Yorkshire & Harrogate 2469 (60.0)
Humber, Coast & Vale 1646 (40.0)
Diagnostic Hospital:
Airedale 144 (3.5)
Bradford Royal 373(9.1)
Calderdale 324 (7.9)
Castle Hill, Humberside 317 (7.7)
Dewsbury & District 243 (5.9)
Grimsby 184 (4.5)
Harrogate 208 (5.1)
Huddersfield Royal Infirmary 69 (1.7)
Hull Royal Infirmary 363 (8.8)
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All Diagnoses

N (%)
Leeds General Infirmary 334 (8.1)
Pinderfields General 199 (4.8)
Pontefract General 36 (0.9)
Scarborough 122 (3.0)
Scunthorpe General 183 (4.4)
St. James's, Leeds 539 (13.1)
York 477 (11.6)
aHigh grade B-cell lymphoma NOS, high grade B-cell ymphoma MYC and BCL2 and/or BCL6
rearrangements

bintravascular large B-cell lymphoma, large B-cell ymphoma with IRF4 rearrangement and primary
cutaneous DLBCL, leg type

¢Further staging scan and/or bone marrow assessment not performed

HMRN=Haematological Malignancy Research Network, IQR=Interquartile Range, ECOG= Eastern
Cooperative Oncology Group, IMD=Index of Multiple Deprivation

5.2 Travel to healthcare
5.2.1 Completeness of travel data

In total, 91.8% (n=3778) of patients had complete travel data and only 16 patients (0.4%)
could not be assigned any travel data, as shown in Figure 5:2. Some patients had missing
data for some, but not all variables, for example, they have a travel distance and time to GP
by car, but not a travel time by public transport to GP because the journey was not possible

within the parameters set for a public transport journey as described in section 4.5.1.

Patients with
complete data

collection
(n=4115, 98.6%)

No travel data

available T;s\éﬁla«é?ela
n=16, 0.4%
( 0 (n=4099, 99.6%)
[ ’ I . | [ 1
Postcode of Basemap unable
Postcode of
home address to locate home
home address ide of dd Travel data to Travel data to
unavailable outside of HMRN address bl hospital
region postcode GP unavailable unavailable
=! 0
(n=5,0.1%) (1=7,0.2%) (n=4, 0.1%)

Figure 5:2. Completeness of travel data.
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respectively was 3.3 minutes and 13.1 minutes (Table 5:2). Median travel distance between

patientdos home address and

di agnostic

hospital

median time of this journey by private car and public transport respectively was 10.8 minutes

and 43.1 minutes.

Table 5:2. Travel in kilometres (km) and minutes (mins) by car and public transport to healthcare.

All Diagnoses

N (%) Range
Total 4115 (100.0) -
Distance to GP:
Median (IQR) (km) 20(1.1-3.9) -
Low 988 (24.0) 0-1.07 km
Medium 1974 (48.0) 1.07-3.91 km
High 787 (19.1) 3.92-9.34 km
Highest 197 (4.8) 9.35-99.75 km
Not known 169 (4.1) -
Time to GP by car:
Median (IQR) (mins) 3.3(2.2-5.2) -
Low 1057 (25.7) 0-2.2 mins
Medium 1866 (45.3) 2.3-5.1 mins
High 822 (20.0) 5.2-10.4 mins
Highest 201 (4.9) 10.5-75.4 mins
Not known 169 (4.1) -
Time to GP by public transport:
Median (IQR) (mins) 13.1 (8.3 -20.6) -
Low 979 (23.8) 0-8.3 mins
Medium 1921 (46.7) 8.4-20.6 mins
High 764 (18.6) 20.7-37.7 mins
Highest 194 (4.7) 38.0-152.2 mins
Timed out 88 (2.1) -
Not known 169 (4.1) -
Distance to hospital:
Median (IQR) (km) 9.5(5.7-19.1) -
Low 1025 (24.9) 0-5.67 km
Medium 2050 (49.8) 5.68-19.11 km
High 819 (19.9) 19.12-45.28 km
Highest 205 (5.0) 45.33-139.94 km
Not known 16 (0.4) -

Time to hospital by car:
Median (IQR) (mins)
Low

Medium

High

Highest

Not known

Time to hospital by public transport:

Median (IQR) (mins)
Low

10.8 (7.4 - 18.2)
1029 (25.0)
2051 (49.8)
812 (19.7)

207 (5.0)
16 (0.4)

43.1 (30.7 - 64.8)
982 (23.9)
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All Diagnoses

N (%) Range
Medium 1955 (47.5) 30.8-64.8 mins
High 784 (19.1) 64.9-100.9 mins
Highest 195 (4.7) 101.0-179.3 mins
Timed out 183 (4.4) -
Not known 16 (0.4) -

IQR=Interquartile range

5.2.2 Travel to GP

The median time of a journey to the GP by public transport was almost four times as long as
the equivalent journey by car at 13.1 minutes (interquartile range (IQR): 8.3-20.7 mins)
compared to 3.3 minutes (IQR: 1.1-3.9 mins) (Table 5:3).

There is some evidence that travel distance and time by private car and public transport
varies by some patient and socio-demographic characteristics, but not clinical characteristics
or diagnostic route. Female patients travelled less distance (Wilcoxon rank sum test=2.48,
p=0.01) and spent less time travelling by car (Wilcoxon rank sum test=2.19, p=0.03) and
public transport (Wilcoxon rank sum test=1.89, p=0.06) compared to male patients. Younger
patients also had shorter journeys, for example, patients aged under 18 years travelled over
half a kilometre less to access their GP (median: 1.4 km, IQR: 0.9-2.7 km) compared to
patients aged 60 and over (median: 2.0 km, IQR: 1.1-4.0 km). No differences by subtype,
stage at diagnosis, presence of B symptoms or ECOG score were detected. Similarly, there
was no difference in travel distance or time to primary care between patients diagnosed as
an Elective Referral compared to those diagnosed as an Emergency Presentation, although
those with Unknown diagnostic route travelled further. There were also differences in
distance and time spent travelling by IMD quintile (distance to GP by private car: Kruskal-
Wallis test=200.60, p<0.001; time to GP by private car: Kruskal-Wallis test=185.41, p<0.001;
time to GP by public transport: Kruskal-Wallis test=114.30, p<0.001). For example, patients
living in areas belonging to IMD quintile 5 (most deprived) travelled over one kilometre less
to their GP than those in IMD quintile 1 (least deprived). Unsurprisingly, compared to those
living in urban areas those living in rural areas also had further to travel (Wilcoxon rank sum
test=10.23, p<0.001) and spent more time travelling (time to GP by private car: Wilcoxon
rank sum test=10.66, p<0.001; time to GP by public transport Wilcoxon rank sum test=5.19,
p<0.001). Travel times and distances also varied by diagnostic hospital, for example,
patients diagnosed at Scunthorpe General Hospital travelled twice as far to access their GP
(median: 3.0 km, IQR: 1.2-5.6 km) compared to patients diagnosed at Huddersfield Royal
Infirmary (median: 1.5 km, IQR: 0.8-3.0 km).
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Table 5:3. Baseline clinical and socio-demographic characteristics and diagnostic route distributed by travel distance in kilometres (km) and time in minutes
(mins) by car and public transport to registered GP practice at diagnosis.

Patients with travel to Distance to GP by Time to GP by Patients with travel to GP by Time to GP by
GP by car data available private car (km) private car (mins) public transport data public transport
available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)
Overall 3946 (100.0) 2.0(1.1-3.9) 3.3(2.2-5.2) 3858 (100.0) 13.1(8.3-20.7)
Sex:
Males 2094 (53.1) 21(1.1-4.1) 3.4(2.2-54) 2037 (52.8) 13.3(8.4-21.0)
Females 1852 (46.9) 1.9(1.1-3.7) 3.2(2.1-5.1) 1821 (47.2) 12.9 (8.1- 19.8)
Wilcoxon rank-sum - 2.48 (0.01) 2.19 (0.03) - 1.89 (0.06)
test (p-value)
Age at diagnosis
(years):
<18 25 (0.6) 1.4(0.9-2.7) 28(1.9-4.1) 25 (0.6) 12.9 (7.7 - 20.6)
18-39 207 (5.2) 1.7 (1.0-3.7) 3.1(2.1-4.9) 206 (5.3) 11.7 (7.7 - 19.9)
40-59 760 (19.3) 19(1.1-3.7) 3.2(2.2-5.1) 746 (19.3) 12.8 (8.2-19.9)
60-69 937 (23.7) 2.0(1.1-4.0 3.4(2.1-5.3) 902 (23.4) 12.9(8.2-20.1)
70-79 1192 (30.2) 20(1.1-4.1) 3.4(2.2-5.3) 1165 (30.2) 13.4(8.,5-21.3)
080 825 (20.9) 20(1.1-4.0) 3.3(2.2-5.3) 814 (21.1) 13.2(8.5-20.9)
Kruskal-Wallis test (p- - 5.91 (0.32) 5.06 (0.41) - 5.03 (0.41)
value)
Primary CNS
lymphoma:
Yes 135 (3.4) 2.1(1.0-4.1) 3.5(2.1-5.3) 130 (3.4) 14.2 (8.7 - 23.4)
No 3811 (96.6) 20(1.1-3.9) 3.3(2.2-5.2) 3728 (96.6) 13.1 (8.3 -20.5)
Wilcoxon rank-sum - 0.53 (0.60) 0.37 (0.71) - 0.98 (0.33)
test (p-value)
Ann-Arbor stage:
I 510 (12.9) 22(1.2-4.0) 35(2.2-5.2) 495 (12.8) 13.4 (8.4 -21.0)
Il 660 (16.7) 19(1.1-3.9) 3.3(2.2-5.2) 647 (16.8) 13.2(8.3-20.9)
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Patients with travel to Distance to GP by Time to GP by Patients with travel to GP by Time to GP by
GP by car data available private car (km) private car (mins) public transport data public transport
available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)

I 629 (15.9) 2.0(1.0-4.2) 3.4(2.1-5.6) 611 (15.8) 12.8 (8.3 -20.8)
v 1666 (42.2) 2.0(1.0-3.8) 3.3(2.1-5.2) 1632 (42.3) 13.1(8.2-20.3)
Not fully staged 481 (12.2) 19(1.1-4.0) 3.2(2.3-5.3) 473 (12.3) 13.0 (8.6 - 20.3)
Kruskal-Wallis test (p- - 2.31(0.68) 0.88 (0.93) - 1.20 (0.88)
value)
B Symptoms:
Yes 1737 (44.0) 20(1.1-3.9 3.3(2.2-5.2) 1698 (44.0) 13.1(8.3-20.3)
No 2206 (55.9) 20(1.1-3.9) 3.3(2.2-5.2) 2157 (55.9) 13.1(8.2-20.8)
Not known 3(0.1) 23(1.7-5.2) 3.5(2.6-6.5) 3(0.1) 18.7 (11.6 - 32.5)
Wilcoxon rank-sum - -0.27 (0.79) 0.08 (0.94) - 0.24 (0.81)
test (p-value)?
ECOG score:
0 1145 (29.0) 2.0(1.1-4.0) 3.4(2.2-5.2) 1120 (29.0) 13.2 (8.0 - 20.6)
1 1480 (37.5) 2.0(1.0-4.0 3.3(2.1-5.3) 1445 (37.5) 12.8(8.4-21.1)
2 799 (20.2) 2.0(1.1-3.8) 3.3(2.2-5.1) 783 (20.3) 13.0(8.3-19.9)
3 348 (8.8) 20(1.1-3.7) 3.4(2.2-5.0) 338 (8.8) 13.1 (8.6 - 20.0)
4 112 (2.8) 1.9(1.0-4.7) 3.4(2.2-54) 111 (2.9) 14.3 (8.9 - 22.0)
Not known 62 (1.6) 2.1(1.3-3.8) 3.5(2.3-5.3) 61 (1.6) 13.3(9.5-20.8)
Kruskal-Wallis test (p- - 0.88 (0.97) 0.92 (0.97) - 2.88 (0.72)
value)
Route to Diagnosis:
Emergency 1236 (31.3) 1.9(1.0-3.9) 3.3(2.2-5.2) 1213 (31.4) 13.3(8.1-21.0)
presentation
Elective referrals 2527 (64.0) 20(1.1-3.9 3.3(2.2-5.2) 2468 (64.0) 12.9(8.3-20.1)
Unknown 183 (4.6) 2.4 (1.3-4.6) 3.7(2.3-6.1) 177 (4.6) 14.0 (8.8 - 23.0)
Kruskal-Wallis test (p- - 4.61 (0.10) 3.41(0.18) - 3.30(0.19)

value)

IMD income quintile:
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Patients with travel to Distance to GP by Time to GP by Patients with travel to GP by Time to GP by
GP by car data available private car (km) private car (mins) public transport data public transport
available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)
1 (least deprived) 805 (20.4) 2.8(1.4-5.2) 42(2.6-6.7) 769 (19.9) 16.2 (9.8 - 24.2)
2 858 (21.7) 2.4 (1.2-4.6) 3.6 (2.3-5.8) 828 (21.5) 14.1 (8.9 -22.4)
3 777 (19.7) 20(1.1-4.0) 3.3(2.2-5.2) 757 (19.6) 12.9(8.4-19.9)
4 682 (17.3) 1.6 (0.9-3.1) 29(1.9-45) 681 (17.7) 11.7 (7.2 - 17.8)
5 (most deprived) 824 (20.9) 1.6 (0.9-2.7) 29(1.9-4.2) 823 (21.3) 11.9(7.4-17.2)
Kruskal-Wallis test (p- - 200.60 (<0.001) 185.41 (<0.001) - 114.30 (<0.001)
value)
Rural-urban
classification:
Rural 798 (20.2) 3.2(1.2-6.6) 45 (2.3-7.6) 738 (19.1) 14.7 (9.0 - 23.8)
Urban 3148 (79.8) 1.9(1.1-3.5) 3.2(2.1-4.7) 3120 (80.9) 12.8 (8.2-19.6)
Wilcoxon rank-sum - 10.23 (<0.001) 10.66 (<0.001) - 5.19 (<0.001)
test (p-value)
Cancer Alliance:
West Yorkshire & 2413 (61.2) 1.8(1.0-3.3) 3.1(2.0-4.6) 2389 (61.9) 12.0 (7.7 - 18.4)
Harrogate
Humber, Coast & Vale 1533 (38.8) 24(1.2-5.1) 3.9(2.4-6.6) 1469 (38.1) 15.0 (9.5 - 23.4)
Wilcoxon rank-sum - -9.47 (<0.001) -10.92 (<0.001) - -9.82 (<0.001)
test (p-value)
Diagnostic hospital:
Airedale 143 (3.6) 1.7 (0.9-3.3) 3.1(1.9-5.2) 136 (3.5) 11.1(7.3-17.9)
Bradford Royal 362 (9.2) 1.6 (1.0-2.8) 2.9(2.0-4.2) 362 (9.4) 12.1(6.9-17.4)
Calderdale 311 (7.9) 1.7(1.0-3.2) 3.0(1.9-4.4) 310 (8.0) 10.6 (7.0 - 18.7)
Castle Hill, 302 (7.7) 2.4(1.2-4.9) 4.0(2.5-6.5) 292 (7.6) 14.3 (10.3 - 21.9)
Humberside
Dewsbury & District 239 (6.1) 19(1.1-3.5) 3.3(2.1-4.5) 239 (6.2) 12.7 (8.1-18.4)
Grimsby 146 (3.7) 29(1.4-5.6) 4.0(2.6-6.5) 146 (3.8) 16.4 (10.0 - 26.5)
Harrogate 203 (5.1) 22(1.2-4.0) 3.5(2.3-5.2) 190 (4.9) 14.6 (9.2 - 21.6)
Huddersfield Royal 69 (1.7) 1.5(0.8-3.0) 29(2.1-4.1) 69 (1.8) 11.2 (7.0 - 17.6)

