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Abstract

Background Cancer patients with a pre-existing mental disorder or substance use disorder (SUD) have a poorer
prognosis compared to other cancer patients, with suboptimal routes to diagnosis and treatment as possible
contributing factors. Shorter intervals from suspicion of cancer to start of cancer treatment have been observed
following the implementation of Cancer Patient Pathways (CPP) in the Nordic countries, which may have led to a
better prognosis. We aimed to investigate whether incident cancer patients with and without pre-existing mental
disorder or SUD were equally likely to be included in a CPP. We also investigated the associations between pre-
existing mental disorder or SUD and low primary care utilization, and cancers diagnosed post-emergency or close to
death in non-CPP enrolees.

Methods This population-based registry study included incident cancer patients aged 21-79 between 2015 and
2018 (n=65,328). Information on pre-existing mental disorders or SUD was gathered from national registries of
primary and specialised health care, prescriptions, and disability diagnosis. Propensity score analyses using inverse
probability weighting along with the McNemar test were performed to evaluate the risk of non-inclusion in any CPP
for all cancers combined, lifestyle-related cancers combined, and the most common cancers individually.

Results Cancer patients with pre-existing mental disorder or SUD had an 8% (RR=1.08; 95% Confidence Interval

(CI) 1.03-1.13) higher risk of non-enrolment in a CPP. Patients with prior hospitalisation for mental disorder or SUD,
and patients with pre-existing psychosis or depression were at particular risk of non-inclusion in a CPP compared

to controls, especially for cancers that often present with symptoms late in the course of the disease, such as lung
cancer. In line with this, patients with pre-existing mental disorder or SUD who were not referred to a CPP faced a 34%
(RR=1.34;95% Cl 1.18-1.53%) increased risk of unrecognised cancer close to death.

Conclusions Cancer patients with pre-existing mental disorder or SUD have an increased risk of non-inclusion in a
CPP If not included in a CPP, they have an increased risk of having unrecognised cancer close to death. By addressing
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barriers to CPP-inclusion, and enhancing the quality of diagnostic and treatment services, healthcare systems could
achieve better cancer outcomes for vulnerable patient groups.

Keywords Early detection of cancer, Neoplasms, Mental disorders, Psychosis, Substance use disorder, Depression,

Anxiety disorder, Norway, Cancer patient pathways

Background

Individuals with pre-existing mental disorders and/or
substance use disorders (SUD) experience worse out-
comes following a cancer diagnosis compared to patients
without these conditions [1, 2]. Moreover, the burden
of cancer-related life years lost is increasing among this
population [3]. The provision of highly specialised cancer
care services may not be adequately tailored to address
the unique challenges associated with multimorbidity
[4]. Research indicates that individuals with mental dis-
order or SUD exhibit suboptimal healthcare utilization
across various aspects of cancer care, including reduced
participation in screening programs, lower likelihood of
receiving treatments such as chemotherapy, radiother-
apy, stage-specific interventions, invasive procedures,
and palliative care [5—14]. While the impact of subopti-
mal diagnostic processes in this patient group on overall
outcomes has been proposed, it remains an understud-
ied area [15]. Prior studies have identified higher risks of
prolonged diagnostic intervals [16], delayed [7] or missed
cancer diagnoses [17, 18] and increased likelihood of
cancer diagnosis subsequent to unrelated emergency
admissions [18] among patients with mental disorder or
SUD. Additionally, some studies have reported that can-
cer patients with comorbid mental disorder experience
more advanced cancer stages at the time of diagnosis
[6, 7, 10, 19], although findings have not been consis-
tent across all studies [2]. A delayed diagnosis of cancer
has been linked to poorer survival for breast, colorectal,
head and neck, testicular cancer, and melanoma [20-22].
Similarly, emergency presentations have been linked to
reduced survival rates for cancers such as colon, stom-
ach, lung, liver, pancreatic, and ovarian cancer [23, 24].
Moreover, prolonged intervals between cancer diagnosis
and treatment are associated with disease progression
to advanced stages [25], and reduced survival [26, 27].
A recent meta-analysis indicated that even a four-week
delay in initiating cancer treatment was associated with
increased all-cause mortality in seven common cancer
types; breast, colon, rectal, lung, cervical, bladder, and
head and neck cancers [27]. Notably, the same analysis
revealed that even a two-week delay in cancer surgery
was associated with increased risk of death among breast
cancer patients. These findings emphasize the impor-
tance of minimizing the time from initial presentation to
the start of treatment, as it has the potential to enhance
patient outcomes in terms of improved quality of life and
improved survival.

