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BACKGROUND: Hepatocellular carcinoma (HCC) incidence has increased rapidly, and prognosis remains poor. We aimed to explore
predictors of routes to diagnosis (RtD), and outcomes, in HCC cases.
METHODS: HCC cases diagnosed 2006–2017 were identified from the National Cancer Registration Dataset and linked to Hospital
Episode Statistics and the RtD metric. Multivariable logistic regression was used to explore associations between RtD, diagnosis
year, 365-day mortality and receipt of potentially curative treatment.
RESULTS: 23,555 HCC cases were identified; 36.1% via emergency presentation (EP), 30.2% GP referral (GP), 17.1% outpatient
referral, 11.0% two-week wait and 4.6% other/unknown routes. Odds of 365-day mortality was >70% lower via GP or OP routes than
EP, and odds of curative treatment 3–4 times higher. Further adjustment for cancer/cirrhosis stage attenuated the associations with
curative treatment. People who were older, female, had alcohol-related liver disease, or were more deprived, were at increased risk
of an EP. Over time, diagnoses via EP decreased, and via GP increased.
CONCLUSIONS: HCC RtD is an important predictor of outcomes. Continuing to reduce EP and increase GP and OP presentations,
for example by identifying and regularly monitoring patients at higher risk of HCC, may improve stage at diagnosis and survival.

British Journal of Cancer; https://doi.org/10.1038/s41416-024-02645-3

INTRODUCTION
Cancer survival in the UK is improving but remains poor compared
to other European [1] and high income countries [2]. Improving
cancer survival in the UK is a key challenge set out by the
Department of Health, the NHS and the Independent Cancer
Taskforce [3–5]. Survival rates vary greatly between cancers [1].
Primary liver cancer has a particularly poor prognosis compared to
many other cancers [1]. Furthermore, incidence increased over
three-fold for hepatocellular carcinoma (HCC), the most common
form of liver cancer, between 1997 and 2017 [6]. HCC diagnosis is
strongly associated with liver cirrhosis such that approximately
80% of patients with HCC also have liver cirrhosis. Early detection
at a treatable stage improves cancer prognosis [7]. As such,
6-monthly liver ultrasounds for cancer detections are recom-
mended for people at high risk of HCC [8].
The route a person takes to their diagnosis of cancer is strongly

predictive of 1-year survival [9]. The Routes to Diagnosis (RtD)
metric uses an algorithm to assess information about interactions
with health care prior to a cancer diagnosis to assign each patient
to a route [9]. Emergency presentations (via A&E, or emergency GP
referral, transfer, consultant outpatient referral, admission or

attendance) [9], have the poorest survival for the majority of
cancers (https://www.cancerdata.nhs.uk/routestodiagnosis/survival).
Conversely, in general, routine and urgent GP referral have the best
prognosis. Overall, one in five cancers are diagnosed as an
emergency; for HCC it is one in three. Understanding the
differences in RtD presentations over time and predictors of RtDs
can help us understand the survival gap and indicate ways to
address it. Here we aim to explore, in HCC cases for the first time, (1)
predictors of RtD, (2) differences in RtD presentations over time, (3)
associations with mortality, and (4) associations with receipt of
potentially curative treatment.

METHODS
Registry data
Patient-level data on England residents diagnosed with HCC (defined as
10th edition of the International Classification of Diseases (ICD-10) code
C22.0 and the second edition ICD Oncology (ICD-O) morphology code
M8170) between 1st January 2006 and 31st December 2017 were
extracted from the National Cancer Registration Dataset [10]. The
Registration Dataset uses data from a wide range of sources including
hospital activity records, multidisciplinary teams meetings, patient
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administration systems, pathology reports, molecular test reports and
death certificates from the Office for National Statistics. It includes all cases
of cancer diagnosed and treated in the National Health Service (NHS) in
England (which funds 98–99% of all hospital activity [11]), as well as some
treated privately [10]. A marker of registration quality is the proportion of
cancers identified through death certification alone. In the English National
Cancer Registration Database this is less than 1%, indicating that the vast
majority of data relevant to a cancer diagnosis is being captured and the
cancer registry has very high population completeness [10].
If a patient had two HCC tumours diagnosed during the study period,

only the first tumour was included. Only patients aged 20 or over were
included, due to rare aetiologies and subtypes of HCC in young people
(47 aged <20 years excluded). HCC diagnoses were based on clinical
investigations (imaging) in 60% of cases (as recommended for cirrhotic
patients by EASL [12]), pathology in 35% of cases, and death certificate
only or unknown in the remaining 5%. Data extracted included diagnosis
date, death date, vital status (alive/dead/emigrated), date of last vital
status (follow-up to 02/03/2020), age at diagnosis, gender, ethnicity
(broad groups) and Charlson comorbidity score (categorical: no known
comorbidities, 1, 2, 3 or more) and index of multiple (IMD) deprivation
quintile (depending on year of diagnosis, income domains 2007, 2010,
2015, or 2019 as measured for each lower super output area
(administrative areas of approximately 400–1200 households) was used,
linked via patient postal address code at diagnosis [13]). Data on these
variables was complete except for 3 people in which a Charlson score had
not been derived.