Infirmary
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Patients with travel to Distance to GP by Time to GP by Patients with travel to GP by Time to GP by
GP by car data available private car (km) private car (mins) public transport data public transport
available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)
Hull Royal Infirmary 338 (8.6) 20(1.2-4.4) 3.8(2.3-6.1) 323 (8.4) 14.0 (9.2-21.1)
Leeds General 325 (8.2) 1.7 (0.9 - 3.3) 3.0(1.9-44 323 (8.4) 11.3(7.3-19.4)
Infirmary
Pinderfields General 197 (5.0) 1.9(1.0-3.4) 3.2(2.1-45) 197 (5.1) 13.1(8.3-17.1)
Pontefract General 36 (0.9) 1.8(1.2-3.6) 28(1.9-5.9) 36 (0.9) 12.3(8.0-17.1)
Scarborough 120 (3.0) 21(1.0-4.4) 3.0(1.8-5.2) 112 (2.9) 13.2 (7.6 - 21.1)
Scunthorpe General 166 (4.2) 3.0(1.2-5.6) 41(2.4-6.7) 162 (4.2) 15.4 (9.7 - 23.6)
St. James's, Leeds 528 (13.4) 19(1.1-3.6) 3.2(2.1-4.8) 527 (13.7) 12.1 (8.2 - 18.6)
York 461 (11.7) 2.6 (1.2-5.5) 4.0(2.5-7.3) 434 (11.2) 16.8 (9.8 - 26.6)
Kruskal-Wallis test (p- - 123.66 (<0.001) 152.87 (<0.001) - 131.72 (<0.001)
value)
BExcluding those with O6Not knownd values

IQR=Interquartile Range, ECOG= Eastern Cooperative Oncology Group, IMD=Index of Multiple Deprivation
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5.2.3 Travel to hospital

Similar to travel time to GP, the median time of a journey to the hospital by public transport
was almost four times as long as the equivalent journey by private car at 10.8 minutes (IQR:
7.4-18.2 mins) compared to 43.1 minutes (IQR: 30.7-64.8 mins) (Table 5:4). There is also
evidence that travel distance and time by private car and public transport varies by some

clinical and socio-demographic characteristics.

There is some evidence to suggest that female patients travel less to access their hospital
than males, although, the absolute differences are minimal. Similarly, differences exist by
age for travel distance and time, with this most pronounced for patients aged under 18 years
old, who travelled a median distance of 18.6 km (IQR: 9.7-27.4 km) to their hospital whereas
all other age groups travelled between 8.9 km and 9.6 km. Interestingly, this is the opposite
of what was observed for travel to GP, where younger patients had shorter journeys.
However, this result is not a surprise as paediatric DLBCL patients are treated differently to
adult patients and are all referred to St. James's, Leeds, regardless of whether this is their
nearest hospital in the Network. Patients diagnosed with PCNSL travelled one and a half
times as far as other DLBCL patients and this journey also took more time by car and public
transport. As described in section 4.8.3, PCNSL patients are diagnosed and treated
differently to other DLBCL patients and therefore are likely to be referred to specialised
centres in the Network, which explains their longer journeys. No differences in travel
distance or time by car or public transport were detected by stage at diagnosis or ECOG
score, and no differences in distance or time by car by diagnostic route were detected.
However, there is some difference in the median time of journeys by public transport by
route to diagnosis, with those diagnosed as emergencies having the shortest journeys
(Wilcoxon rank-sum test=5.65, p=0.06). There were also differences in the distance
(Wilcoxon rank-sum test=-3.12, p=0.002) and time by car (Wilcoxon rank-sum test=-2.61,
p=0.010) and public transport (Wilcoxon rank-sum test=-3.00, p=0.003) travelled by patients
who presented with or without B Symptoms. Median journeys also varied by IMD quintile, for
example, the most deprived patients lived ~4.5 km closer to their diagnostic hospital
compared to the least deprived and had a 10-minute shorter journey by public transport.
There were also significant differences in journey distance and time for those living in rural
compared to urban areas, for example, rural patients travelled a median distance of 18.7 km
(IQR: 10.2-29.6 km) compared to 8.3 km (IQR: 5.3-15.3 km) for urban patients and

differences also existed between patients attending different hospitals in the Network.
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Table 5:4. Baseline clinical and socio-demographic characteristics and diagnostic route distributed by travel distance in kilometres (km) and time in minutes
(mins) by car and public transport to diagnostic hospital.

Patients with travel to Distance to Time to hospital Patients with travel to Time to hospital by
hospital by car data hospital by private by private car hospital by public transport public transport
available car (km) (mins) data available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)

Overall 4099 (100.0) 9.5(5.7-19.1) 10.8 (7.4 - 18.2) 3916 (100.0) 43.1 (30.7 - 64.8)
Sex:
Males 2177 (53.1) 9.7 (5.8 - 20.0) 11.0 (7.5 - 18.6) 2076 (53.0) 43.8 (31.4 - 66.0)
Females 1922 (46.9) 9.2 (5.5-18.3) 10.6 (7.4 -17.2) 1840 (47.0) 42.5 (29.7 - 63.5)
Wilcoxon rank-sum - 2.30 (0.02) 1.74 (0.08) - 1.78 (0.08)
test (p-value)
Age at diagnosis
(years):
<18 26 (0.6) 18.6 (9.7 - 27.4) 15.7 (10.8 - 21.9) 25 (0.6) 54.3 (44.7 - 71.8)
18-39 221 (5.4) 9.4 (5.6 -17.5) 10.7 (7.3-17.2) 213 (5.4) 43.1 (28.2 - 63.6)
40-59 784 (19.1) 8.9 (5.5-18.4) 10.2 (7.3 -16.7) 748 (19.1) 41.5 (29.4 - 60.4)
60-69 973 (23.7) 9.9 (5.9-20.5) 11.1(7.5-19.1) 917 (23.4) 44.3 (31.8 - 67.3)
70-79 1244 (30.3) 9.6 (5.6 -19.3) 10.9 (7.5 - 18.6) 1187 (30.3) 42.7 (30.5 - 65.3)
080 851 (20.8) 9.6 (5.7 - 18.6) 10.7 (7.4 - 17.4) 826 (21.1) 43.8 (31.4 - 66.4)
Kruskal-Wallis test - 14.41 (0.013) 13.14 (0.022) - 14.09 (0.015)
(p-value)
Primary CNS
lymphoma:
Yes 141 (3.4) 25.2 (14.3 - 41.4) 20.7 (12.9 - 33.4) 128 (3.3) 64.2 (47.5-90.1)
No 3958 (96.6) 9.2 (5.6 - 18.5) 10.6 (7.4 - 17.6) 3788 (96.7) 42.5 (30.4 - 64.0)
Wilcoxon rank-sum - 10.30 (<0.001) 9.24 (<0.001) - 8.05 (<0.001)
test (p-value)
Ann-Arbor stage:
I 525 (12.8) 9.7 (5.7 - 17.5) 10.8 (7.4 - 17.0) 496 (12.7) 42.4 (30.3 - 64.1)
Il 691 (16.9) 9.5(5.7-18.4) 10.6 (7.5-17.4) 663 (16.9) 42.2 (31.0 - 64.8)
[ 654 (16.0) 9.2 (5.8 - 18.5) 10.6 (7.4 - 17.6) 620 (15.8) 42.2 (29.5-62.2)

151



Chapter 5 - Results

Patients with travel to Distance to Time to hospital Patients with travel to Time to hospital by
hospital by car data hospital by private by private car hospital by public transport public transport
available car (km) (mins) data available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)

v 1734 (42.3) 9.7 (5.7 - 20.5) 11.1 (7.5-19.1) 1656 (42.3) 44.7 (31.1 - 66.5)
Not fully staged 495 (12.1) 9.2(5.4-18.5) 10.2 (7.2-17.3) 481 (12.3) 43.0 (31.6 - 64.2)
Kruskal-Wallis test - 4.24 (0.38) 4.26 (0.37) - 4.86 (0.30)
(p-value)
B Symptoms:
Yes 1811 (44.2) 9.0 (5.4-18.9) 10.4 (7.2-17.9) 1725 (44.1) 41.9 (29.3 - 63.5)
No 2285 (55.7) 10.0 (5.9-19.4) 11.1 (7.6 - 18.3) 2189 (55.9) 44.4 (31.7 - 65.9)
Not known 3(0.1) 21.9 (3.2-22.4) 17.6 (4.9-21.5) 2(0.1) 44.9 (27.3 - 62.5)
Wilcoxon rank-sum - -3.12 (0.002) -2.61 (0.010) - -3.00 (0.003)
test (p-value)?
ECOG score:
0 1191 (29.1) 10.0 (5.7 - 19.0) 11.0 (7.5-18.4) 1133 (28.9) 44.0 (31.1 - 66.5)
1 1538 (37.5) 9.1 (5.7 - 18.5) 10.6 (7.4-17.7) 1463 (37.4) 42.0 (30.3-62.2)
2 821 (20.0) 9.2 (5.6-19.2) 10.7 (7.4 - 17.6) 799 (20.4) 43.4 (30.8 - 66.7)
3 363 (8.9) 9.8 (5.7 - 20.7) 11.0(7.5-18.8) 349 (8.9) 45.0 (31.9 - 63.9)
4 121 (3.0) 10.7 (5.5 - 25.0) 11.9 (7.6 - 21.9) 115 (2.9) 47.9 (28.4 - 74.4)
Not known 65 (1.6) 8.7 (5.3-22.0) 10.0 (7.4 - 18.6) 57 (1.5) 37.6 (28.1 - 55.6)
Kruskal-Wallis test - 3.23 (0.67) 4.27 (0.51) - 6.78 (0.24)
(p-value)
Route to Diagnosis:
Emergency 1285 (31.4) 9.0 (5.6 - 19.0) 10.3(7.3-17.5) 1234 (31.5) 42.0 (29.7 - 62.0)
presentation
Elective referrals 2624 (64.0) 9.8 (5.7 - 19.0) 11.0(7.5-18.2) 2505 (64.0) 43.9 (31.3-66.2)
Unknown 190 (4.6) 9.8 (5.1 - 26.5) 10.9 (6.8 - 23.6) 177 (4.5) 44.0 (27.5 - 66.8)
Kruskal-Wallis test - 3.46 (0.18) 4.04 (0.13) - 5.65 (0.06)
(p-value)
IMD income
quintile:
1 (least deprived) 824 (20.1) 11.3 (6.7 - 19.5) 12.3(8.7 - 18.7) 771 (19.7) 46.4 (35.6 - 66.4)
2 886 (21.6) 10.7 (6.2 - 20.7) 12.0 (8.0 - 19.5) 834 (21.3) 45.5 (33.0- 70.0)
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Patients with travel to Distance to Time to hospital Patients with travel to Time to hospital by
hospital by car data hospital by private by private car hospital by public transport public transport
available car (km) (mins) data available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)

3 816 (19.9) 11.3(6.2-24.1) 11.8 (7.8 - 21.6) 769 (19.6) 45.9 (31.6 - 65.9)
4 710 (17.3) 9.1 (5.3-19.0) 10.2 (7.1 -18.0) 694 (17.7) 42.4 (28.3 - 66.1)
5 (most deprived) 863 (21.0) 6.7 (4.4-13.1) 8.5(6.2-13.7) 848 (21.7) 36.4 (23.7 - 53.8)
Kruskal-Wallis test - 172.64 (<0.001) 182.93 (<0.001) - 123.89 (<0.001)
(p-value)
Rural-urban
classification:
Rural 848 (20.7) 18.7 (10.2 - 29.6) 18.5 (11.6 - 27.0) 745 (19.0) 60.2 (40.1 - 86.5)
Urban 3251 (79.3) 8.3(5.3-15.3) 9.7(7.0-15.2) 3171 (81.0) 40.7 (29.2 - 59.4)
Wilcoxon rank-sum - 19.52 (<0.001) 20.62 (<0.001) - 15.02 (<0.001)
test (p-value)
Cancer Alliance:
West Yorkshire & 2462 (60.1) 9.0 (5.5-16.2) 10.1 (7.0 - 15.6) 2427 (62.0) 42.1 (29.5 - 60.6)
Harrogate
Humber, Coast & 1637 (39.9) 11.0 (5.9 - 28.8) 12.4 (8.1 - 26.0) 1489 (38.0) 45.6 (32.3-75.2)
Vale
Wilcoxon rank-sum - -9.07 (<0.001) -12.76 (<0.001) - -7.02 (<0.001)
test (p-value)
Diagnostic hospital:
Airedale 144 (3.5) 11.5 (7.6 - 18.0) 14.4 (10.9 - 19.6) 134 (3.4) 44.5 (31.9 - 60.6)
Bradford Royal 372 (9.1) 6.3(4.8-9.1) 8.0 (6.5-9.9) 370 (9.4) 37.0 (25.7 - 50.4)
Calderdale 322 (7.9) 9.4 (6.4-14.1) 10.7 (8.0 - 15.0) 321 (8.2) 47.1(31.1-69.1)
Castle Hill, 316 (7.7) 12.7 (8.2 - 26.3) 14.3 (9.6 - 24.9) 281 (7.2) 63.1 (33.3-79.8)
Humberside
Dewsbury & District 243 (5.9) 9.6 (4.9-21.2) 9.8 (5.6 - 18.0) 243 (6.2) 44.5 (28.5 - 77.5)
Grimsby 182 (4.4) 6.4 (4.9-11.7) 9.7 (8.4 -13.8) 167 (4.3) 43.3 (32.8 - 49.2)
Harrogate 206 (5.0) 5.7 (2.9-17.6) 7.7 (4.8-16.9) 191 (4.9) 29.4 (20.4 - 53.2)
Huddersfield Royal 69 (1.7) 7.3(5.0-13.7) 9.7 (7.5-13.3) 69 (1.8) 39.3(29.2 - 54.5)
Infirmary
Hull Royal Infirmary 362 (8.8) 13.0 (7.3 - 34.9) 12.8 (8.3 -30.9) 323 (8.2) 45.2 (32.1-73.9)
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Patients with travel to Distance to Time to hospital Patients with travel to Time to hospital by
hospital by car data hospital by private by private car hospital by public transport public transport
available car (km) (mins) data available (mins)
N (%) Median (IQR) Median (IQR) N (%) Median (IQR)