Since 2000, many countries have implemented fast-
track programs aimed at reducing system-related delay
in the time from cancer suspicion to diagnosis and treat-
ment initiation. Denmark, for instance, implemented
standardised Cancer Patient Pathways (CPP) in 2008,
with the goal of improving prognosis and quality of life
for cancer patients. Similar CPPs were subsequently
implemented in Norway in 2015. The Norwegian CPPs
aim to minimize non-medically justified delays in cancer
investigations, enhance continuity of care, and increase
transparency and patient satisfaction. To achieve this,
specific criteria for urgent referrals and recommended
timelines for initiating investigations, clinical decisions,
and treatment have been established for over 25 can-
cer types. Additionally, dedicated pathway coordinators
have been appointed to ensure continuity throughout the
diagnostic and treatment processes. These mechanisms
collectively contribute to earlier cancer detection and
quicker initiation of treatment, which can significantly
improve patient outcomes and survival rates. Follow-
ing the implementation of CPPs in Scandinavia, various
studies have reported a decrease in the interval from the
onset of cancer suspicion to the point of diagnosis [28]
as well as from referral to diagnosis [28—33]. Some stud-
ies also reported a decrease in the time from referral to
treatment [30, 34, 35], although other studies found no
significant change [29]. While some studies noted less
advanced disease at diagnosis [30, 31], not all studies
reported the same findings [36].

The improvement in time to diagnosis and treat-
ment may, however, have benefited only cancer patients
who were referred to a CPP. A Danish study found that
patients not referred to a CPP experienced longer diag-
nostic intervals compared to CPP-referred patients and
compared to the same patient group in the period before
CPP implementation [28]. Similar observations were
made in British studies, indicating that only 40% of all
cancer patients seem to have benefited from fast-track
systems such as CPP or the two-week wait referral sys-
tem [37, 38]. The Danish study’s authors discuss possible
reasons for this discrepancy, including the likelihood that
the fast-track system primarily benefits patients whose
initial disease symptoms involve significant cardinal signs
of cancer.