Hospital episode statistics
These data were linked to the Hospital Episode Statistics Admitted Patient
Care dataset (HES APC) [14]. HES data were used to identify cirrhosis status
and underlying primary liver disease: cirrhosis status was defined as either
compensated, decompensated, or none/unknown based on relevant
diagnostic and therapeutic codes, as detailed in Driver et al. [15] and in
the supplementary information. Underlying cause of primary liver disease
(PLD) was assigned based on diagnostic codes recorded between five
years before and one year after diagnosis. Including diagnostic codes up to
one year after diagnosis showed improved PLD identification (supplemen-
tary information). The following hierarchy was applied based on relative
risk of HCC associated with each PLD to give one primary PLD per patient
[16]: hepatitis C (HCV) > hepatitis B (HBV) > primary biliary cirrhosis
(PBC) > autoimmune hepatitis > haemochromatosis > alcohol-related liver
disease (ALD) > non-alcoholic fatty liver disease (NAFLD). NAFLD was
assigned when a patient had fatty (change of) liver, not elsewhere
classified, or cirrhosis combined with obesity or diabetes, without any
other PLD. Those with no relevant diagnostic codes were designated as
‘Other/unknown’.

Treatment
Two sources were used to derive receipt of potentially curative treatment:
HES APC records [14] and the Registration Dataset treatment data [10].
Treatments given from 60 days before diagnosis until death or 2 years
(730 days) after diagnosis were included. Pre-diagnosis treatment was
included as HCC may be diagnosed clinically and treated prior to the
official registry date of incidence which may take histological tissue as the
gold standard for diagnosis and reassign date of diagnosis once tissue is
received [17]. The most definitive HCC treatment a patient received during
this time was captured based on the following hierarchy of potentially
curable treatments: liver transplant > liver resection > radiofrequency or
microwave ablation > irreversible electroporation > percutaneous ethanol
injection.

Route to diagnosis
Each HCC case was assigned a route to diagnosis (RtD). Details of methods
used to identify and assign these are given in Elliss-Brookes et al. [9]. In
brief, the algorithm interrogates cancer registration data linked to routine
data from immediately prior to diagnosis (including HES, Cancer Wait
Times, and NHS Screening programme data), and assigns a main RtD
category: emergency presentation (EP), general practice (GP) referral, Two
Week Wait (TWW, urgent GP referral with a suspicion of cancer), inpatient
elective (IP), other outpatient (OP), death certification only (DCO, no data
available other than a death certificate flagged by the registry) and
Unknown. The methodology was developed using data for all patients
with newly diagnosed malignant cancer registered in the English National

Cancer Registration system between 2006 and 2008 (739,667 tumours).
Since then, the metric has been derived yearly for all cancer new
registrations and forms part of the cancer registration dataset.

Patient and public involvement statement
No patients were involved in forming the research question or selecting
the outcome measures, nor were they involved in developing the study
design. No patients were asked to advise on interpretation or writing up of
results. Results will be shared through patient charities, regionally and
nationally, including the British Liver Trust and on the NDRS and British
Association for the Study of the Liver websites.

STATISTICAL METHODS
Descriptive
The distribution of demographic and clinical factors in cases by
RtD were described using means and standard deviation (for
normally distributed continuous data), medians and IQRs (skewed
continuous data) and absolute numbers and percentages
(categorical data).

Associations with RtD and differences over time
Associations of the four main HCC routes to diagnosis (EP, OP,
TWW and GP) with demographic and clinical variables (year of
diagnosis, age, person stated gender, area-based deprivation
quintile, ethnicity, Charlson comorbidity score, cirrhosis stage,
PLD) were examined using multivariable logistic regression
models. Unknown, DCO and IP were not examined due to smaller
numbers. Proportions presenting via each route by year of
diagnosis, unadjusted, demographic-adjusted (age, gender, ethni-
city and deprivation quintile) and fully-adjusted (demographic
variables and Charlson comorbidity score, cirrhosis stage, primary
liver disease) were calculated.

Association with curative treatment
Associations of RtD with receipt of potentially curative treatment,
unadjusted, and adjusted for multiple factors (age, gender,
diagnosis year, deprivation quintile, ethnicity, Charlson comorbid-
ity score, cirrhosis stage, and PLD) were assessed using logistic
regression to calculate odds ratios (ORs). Those with DCO as the
RtD were excluded from these analyses as none received curative
treatment (n= 92). Sensitivity analyses were conducted excluding
those that died within 90 days of diagnosis, adjusted for TNM
stage (not included in the main model as stage was only available
for 27% of cases), and stratified by cirrhosis status, age (< or
≥65years), and PLD.

Mortality
Those with vital status uncertainty due to discrepancies with
recorded date of death (date of death before date of diagnosis
(n= 9), date of death before date of treatment (n= 15), patient
traced alive after date of death (n= 11)) and those lost to follow
up (i.e. emigrated (n= 50), or with missing vital status (n= 5),
were excluded. Those with DCO as the RtD were also excluded
(n= 92) as there was no variation in survival in this group (date of
death and date of diagnosis were the same). This left 23,373
individuals for mortality analysis. Univariable and multivariable
logistic regression (adjusted for age, gender, diagnosis year,
deprivation quintile, ethnicity, Charlson comorbidity score, cirrho-
sis status, and PLD) were used to calculate odds of 90-day and
365-day (one-year) mortality from diagnosis date, by RtD.
Sensitivity analyses were conducted adjusting for TNM stage,
and additionally for receipt of curative treatment, and stratified by
cirrhosis status, age (< or ≥ 65years), and PLD.
Model assumptions were checked and met for all analyses

performed. Analyses were conducted using Stata version 17.1
StataCorp. 2017. Stata Statistical Software: Release 17. College
Station, TX: StataCorp LLC.
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RESULTS
Descriptive
Overall, in England 23,555 HCCs were diagnosed between 2006
and 2017. 36.1% of these presented via an emergency route,
30.2% via GP referral, 17.1% via Outpatient referral and 11.0% via
Two Week Wait, 1.3% Inpatient Elective, 0.4% DCO and 3.9% had
no data available (‘Unknown’ route) (Table 1).