Leeds General 334 (8.1) 10.5 (6.4 - 19.3) 10.2 (7.0 - 16.9) 332 (8.5) 37.9(30.4 - 56.9)
Infirmary
Pinderfields General 199 (4.9) 11.5(7.4-17.3) 11.9 (9.0 - 15.6) 199 (5.1) 46.0 (35.7 - 62.5)
Pontefract General 36 (0.9) 6.8 (5.1-12.7) 7.7 (6.0-12.8) 36 (0.9) 29.7 (19.4 - 40.4)
Scarborough 122 (3.0) 13.8 (3.2-30.0) 12.2 (4.5-25.7) 111 (2.8) 39.4 (16.7 - 71.9)
Scunthorpe General 181 (4.4) 11.4 (5.5 - 24.8) 12.4 (7.1 - 23.7) 168 (4.3) 33.1(23.0 - 66.9)
St. James's, Leeds 537 (13.1) 9.9(6.1-17.4) 10.8 (7.5 - 16.6) 532 (13.6) 44.9 (35.4 - 60.2)
York 474 (11.6) 11.0 (5.5-29.9) 14.7 (7.8 - 28.4) 439 (11.2) 45.8 (36.4 - 82.2)
Kruskal-Wallis test - 293.10 (<0.001) 351.99 (<0.001) - 241.96 (<0.001)

(p-value)

BEEXcluding those with O6Not knownd values
IQR=Interquartile range, ECOG= Eastern Cooperative Oncology Group, IMD=Index of Multiple Deprivation
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5.2.4 Accessibility to hospitals across the Network

As expected, there are considerably more GP practices in the region than hospitals, with
each hospital serving a much larger catchment of patients6than a single GP practice.
Consequently, the variation in patientsdjourney time to hospital is greater than the variation
in journey time to GP as shown in Table 5:3 and Table 5:4. To understand where patients
with longer journeys to the nearest hospital are located in the Network, heat maps showing
journey time by car and public transport to the nearest hospital were produced (Figure 5:3).
As detailed in section 4.5.8, these maps are produced by creating a 250m grid of points that
cover the entire HMRN region and calculating the shortest time to travel to the nearest

hospital from each point on the grid.

As shown by the legends, red indicates areas with the shortest journeys to nearest hospital

and areas with longer journeys are indicated by the use of progressively more blue-toned

colours. The different colours displayed on the heat maps in Figure 5:3 illustrate that access

to hospitals by car and public transport is not equal across the Network. However, access is

more uniform for journeys by car compared to journeys by public transport, as shown by the

more homogenous use ofredt oned col our s and M©Mapweompakedtb ankd ar
Map 2. Access to hospital by car is particularly good in the areas surrounding urban centres

such as York, Leeds and Bradford and less good to the east of York and around the North

York Moors national park, excluding the area surrounding Scarborough, but still largely

overlaid by colours indicating journey times of less than 45 minutes. Similarly, time to

hospital by public transport is lower for those living in the urban and suburban areas

surrounding hospitals and in the west of the Network and greater for those living in the less

built-up areas in the east and some areas on the coast. There are also a considerable

number and size of o6blank®d areas on nothossibmap, i nd

and suggesting that access to hospitals by public transport is poor in these areas.
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Figure 5:3. Heat maps showing journey time to nearest hospital by 1) car 2) public transport across
the HMRN region.
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As noted in section 4.8.3, the hospitals in the Network can be organised into two Cancer
Alliances; the West Yorkshire and Harrogate Cancer Alliance and the Humber, Coast and
Vale Cancer Alliance. There is variation in the journey time by both car and public transport
depending on the Cancer Alliance responsible for the patients care, with those under the
care of the Humber, Coast and Vale travelling further to access healthcare than those under
the care of West Yorkshire and Harrogate (Figure 5:4). This difference is least pronounced
for journeys by car to the GP and most pronounced for journeys by public transport to

hospital.

| —- . HH—— ..
H=-- | ——— -

0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160 18
Time to GP by car (mins) Time to GP by public transport (mins)

FH]_*_”“" - . banoms o
= -

0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160 18
Time to hospital by car (mins) Time to hospital by public transport (mins)

[ | West Yorkshire & Harrogate [ | Humber, Coast & Vale

Figure 5:4. Box plots showing journey time in minutes (mins) to GP and Hospital by car and public
transport stratified by Cancer Alliance.

When stratified by diagnostic hospital, there is little variation in time to GP between patients
diagnosed at different hospitals for both journeys made by car and public transport (Figure
5:5). There is more variation in travel time to hospital, for example, most journey times for
patients diagnosed at Bradford are clustered around the median indicating that there is more
homogeneity of travel times for these patients compared to patients diagnosed at York and

Hull Royal Infirmary where journey times are more dispersed around the median.
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To understand if the distribution of travel times varies between hospitals in the Network, for

each travel time variable the overall percentage of patients diagnosed at each hospital was

compared to the percentage belonging to each category of that variable (Table 5:5, Table

5:6, Table 5:7, Table 5:8). This revealed some differences, for example, 11.7% of all patients

are diagnosed at Yook Hos pi t al but of pati ent sstoGPthyhcart he O hi
or to hospital by public transport, 27.9% and 35.3% respectively are York patients. Similarly,

8.6% of patients overall are diagnosed at Hull Royal Infirmary but these patients make up

30. 9% of the O0highest 6 tbutanteredtingly, only Alodsomfithe a | by car

6highestd travel time by car to GP group, sugges

than to hospitals for these patients. Harrogate patients make up 5% of total diagnoses,

however, they account for 10.5% oft he o6l owé travel to hospital by
These differences in travel time distribution by diagnostic hospital further illustrate that travel

to healthcare is not evenly distributed across the Network. However, these results should be

interpreted with caution because there are considerable differences in sample size between

these groups, which could be driving some of the differences observed.
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Table 5:5. Travel time to GP by car distributed by diagnostic hospital.

Time to GP by
Car
Diagnostic Hospital Overall Low Medium High Highest
N (%) N (%) N (%) N (%) N (%)
Total 3946 (100.0) 1057 (100.0) 1866 (100.0) 822 (100.0) 201 (100.0)
Airedale 143 (3.6) 44 (4.2) 63 (3.4) 31(3.8) 5(2.5)
Bradford Royal 362 (9.2) 111 (10.5) 196 (10.5) 53 (6.4) 2(1.0)
Calderdale 311 (7.9) 110 (10.4) 145 (7.8) 54 (6.6) 2 (1.0
Castle Hill, Humberside 302 (7.7) 63 (6.0) 131 (7.0) 85 (10.3) 23 (11.4)
Dewsbury & District 239 (6.1) 66 (6.2) 131 (7.0) 38 (4.6) 4 (2.0)
Diana Princess of Wales 146 (3.7) 26 (2.5) 64 (3.4) 45 (5.5) 11 (5.5)
Harrogate 203 (5.1) 50 (4.7) 102 (5.5) 28 (3.4) 23 (11.4)
Huddersfield Royal Infirmary 69 (1.7) 20 (1.9) 38 (2.0) 9(1.1) 2 (1.0
Hull Royal Infirmary 338 (8.6) 72 (6.8) 158 (8.5) 84 (10.2) 24 (11.9)
Leeds General Infirmary 325 (8.2) 113 (10.7) 156 (8.4) 49 (6.0) 7 (3.5)
Pinderfields General 197 (5.0) 54 (5.1) 109 (5.8) 29 (3.5) 5 (2.5)
Pontefract General 36 (0.9) 12 (1.1) 12 (0.6) 11 (1.3) 1(0.5)
Scarborough 120 (3.0) 41 (3.9) 49 (2.6) 23 (2.8) 7 (3.5)
Scunthorpe 166 (4.2) 37 (3.5) 60 (3.2) 57 (6.9) 12 (6.0)
St. James's, Leeds 528 (13.4) 145 (13.7) 270 (14.5) 96 (11.7) 17 (8.5)
York 461 (11.7) 56 (27.9)

c? (p-value)?

93 (8.8)

182 (9.8)

130 (15.8)

260.71 (<0.001)

ac2 comparing the distribution of diagnostic hospitals for all patients compared to those in each of the travel time categories.

Low: 0-2.2 mins, Medium: 2.3-5.1 mins, High: 5.2-10.4 mins, Highest: 10.5-75.4 mins.
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Table 5:6. Travel time to hospital by car distributed by diagnostic hospital.

Time to Hospital

by Car
Diagnostic Hospital Overall Low Medium High Highest
N (%) N (%) N (%) N (%) N (%)
Total 4099 (100.0) 1029 (100.0) 2051 (100.0) 812 (100.0) 207 (100.0)
Airedale 144 (3.5) 7(0.7) 95 (4.6) 40 (4.9) 2(1.0)
Bradford Royal 372 (9.1) 153 (14.9) 190 (9.3) 27 (3.3) 2(1.0)
Calderdale 322 (7.9) 69 (6.7) 214 (10.4) 39 (4.8) 0 (0.0)
Castle Hill, Humberside 316 (7.7) 22 (2.1) 184 (9.0) 83 (10.2) 27 (13.0)
Dewsbury & District 243 (5.9) 100 (9.7) 86 (4.2) 57 (7.0) 0 (0.0)
Diana Princess of Wales 182 (4.4) 27 (2.6) 118 (5.8) 28 (3.4) 9(4.3)
Harrogate 206 (5.0) 100 (9.7) 66 (3.2) 40 (4.9) 0 (0.0)
Huddersfield Royal Infirmary 69 (1.7) 17 (1.7) 49 (2.4) 3(0.9) 0 (0.0)
Hull Royal Infirmary 362 (8.8) 69 (6.7) 153 (7.5) 76 (9.4) 64 (30.9)
Leeds General Infirmary 334 (8.1) 96 (9.3) 166 (8.1) 65 (8.0) 7 (3.4)
Pinderfields General 199 (4.9) 27 (2.6) 160 (7.8) 12 (1.5) 0 (0.0)
Pontefract General 36 (0.9) 16 (1.6) 18 (0.9) 2(0.2) 0 (0.0)
Scarborough 122 (3.0) 46 (4.5) 23 (1.1) 50 (6.2) 3(1.4)
Scunthorpe 181 (4.4) 51 (5.0) 72 (3.5) 57 (7.0) 1(0.5)
St. James's, Leeds 537 (13.1) 130 (12.6) 295 (14.4) 93 (11.5) 19 (9.2)
York 474 (11.6) 73 (35.3)

c? (p-value)?

99 (9.6)

162 (7.9)

140 (17.2)

286.09 (<0.001)

ac2 comparing the distribution of diagnostic hospitals for all patients compared to those in each of the travel time categories.

Low: 0-7.4 mins, Medium: 7.5-18.2 mins, High: 18.3-38.7 mins, Highest: 38.8-114.7 mins
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Table 5:7. Travel time to GP by public transport distributed by diagnostic hospital.

Time to GP by
Public Transport
Diagnostic Hospital Overall Low Medium High Highest Timed out

N (%) N (%) N (%) N (%) N (%) N (%)
Total 3946 (100.0) 979 (100.0) 1921 (100.0) 764 (100.0) 194 (100.0) 88 (100.0)
Airedale 143 (3.6) 45 (4.6) 69 (3.6) 20 (2.6) 2(1.0) 7 (8.0)
Bradford Royal 362 (9.2) 113 (11.5) 186 (9.7) 51 (6.7) 12 (6.2) 0 (0.0)
Calderdale 311 (7.9) 107 (10.9) 138 (7.2) 54 (7.1) 11 (5.7) 1(1.1)
Castle Hill, Humberside 302 (7.7) 48 (4.9) 162 (8.4) 67 (8.8) 15 (7.7) 10 (11.4)
Dewsbury & District 239 (6.1) 63 (6.4) 128 (6.7) 42 (5.5) 6 (3.1) 0 (0.0)
Diana Princess of Wales 146 (3.7) 27 (2.8) 63 (3.3) 41 (5.4) 15 (7.7) 0 (0.0)
Harrogate 203 (5.1) 41 (4.2) 99 (5.2) 36 (4.7) 14 (7.2) 13 (14.8)
Huddersfield Royal Infirmary 69 (1.7) 24 (2.5) 31(1.6) 11 (1.4) 3(1.5) 0 (0.0)
Hull Royal Infirmary 338 (8.6) 66 (6.7) 172 (9.0) 66 (8.6) 19 (9.8) 15 (17.0)
Leeds General Infirmary 325 (8.2) 103 (10.5) 151 (7.9) 59 (7.7) 10 (5.2) 2 (2.3)
Pinderfields General 197 (5.0) 50 (5.1) 116 (6.0) 25 (3.3) 6 (3.1) 0 (0.0)
Pontefract General 36 (0.9) 11 (1.1) 18 (0.9) 5(0.7) 2 (1.0) 0 (0.0)
Scarborough 120 (3.0) 34 (3.5) 49 (2.6) 26 (3.4) 3(1.5) 8(9.1)
Scunthorpe 166 (4.2) 35 (3.6) 71 (3.7) 45 (5.9) 11 (5.7) 4 (4.5)
St. James's, Leeds 528 (13.4) 139 (14.2) 280 (14.6) 83 (10.9) 25 (12.9) 1(1.1)
York 461 (11.7) 40 (20.6) 27 (30.7)

c? (p-value)?

73 (7.5)

188 (9.8)

133 (17.4)

841.42 (<0.001)

ac2 comparing the distribution of diagnostic hospitals for all patients compared to those in each of the travel time categories.
Low: 0-8.3 mins, Medium: 8.4-20.6 mins, High: 20.7-37.7 mins, Highest: 38.0-152.2 mins.
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Table 5:8. Travel time to hospital by public transport distributed by diagnostic hospital.