Ensuring equal access to healthcare services is a pri-
ority in countries with publicly funded healthcare and
was a crucial driver behind the introduction of the Nor-
wegian CPPs. Nonetheless, research has demonstrated
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that factors such as low income, living alone, female sex
(in the case of lung and rectal cancer), high or low age
at diagnosis, somatic multimorbidity, and metastatic dis-
ease are associated with an increased likelihood of not
being included in a fast-track program [39-42]. To date,
not much is known concerning how the implementation
of fast-track programs like CPP may have affected cancer
patients with pre-existing mental disorder or SUD, who
traditionally experience poorer cancer outcomes. Pre-
existing mental disorders or SUD may reduce a patient’s
likelihood of seeking health care and, consequently, their
inclusion in CPPs. This can occur through several inter-
connected intrapersonal or interpersonal social pro-
cesses, such as self-stigma or anticipated stigma from
health care workers [43]. Having a serious mental disor-
der or long-term SUD will, for many, also be associated
with acute health challenges continuously arising and
being prioritised over other symptoms. Such acute con-
ditions will likely also affect the sensitivity to other, more
diffuse symptoms. Furthermore, mental disorders and
SUD may impair patients’ ability to navigate the health-
care system, adhere to appointments, or communicate
effectively with healthcare providers. The timely follow-
ups, coordination and patient engagement required in
the context of CPPs may be particularly challenging for
these patients. Additionally, patients with mental disor-
ders or SUDs frequently have other comorbidities and
complex healthcare needs that complicate routine can-
cer diagnosis and treatment. Healthcare providers may
also misattribute physical symptoms to pre-existing
mental health conditions rather than potential malig-
nancies, leading to delays or missed opportunities for
CPP referral. Low health literacy, socioeconomic chal-
lenges, social isolation, and implicit biases among health-
care professionals may also influence referral patterns
and treatment decisions. A Danish study published in
2022 found that cancer patients with pre-existing men-
tal disorder or SUD had an 8% lower probability of being
diagnosed through a CPP, with particularly high risks of
non-inclusion observed in patients with schizophrenia
or organic mental disorder [18]. Lack of inclusion was
most pronounced for cancer types with non-specific
symptoms, such as colon, pancreatic, liver, and lung can-
cers [18]. Another 2022 study from the UK revealed that
colon cancer patients with cardinal symptoms of cancer
and concurrent mental disorder or SUD had 28% lower
odds of receiving a fast-track specialist referral, higher
risks of emergency presentation, and increased likeli-
hood of prognostically consequential delays in cancer
treatment [16]. Mental disorders and SUD are distinct,
but often overlapping conditions, with many shared and
some unique risk factors that may affect inclusion in
CPPs. Mental disorders often involve cognitive or emo-
tional challenges, such as anxiety or depression, which
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can delay timely healthcare engagement, and influence
effective communication of symptoms and adherence to
appointments. Conversely, SUDs are more closely asso-
ciated with socioeconomic instability, homelessness,
and stigmatisation, which exacerbate access barriers and
delay cancer care. Social support deficits and chaotic life-
styles, particularly prevalent in severe mental disorders
and SUD, hinder consistent engagement with structured
healthcare pathways. Healthcare provider biases may
further reduce referrals, with patients perceived as less
capable of adhering to complex treatment plans. Can-
cer symptoms may also be misattributed to pre-existing
conditions, delaying diagnosis. Cancer symptom presen-
tation may also vary between these groups. In patients
with mental disorders, cancer symptoms like fatigue
may be misattributed to pre-existing conditions, such
as depression, delaying cancer diagnosis and CPP inclu-
sion. For individuals with SUD, the chronic effects of sub-
stance use, such as liver damage or infections, can mimic
or obscure cancer symptoms, complicating timely and
accurate diagnoses. Hence, further research is needed to
examine whether health reforms like the CPP effectively
target the health care needs for patients with pre-existing
mental disorder or SUD. Also, there is a need for further
investigations into the diagnostic trajectory for suspected
cancer among individuals with mental disorder or SUD.

Methods

Aims and design

The aim of the study was to examine whether patients
with incident cancer with and without pre-existing men-
tal disorder or SUD had equal chances of being included
in a Norwegian CPP. This was investigated by carrying
out a population-based nationwide study using com-
prehensive, high-quality individual level data prospec-
tively recorded in Norwegian national health registries.
Another objective of this study was to explore whether
non-inclusion in CPPs was associated with low general
practitioner (GP) attendance, cancer diagnosis follow-
ing an emergency presentation to hospital, and unrecog-
nised cancer close to death. These factors are plausible
explanations for non-inclusion in a CPP inclusion among
individuals with a history of mental disorders or SUD.
Previous research has shown that people with mental
disorders or SUD are at higher risk for emergency cancer
presentations [16, 18, 44] and undiagnosed cancer prior
to death [17, 45]. Furthermore, emergency presentation
is often linked to limited GP contact before a cancer diag-
nosis [44]. Understanding these potential barriers to CPP
inclusion can provide insights into how tailored interven-
tions might better address the needs of these vulnerable
patient groups, ultimately improving access to timely and
structured cancer care pathways.
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The study adhered to the Declaration of Helsinki and
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines [46].

Setting

The study used national registry data from Norway,
where the 5.4 million residents have low (maximum of
280 $ per year) out-of-pocket costs for primary health-
care and outpatient specialised healthcare, and free, tax-
financed access to in-hospital care. Four regional health
authorities are responsible for providing specialised
healthcare services in their respective regions. Currently,
96% of the population has a regular GP, who acts as a
gatekeeper to specialised healthcare, except in emergency
situations. GPs and hospital doctors can refer patients to
a CPP when there is a reasonable suspicion of cancer. The
Norwegian CPPs describe detailed, cancer-type-specific
criteria for urgent referral and suggest cancer-specific
recommended deadlines for the initiation of investiga-
tions, clinical decisions, and treatment. Cancer pathway
coordinators have been assigned the task of managing
referrals, scheduling appointments, and ensuring con-
tinuity throughout the investigation and treatment pro-
cess. At the time of the study period (2015-2018), there
were 25 organ-specific CPPs for adult patients, as well as
one for metastatic cancer of unknown origin and one for
non-specific symptoms that may indicate cancer.