Patient characteristics and routes to diagnosis
The characteristics of cases varied by RtD (Table 1). People
presenting via IP and OP were younger at diagnosis on average
(66.0 and 66.4 years, respectively), and TWW and EP (71.9 and 70.2
years, respectively) older. After adjustment for other character-
istics (Table 2), the odds of EP and TWW were higher for patients
with older age at diagnosis and the odds of GP referral and OP
lower. 78.1% of HCC cases were in men, and the proportion varied
by RtD. After adjustment, the odds of an EP compared to any
other route were 24% higher in women, and of a GP or TWW
presentation 11 and 17% lower, respectively. Area-based depriva-
tion was strongly associated with RtD; over 27% of EPs were in
people in the most deprived quintile of the population and only
13.8% in the least deprived. A similar pattern was seen for GP and
OP presentations, but not for TWW and IP presentations. After
adjustment for other characteristics, odds of an EP presentation
were 45% higher for those in the most deprived quintile
compared to the least. In contrast, odds of OP presentation were
25% lower. The ethnicities of those diagnosed via EP, GP and OP
were broadly similar, but a higher proportion of those diagnosed
via TWW were white (87.2%), and for those diagnosed via IP a
lower proportion were white (77.5%) and a higher proportion
(6.7%) black. Ethnicity data was missing for a large proportion of
DCOs (57%). After adjustment, there was no strong associations of
ethnicity with EP, but odds of GP referral or TWW were highest for
white people, and odds of OP were highest for Asian and other
ethnicities.
Underlying PLD could be established from HES records in

13,777 (58.5%) cases. The remaining 41.5% either had one of the
forms of PLD on our list but no record of a corresponding HES
code for it, had a different PLD, or had no PLD. Overall, ALD (20.7%
of cases) was the most common PLD, followed by NAFLD (15.1%)
and then HCV (13.2%) and this varied by RtD. The odds of an EP
presentation were highest for those with ALD compared to other
PLDs, after adjustment for other characteristics. In comparison, the
odds of a GP referral was higher for PLDs other than ALD. More
people presenting via OP had a known PLD than those presenting
via other routes. People with AIH, PBC, haemochromatosis, and
viral hepatitis were more likely to have an OP presentation than
those with ALD, or NAFLD. The odds of TWW presentation was
highest in those with NAFLD and with no/unknown PLD.
41.7% of cases had no co-morbidity codes recorded in HES and

29.7% had a score of three or more. Those presenting via TWW or
IP had fewest recorded comorbidities (57.2% and 55.9% had none,
respectively) and those presenting via OP the most (52.0% had a
score of two or more). After adjustment, those with known
comorbidities were less likely to present via TWW (OR 0.32 [95%CI
0.28–0.36] in those with a score of ≥3 comorbidities compared to
those with no recorded comorbidities), and more likely to present
via OP (OR 2.08 [95%CI 1.90–2.28] for ≥3). The highest proportion
of patients with decompensated cirrhosis was seen in those
presenting via EP (accounting for 39.1% of all EPs). After
adjustment, those with decompensated cirrhosis were over 4
times more likely to present via EP than those with compensated
cirrhosis (OR 4.21 [95%CI 3.91–4.54]). TWW presentations were less
likely to have any recorded cirrhosis. TNM stage was only available
for 27.3% of cases. The stage distribution was more favourable in
those presenting via GP or OP and least favourable for those
presenting via EP.
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Routes to diagnosis over time
The proportion presenting via EP reduced between 2006 and 2017
from 42.2% to 31.5% of all cases, and the proportion presenting
via GP referral and TWW increased (24.9% to 30.7% and 6.9% to
15.2%, respectively). There was no significant change in the
proportion presenting via OP (16.4% to 15.2%). These patterns
remained after adjustment for demographic and, additionally, for
clinical characteristics of patients (Fig. 1).

Associations with mortality
20,671 (87.8%) HCC cases had died by the end of follow-up;
median survival was 194 days overall (Table 1). Median survival
ranged widely from 55 days for diagnoses via EP, to over 400 days
for GP and OP (Fig. 2). Unadjusted, compared to EPs, those
presenting via OP or GP referral had the lowest odds of mortality
at 365 days (Table 3). In fully adjusted models, associations were
only slightly attenuated and those presenting via OP or GP referral
continued to have the lowest odds of mortality (OR 0.23 and 0.26,
respectively) compared to EP. IP or TWW had intermediate odds
(OR 0.37 and 0.42, respectively). In those with stage information,
additional adjustment for TNM stage accounted for some of the
variation in odds of mortality by RtD and further adjustment for
receipt of potentially curative treatment attenuated associations
further, but odds of death by 365 days post-diagnosis remained
highest for EPs compared to other RtDs.
In the sensitivity analyses (Table 3), for people with decom-

pensated cirrhosis, odds of mortality by 365 days were similar for
those diagnosed via TWW and EP, and lowest for GP and OP. Odds
of 365-day mortality were highest for EPs irrespective of the
underlying cause of PLD, although odds were also high for
presentations via TWW for people with haemochromatosis and
HCV. For those with AIH, PBC or NAFLD, the lowest odds of 365-
day mortality were diagnoses via IP or Unknown RtDs, followed by
GP and OP. Analyses were repeated with 90-day mortality as the
outcome to assess if associations were different for short term
mortality (Supplementary Information 5). Associations were
broadly similar.