Time to Hospital

by Public
Transport
Diagnostic Hospital Overall Low Medium High Highest Timed out

N (%) N (%) N (%) N (%) N (%) N (%)
Total 4099 (100.0) 982 (100.0) 1955 (100.0) 784 (100.0) 195 (100.0) 183 (100.0)
Airedale 144 (3.5) 30(3.1) 80 (4.1) 24 (3.1) 0 (0.0) 10 (5.5)
Bradford Royal 372 (9.1) 130 (13.2) 193 (9.9) 41 (5.2) 6(3.1) 2(1.1)
Calderdale 322 (7.9) 78 (7.9) 143 (7.3) 98 (12.5) 2(1.0) 1 (0.5)
Castle Hill, Humberside 316 (7.7) 55 (5.6) 95 (4.9) 102 (13.0) 29 (14.9) 35(19.1)
Dewsbury & District 243 (5.9) 67 (6.8) 79 (4.0) 82 (10.5) 15(7.7) 0 (0.0)
Diana Princess of Wales 182 (4.4) 38(3.9) 117 (6.0) 9(1.1) 3(1.5) 15 (8.2)
Harrogate 206 (5.0) 103 (10.5) 64 (3.3) 23 (2.9) 1(0.5) 15 (8.2)
Huddersfield Royal Infirmary 69 (1.7) 22 (2.2) 38(1.9) 9(1.1) 0 (0.0) 0 (0.0)
Hull Royal Infirmary 362 (8.8) 67 (6.8) 161 (8.2) 51 (6.5) 44 (22.6) 39 (21.3)
Leeds General Infirmary 334 (8.1) 86 (8.8) 192 (9.8) 44 (5.6) 10 (5.1) 2(1.1)
Pinderfields General 199 (4.9) 35 (3.6) 126 (6.4) 38 (4.8) 0 (0.0) 0 (0.0)
Pontefract General 36 (0.9) 18 (1.8) 16 (0.8) 0(0.0) 2 (1.0) 0(0.0)
Scarborough 122 (3.0) 44 (4.5) 33(1.7) 31(4.0) 3(1.5) 11 (6.0)
Scunthorpe 181 (4.4) 75 (7.6) 48 (2.5) 31 (4.0) 14 (7.2) 13 (7.1)
St. James's, Leeds 537 (13.1) 86 (8.8) 338 (17.3) 86 (11.0) 22 (11.3) 5(2.7)
York 474 (11.6) 44 (22.6) 35(19.1)

c? (p-value)?

48 (4.9)

232 (11.9)

115 (14.7)

769.88 (<0.001)

ac2 comparing the distribution of diagnostic hospitals for all patients compared to those in each of the travel time categories.

Low: 0-30.7 mins, Medium: 30.8-64.8 mins, High: 64.9-100.9 mins, Highest: 101.0-179.3 mins.
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5.3 Hospital activity and route to diagnosis

To examine how long before diagnosis hospital activity increases for patients with DLBCL
and the pattern of this activity surrounding time of diagnosis, the rate of activity of patients
(cases) was compared to their matched controls for the two-years before- and year
following- diagnosis. The control population is matched on age and sex and therefore has
similar characteristics to the study population; 53.9% were male and the median age at
pseudodiagnosis was 70.2 years compared to 53.0% male and a median age of 70.4 years

at diagnosis for the cases.

Patients diagnosed with DLBCL experienced elevated hospital activity compared to their
matched controls for the 24 months before they are diagnosed, for example, at 24 months
before diagnosis the case-control rate ratio (RR) is 1.12 (95% confidence interval (Cl): 1.03-
1.22) (Figure 5:6). This activity steadily increases between 24- and 6- months before
diagnosis (-6 months RR: 1.33 [95% CI: 1.24-1.43]) and then increases considerably from
approximately six months before their diagnosis date until it peaks at one-month post-
diagnosis (RR: 17.27 [95% CI: 16.68-17.89]). From two-months post-diagnosis the rate
begins to decrease but remains elevated compared to the controls for the year following
diagnosis (12 months RR: 4.58 [95% ClI: 4.37-4.81)).
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The most common RTD for patients in this cohort was the GP route (32.4%), followed by
Emergency Presentation (31.4%), Two-Week Wait (TWW) (18.1%), Other Outpatient
(11.3%) and Inpatient Elective (2.1%) routes (Table 5:9). In total, 192 (4.7%) patients were
assigned to the Unknown category because: they could not be linked to the HES data, they
did not have any inpatient or outpatient HES episodes in the 6 months preceding their date
of sample or the diagnostic sample was a post-mortem sample taken after the patient had

died. These patients tended to: be older, not be fully staged and have higher ECOG scores.

When examining the distribution of RTD by patient characteristics it was noted that the
proportion of patients diagnosed via the TWW route varied considerably by diagnostic
hospital, for example, less than 1% of York patients were assigned to the TWW route which
is much lower than the total value for this route (18.1%) (Table 5:9). This raised concern
about how uniformly across the hospitals in the Network TWW referrals are recorded in HES
and as a result of this concern, RTD was collapsed into two groups for subsequent analysis;
Emergency Presentations and Elective Referrals (which includes all other routes excluding
the Unknown route). Approximately two-thirds of patients were diagnosed via Elective
Referrals (n=2631, 67.1%) and one-third following an Emergency Presentation (n=1292,
32.9%) (Table 5:10).
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Table 5:9. Baseline clinical and socio-demographic characteristics distributed by diagnostic route.

Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
Total 4115 1292 (31.4) 2631 745 (18.1) 1334 (32.4) 466 (11.3) 86 (2.1) 192 (4.7)
(100.0) (63.9))
Sex:
Males 2179 671 (51.9) 1413 387 (51.9) 715 (53.6) 256 (54.9) 55 (64.0) 95 (49.5)
(53.0) (53.7)
Females 1936 621 (48.1) 1218 358 (48.1) 619 (46.4) 210 (45.1) 31 (36.0) 97 (50.5)
(47.0) (46.3)
c2? between individual RTDs - - - - - - 5.93 (0.20) -
(p-value)?
Age at diagnosis (years):
Median (IQR) 70.4 (59.9 70.6 (58.91 79.1) 70.4 70.5 (61.4 - 70.5 (60.8 - 69.7 (57.5- 69.0(60.3- 70.9(59.87
- 78.6) (60.3- 79.0) 78.1) 78.2) 75.7) 79.3)
78.3)
Kruskal-Wallis test between - - - - - - 3.02 (0.56) -
individual RTDs (p-value)?
<18 27 (0.7) 11 (0.9) 14 (0.5) 3(0.4) 3(0.2) 7 (1.5) 1(1.2) 2 (1.0)
18-39 225 (5.5) 73 (5.7) 141 (5.4) 40 (5.4) 69 (5.2) 28 (6.0) 4 (4.7) 11 (5.7)
40-59 786 (19.1) 263 (20.4) 488 124 (16.6) 245 (18.4) 104 (22.3) 15 (17.4) 35 (18.2)
(18.5)
60-69 976 (23.7) 285 (22.1) 650 194 (26.0) 332 (24.9) 99 (21.2) 25 (29.1) 41 (21.4)
(24.7)
70-79 1245 367 (28.4) 820 227 (30.5) 432 (32.4) 131 (28.1) 30 (34.9) 58 (30.2)
(30.3) (31.2)
080 856 (20.8) 293 (22.7) 518 157 (21.1) 253 (19.0) 97 (20.8) 11 (12.8) 45 (23.4)
(29.7)
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
c2? between individual RTDs - - - - - - 36.04 (0.02) -
(p-value)?
Primary CNS lymphoma:
Yes 141 (3.4) 87 (6.7) 47 (1.8) 3(0.4) 17 (1.3) 25 (5.4) 2 (2.3) 7 (3.6)
No 3974 1205 (93.3) 2584 742 (99.6) 1317 (98.7) 441 (94.6) 84 (97.7) 185 (96.4)
(96.6) (98.2)
c?between individual RTDs - - - - - - 87.83 -
(p-value)a (<0.001)
Ann-Arbor stage:
I 526 (12.8) 105 (8.1) 404 91 (12.2) 242 (18.1) 59 (12.7) 12 (14.0) 17 (8.9)
(15.4)
Il 696 (16.9) 147 (11.4) 519 151 (20.3) 269 (20.2) 81 (17.4) 18 (20.9) 30 (15.6)
(19.7)
I 655 (15.9) 129 (10.0) 506 182 (24.4) 226 (16.9) 80 (17.2) 18 (20.9) 20 (10.4)
(19.2)
\ 1740 698 (54.0) 962 250 (33.6) 484 (36.3) 198 (42.5) 30 (34.9) 80 (41.7)
(42.3) (36.6)
Not fully staged 498 (12.1) 213 (16.5) 240 (9.1) 71 (9.5) 113 (8.5) 48 (10.3) 8(9.3) 45 (23.4)
c? between individual RTDs - - - - - - 219.28 -
(p-value)a (<0.001)
B Symptoms:
Yes 1818 649 (50.2) 1098 338 (45.4) 541 (40.6) 173 (37.1) 46 (53.5) 71 (37.0)
(44.2) (41.7)
No 2294 642 (49.7) 1533 407 (54.6) 793 (59.4) 293 (62.9) 40 (46.5) 119 (62.0)
(55.7) (58.3)
Not known 3(0.1) 1(0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.0
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
c? between individual RTDs - - - - - - 39.11 -
(p-value)? (<0.001)
ECOG score:
0 1196 160 (12.4) 984 320 (43.0) 490 (36.7) 144 (30.9) 30 (34.9) 52 (27.1)
(29.1) (37.4)
1 1543 449 (34.8) 1044 277 (37.2) 535 (40.1) 197 (42.3) 35 (40.7) 50 (26.0)
(37.5) (39.7)
2 823 (20.0) 370 (28.6) 413 102 (13.7) 213 (16.0) 82 (17.6) 16 (18.6) 40 (20.8)
(15.7)
3 365 (8.9) 218 (16.9) 124 (4.7) 30 (4.0) 63 (4.7) 28 (6.0) 3(3.5) 23 (12.0)
4 122 (3.0) 72 (5.6) 37 (1.4) 14 (1.9) 14 (1.0) 8 (1.7) 1(1.2) 13 (6.8)
Not known 66 (1.6) 23 (1.8) 29 (1.1) 2(0.3) 19 (1.4) 7(1.5) 1(1.2) 14 (7.3)
c? between individual RTDs - - - - - - 488.56 -
(p-value)? (<0.001)
IMD income quintile:
1 (least deprived) 827 (20.1) 227 (17.6) 551 131 (17.6) 298 (22.3) 98 (21.0) 24 (27.9) 49 (25.5)
(20.9)
2 889 (21.6) 295 (22.8) 565 168 (22.6) 287 (21.5) 89 (19.1) 21 (24.4) 29 (15.1)
(21.5)
3 819 (19.9) 230 (17.8) 548 163 (21.9) 258 (19.3) 108 (23.2) 19 (22.1) 41 (21.4)
(20.8)
4 710 (17.3) 230 (17.8) 444 126 (16.9) 221 (16.6) 89 (19.1) 8(9.3) 36 (18.8)
(16.9)
5 (most deprived) 865 (21.0) 307 (23.8) 521 156 (20.9) 269 (20.2) 82 (17.6) 14 (16.3) 37 (19.3)
(19.8)
Not known 5(0.1) 3(0.2) 2(0.1) 1(0.2) 1(0.2) 0 (0.0) 0 (0.0) 0 (0.0)
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
c2 between RTDs (p-value)2 - - - - - - 35.82 -
(0.003)
Rural-urban classification:
Rural 850 (20.7) 261 (20.2) 554 169 (22.7) 286 (21.4) 80 (17.2) 19 (22.1) 35 (18.2)
(21.1)
Urban 3260 1028 (79.6) 2075 575 (77.2) 1047 (78.5) 386 (82.8) 67 (77.9) 157 (81.8)
(79.2) (78.9)
Not known 5(0.1) 3(0.2) 2(0.1) 1(0.1) 1(0.1) 0 (0.0) 0 (0.0) 0 (0.0)
c2 between RTDs (p-value)?2 - - - - - 6.06 (0.20) -
Cancer Alliance:
West Yorkshire & Harrogate 2469 790 (61.1) 1563 434 (58.3) 749 (56.1) 329 (70.6) 51 (59.3) 116 (60.4)
(60.0) (59.4)
Humber, Coast & Vale 1646 502 (38.9) 1068 311 (41.7) 585 (43.9) 137 (29.4) 35 (40.7) 76 (39.6)
(40.0) (40.6)
c2 between individual RTDs - - - - - - 31.74 -
(p-value) (<0.001)
Diagnostic hospital:
Airedale 144 (3.5) 48 (3.7) 91 (3.5) 35 (4.7) 32 (2.4) 15 (3.2) 9 (10.5) 5 (2.6)
Bradford Royal 373 (9.1) 91 (7.0) 262 107 (14.4) 67 (5.0) 73 (15.7) 15 (17.4) 20 (10.4)
(10.0)
Calderdale 324 (7.9) 79 (6.1) 231 (8.8) 125 (16.8) 73 (5.5) 30 (6.4) 3 (3.5 14 (7.3)
Castle Hill, Humberside 317 (7.7) 80 (6.2) 228 (8.7) 120 (16.1) 77 (5.8) 26 (5.6) 5(5.8) 9 (4.7)
Dewsbury & District 243 (5.9) 88 (6.8) 142 (5.4) 21 (2.8) 92 (6.9) 23 (4.9) 6 (7.0) 13 (6.8)
Grimsby 184 (4.5) 52 (4.0) 125 (4.8) 50 (6.7) 61 (4.6) 8 (1.7) 6 (7.0) 7 (3.6)
Harrogate 208 (5.1) 41 (3.2) 150 (5.7) 73 (9.8) 61 (4.6) 12 (2.6) 4 (4.7) 17 (8.9)
Huddersfield Royal Infirmary 69 (1.7) 26 (2.0) 41 (1.6) 25 (3.4) 8 (0.6) 7(1.5) 1(1.2) 2(1.0)
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
Hull Royal Infirmary 363 (8.8) 120 (9.3) 221 (8.4) 87 (11.7) 94 (7.0) 31(6.7) 9 (10.5) 22 (11.5)
Leeds General Infirmary 334 (8.1) 120 (9.3) 198 (7.5) 9(1.2) 134 (10.0) 54 (11.6) 1(1.2) 16 (8.3)
Pinderfields General 199 (4.8) 66 (5.1) 131 (5.0) 24 (3.2) 78 (5.8) 26 (5.6) 3(3.5) 2 (1.0
Pontefract General 36 (0.9) 8 (0.6) 28 (1.1) 3(0.4) 15(1.1) 9 (1.9 1(1.2) 0 (0.0)
Scarborough 122 (3.0) 35 (2.7) 81(3.1) 4 (0.5) 61 (4.6) 12 (2.6) 4 (4.7) 6(3.1)
Scunthorpe General 183 (4.4) 54 (4.2) 121 (4.6) 48 (6.4) 54 (4.0) 14 (3.0) 5(5.8) 8(4.2)
St. James's, Leeds 539 (13.1) 223 (17.3) 289 12 (1.6) 189 (14.2) 80 (17.2) 8(9.3) 27 (14.1)
(11.0)
York 477 (11.6) 161 (12.5) 292 2(0.3) 238 (17.8) 46 (9.9) 6 (7.0) 24 (12.5)
(11.2)
c? between individual RTDs - - - - - - 748.01 -
(p-value) (<0.001)
Distance to GP:
Low 988 (24.0) 324 (25.1) 626 187 (25.1) 321 (24.1) 95 (20.4) 23 (26.7) 38 (19.8)
(23.8)
Medium 1974 612 (47.4) 1273 346 (46.4) 655 (49.1) 231 (49.6) 41 (47.7) 89 (46.4)
(48.0) (48.4)
High 787 (19.1) 241 (18.7) 505 131 (17.6) 258 (19.3) 102 (21.9) 14 (16.3) 41 (21.4)
(19.2)
Highest 197 (4.8) 59 (4.6) 123 (4.7) 40 (5.4) 57 (4.3) 21 (4.5) 5 (5.8) 15 (7.8)
Not known 169 (4.1) 56 (4.3) 104 (4.0) 41 (5.5) 43 (3.2) 17 (3.6) 3(3.5) 9(4.7)
c? between individual RTDs - - - - - - 9.33(0.67) -
(p-value)?
Time to GP by car:
Low 1057 336 (26.0) 677 201 (27.0) 346 (25.9) 108 (23.2) 22 (25.6) 44 (22.9)
(25.7) (25.7)
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
Medium 1866 584 (45.2) 1198 333 (44.7) 615 (46.1) 212 (45.5) 38 (44.2) 84 (43.8)
(45.3) (45.5)
High 822 (20.0) 256 (19.8) 528 136 (18.3) 269 (20.2) 105 (22.5) 18 (20.9) 38 (19.8)
(20.1)
Highest 201 (4.9) 60 (4.6) 124 (4.7) 34 (4.6) 61 (4.6) 24 (5.2) 5(5.8) 17 (8.9)
Not known 169 (4.1) 56 (4.3) 104 (4.0) 41 (5.5) 43 (3.2) 17 (3.6) 3(3.5) 9(4.7)
c? between individual RTDs - - - - - - 4.89 (0.96) -
(p-value)?
Time to GP by public
transport:
Low 979 (23.8) 312 (24.1) 627 189 (25.4) 319 (23.9) 97 (20.8) 22 (25.6) 40 (20.8)
(23.8)
Medium 1921 587 (45.4) 1253 343 (46.0) 648 (48.6) 224 (48.1) 38 (44.2) 81 (42.2)
(46.7) (47.6)
High 764 (18.6) 252 (19.5) 471 124 (16.6) 235 (17.6) 96 (20.6) 16 (18.6) 41 (21.4)
(17.9)
Highest 194 (4.7) 62 (4.8) 117 (4.4) 32 (4.3) 56 (4.2) 25 (5.4) 4 (4.7) 15 (7.8)
Timed out 88 (2.1) 23 (1.8) 59 (2.2) 16 (2.1) 33 (2.5) 7(1.5) 3(3.5) 6(3.1)
Not known 169 (4.1) 56 (4.3) 104 (4.0) 41 (5.5) 43 (3.2) 17 (3.6) 3(3.5) 9(4.7)
c? between individual RTDs - - - - - - 12.36 (0.72) -
(p-value)?
Distance to hospital:
Low 1025 336 (26.0) 635 169 (22.7) 343 (25.7) 100 (21.5) 23 (26.7) 54 (28.1)
(24.9) (24.1)
Medium 2050 637 (49.3) 1338 400 (53.7) 653 (49.0) 241 (51.7) 44 (51.2) 75 (39.1)
(49.8) (50.9)
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Route to
Diagnosis
Emergency Elective Unknown
Presentation Referrals
All Total Total Two-Week GP Other Inpatient Total
Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
High 820 (19.9) 249 (19.3) 520 148 (19.9) 260 (19.5) 96 (20.6) 16 (18.6) 51 (26.6)
(19.8)
Highest 205 (5.0) 64 (5.0) 131 (5.0) 26 (3.5) 73 (5.5) 29 (6.2) 3(3.5) 10 (5.2)
Not known 15 (0.4) 6 (0.5) 7 (0.3) 2(0.3) 5(0.4) 0 (0.0) 0 (0.0) 2 (1.0
c? between individual RTDs - - - - - - 13.60 (0.33) -
(p-value)?
Time to hospital by car:
Low 1029 337 (26.1) 634 156 (20.9) 352 (26.4) 103 (22.1) 23 (26.7) 58 (30.2)
(25.0) (24.1)
Medium 2051 642 (49.7) 1337 405 (54.4) 646 (48.4) 241 (51.7) 45 (52.3) 72 (37.5)
(49.8) (50.8)
High 813 (19.8) 239 (18.5) 526 157 (21.1) 258 (19.3) 96 (20.6) 15 (17.4) 48 (25.0)
(20.0)
Highest 207 (5.0) 68 (5.3) 127 (4.8) 25 (3.4) 73 (5.5) 26 (5.6) 3 (3.5 12 (6.2)
Not known 15 (0.4) 6 (0.5) 7 (0.3) 2(0.3) 5(0.4) 0 (0.0) 0 (0.0) 2 (1.0
c? between RTDs (p-value)?2 - - - - - - 19.52 (0.08) -
Time to hospital by public
transport:
Low 982 (23.9) 327 (25.3) 602 192 (25.8) 298 (22.3) 88 (18.9) 24 (27.9) 53 (27.6)
(22.9)
Medium 1955 627 (48.5) 1252 317 (42.6) 653 (49.0) 241 (51.7) 41 (47.7) 76 (39.6)
(47.5) (47.6)
High 784 (19.1) 220 (17.0) 525 161 (21.6) 255 (19.1) 95 (20.4) 14 (16.3) 39 (20.3)
(20.0)
Highest 195 (4.7) 60 (4.6) 126 (4.8) 37 (5.0) 63 (4.7) 23 (4.9 3 (3.5 9(4.7)
Timed out 183 (4.4) 51 (3.9) 119 (4.5) 36 (4.8) 60 (4.5) 19 (4.1) 4 (4.7) 13 (6.8)
Not known 16 (0.4) 7 (0.5) 7 (0.3) 2 (0.3) 5(0.4) 0 (0.0) 0 (0.0) 2 (1.0)
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Route to
Diagnosis
Emergency Elective Unknown