At the time of CPP implementation, the stated objec-
tive was for 70% of individuals referred with suspected
cancer to be included in a CPP, and for 70% of confirmed
cancer cases to receive treatment within the recom-
mended time limits. Norway also has national screening
programs for cervical cancer and breast cancer.

Data sources

We obtained information on incident cancer cases,
including the type, date and stage of diagnosis from the
Norwegian Cancer Registry, which holds data on all can-
cer cases in Norway since 1951. Details about CPP inclu-
sion, CPP type, dates, clinical decisions, and emergency
presentations were acquired from the Norwegian Patient
Registry, which contains information on all ICD-10-di-
agnoses and procedures in specialist healthcare services
in Norway, including publicly funded services operated
by private providers. Data on pre-existing mental disor-
der or SUD were collected from the following national
registers: (i) the Norwegian Patient Registry; (ii) the
Norwegian Directorate of Health’s system for control
and payment of health reimbursements in primary care,
which contains information on all GP and out-of-hours
primary care contacts, including ICPC-2-diagnoses; (iii)
the Norwegian Labour and Welfare Administration’s
Database of disability pensions, which contain informa-
tion on ICD-10-diagnoses in cases of disability; and (iv)
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the Norwegian Prescription Database, which contain
information (ICD-10-codes, registry-specific reimburse-
ment codes, and ATC-codes) on prescription drugs in
Norway, except drugs supplied to hospitals and nursing
homes. Information regarding demographic factors, such
as year and month of birth, sex, marital status, parents’
and own education, place of residence (rural, urban,
or unknown), date of immigration or emigration, and
month and year of death, was obtained from the Nor-
wegian Population Registry and the National Education
Database, Statistics Norway. Causes of death, and cancer
cases identified solely through death certificates or inci-
dental findings at autopsy were obtained from the Cause
of Death Registry. The registries were linked using an
encrypted serial number derived from the compulsory
11-digit personal identifier.

Study population

The study population included incident cancer patients
aged 21-79 years at the time of their first cancer diag-
nosis, not including prior non-melanoma skin cancer
(ICD-10 code C44), registered in the Norwegian Can-
cer Registry between February 1, 2015, and December
31, 2018. We considered all cancers with a dedicated
CPP, except colorectal cancer in patients aged 39 years
or younger (as specified in the guideline for the spe-
cific CPP) and neuroendocrine cancer, which could not
be identified within our dataset (definitions provided in
supplementary table S1). Additionally, we defined a sub-
group of lifestyle-related cancers (i.e., head and neck,
oesophagus, stomach, colon, rectum, primary liver,
bile duct, pancreas, lung, malignant melanoma, breast,
female genitalia, kidney, and bladder [47-49]), where
individuals with mental disorder or SUD may be at par-
ticular risk due to higher prevalence of smoking, obesity
and physical inactivity. ICD-10-codes for the most com-
mon cancers (i.e., cancers of the digestive organ, lungs,
female breast, female genital organs, and prostate) are
provided in supplementary table S1. To account for pos-
sible start-up problems regarding the CPP implementa-
tion, we included only cancer cases occurring at least
one month after the implementation of the specific CPP.
Patients with a pre-existing diagnosis of dementia or
organic mental disorder were excluded, as were immi-
grants with less than three years of residence in Norway
prior to the cancer diagnosis.