Associations of RtD with curative treatment
20.5% of cases received potentially curative treatment overall,
which also varied widely by RtD (Table 1); from 9.0% for EP to
35.8% for OP. Unadjusted, compared to EP, the odds of curative
treatment were almost six times higher for OP (OR 5.94), four
times higher for GP and IP (ORs 3.90 and 3.86, respectively) and
two times higher for TWW (OR 1.91), and Unknown RtD (OR
1.92) (Table 4). In the fully adjusted model, these associations
remained but were slightly attenuated (for example, OR for OP
was 4.16 compared to EP). In sensitivity analyses, variations in
associations were seen. Excluding those that died in the first
90 days after diagnosis attenuated associations substantially,
though odds of curative treatment were still 1.8 to 2.3 times
higher for presentations via OP, IP, and GP compared to EP. The
same attenuation pattern was also seen following additional
adjustment for TNM stage. When stratified by cirrhosis stage, large
differences in odds of curative treatment by RtD were seen for
those with no known cirrhosis (OR range 6.05 for OP to 1.0 for EP
(referent)), and compensated cirrhosis (OR range 4.41 for OP to 1.0
for EP). For those with decompensated cirrhosis, odds were
highest in those that presented via OP (OR 3.05) and GP (OR 2.20),
but those that presented via TWW, IP or unknown RtD all had
similar odds to those presenting via EP. Some differences in range
of associations were also seen by PLD. For those with
haemochromatosis or HBV, odds of curative treatment in those
presenting via OP were over six times that of those presenting via
EP. For those with NAFLD, odds of curative treatment were 4–5
times higher in those presenting via IP, OP, or GP referral than via
EP. For those with other/unknown/no PLD, odds were much
higher for OP (OR 6.01) and GP (OR 4.60), compared to EP. AnTa
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effect modification by age was also seen; those aged over 65 were
over five times more likely to receive curative treatment if
presentation was via OP than EP, whereas those under 65 were
three times more likely.

DISCUSSION
Summary
Route to diagnosis is strongly associated with odds of 90-day and
365-day mortality and inversely associated with receipt of

potentially curative treatment in patients diagnosed with HCC.
Patients presenting via EP had the poorest prognosis; <10%
received curative treatment and median survival was just 55 days.
In comparison, of those presenting via OP, over a third received
curative treatment, and median survival was nearly10 times higher
than for EP diagnoses. After adjustment for demographic and
clinical factors, odds of mortality by 365 days was substantially
lower for those presenting via GP or OP routes compared to EP,
and odds of curative treatment substantially higher. The
differences in rates of potentially curative treatment by RtD were
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Fig. 1 Proportion of HCC cases presenting via each main route to diagnosis, 2006–2017. Upper graph: unadjusted. Middle graph: adjusted
for demographics. Lower graph: adjusted for demographic and clinical factors.
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influenced by differences in patient age at diagnosis, PLD, cancer
and cirrhosis stage at presentation, and early death. Vulnerable
patients including older people, women, those with alcohol-
related liver disease, and people residing in more deprived areas,
were at increased risk of an EP. Fortunately, the proportion of HCC
patients presenting as emergencies is decreasing, and those
presenting via GP referrals increasing.

Strengths and limitations
This study used a population-based dataset including the vast
majority of HCC cases diagnosed and treated in England. The
results are therefore representative of and generalisable to the
population. 12 years of data were included which allowed
examination of differences over time. The sample size was large
(n= 23,555), despite liver cancer being classified as a rare cancer.
RtD is a well-established metric derived from linked routinely-
collected population-based datasets. We were able to examine
associations of RtD with a wide range of factors known to cause
variation in mortality available within and derived from the high-
quality National Cancer Registration Dataset. We present a novel
method for identification of primary liver cancer from HES codes,
validated by comparison with PLD from clinical records.
There are limitations. As data was not collected specifically for

the purpose of this study, in common with other observation
studies based on routine data, some variables that would have
been informative were not available in the dataset. In particular,
Barcelona liver cancer stage or variables to derive this (TNM stage,
Child-Pugh liver function and ECOG performance status) were not
available for the majority of cases. Some important liver cancer
risk factors such as BMI, smoking and alcohol consumption, or
indicators of liver function, were not available. In our study,
underlying cause of primary liver cancer, comorbidity score, and
cirrhosis stage were inferred from HES codes, which are
dependent on hospital admissions and accurate coding practices.
PLD and cirrhosis status were not derivable for around 40% of
patients, and it was not possible to know if this was true absence
of a PLD or just absence of a code. Furthermore, we used data to
identify underlying PLD both before and after the diagnosis of
HCC. This was done to improve classification recognising that this
is an understudied area, but there is the risk of bias through
differential misclassification by RtD. Liver surveillance status was
unknown. The deprivation measure used was based on area of
residence, therefore there may be residual confounding by
socioeconomic status. There were insufficient numbers of
inpatient presentations to assess associations with this RtD metric.
In addition, we were unable to use cause of death to identify
cancer-related death due to the propensity to assign deaths in

people with HCC as cancer-related although many would have
been due to complications of cirrhosis (77% of deaths were
attributed to C220 in our cohort).