Presentation Referrals

All Total Total Two-Week GP Other Inpatient Total

Patients N (%) N (%) Wait Outpatient Elective
N (%) N (%) N (%) N (%) N (%) N (%)
c2? between individual RTDs - - - - - - 22.87 (0.12) -

(p-value)?

BExcluding those with O6Not knownd values.
ECOG= Eastern Cooperative Oncology Group, IMD=Index of Multiple Deprivation
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The Emergency Presentation route is often used as a proxy for diagnostic delay. The rates
of hospital activity were stratified by diagnostic route to compare the pattern of activity of
those diagnosed as Emergencies with those diagnosed following Elective Referrals. The
overall shape of the plots for hospital activity and corresponding rate ratios (RR) are broadly
similar for patients diagnosed following an Emergency Presentation and those diagnosed
following an Elective Referral (Figure 5:7). However, patients diagnosed as emergencies
have elevated hospital activity for a greater period of time compared to patients diagnosed
following an Elective Referral, whose increase begins closer to the date of diagnosis (month
0). For example, the RR at 12 months before diagnosis for patients diagnosed as an
Emergency is 1.49 (95% CI: 1.32-1.68) compared to 1.16 (95% CI: 1.05-1.27) for those
diagnosed following an Elective Referral. Another interesting difference is when the peak in
the rate of hospital activity occurs, which is one-month post-diagnosis for Elective Referrals,

but not until three-months post-diagnosis for the Emergency group.
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The risk of Emergency Presentation, stratified by patient characteristics, was estimated
using logistic regression (Table 5:10). No difference in the odds of being diagnosed as an
Emergency by sex was detected. Patients aged 80 years and older (COR: 1.26 [95% CI:
1.05-1.53]) had increased odds of Emergency Presentation as did Children (crude odds ratio
(COR): 1.76 [95% CI: 0.79-3.90]), although this result did not reach statistical significance,
likely due to small numbers in this age group. However, this association was not seen for the
over 80s when baseline characteristics were taken into account while a stronger association
with younger age was observed (AOR: 2.66 [95% CI: 1.07-6.62]).

Those with PCNSL had over double the odds of Emergency Presentation compared to other
DLBCL patients (AOR: 2.26 [95% CI: 1.48-3.46]). Patients with more advanced disease and
higher ECOG scores were also diagnosed following an Emergency Presentation more
frequently. For example, patients assigned an ECOG score of 0 had over nine times lower
odds of Emergency Presentation compared to patients with ECOG scores of 4 (AOR: 9.71
[95% CI: 6.15-15.32]) and this was attenuated but remained in the adjusted model at over
nine times the odds. Deprived patients were also more likely to be diagnosed as an
Emergency, but this association was not observed when the analyses were adjusted for

other characteristics.

No differences were observed between patients living in rural versus urban areas or by
Cancer Alliance, however, differences did exist by hospital. Patients diagnosed at
approximately two-thirds ofthe Net wor k6s hospit alEmerdercg | ower

Presentationc ompar ed to patients di agForesamue, patientsSt .

diagnosed at Castle Hill hospital had less than half the odds of being diagnosed as an
Emergency (COR: 0.45 [95% CI: 0.33-0.62]). However, when adjusted for other baseline
characteristics this association only remained for patients diagnosed at Bradford Royal,
Calderdale, Castle Hill and Harrogate hospitals and the increased risk of Emergency
Presentatonf or patients diagnosed at St Jamesos

model such as age and PCNSL subtype.
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Table 5:10. Crude and adjusted odds ratios of Emergency Presentation by patients baseline clinical and socio-demographic characteristics.

Total Emergency presentation Elective referrals Crude odds ratio Adjusted odds ratio

N N (%) N (%) (95% CI)2 (95% CI)°
Total 3923 1292 (32.9) 2631 (67.1) - -
Sex:
Males 2084 671 (32.2) 1413 (67.8) Ref Ref
Females 1839 621 (33.8) 1218 (66.2) 1.07 (0.94-1.23) 1.00 (0.87 - 1.17)
Age at diagnosis (years):
<18 25 11 (44.0) 14 (56.0) 1.76 (0.79-3.90) 2.66 (1.07 - 6.62)
18-39 214 73 (34.1) 141 (65.9) 1.16 (0.85-1.57) 2.01 (1.42-2.83)
40-59 751 263 (35.0) 488 (65.0) 1.20 (0.99-1.46) 1.73 (1.39 - 2.15)
60-69 935 285 (30.5) 650 (69.5) 0.98 (0.81-1.18) 1.15(0.94 - 1.42)
70-79 1187 367 (30.9) 820 (69.1) Ref Ref
080 811 293 (36.1) 518 (63.9) 1.26 (1.05-1.53) 0.98 (0.79 - 1.22)
Trend c2 - - - 11.40 (0.02) -
(p-value)
Primary CNS lymphoma:
Yes 134 87 (64.9) 47 (35.1) 3.97 (2.77-5.70) 2.26 (1.48 - 3.46)
No 3789 1205 (31.8) 2584 (68.2) Ref Ref
Ann-Arbor stage:
I 509 105 (20.6) 404 (79.4) Ref Ref
I 666 147 (22.1) 519 (77.9) 1.09 (0.82-1.45) 1.05 (0.78 - 1.42)
I 635 129 (20.3) 506 (79.7) 0.98 (0.73-1.31) 0.89 (0.65 - 1.21)
Y] 1660 698 (42.0) 962 (58.0) 2.79 (2.21-3.53) 1.77 (1.37 - 2.29)
Not fully staged 453 213 (47.0) 240 (53.0) 3.41 (2.57-4.53) 2.13(1.56 - 2.91)
Trend c2 - - - 43.89 (<0.001) -
(p-value)©
B Symptoms:
Yes 1747 649 (37.1) 1098 (62.9) 1.41 (1.23-1.61) 1.20 (1.03 - 1.40)
No 2175 642 (29.5) 1533 (70.5) Ref Ref
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Total Emergency presentation Elective referrals Crude odds ratio Adjusted odds ratio
N N (%) N (%) (95% ClI)2 (95% CI)°

Not known 1 1 (100.0) 0 (0.0) - -
ECOG score:
0 1144 160 (14.0) 984 (86.0) Ref Ref
1 1493 449 (30.1) 1044 (69.9) 2.64 (2.16-3.23) 2.50 (2.02 - 3.08)
2 783 370 (47.3) 413 (52.7) 5.51 (4.43-6.85) 4.92 (3.87 - 6.26)
3 342 218 (63.7) 124 (36.3) 10.81 (8.20-14.26) 9.22 (6.81 - 12.48)
4 109 72 (66.1) 37 (33.9) 11.97 (7.78-18.40) 9.71 (6.15 - 15.32)
Not known 52 23 (44.2) 29 (55.8) 4.88 (2.75-8.64) 4.03 (2.19 - 7.41)
Trend c2 - - - 15.31 (0.001) -
(p-value)
IMD income quintile:
1 (least deprived) 778 227 (29.2) 551 (70.8) Ref Ref
2 860 295 (34.3) 566 (65.7) 1.27 (1.02-1.56) 1.19 (0.94 - 1.51)
3 778 230 (29.6) 548 (70.4) 1.02 (0.82-1.27) 1.03 (0.81-1.33)
4 674 230 (34.1) 444 (65.9) 1.26 (1.01-1.60) 1.22 (0.95 - 1.59)
5 (most deprived) 828 307 (37.1) 521 (62.9) 1.43 (1.16-1.76) 1.28 (0.99 - 1.65)
Not known 5 3 (75.0) 1(25.0) - -
Trend c2 - - - 7.96 (0.05) -
(p-value)©
Rural-urban classification:
Rural 815 261 (32.0) 555 (68.0) 0.95 (0.80-1.12) 1.21 (0.98 - 1.48)
Urban 3103 1028 (33.1) 2075 (66.9) Ref Ref
Not known 5 3 (75.0) 1(25.0) - -
Cancer Alliance:
West Yorkshire & Harrogate 2353 790 (33.6) 1563 (66.4) Ref -
Humber, Coast & Vale 1570 502 (32.0) 1068 (68.0) 0.93 (0.81-1.07) -
Diagnostic hospital:
Airedale 139 48 (34.5) 91 (65.5) 0.68 (0.46-1.01) 0.87 (0.57 - 1.35)
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Total Emergency presentation Elective referrals Crude odds ratio Adjusted odds ratio
N N (%) N (%) (95% Cl)2 (95% CI)°