Definition of exposure groups

Exposure groups were defined based on patients’ diag-
noses of psychosis (e.g., schizophrenia spectrum disor-
der, bipolar disorder, or severe depression with psychotic
symptoms), depression, anxiety disorder, or SUD,
recorded between 91 days and five years prior to the can-
cer diagnosis as identified in the national health registries
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= = (definitions provided in supplementary table S2). A five-
% 3 year time limit was set to enhance the likelihood that the
N diagnosis of mental disorder or SUD remained relevant
2 and necessitated ongoing or recent treatment. Individu-
§ 3 g als who met multiple criteria were eligible for inclusion in
multiple groups. The comparison group consisted of can-
g cer patients without any pre-existing diagnosis of men-
E e tal disorder or SUD during the last five years before the
cIEe cancer diagnosis, indicated by the absence of recorded
5 F-diagnoses in the ICD-10 coding system, and also the
§ absence of ICPC-2-codes or ATC-codes indicative of psy-
Blo chosis, depression, anxiety disorder, or SUD (see table S2
Ale =~ for a full list of relevant diagnostic and ATC-codes).
g -5 Definition of outcomes
gln = The main outcome measure was non-inclusion in a CPP.
E o For certain cancers (female genital cancer, prostate can-
.g N cer, lymphoma, thyroid cancer, and head and neck can-
TS cer), the majority of patients enrolled in a CPP fulfilled
the inclusion criteria by having a confirmed cancer diag-
o nosis prior to embarking on the CPP. However, their
e inclusion was vital to expedite investigations and the
§=c commencement of treatment procedures. Consequently,
2 those who were not included in any CPP during the 90
s Q% days before or after the cancer diagnosis were considered
al—

as not included in any CPP. Inclusion in the same organ-
specific CPP as the final diagnosis was not required, as
approximately 5% of patients followed a CPP different
from the final cancer diagnosis.

Secondary outcomes included low frequency of GP
encounters prior to the cancer diagnosis, cancer diag-
nosis after emergency presentation in specialised health
care, and cancer diagnosed close to death, and were inves-
tigated in the subset of patients who were not included
in any CPP. Low frequency of GP attendance prior to
the cancer diagnosis was defined as fewer than three
GP encounters during the last two years before the can-
cer diagnosis, corresponding to the lowest decile in the
data set. Cancer emergency presentations were defined
as cases in which the first cancer diagnosis registered in
the Cancer Registry coincided with an emergency admis-
sion or an emergency outpatient consultation in special-
ised health care. Cancers diagnosed close to death refer
to cases where patients died within 60 days of their first
cancer diagnosis, including cases reported to the Cancer
Registry solely by death certificate and cancer cases inci-
dentally discovered during autopsies. The 60-day time
frame is approximate (+/- 15 days), as we only had infor-
mation on the month and year of death.

(332)
(432)

Psychosis
17.0
22.1

(2,018)
(2,931)

14.3
0.8

Mental disorder/SUD?
2

substance use disorder

Statistical methods

We initially present the demographic, socioeconomic,
and clinical characteristics of the sample according to
their exposure status (Table 1). To ensure balance in

Unknown
@ Abbreviations: SUD

Metastatic

b Incident cancer patients with no pre-existing mental disorder or SUD

€ICD-10-codes C15-C16, C18-C22, C24-C25

Table 1 (continued)
41CD-10-codes C53-C56

Variables, % (n)
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baseline characteristics, we employed propensity score
analyses with inverse probability weighting (IPW) to cre-
ate exposure and control groups. First, we estimated the
propensity score of patients having a pre-existing mental
disorder or SUD diagnosis using gradient boosting mod-
els with autotuning, as implemented in the gradboost
procedure [50] in SAS Vyia. Based on prior research,
we included sex, age at diagnosis, education levels of
both the patient and their parents, income, gross assets,
marital status, place of residence, and immigrant status
as potential confounders [39, 40, 42]. In line with rec-
ommendations [51] we also included covariates deemed
likely to predict outcome [39-42], including cancer type,
stadium, and Elixhauser comorbidity groups (types and
number). Time-dependent covariates were measured in
the year preceding the cancer diagnosis. Data on cancer
stage was missing for 21.1% of cases, while less than 1%
of cases lacked information on education level, place of
residence, or marital status. The machine learning algo-
rithm used for propensity score estimation inherently
handled missing data without relying on imputation or
parametric assumptions. Separate models were built for
mental disorder or SUD collectively, and for psychosis,
depression, anxiety disorder, and SUD individually.