Comparison with other literature
For all cancers diagnosed 2011 to 2015 combined, screening
followed by TWW and then GP referral had the best 12-month net
survival, but for liver cancer the other outpatient route had the
best survival [18]. (Note no liver cancers were diagnosed via the
screening route as there is not yet a national liver cancer
screening programme, although surveillance of at-risk groups is
advised). Similar to our study, excess early mortality (the three
months after diagnosis) in emergency presentations has pre-
viously been reported for colorectal, cervical, breast, lung, and
prostate, even after adjustment for age, stage and comorbidity
[19]. A reduction in emergency presentations across all cancers
from 2006–2013 was previously reported, of which only one-fifth
was explained by change in case mix (age, gender, deprivation
and cancer site) [20]. Our results show change in case-mix had
very little influence on these RtD differences over time in those
with liver cancer. Similar to our findings for liver cancer, Tataru
et al. [21] found that patients with lung cancer were much less
likely to receive surgery if they presented as an emergency. Markar
et al. [22] found that oesophageal and gastric cancer patients that
had an emergency diagnosis had poorer prognosis after surgery.
Both of these studies, and another large study, including liver
cancer, reported female gender, increased age, and higher
deprivation to be risk factors for emergency presentations [21–23].

Interpretation
In order to improve cancer survival in England, the Independent
Cancer Taskforce has identified early diagnosis as key [4]. The
high rate of EPs in those with decompensated cirrhosis likely
reflects the development of significant symptoms requiring
admission (e.g. variceal bleeding/ ascites). The HCC may be
diagnosed as part of the investigation of those symptoms. For
liver cancer, identifying at-risk patients (i.e. those with asympto-
matic compensated cirrhosis or chronic hepatitis B) and closely
monitoring them may reduce the number of emergency
presentations and improve early diagnosis. Those diagnosed
via outpatient routes were most likely to survive for one year
after diagnosis and receive potentially curative treatments.
People with viral or autoimmune hepatitis, or multimorbidity,
were more likely to be diagnosed via OP. These patients would
likely have received regular specialist medical care for their
chronic liver conditions, which may have led to earlier cancer
detection. Similar to OP, patients presenting via GP referral may
be interacting regularly with healthcare, thus their more
favourable cancer and cirrhosis stage profile at diagnosis. We
were unable to assess the impact of surveillance, but 6-monthly
liver ultrasounds, with or without serum alpha-fetoprotein
testing, have been shown to improve early detection, receipt
of curative treatment and survival [7] and is therefore
recommended for people with cirrhosis [8]. Patients with known
cirrhosis undergoing liver surveillance would be most likely to be
categorised as OP presentations. Early detection of HCC in
patients with NAFLD, the most rapidly increasing cause of HCC
[24], via ultrasound can be challenging [25]. There is also the
challenge of educating patients and clinicians to identify signs
and symptoms of HCC, and to increase referrals for diagnostic
investigation. A small study in Scotland of GP interactions prior
to a cancer diagnosis found not having seen a GP was a strong
risk factor of an EP, though 18% of EPs in upper GI cancer cases
were missed opportunities (GPs had not adhered to referral
guidelines for suspected cancers) [26]. Of these, over 70% had
seen their GP 6 times or more time in the 24 months preceding a
diagnosis. A similar proportion occurred while patients were
waiting for secondary care appointments.

DCO

0.00
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0.50

0.75

1.00

Inpatient
Unknown RtD

Other outpatient Two–week wa
GP referralEmergency

Analysis time (years)
0 1 2 3 4

Fig. 2 Kaplan–Meier curves. Kaplan–Meier 5-year survival by route
to diagnosis.

A. Burton et al.

8

British Journal of Cancer



Ta
bl
e
3.

O
d
d
s
o
f
36

5-
d
ay

m
o
rt
al
it
y
in

H
C
C
p
at
ie
n
ts

b
y
ro
u
te

to
d
ia
g
n
o
si
s.

Em
er
g
en

cy
G
P
re
fe
rr
al

O
th
er

ou
tp
at
ie
n
t

Tw
o
w
ee

k
w
ai
t

In
p
at
ie
n
t

el
ec
ti
ve

U
n
kn

ow
n

p
fo
r

d
if
fe
re
n
ce

N
O
R

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

p

U
n
iv
ar
ia
te

23
,3
73

1.
00

(r
ef
)

0.
21

(0
.1
9–

0.
22

)
0.
17

(0
.1
6–

0.
19

)
0.
40

(0
.3
6–

0.
44

)
0.
33

(0
.2
6–

0.
42

)
0.
36

(0
.3
1–

0.
41

)
<
0.
00

1

Fu
ll
m
o
d
el
a

23
,3
73

1.
00

(r
ef
)

0.
26

(0
.2
4–

0.
28

)
0.
23

(0
.2
1–

0.
25

)
0.
42

(0
.3
8–

0.
47

)
0.
37

(0
.2
9–

0.
48

)
0.
39

(0
.3
3–

0.
46

)
<
0.
00

1

Se
n
si
ti
vi
ty

A
n
al
ys
es

Fu
ll
m
o
d
el
,t
h
o
se

w
it
h
kn

o
w
n
TN

M
st
ag

e
o
n
ly

65
14

1.
00

(r
ef
)