Bradford Royal 353 91 (25.8) 262 (74.2) 0.45 (0.33-0.60) 0.55 (0.40 - 0.76)
Calderdale 310 79 (25.5) 231 (74.5) 0.44 0.33-0.60) 0.48 (0.34 - 0.68)
Castle Hill, Humberside 308 80 (26.0) 228 (74.0) 0.45 (0.33-0.62) 0.70 (0.49 - 0.99)
Dewsbury & District 230 88 (38.3) 142 (61.7) 0.80 (0.58-1.10) 1.10 (0.77 - 1.58)
Grimsby 177 52 (29.4) 125 (70.6) 0.54 (0.37-0.78) 0.68 (0.45 - 1.03)
Harrogate 191 41 (21.5) 150 (78.5) 0.35 (0.24-0.52) 0.50 (0.32-0.77)
Huddersfield Royal Infirmary 67 26 (38.8) 41 (61.2) 0.82 (0.48-1.38) 0.83 (0.48 - 1.46)
Hull Royal Infirmary 341 120 (35.2) 221 (64.8) 0.70 (0.53-0.93) 0.74 (0.54 - 1.02)
Leeds General Infirmary 318 120 (37.7) 198 (62.3) 0.79 (0.59-1.05) 0.78 (0.57 - 1.08)
Pinderfields General 197 66 (33.5) 131 (66.5) 0.65 (0.46-0.92) 0.80 (0.54 - 1.16)
Pontefract General 36 8 (22.2) 28 (77.8) 0.37 (0.17-0.83) 0.35(0.15-0.83)
Scarborough 116 35 (30.2) 81 (69.8) 0.56 (0.36-0.86) 0.68 (0.42 - 1.11)
Scunthorpe General 175 54 (30.9) 121 (69.1) 0.58 (0.40-0.83) 0.76 (0.50 - 1.15)
St. James's, Leeds 512 223 (43.6) 289 (56.4) Ref Ref

York 453 161 (35.5) 292 (64.5) 0.71 (0.55-0.93) 0.86 (0.64 - 1.16)

aCrude odds ratio for Emergency Presentation vs Elective Referrals with 95% confidence interval.

bOdds ratio for Emergency Presentation vs Elective Referrals with 95% confidence interval adjusted for all other variables in the table excluding diagnostic
Cancer Alliance because of collinearity with other variables and including time to GP and hospital by car and public transport. Ex ¢l udi ng t hose
k n o wms¥mptBms, IMD quintile or rural-urban classification (n=6).

¢Excludingthose 6 Not f u | dnd/witls& NMagte dkdalwesvn 6

ECOG= Eastern Cooperative Oncology Group, IMD=Index of Multiple Deprivation
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The association between travel to healthcare and diagnostic route was examined using box
and whisker plots and logistic regression. As shown in Figure 5:8, the distribution of the
travel times to GP varies little by RTD and no differences between the median values were
detected (median distance: Emergency Presentation=1.94 km, Elective Referral=1.99 km.
Median time: Emergency Presentation and Elective Referral=3.3 minutes). However,
patients diagnosed as Emergency Presentations had shorter median travel times (car: 10.3
minutes, public transport: 42 minutes) to their hospital compared to patients diagnosed via
the Elective Referrals route (car: 11 minutes, public transport: 43.9 minutes) (car: Kruskal-
Wallis test=3.84, p=0.05; public transport: Kruskal-Wallis test=5.65, p=0.02). Furthermore,
no differences in the odds of Emergency Presentation by travel time or distance to GP or
hospital were observed (Table 5:11). This suggests that travel to healthcare does not act as
a barrier to timely diagnosis for DLBCL patients and care is equitable across the HMRN

region regardless of distance travelled to access it.
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Table 5:11. Crude and adjusted odds ratios of Emergency Presentation by travel to healthcare.

Total Emergency presentation Elective referrals Crude odds ratio Adjusted odds ratio
N N (%) N (%) (95% CI)2 (95% CI)°

Total 3923 1292 (32.9) 2631 (67.1) - -
Distance to GP:
Low 950 626 (65.9) 324 (34.1) Ref -
Medium 1885 1273 (67.5) 612 (32.5) 0.93 (0.79-1.10) -
High 746 505 (67.7) 241 (32.3) 0.92 (0.75-1.13) -
Highest 182 123 (67.6) 59 (32.4) 0.93 (0.66 - 1.30) -
Not known 160 104 (65.0) 56 (35.0) 1.04 (0.73 - 1.48) -
c? (p-value)© - - - 0.53 (0.77) -
Time to GP by car:
Low 1013 677 (66.8) 336 (33.2) Ref Ref
Medium 1782 1198 (67.2) 584 (32.8) 0.98 (0.83-1.16) 0.97 (0.78 - 1.22)
High 784 528 (67.3) 256 (32.7) 0.98 (0.80-1.19) 0.88 (0.64 - 1.22)
Highest 184 124 (67.4) 60 (32.6) 0.97 (0.70 - 1.36) 0.96 (0.54 - 1.69)
Not known 160 104 (65.0) 56 (35.0) 1.08 (0.76 - 1.54) 1.07 (0.70 - 1.63)
c? (p-value)© - - - 0.01 (0.99)
Time to GP by public transport:
Low 939 627 (66.8) 312 (33.2) Ref Ref
Medium 1840 1253 (68.1) 587 (31.9) 0.94 (0.80-1.11) 0.93 (0.74 - 1.17)
High 723 471 (65.1) 252 (34.9) 1.08 (0.88 - 1.32) 1.22 (0.88 - 1.69)
Highest 179 117 (65.4) 62 (34.6) 1.06 (0.76 - 1.49) 1.14 (0.67 - 1.95)
Timed out 82 59 (72.0) 23 (28.0) 0.78 (0.47 - 1.29) 0.86 (0.39 - 1.93)
Not known 160 104 (65.0) 56 (35.0) 1.08 (0.76 - 1.54) -
c? (p-value)© - - - 1.79 (0.41) -
Distance to hospital:
Low 971 635 (65.4) 336 (34.6) Ref -
Medium 1975 1338 (67.7) 637 (32.3) 0.90 (0.76 - 1.06) -
High 769 520 (67.6) 249 (32.4) 0.90 (0.74 - 1.112) -
Highest 195 131 (67.2) 64 (32.8) 0.92 (0.67 - 1.28) -
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Total Emergency presentation Elective referrals Crude odds ratio Adjusted odds ratio
N N (%) N (%) (95% CI)2 (95% CI)°

Not known 13 7 (53.8) 6 (46.2) 1.62 (0.54 - 4.86) -
c? (p-value)© - - - 0.95 (0.62) -
Time to hospital by car:
Low 971 634 (65.3) 337 (34.7) Ref Ref
Medium 1979 1337 (67.6) 642 (32.4) 0.90 (0.77 - 1.06) 1.04 (0.81 - 1.33)
High 765 526 (68.8) 239 (31.2) 0.85 (0.70 - 1.05) 0.99 (0.69 - 1.43)
Highest 195 127 (65.1) 68 (34.9) 1.01(0.73 - 1.39) 1.09 (0.63 - 1.87)
Not known 13 7 (53.8) 6 (46.2) 1.61 (0.54 - 4.84) -
c? (p-value)© - - - 2.00 (0.37) -
Time to hospital by public transport:
Low 929 602 (64.8) 327 (35.2) Ref Ref
Medium 1879 1252 (66.6) 627 (33.4) 0.92 (0.78 - 1.09) 0.85 (0.66 - 1.08)
High 745 525 (70.5) 220 (29.5) 0.77 (0.63 - 0.95) 0.65 (0.46 - 0.92)
Highest 186 126 (67.7) 60 (32.3) 0.88 (0.63 - 1.23) 0.59 (0.35 - 1.00)
Timed out 170 119 (70.0) 51 (30.0) 0.79 (0.55-1.12) 0.79 (0.43 - 1.47)
Not known 14 7 (50.0) 7 (50.0) 1.84 (0.64 - 5.29) -

c? (p-value)©

1.77 (0.41)

aCrude odds ratio for Emergency Presentation vs Elective Referrals with 95% confidence interval.
bOdds ratio for Emergency Presentation vs Elective Referrals with 95% confidence interval adjusted for sex, age, subtype, stage, B symptoms, performance

score, deprivation, rurality and diagnostic hospita. Ex c | udi ng
knowno

¢Excluding those 6 w i6tNlo t

val ues
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5.4 Treatment

Information relating to treatment could be obtained for almost all patients with complete
follow-up (n=4109, 99.9%) as shown in Figure 5:9. Most patients received treatment with
curative intent (n=3425, 83.2%), typically with multi-agent chemotherapy (n=3401, 82.6%) as
described in section 4.4.1. Those not treated curatively include those who: died shortly after
diagnosis (died pre-treatment) (n=141, 3.4%), received single-agent chemotherapy or
radiotherapy for symptom management only (n=127, 3.1%), received palliative/supportive
care only (n=366, 8.9%) and a small number of patients who refused treatment (n=8, 0.2%).
Some patients were not placed under the care of the haematology team following their
diagnosis because they were already under the care of another speciality and the
management of this condition took precedence, and these patients were excluded from any

treatment analysis (n=42, 1.0%).
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PCNSL=Primary Central Nervous System Lymphoma

Patients with partailly
missing medical notes or
who moved outside
Network for treatment

n=6 (0.1%)

Patients with complete

follow-up

n=4115 (100.0%)
Patients available for
treatment analysis

n=4109 (99.9%)

Treated with curative intent
n=3425 (83.2%)

Not treated with curative
intent

n=642 (15.6%)

A

-

Not seen by Hameatology
due to competing diagnosis

n=42 (1.0%)

Figure 5:9. Completeness of treatment data, treatment intent and regimen type received.
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Most patients received the standard treatment of R-CHOP as first-line treatment (n=2831,
82.7%). The next most common regimens given as first-line were R-CVP at 3.9% (n=132)

and CHOP at 2.1% (n=72) (see full list of chemotherapy regimens in Table 4:2).

The characteristics of patients treated with curative intent differs from those not treated with
curative intent, which includes those treated with supportive/palliative care or single-agent
chemotherapy or radiotherapy and those who refused treatment (Table 5:12). This includes
differences by sex with more patients treated with curative intent being male. However, in
the adjusted model the association between sex and treatment with curative intent
disappears, suggesting that the crude association is confounded by other factors, such as
age. Differences were seen by age with a greater proportion of those not treated curatively
belonging to the older age groups, particularly the aged 80 years and older group which
makes up 60.1% of patients not treated curatively compared to 14.0% of patients treated
curatively. Patients aged 80 years and older were 80% less likely to be treated with curative
intent compared to those aged 70-79, whereas patients aged 18-39 were over seven times

as likely to receive curative treatment.

PCNSL patients were half as likely to receive treatment with curative intent compared to
other DLBCL patients (adjusted odds ratio (AOR): 0.50 [95% CI: 0.28-0.89]) (Table 5:12).
Those with later stage disease or who were not fully staged also made up a higher
percentage of the non-curative intent group than their overall percentage, for example, only
10.6% of patients were not fully staged but 34.5% of patients not treated curatively belong to
this group. In the unadjusted model, advanced stage disease was negatively associated with
receiving treatment with curative intent (COR: 0.46 [95% CI: 0.32-0.66]), however, this
association remained but was reduced in the adjusted model (AOR: 0.76 [95% CI: 0.49-
1.16]). Similarly, patients treated with curative intent had lower ECOG scores than those not
treated curatively and patients with all ECOG scores greater than zero had lower odds of
being treated with curative intent compared to those with a score of zero in both the

unadjusted and adjusted models.

There were also differences by RTD, with those diagnosed as an Emergency making up

al most half of the énot curativebd group compar eoc
group and having lower odds of being treated curatively compared to those diagnosed

following an Elective Referral, even after adjusting for other variables in the model including

age and stage at diagnosis. No difference in the composition of patients treated curatively

compared to non-curatively by IMD, rurality or Cancer Alliance were detected.
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Little variation in the percentage of patients treated curatively or not by diagnostic hospital
was observed (p=0.003) and in the adjusted model the confidence intervals for all the
hospitals except three (Hull Royal Infirmary, Scarborough, York) overlapped the null value of
1. There was no difference in the composition of patients treated curatively or not or the

odds of receiving curative treatment by any of the travel variables.
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Table 5:12. Number of patients and odds of receiving treatment with curative intent by patients baseline clinical and socio-demographic characteristics.