0.
28

(0
.2
4–

0.
33

)
0.
23

(0
.2
0–

0.
28

)
0.
56

(0
.4
7–

0.
67

)
0.
40

(0
.2
5–

0.
63

)
0.
33

(0
.2
5–

0.
44

)
<
0.
00

1

Fu
ll
m
o
d
el

w
it
h
ad

ju
st
m
en

t
fo
r
TN

M
st
ag

e
65

14
1.
00

(r
ef
)

0.
37

(0
.3
2–

0.
44

)
0.
32

(0
.2
6–

0.
39

)
0.
56

(0
.4
6–

0.
69

)
0.
49

(0
.2
8–

0.
83

)
0.
39

(0
.2
8–

0.
54

)
<
0.
00

1

Fu
ll
m
o
d
el

w
it
h
ad

ju
st
m
en

t
fo
r
TN

M
st
ag

e
&
cu

ra
ti
ve

tr
ea
tm

en
t

65
14

1.
00

(r
ef
)

0.
41

(0
.3
5–

0.
49

)
0.
40

(0
.3
2–

0.
49

)
0.
62

(0
.5
0–

0.
77

)
0.
51

(0
.2
8–

0.
92

)
0.
38

(0
.2
7–

0.
54

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
C
ir
rh
o
si
s
st
ag

e

N
o
n
e/
n
o
t
kn

o
w
n

99
46

1.
00

(r
ef
)

0.
22

(0
.1
9–

0.
25

)
0.
19

(0
.1
6–

0.
22

)
0.
35

(0
.3
1–

0.
41

)
0.
33

(0
.2
3–

0.
48

)
0.
37

(0
.3
0–

0.
47

)
<
0.
00

1

C
o
m
p
en

sa
te
d

76
42

1.
00

(r
ef
)

0.
28

(0
.2
5–

0.
32

)
0.
24

(0
.2
1–

0.
28

)
0.
47

(0
.3
8–

0.
56

)
0.
32

(0
.2
1–

0.
51

)
0.
34

(0
.2
6–

0.
44

)
<
0.
00

1

D
ec
o
m
p
en

sa
te
d

57
85

1.
00

(r
ef
)

0.
34

(0
.2
9–

0.
40

)
0.
32

(0
.2
6–

0.
38

)
0.
95

(0
.6
2–

1.
46

)
0.
51

(0
.2
8–

0.
94

)
0.
54

(0
.3
4–

0.
85

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
Pr
im

ar
y
liv
er

d
is
ea
se

b

A
u
to
im

m
u
n
e
h
ep

at
it
is
o
r
p
ri
m
ar
y
b
ili
ar
y

ci
rr
h
o
si
s

71
8

1.
00

(r
ef
)

0.
26

(0
.1
7–

0.
40

)
0.
27

(0
.1
7–

0.
42

)
0.
44

(0
.1
7–

1.
11

)
0.
12

(0
.0
1–

1.
28

)
0.
19

(0
.0
7–

0.
52

)
<
0.
00

1

A
lc
o
h
o
l-r
el
at
ed

liv
er

d
is
ea
se

48
56

1.
00

(r
ef
)

0.
31

(0
.2
6–

0.
36

)
0.
27

(0
.2
3–

0.
32

)
0.
59

(0
.4
6–

0.
77

)
0.
52

(0
.3
0–

0.
91

)
0.
46

(0
.3
2–

0.
66

)
<
0.
00

1

H
ae
m
o
ch

ro
m
at
o
si
s

67
2

1.
00

(r
ef
)

0.
21

(0
.1
3–

0.
34

)
0.
27

(0
.1
6–

0.
46

)
0.
86

(0
.4
2–

1.
76

)
0.
56

(0
.1
4–

2.
32

)
0.
43

(0
.1
6–

1.
19

)
<
0.
00

1

H
ep

at
it
is
B

84
1

1.
00

(r
ef
)

0.
25

(0
.1
7–

0.
38

)
0.
17

(0
.1
1–

0.
26

)
0.
45

(0
.2
3–

0.
90

)
0.
47

(0
.1
7–

1.
33

)
0.
28

(0
.1
1–

0.
71

)
<
0.
00

1

H
ep

at
it
is
C

30
92

1.
00

(r
ef
)

0.
37

(0
.3
1–

0.
45

)
0.
28

(0
.2
3–

0.
35

)
0.
75

(0
.5
0–

1.
13

)
0.
44

(0
.2
1–

0.
91

)
0.
48

(0
.3
1–

0.
73

)
<
0.
00

1

N
o
n
-a
lc
o
h
o
lic

fa
tt
y
liv
er

d
is
ea
se

35
45

1.
00

(r
ef
)

0.
25

(0
.2
1–

0.
31

)
0.
24

(0
.1
9–

0.
31

)
0.
35

(0
.2
7–

0.
47

)
0.
22

(0
.1
1–

0.
46

)
0.
20

(0
.1
2–

0.
34

)
<
0.
00

1

O
th
er
/u
n
kn

o
w
n
/n
o
n
e

96
49

1.
00

(r
ef
)

0.
22

(0
.1
9–

0.
25

)
0.
19

(0
.1
6–

0.
23

)
0.
34

(0
.2
9–

0.
39

)
0.
33

(0
.2
3–

0.
48

)
0.
48

(0
.3
8–

0.
60

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
ag

e

<
65

ye
ar
s

77
30

1.
00

(r
ef
)

0.
33

(0
.2
9–

0.
37

)
0.
28

(0
.2
4–

0.
32

)
0.
49

(0
.4
0–

0.
60

)
0.
42

(0
.2
9–

0.
62

)
0.
48

(0
.3
7–

0.
61

)
<
0.
00

1

≥
65

ye
ar
s

15
,6
43

1.
00

(r
ef
)

0.
24

(0
.2
1–

0.
26

)
0.
21

(0
.1
9–

0.
23

)
0.
40

(0
.3
5–

0.
45

)
0.
35

(0
.2
5–

0.
49

)
0.
35

(0
.2
8–

0.
43

)
<
0.
00

1

O
R
O
d
d
s
R
at
io
,C

I
C
o
n
fi
d
en

ce
In
te
rv
al
.

B
o
ld

re
p
re
se
n
ts

m
ai
n
re
su
lt
s
(t
h
e
fu
ll
m
o
d
el
).

a A
d
ju
st
ed

fo
r
ag

e,
g
en

d
er
,y

ea
r
o
f
d
ia
g
n
o
si
s,
d
ep

ri
va
ti
o
n
q
u
in
ti
le
,e

th
n
ic
it
y,
C
h
ar
ls
o
n
sc
o
re
,c

ir
rh
o
si
s,
an

d
u
n
d
er
ly
in
g
p
ri
m
ar
y
liv
er

d
is
ea
se
.

b
Et
h
n
ic
it
y
re
m
o
ve
d
d
u
e
to

lo
w

n
u
m
b
er
s
in

g
ro
u
p
s.

A. Burton et al.

9

British Journal of Cancer



Ta
bl
e
4.

O
d
d
s
o
f
cu

ra
ti
ve

tr
ea
tm

en
t
in

H
C
C
p
at
ie
n
ts

b
y
ro
u
te

to
d
ia
g
n
o
si
s.

Em
er
g
en

cy
G
P
re
fe
rr
al

O
th
er

ou
tp
at
ie
n
t

Tw
o
w
ee

k
w
ai
t

In
p
at
ie
n
t

el
ec
ti
ve

U
n
kn

ow
n

p
fo
r

d
if
fe
re
n
ce

N
O
R

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

U
n
iv
ar
ia
te

23
,4
63

1.
00

(r
ef
)

3.
90

(3
.5
6–

4.
27

)
5.
64

(5
.1
1–

6.
22

)
1.
91

(1
.6
8–

2.
17

)
3.
86

(2
.9
8–

5.
00

)
1.
92

(1
.5
8–

2.
32

)
<
0.
00

1

Fu
ll
m
o
d
el
a

23
,4
60

1.
00

(r
ef
)

3.
21

(2
.9
2–

3.
53

)
4.
16

(3
.7
5–

4.
62

)
2.
10

(1
.8
3–

2.
40

)
3.
28

(2
.4
9–

4.
32

)
1.
77

(1
.4
4–

2.
16

)
<
0.
00

1

Se
n
si
ti
vi
ty

A
n
al
ys
es

Fu
ll
m
o
d
el
.e

xc
lu
d
in
g
th
o
se

th
at

d
ie
d
in

th
e
fi
rs
t
90

d
ay
s

14
,9
59

1.
00

(r
ef
)

1.
79

(1
.6
1–

1.
99

)
2.
29

(2
.0
5–

2.
57

)
1.
22

(1
.0
5–

1.
41

)
2.
17

(1
.6
0–

2.
95

)
1.
07

(0
.8
6–

1.
32

)
<
0.
00

1

Fu
ll
m
o
d
el
,t
h
o
se

w
it
h
TN

M
st
ag

e
o
n
ly

6,
53

1
1.
00

(r
ef
)

3.
15

(2
.6
4–

3.
76

)
4.
32

(3
.5
4–

5.
27

)
1.
75

(1
.3
9–

2.
21

)
2.
68

(1
.6
2–

4.
44

)
2.
10

(1
.5
1–

2.
93

)
<
0.
00

1

Fu
ll
m
o
d
el

p
lu
s
ad

ju
st
m
en

t
fo
r
TN

M
st
ag

e
6,
53

1
1.
00

(r
ef
)

2.
18

(1
.7
8–

2.
66

)
2.
94

(2
.3
4–

3.
68

)
1.
78

(1
.3
6–

2.
31

)
2.
03

(1
.1
3–

3.
62

)
1.
50

(1
.0
4–

2.
18

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
C
ir
rh
o
si
s
st
ag

e

N
o
n
e/
n
o
t
kn

o
w
n

10
,0
02

1.
00

(r
ef
)

4.
88

(4
.0
7–

5.
85

)
6.
05

(4
.9
5–

7.
39

)
3.
21

(2
.6
0–

3.
96

)
3.
96

(2
.5
6–

6.
13

)
1.
96

(1
.4
1–

2.
73

)
<
0.
00

1

C
o
m
p
en

sa
te
d

7,
65

7
1.
00

(r
ef
)

2.
84

(2
.4
4–

3.
31

)
3.
73

(3
.1
7–

4.
40

)
1.
66

(1
.3
1–

2.
11

)
4.
41

(2
.8
2–

6.
90

)
1.
95

(1
.4
4–

2.
65

)
<
0.
00

1

D
ec
o
m
p
en

sa
te
d

5,
80

1
1.
00

(r
ef
)