Total Treated with curative Not treated with Crude odds ratio Adjusted odds ratio
intent curative intent

N (%) N (%) N (%) (95% CI)? (95% CI)P
Total 3926 (100.0) 3425 (87.2) 501 (12.8) - -
Sex:
Males 2079 (53.0) 1863 (54.4) 216 (43.1) Ref Ref
Females 1847 (47.0) 1562 (45.6) 285 (56.9) 0.64 (0.53-0.77) 0.89 (0.70 - 1.12)
c2 (p-value)? - - 22.32 (<0.001) -
Age at diagnosis (years):
Median (IQR) 70.0 (59.3 - 68.3 (57.9 - 76.2) 82.0 (75.1 - 87.2) - -

78.2)
Kruskal-Wallis test (p-value)? - - 501.76 (<0.01) - -
<18 27 (0.7) 27 (0.8) 0 (0.0) - -
18-39 225 (5.7) 221 (6.5) 4 (0.8) 6.77 (2.48 - 18.50) 7.20 (2.18 - 23.84)
40-59 774 (19.7) 749 (21.9) 25 (5.0) 3.67 (2.37 - 5.69) 2.81 (1.76 - 4.51)
60-69 938 (23.9) 896 (26.2) 42 (8.4) 2.61 (1.82-3.74) 2.47 (1.67 - 3.67)
70-79 1182 (30.1) 1053 (30.7) 129 (25.7) Ref Ref
080 780 (19.9) 479 (14.0) 301 (60.1) 0.19 (0.15 - 0.25) 0.20 (0.15 - 0.27)
c? (p-value) - - 620.34 (<0.001) -
Primary CNS lymphoma:
Yes 135 (3.4) 107 (3.1) 28 (5.6) 0.54 (0.36 - 0.83) 0.50 (0.28 - 0.89)
No 3791 (96.6) 3318 (96.9) 473 (94.4) Ref Ref
c? (p-value) - - 8.00 (0.005) - -
Ann-Arbor stage:
I 521 (13.3) 484 (14.1) 37 (7.4) Ref Ref
Il 691 (17.6) 667 (19.5) 24 (4.8) 2.12 (1.25 - 3.60) 2.29 (1.27 - 4.11)
1] 650 (16.6) 618 (18.0) 32 (6.4) 1.48 (0.91 - 2.40) 1.56 (0.90 - 2.69)
v 1647 (42.0) 1412 (41.2) 235 (46.9) 0.46 (0.32 - 0.66) 0.76 (0.49 - 1.16)
Not fully staged 173 (34.5) 0.11 (0.07 - 0.16) 0.28 (0.18 - 0.45)

c? (p-value)©

B Symptoms:

417 (10.6)

244 (7.1)

93.32 (<0.001)
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Total Treated with curative Not treated with Crude odds ratio Adjusted odds ratio
intent curative intent

N (%) N (%) N (%) (95% CI)? (95% Cl)P
Yes 1730 (44.1) 1494 (43.6) 236 (47.1) 0.87 (0.72 - 1.05) 0.96 (0.75 - 1.22)
No 2196 (55.9) 1931 (56.4) 265 (52.9) Ref Ref
c? (p-value) - - 2.15 (0.14)
ECOG score:
0 1194 (30.4) 1163 (34.0) 31(6.2) Ref Ref
1 1510 (38.5) 1394 (40.7) 116 (23.2) 0.32 (0.21 - 0.48) 0.48 (0.31-0.74)
2 765 (19.5) 610 (17.8) 155 (30.9) 0.10 (0.07 - 0.16) 0.20 (0.13 - 0.31)
3 317 (8.1) 184 (5.4) 133 (26.5) 0.04 (0.02 - 0.06) 0.08 (0.05-0.14)
4 92 (2.3) 40 (1.2) 52 (10.4) 0.02 (0.01 - 0.04) 0.03 (0.02 - 0.07)
Not known 48 (1.2) 34 (1.0) 14 (2.8) 0.06 (0.03 - 0.13) 0.11 (0.05 - 0.27)
c2 (p-value)© - - 593.36 (<0.001) - -
Route to Diagnosis:
Emergency 1205 (30.7) 965 (28.2) 240 (47.9) 0.42 (0.34 - 0.51) 0.77 (0.60 1 0.99)
Elective referrals 2583 (65.8) 2340 (68.3) 243 (48.5) Ref Ref
Unknown 138 (3.5) 120 (3.5) 18 (3.6) 0.69 (0.41 - 1.16) 0.79 (0.41 - 1.52)
c? (p-value)© - - 81.57 (<0.001) - -
IMD income quintile:
1 (least deprived) 792 (20.2) 710 (20.7) 82 (16.4) Ref Ref
2 857 (21.8) 746 (21.8) 111 (22.2) 0.78 (0.57 - 1.05) 0.89 (0.61 - 1.30)
3 784 (20.0) 675 (19.7) 109 (21.8) 0.72 (0.53-0.97) 0.65 (0.44 - 0.97)
4 666 (17.0) 582 (17.0) 84 (16.8) 0.80 (0.58-1.11) 0.90 (0.59 - 1.38)
5 (most deprived) 823 (21.0) 711 (20.8) 112 (22.4) 0.73 (0.54 - 0.99) 0.67 (0.44 - 1.01)
Not known 4(0.1) 1(0.0) 3(0.6) - -
c2 (p-value)© - - 5.62 (0.23) - -
Rural-urban classification:
Rural 817 (20.8) 716 (20.9) 101 (20.2) 1.04 (0.82-1.31) 0.82 (0.59 - 1.14)
Urban 3105 (79.1) 2708 (79.1) 397 (79.2) Ref Ref
c? (p-value) - - 0.10 (0.75) - -

Cancer Alliance:
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Total Treated with curative Not treated with Crude odds ratio Adjusted odds ratio
intent curative intent

N (%) N (%) N (%) (95% CI)? (95% Cl)P
West Yorkshire & Harrogate 2347 (59.8) 2062 (60.2) 285 (56.9) Ref -
Humber, Coast & Vale 1579 (40.2) 1363 (39.8) 216 (43.1) 0.87 (0.72 - 1.05) -
c? (p-value) - - 2.00 (0.16) - -
Diagnostic hospital:
Airedale 143 (3.6) 125 (3.6) 18 (3.6) 1.06 (0.61 - 1.85) 0.55 (0.27 - 1.11)
Bradford Royal 351 (8.9) 309 (9.0) 42 (8.4) 1.12 (0.74 - 1.70) 0.66 (0.39 - 1.10)
Calderdale 297 (7.6) 257 (7.5) 40 (8.0) 0.98 (0.64 - 1.49) 0.76 (0.44 - 1.30)
Castle Hill, Humberside 312 (7.9) 284 (8.3) 28 (5.6) 1.55 (0.97 - 2.47) 0.85 (0.48 - 1.53)
Dewsbury & District 226 (5.8) 201 (5.9) 25 (5.0) 1.23 (0.75 - 2.00) 1.23 (0.67 - 2.28)
Grimsby 175 (4.5) 154 (4.5) 21 (4.2) 1.12 (0.66 - 1.89) 1.05 (0.53 - 2.08)
Harrogate 200 (5.1) 177 (5.2) 23 (4.6) 1.17 (0.71 - 1.95) 0.92 (0.48 - 1.76)
Huddersfield Royal Infirmary 65 (1.7) 54 (1.6) 11 (2.2) 0.75 (0.37 - 1.50) 0.50 (0.21 - 1.19)
Hull Royal Infirmary 340 (8.7) 277 (8.1) 63 (12.6) 0.67 (0.46 - 0.98) 0.51 (0.31-0.83)
Leeds General Infirmary 328 (8.4) 290 (8.5) 38 (7.6) 1.16 (0.76 - 1.78) 0.98 (0.58 - 1.65)
Pinderfields General 195 (5.0) 176 (5.1) 19 (3.8) 1.41 (0.83 - 2.42) 1.21 (0.62 - 2.35)
Pontefract General 36 (0.9) 34 (1.0) 2 (0.4) 2.59 (0.61 - 11.05) 3.20 (0.58 - 17.69)
Scarborough 118 (3.0) 90 (2.6) 28 (5.6) 0.49 (0.30-0.81) 0.44 (0.22 - 0.87)
Scunthorpe General 174 (4.4) 156 (4.6) 18 (3.6) 1.32 (0.76 - 2.30) 1.03 (0.51-2.11)
St. James's, Leeds 506 (12.9) 439 (12.8) 67 (13.4) Ref Ref
York 460 (11.7) 402 (11.7) 58 (11.6) 1.06 (0.73 - 1.54) 1.71 (1.03 - 2.83)
c2 (p-value) - - 33.95 (0.003) - -
Distance to GP:
Low 947 (24.1) 822 (24.0) 125 (25.0) Ref -
Medium 1880 (47.9) 1646 (48.1) 234 (46.7) 1.07 (0.85 - 1.35) -
High 748 (19.1) 654 (19.1) 94 (18.8) 1.06 (0.79 - 1.41) -
Highest 187 (4.8) 162 (4.7) 25 (5.0) 0.99 (0.62 - 1.56) -
Not known 164 (4.2) 141 (4.1) 23 (4.6) 0.93 (0.58 - 1.51) -
c? (p-value)© - - 0.41 (0.94) - -
Time to GP by car:
Low 1004 (25.6) 876 (25.6) 128 (25.5) Ref Ref
Medium 1783 (45.4) 1562 (45.6) 221 (44.1) 1.03 (0.82 - 1.30) 0.92 (0.64 - 1.32)
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Total Treated with curative Not treated with Crude odds ratio Adjusted odds ratio
intent curative intent

N (%) N (%) N (%) (95% CI)? (95% Cl)P
High 784 (20.0) 681 (19.9) 103 (20.6) 0.97 (0.73 - 1.28) 0.76 (0.46 - 1.27)
Highest 191 (4.9) 165 (4.8) 26 (5.2) 0.93 (0.59 - 1.46) 0.60 (0.25 - 1.45)
Not known 164 (4.2) 141 (4.1) 23 (4.6) 0.90 (0.56 - 1.45) 1.06 (0.54 - 2.07)
c? (p-value)© - - 0.43 (0.93) - -
Time to GP by public
transport:
Low 931 (23.7) 808 (23.6) 123 (24.6) Ref Ref
Medium 1842 (46.9) 1611 (47.0) 231 (46.1) 1.06 (0.84 - 1.34) 1.30(0.90 - 1.88)
High 722 (18.4) 633 (18.5) 89 (17.8) 1.08 (0.81 - 1.45) 1.28 (0.76 - 2.14)
Highest 182 (4.6) 155 (4.5) 27 (5.4) 0.87 (0.56 - 1.37) 0.87 (0.38 - 1.98)
Timed out 85 (2.2) 77 (2.2) 8 (1.6) 1.47 (0.69 - 3.11) 1.37 (0.38 - 4.91)
Not known 164 (4.2) 141 (4.1) 23 (4.6) 0.93 (0.58 - 1.51) -
c? (p-value)© - - 1.93 (0.75) - -
Distance to hospital:
Low 960 (24.5) 821 (24.0) 139 (27.7) Ref -
Medium 1971 (50.2) 1732 (50.6) 239 (47.7) 1.23 (0.98 - 1.54) -
High 785 (20.0) 692 (20.2) 93 (18.6) 1.26 (0.95 - 1.67) -
Highest 196 (5.0) 171 (5.0) 25 (5.0 1.16 (0.73 - 1.83) -
Not known 14 (0.4) 9(0.3) 5(1.0) 0.30(0.10 - 0.92) -
c2 (p-value)© - - 3.85 (0.28) - -
Time to hospital by car:
Low 966 (24.6) 826 (24.1) 140 (27.9) Ref Ref
Medium 1969 (50.2) 1729 (50.5) 240 (47.9) 1.22 (0.98 - 1.53) 1.19 (0.79 - 1.79)
High 779 (19.8) 690 (20.1) 89 (17.8) 1.31(0.99 - 1.75) 1.18 (0.67 - 2.10)
Highest 198 (5.0) 171 (5.0) 27 (5.4) 1.07 (0.69 - 1.67) 0.68 (0.28 - 1.66)
Not known 14 (0.4) 9 (0.3) 5(1.0) 0.31(0.10-0.92) 0.64 (0.07 - 6.19)
c? (p-value)© - - 4.57 (0.21) - -
Time to hospital by public
transport:
Low 925 (23.6) 789 (23.0) 136 (27.1) Ref Ref
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Total Treated with curative Not treated with Crude odds ratio Adjusted odds ratio
intent curative intent

N (%) N (%) N (%) (95% CI)? (95% CI)P
Medium 1878 (47.8) 1639 (47.9) 239 (47.7) 1.18 (0.94 - 1.48) 1.15 (0.77 - 1.72)
High 747 (19.0) 664 (19.4) 83 (16.6) 1.38 (1.03 - 1.85) 1.59 (0.91 - 2.77)
Highest 185 (4.7) 163 (4.8) 22 (4.4) 1.28 (0.79 - 2.07) 1.84 (0.76 - 4.43)
Timed out 176 (4.5) 160 (4.7) 16 (3.2) 1.72 (1.00 - 2.97) 2.65 (0.96 - 7.28)
Not known 15 (0.4) 10 (0.3) 5(1.0) 0.34 (0.12 - 1.02) -
c? (p-value)° - - 7.23 (0.12) - -

aCrude odds ratio for treated with curative intent vs not treated with curative intent, with 95% confidence interval.

bOdds ratio for treated with curative intent vs not treated with curative intent, with 95% confidence interval adjusted for all other variables in the table excluding
diagnostic Cancer Alliance, distance to GP and distance to hospital because of collinearity with other variables. Excluding those with 6 N o t
cExcluding those with 6Unknownd and

6Not knowno
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5.5 Survival

Five-year overall survival (OS) was 51.7% and the majority of patients who did not survive
five-years post-diagnosis died within the first year after diagnosis (one-year OS: 67.4%)
(Figure 5:10 and Table 5:13). As expected, net survival (NS) was higher than overall

survival; one-year 69.2% and five-year 59.5%.

100 |
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Survival (%)

40 -
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0 1 2 3 4 5
Years since diagnosis

Overall Net

Figure 5:10. Overall and net survival curves.

Table 5:13. Survival at one to five years from diagnosis.

Time since Patients alive at start of time  Deaths Overall Net
diagnosis period survival survival
(years) (n) (n) (%) (%)
0-1 4110 1339 67.4 69.2
1-2 2764 282 60.5 63.7
2-3 2471 128 57.4 62.3
3-4 2342 122 54.4 60.7
4-5 2194 106 51.7 59.5

194



Chapter 5 - Results

5.5.1 Survival by demographic and baseline clinical characteristics

Overall and net survival are presented in Figure 5:11 and Table 5:14 stratified by patient
characteristics and hazard ratios are estimated using Cox regression (Table 5:15). One- and
five- year OS and NS differed by all patient characteristics, except for sex. However, an
association between female sex and better five-year survival was revealed in the adjusted
analyses. Most of this survival difference by sex is revealed with increasing magnitude when
treatment intent, ECOG score and age are added to the model respectively (female-to-male
hazard ratio (HR) adjusted for treatment intent, ECOG score and age: 0.81 [95% CI: 0.74-
0.89]). Excluding those under 18 years old, increasing age is associated with worse survival
at both one- and five- years, for example, those aged 18-39 have less than a third of the
probability of death at five-years compared to patients aged 70-79. Furthermore, the
difference between OS and NS widened with increasing age from less than 1% for the 18-39
group to 17.6% for the 80 years and older age group at five years, indicating that deaths in
the younger age categories are almost all attributable to the patientséDLBCL whereas in the
older age categories some patients will have died from other causes. Interestingly, the upper
confidence interval for one-year NS of patients aged under 18 years old is 102.3%,
indicating that a DLBCL diagnosis has little effect on survival for patients in this age group
and the upper bound of greater than 100% is the explained by small counts in this age
category. Those with PCNSL had markedly worse OS and NS compared to all other DLBCL
patients, for example, five-year NS was 20.4% for PCNSL patients compared to 60.9% for all
other patients. Advanced disease, B symptoms and higher ECOG scores were also
associated with worse one- and five-year survival, for example, those with ECOG scores of
four were over 16 times as likely to die within five-years compared to patients with a score of
zero and this relationship remained when adjusted for baseline characteristics, although it

was considerably weakened to six times as likely.
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Sex Age
1004 100+
80+ 80
£ 60- £ 60+
g g
S 40- g 40-
) ]
20 20
0+ o4
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years since diagnosis Years since diagnosis
— 0S-<18 —- NS-<18 — OS-18-40 —- NS - 18-40
— 0S-M —- NS-M
— 0S-40-59 —- NS -40-59 — OS - 60-69 —- NS - 60-69
— 0S-F —- NS-F
— 08-70-79 —- NS-70-79 — OS-80+ —- NS-80+
Subtype
100+ 1004
80 80+
£ 60- £ 604
2 2
S 40 2 40l
7] 7]
20 20
0+ o
T T T T T T T T T T T T
0 1 2 34 5 0 1 2 3 4 5
Years since diagnosis Years since diagnosis
— 0S-Non-PCNSL  — - NS - Non-PCNSL TO0S-b T NS-L 08l e NSl
— 0S-ll —- NS-ll  — OS-IV —- NS-IV
— 0S-PCNSL — - NS-PCNSL
— 0S-NK —- NS-NK
B Symptoms ECOG score
1004 1004
80 80+
£ 60- £ 60
2 2
S 40 S 401
7] 7]
20 20
0+ 0-
T T T T T T T T T T T T
0 1 2 34 5 0 1 2 3 4 5
Years since diagnosis Years since diagnosis
C 0S.Yes - NS.Yes — 08-0 —- NS-0 — 0S-1  —- NS-11
— 0S-2 —- NS-2 — 0S-3 —- NS-3
— 0S-No  —- NS-No
— 0S-4 —- NS-4 — 0S-NK —- NS-NK

Figure 5:11. Overall (OS) and net survival (NS) curves stratified by patient characteristics.