2.
20

(1
.8
2–

2.
67

)
3.
05

(2
.5
0–

3.
73

)
0.
77

(0
.4
2–

1.
42

)
1.
57

(0
.7
4–

3.
33

)
1.
48

(0
.8
5–

2.
55

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
p
ri
m
ar
y
liv
er

d
is
ea
se

A
u
to
im

m
u
n
e
h
ep

at
it
is
o
r
p
ri
m
ar
y

b
ili
ar
y
ci
rr
h
o
si
s

71
9

1.
00

(r
ef
)

1.
96

(1
.2
0–

3.
20

)
2.
10

(1
.2
8–

3.
44

)
0.
89

(0
.2
4–

3.
24

)
5.
21

(0
.5
9–

46
.0
2)

1.
56

(0
.5
5–

4.
39

)
0.
03

24

A
lc
o
h
o
l-r
el
at
ed

liv
er

d
is
ea
se

4,
86

1
1.
00

(r
ef
)

2.
70

(2
.2
3–

3.
27

)
3.
23

(2
.6
2–

3.
97

)
1.
74

(1
.2
5–

2.
42

)
2.
36

(1
.2
7–

4.
41

)
1.
45

(0
.9
1–

2.
33

)
<
0.
00

1

H
ae
m
o
ch

ro
m
at
o
si
s

67
2

1.
00

(r
ef
)

4.
90

(2
.7
4–

8.
76

)
6.
21

(3
.3
8–

11
.4
0)

1.
53

(0
.6
4–

3.
65

)
3.
17

(0
.6
9–

14
.5
5)

0.
63

(0
.1
3–

3.
08

)
<
0.
00

1

H
ep

at
it
is
B

84
7

1.
00

(r
ef
)

3.
84

(2
.4
5–

6.
02

)
6.
86

(4
.3
3–

10
.8
7)

1.
88

(0
.8
5–

4.
14

)
2.
18

(0
.7
4–

6.
43

)
3.
12

(1
.1
9–

8.
16

)
<
0.
00

1

H
ep

at
it
is
C

3,
10

3
1.
00

(r
ef
)

2.
00

(1
.6
3–

2.
47

)
2.
93

(2
.3
6–

3.
65

)
0.
91

(0
.5
6–

1.
49

)
4.
49

(2
.2
1–

9.
12

)
1.
31

(0
.8
3–

2.
08

)
<
0.
00

1

N
o
n
-a
lc
o
h
o
lic

fa
tt
y
liv
er

d
is
ea
se

3,
55

4
1.
00

(r
ef
)

4.
02

(3
.0
8–

5.
24

)
4.
70

(3
.5
0–

6.
32

)
2.
49

(1
.7
5–

3.
56

)
5.
28

(2
.5
5–

10
.9
2)

3.
64

(2
.1
2–

6.
25

)
<
0.
00

1

O
th
er
/u
n
kn

o
w
n
/n
o
n
e

9,
70

4
1.
00

(r
ef
)

4.
60

(3
.7
9–

5.
58

)
6.
01

(4
.8
5–

7.
45

)
3.
25

(2
.6
1–

4.
05

)
3.
40

(2
.1
0–

5.
49

)
1.
66

(1
.1
8–

2.
34

)
<
0.
00

1

St
ra
ti
fi
ed

b
y
ag

e

<
65

ye
ar
s

7,
77

7
1.
00

(r
ef
)

2.
33

(2
.0
3–

2.
68

)
3.
10

(2
.6
7–

3.
59

)
1.
72

(1
.3
7–

2.
17

)
2.
64

(1
.8
0–

3.
87

)
1.
41

(1
.0
7–

1.
87

)
<
0.
00

1

≥
65

ye
ar
s

15
,6
83

1.
00

(r
ef
)

4.
11

(3
.5
8–

4.
72

)
5.
36

(4
.6
1–

6.
24

)
2.
41

(2
.0
1–

2.
89

)
4.
04

(2
.7
2–

6.
00

)
2.
13

(1
.5
9–

2.
85

)
<
0.
00

1

O
R
O
d
d
s
R
at
io
,C

I
C
o
n
fi
d
en

ce
In
te
rv
al
.

B
o
ld

re
p
re
se
n
ts

m
ai
n
re
su
lt
s
(t
h
e
fu
ll
m
o
d
el
).

a A
d
ju
st
ed

fo
r
ag

e,
g
en

d
er
,y

ea
r
o
f
d
ia
g
n
o
si
s,
d
ep

ri
va
ti
o
n
q
u
in
ti
le
,e

th
n
ic
it
y,
C
h
ar
ls
o
n
sc
o
re
,c

ir
rh
o
si
s,
an

d
u
n
d
er
ly
in
g
p
ri
m
ar
y
liv
er

d
is
ea
se
.

A. Burton et al.

10

British Journal of Cancer



Conclusions
Rates of liver cancer have been rapidly increasing in the UK and
survival is still poor, making liver cancer one of the most rapidly
increasing causes of cancer-related death in the UK. Identifying
factors associated with treatment and mortality can help identify
areas to target to improve early diagnosis and survival. Liver
cancer patients are most likely to present via the emergency route
to diagnosis, which is strongly associated with higher mortality in
the first year after diagnosis and reduced odds of curative
treatment, even after adjustment for early mortality and
prognostic factors. There was inequality among the cases, where
older patients, women and those from more deprived areas are
most likely to present as emergencies. The trend toward
decreasing emergency presentations and increasing GP referrals
needs to continue. Ensuring patients at higher risk of HCC,
including those with high BMIs, are identified and regularly
monitored, and that both patients and health care professionals
are aware of liver cancer risk factors and symptoms, may help
increase diagnoses at a curable stage.
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