ECOG= Eastern Cooperative Oncology Group

196



Chapter 5 - Results

Table 5:14. One- and five- year survival stratified by patient characteristics.

Patient Patients alive at Deaths at 1 % 1-year % 1-year Deaths at 5 % 5-year % 5-year
Characteristic start of time year Overall Survival Net Survival years Overall Survival Net Survival
period
(N) (N) (95% CI) (95% CI) (N) (95% CI) (95% CI)
Sex:
Male 2179 696 68.1 (66.1-70.0) 69.9 (67.9-71.9) 1045 51.8 (49.7-53.9)  60.1 (57.4-62.7)
Female 1931 643 66.7 (64.6-68.7)  68.3 (66.2-70.5) 932 51.4 (49.1-53.6) 58.8 (56.1-61.6)
Age at
diagnosis
(years):
<18 27 2 92.6 (73.5-98.1) 92.6 (82.9- 5 81.5(61.1-91.8) 81.5(67.2-95.9)
102.3)
18-39 224 17 92.4 (88.1-95.2)  92.5 (89.0-96.0) 33 84.6 (79.1-88.7)  85.0(80.7-90.2)
40-59 785 136 82.7 (79.8-85.2)  83.0(80.4-85.7) 230 70.6 (67.3-73.7)  72.3 (69.0-75.6)
60-69 976 237 75.7 (72.9-78.3)  76.6 (73.9-79.3) 383 60.6 (57.4-63.6) 65.1 (61.8-68.4)
70-79 1244 473 62.0 (59.2-64.6) 63.8 (61.0-66.6) 683 44.9 (42.1-47.6) 54.0 (50.4-57.1)
080 854 474 44.4 (41.1-47.7) 48.8 (45.1-52.5) 643 24.3 (21.5-27.2)  41.9 (36.4-47.4)
Primary CNS
lymphoma:
Yes 141 86 39.0 (31.0-47.0)  39.4 (31.3-47.5) 114 19.1 (13.1-26.0)  20.4 (13.5-27.2)
No 3969 1253 68.4 (67.0-69.8) 70.2 (68.7-71.7) 1863 52.8 (51.2-54.3)  60.9 (59.0-62.8)
Stage:
I 526 73 86.1(82.9-88.8)  88.2(85.2-91.3) 156 70.2 (66.0-73.4) 80.6 (75.6-85.6)
Il 694 98 85.9 (83.1-88.3)  88.0(85.3-90.7) 200 70.9 (67.3-74.1)  81.4(77.2-85.7)
I 655 142 78.3(75.0-81.3) 80.0(76.8-83.3) 249 61.8 (57.9-65.4) 70.6 (66.2-75.0)
v 1737 734 57.7 (55.4-60.0) 59.0 (56.7-61.4) 1010 41.5(39.2-43.8)  47.1 (44.4-49.8)
Not fully staged 498 292 41.4 (37.0-45.6) 43.6 (39.0-48.2) 362 27.1(23.2-31.0) 35.2(29.1-41.4)
B Symptoms:
Yes 1815 685 62.3 (60.0-64.4) 63.8 (61.5-66.1) 972 46.2 (43.8-48.4)  52.9 (50.1-55.7)
No 2292 651 71.6 (69.7-73.4) 73.5(71.6-75.4) 1002 56.0 (54.0-58.0) 64.8 (62.3-67.4)
Not known 3 3 - - 3 - -
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Patient Patients alive at Deaths at 1 % 1-year % 1-year Deaths at 5 % 5-year % 5-year
Characteristic start of time year Overall Survival Net Survival years Overall Survival Net Survival
period
(N) (N) (95% CI) (95% CI) (N) (95% CI) (95% CI)
ECOG score:
0 1195 85 92.9 (91.3-94.2)  94.8 (93.3-96.3) 255 78.4 (76.0-80.7)  88.4 (85.4-91.4)
1 1542 380 75.4 (73.1-77.4) 77.4(75.2-79.6) 656 57.2 (54.7-59.7)  66.6 (63.5-69.7)
2 822 444 45.9 (42.5-41.0) 47.6 (44.0-51.1) 591 27.6 (24.6-30.8)  33.4 (29.5-37.3)
3 364 282 22.5(18.4-26.9) 23.3(18.8-27.7) 315 13.2(10.0-16.9) 15.4 (11.2-19.6)
4 121 101 16.5 (10.6-23.7)  16.9 (10.3-23.5) 109 9.5 (5.1-15.6) 10.7 (4.7-16.6)
Not known 66 47 28.8 (18.5-39.9)  29.3 (18.3-40.3) 51 22.7 (13.5-33.4)  25.2 (14.2-36.2)

ECOG= Eastern Cooperative Oncology Group
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Table 5:15. Five-year survival: number of deaths, unadjusted and adjusted hazard ratios by patient characteristics.

Total Deaths Unadjusted hazard ratio Adjusted hazard ratio
N (%) N (%) (95% CI) 2 (95% CI)®
Total 4115 (100) 1981 (48.1) - -
Sex:
Males 2179 (53.0) 1045 (52.8) Ref Ref
Females 1936 (47.0) 936 (47.2) 1.02 (0.94 - 1.12) 0.80 (0.73 - 0.87)
Age at diagnosis (years):
<18 27 (0.7) 5(0.3) 0.25 (0.10 - 0.59) 0.26 (0.11 - 0.64)
18-39 225 (5.5) 34 (1.7) 0.20 (0.14 - 0.29) 0.27 (0.19 - 0.38)
40-59 786 (19.1) 230 (11.6) 0.43 (0.37 - 0.49) 0.50 (0.43 - 0.58)
60-69 976 (23.7) 383 (19.3) 0.61 (0.54 - 0.70) 0.68 (0.60 - 0.77)
70-79 1245 (30.3) 684 (34.5) Ref Ref
080 856 (20.8) 645 (32.6) 1.74 (1.56 - 1.94) 1.01 (0.89 - 1.14)
Primary CNS lymphoma:
Yes 141 (3.4) 114 (5.8) 2.44 (2.02 - 2.95) 1.69 (1.37 - 2.09)
No 3974 (96.6) 1867 (94.2) Ref Ref
Ann-Arbor stage:
| 526 (12.8) 156 (7.9) Ref Ref
Il 696 (16.9) 201 (10.1) 0.99 (0.80 - 1.22) 1.24 (1.00 - 1.54)
I 655 (15.9) 249 (12.6) 1.39 (1.14 - 1.70) 1.71 (1.39 - 2.10)
v 1740 (42.3) 1013 (51.1) 2.69 (2.28 - 3.19) 2.21 (1.86 - 2.64)
Not fully staged 498 (12.1) 362 (18.3) 4.33 (3.59 - 5.23) 1.83 (1.51 - 2.23)
B Symptoms:
Yes 1818 (44.2) 974 (49.2) 1.35(1.24 - 1.47) 1.18 (1.08 - 1.29)
No 2294 (55.7) 1004 (50.7) Ref Ref
Not known 3(0.1) 3(0.2) - -
ECOG score:
0 1196 (29.1) 255 (12.9) Ref Ref
1 1543 (37.5) 657 (33.2) 2.33(2.02 - 2.69) 1.76 (1.52 - 2.04)
2 823 (20.0) 592 (29.9) 5.70 (4.92 - 6.61) 3.21(2.74 - 3.75)
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Total Deaths Unadjusted hazard ratio Adjusted hazard ratio
N (%) N (%) (95% CI)2 (95% CI)P
3 365 (8.9) 316 (16.0) 10.78 (9.12 - 12.74) 3.92 (3.26 - 4.72)
4 122 (3.0) 110 (5.6) 16.26 (12.98 - 20.38) 6.14 (4.81 - 7.84)
Not known 66 (1.6) 51 (2.6) 8.09 (5.98 - 10.93) 3.99 (2.91 - 5.49)

aUnadjusted hazard ratios for risk of death within five years of diagnosis with 95% confidence intervals.

bHazard ratios for risk of death within five years of diagnosis with 95% confidence intervals adjusted for all other variables in the table in addition to route to
diagnosis, IMD quintile, rurality, Cancer Alliance, travel time by car and public transport to GP and hospital, and treatment intent.
ECOG= Eastern Cooperative Oncology Group
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5.5.2 Survival by deprivation and rurality

No difference was observed in the one- and five- year OS and NS of patients when stratified
by IMD quintile (Figure 5:12, Table 5:16, and Table 5:17). There was a small difference in
one-year OS between patients living in rural and urban areas, however, no difference was
detected in the five-year OS or the one- and five- year NS and there was no difference in the

hazard of death at five-years.
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Figure 5:12. Overall survival (OS) and net survival (NS) curves stratified by Index of Multiple
Deprivation (IMD) quintile and rurality.
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Table 5:16. One- and five- year survival stratified by Index of Multiple Deprivation (IMD) quintile and rurality: HMRN patients newly diagnosed with diffuse
large B-cell ymphoma between January 2005-August 2019.

Patient Characteristic Patients alive Deaths at 1 % 1-year % 1-year Deaths at 5 % 5-year % 5-year
at start of time year Overall Net Survival years Overall Net Survival
period Survival Survival

(N) (N) (95% CI) (95% CI) (N) (95% CI) (95% CI)
IMD income quintile:
1 (least deprived) 827 246 70.3 (67.0-73.2) 71.9 (68.7-75.1) 365 55.7 (52.2-59.0) 63.8 (59.7-67.8)
2 889 276 69.0 (65.8-71.9) 70.5 (67.4-73.7) 411 53.6 (50.3-56.9) 61.5 (57.6-65.5)
3 819 279 65.9 (62.5-69.0) 67.6 (64.2-70.9) 411 49.5 (46.0-52.9) 57.3 (53.1-61.6)
4 710 245 65.5 (61.9-68.9) 67.3 (63.6-70.9) 357 49.5 (45.7-53.1) 56.2 (51.5-60.9)
5 (most deprived) 865 293 66.1 (62.9-69.2) 68.1 (64.8-71.3) 433 49.6 (46.2-52.9) 58.1 (53.8-62.3)
Rural-urban
classification:
Rural 850 244 71.3 (68.1-74.2) 73.0 (68.9-76.2) 384 54.7 (51.2-57.9) 61.9 (57.8-65.9)
Urban 3260 1095 66.4 (64.8-68.0) 68.1 (66.5-69.8) 1593 50.9 (49.1-52.6) 58.9 (56.7-61.0)

IMD= Index of Multiple Deprivation
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Table 5:17. Five-year survival: number of deaths, unadjusted and adjusted hazard ratios by Index of Multiple Deprivation (IMD) quintile and rurality.

Total Deaths Unadjusted hazard ratio Adjusted hazard ratio
N (%) N (%) (95% CI)? (95% CI)°
IMD income quintile:
1 (least deprived) 827 (20.1) 365 (18.4) Ref Ref
2 889 (21.6) 411 (20.7) 1.06 (0.92 - 1.22) 0.99 (0.86 - 1.15)
3 819 (19.9) 411 (20.7) 1.19 (1.04 - 1.37) 1.14 (0.99 - 1.32)
4 710 (17.3) 357 (18.0) 1.19 (1.03 - 1.37) 1.07 (0.92 - 1.24)
5 (most deprived) 865 (21.0) 433 (21.9) 1.19 (1.03 - 1.36) 1.09 (0.94 - 1.26)
Not known 5(0.1) 4(0.2) - -
Rural-urban classification:
Rural 850 (20.7) 384 (19.4) 0.88 (0.79 - 0.99) 0.90 (0.79 - 1.02)
Urban 3260 (79.2) 1593 (80.4) Ref Ref
Not known 5(0.1) 4(0.2) - -

aUnadjusted hazard ratios for risk of death within five years of diagnosis with 95% confidence intervals.

bHazard ratios for risk of death within five years of diagnosis with 95% confidence intervals adjusted for all other variables in the table in addition to sex, age,
subtype, stage, B symptoms, performance status, route to diagnosis, Cancer Alliance, travel time by car and public transport to GP and hospital, and
treatment intent.

IMD= Index of Multiple Deprivation
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5.5.3 Survival by travel to healthcare

Interestingly, those in the 6l owbdb travel categor
the 6timed outd and dénot Kk no hgdre X138, Tablg 6:X8iarmls t ypi
Table 5:19). For example, one-year OSf or patients in the o6l owbd trav

public transport group was 63.9% (95% CI: 60.8-66.8) compared to 72.7% (95% CI: 65.6-

78.6) for the &6timed out 69%rDbDupf am dndlB dy.r&@fawopt( 916 H00 W
Similarly, the risk of death for the five-y e ar s f ol | owi ng di agnosis for t
category for time to hospital by public transport was three quarters (HR: 0.73 [95% CI: 0.57-

0.93]) that of the 61l owd cwas migignifigant wiemasjasteé r , t hi s
for baseline characteristics (HR: 0.85 [95% CI: 0.59-1.22]). None of the differences detected

in one- and five- year OS or NS by travel reached statistical significance, which may in part

be the result of small sample sizes for some of the categories.
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Figure 5:13. Overall survival (OS) and net survival (NS) curves stratified by travel to healthcare.
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