Next, we generated output data sets with balanced
distributions of covariates between the exposed and
unexposed groups. This was achieved by utilizing the
estimated propensity scores as weights and applying
inverse probability weighting through the psmatch pro-
cedure in SAS [52]. The weight was set to one for those
with a pre-existing mental disorder or SUD diagnosis
and to (propensity score/(1-propensity score)) for those
without a pre-existing mental disorder or SUD diag-
nosis, corresponding to the average treatment effect on
the treated (ATT). The balance and common support
between the exposure and control groups were assessed
for each covariate in the different subsets. Successful bal-
ancing was indicated by standardised mean differences
(SMD) <0.10 and variance ratios within the interval of
0.5-2.0. After IPW, the SMDs for all covariates, except
one in the SUD-specific analysis, fell below the recom-
mended threshold of 0.10 (see supplementary table S3).
Additionally, all of the variance ratios were within the
acceptable range of 0.5-2.0, further indicating appropri-
ate balance in the comparison groups (see supplementary
table S4).

Finally, we employed McNemar test, as implemented
in the clinstat SAS macro [53], to estimate the risk ratios
(RRs) with 95% confidence intervals (CI) in the weighted
datasets. Statistical tests were two-sided, with a sig-
nificance level of 0.05. The analyses were conducted for
mental disorder (i.e., psychosis, depression, or anxiety
disorder) or SUD combined, and separately for psycho-
sis, depression, anxiety disorder, and SUD. We present
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sex-specific results for all included cancers combined and
lifestyle-related cancers combined, as well as analyses for
some of the most frequent types of cancer including both
sexes (if relevant).

To ensure the robustness of our findings, we performed
several sensitivity analyses where we varied the defini-
tions or inclusion criteria. These included: (i) using a
hierarchical ordering of diagnoses (psychosis>depres-
sion > anxiety disorder >SUD), (ii) including only mental
disorders or SUD cases diagnosed in specialised health
care, (iii) including only inpatients with mental disorders
or SUD, (iv) excluding cases with multiple exposures, (v)
excluding cancers with screening programs, (vi) exclud-
ing cases diagnosed with cancer before the start of a
CPP, and (vii) excluding patients in CPPs that may have
been unrelated to the specific cancer under investigation.
Additionally, considering that aggressive disease at the
time of cancer diagnosis could impact the likelihood of
inclusion in a CPP, we conducted sensitivity analyses by
excluding those who died within 60 days (+/- 15 days) of
their first cancer diagnosis. We also included sensitivity
analyses where the significance level was set to 0.01.

Results

Descriptive data

The study included a total of 65,328 incident cancer
cases, which accounted for approximately two thirds of
all cancer cases in the relevant age group in Norway dur-
ing the study period (2015-2018) (as cancer cases with-
out a dedicated CPP or with a previous cancer diagnosis
were not included in the analytical population).

Among the included cases, 14,106 (21.6%) had a pre-
existing diagnosis of mental disorder or SUD (i.e., psy-
chosis, depression, anxiety disorder, or SUD). A total of
1,951 (3.0%) had a pre-existing diagnosis of psychosis;
10,177 (15.6%) had a pre-existing diagnosis of depression;
6,984 (10.7%) had a pre-existing diagnosis of anxiety dis-
order; 2,372 (3.6%) had a pre-existing diagnosis of SUD,
whereas 51,222 (78.4%) had no pre-existing mental disor-
der or SUD diagnosis (see Table 1). Of the patients with
psychosis, depression, anxiety disorder, or SUD, respec-
tively 85%, 54%, 67% and 58% had at least one of the
other included mental disorders or SUD diagnoses. The
distribution is shown in the Venn diagram [54] in Fig. 1
below.

Table 1 and supplementary tables S3 and S4 demon-
strate considerable baseline differences in the included
covariates between the exposed and unexposed groups
before employing IPW. However, a satisfactory balancing
of the included covariates was demonstrated when apply-
ing IPW;, as described in the methods section.
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Anxiety disorder

2313
(16.4%)

Depression
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Psychosis

288
(2%)

Fig. 1 Venn diagram showing the extent of overlap between individual mental disorder and substance use disorder (SUD). Number of subjects with the

different combinations of mental disorders and SUD

Risk of non-inclusion in a CPP
When considering all included cancers combined, we
found an 8% increased risk of non-inclusion in a CPP for
cancer patients with pre-existing mental disorder or SUD
in comparison to controls (RR=1.08; 95% CI 1.03-1.13)
(Table 2), corresponding to 233 (95% CI 99-360) fewer
included patients than expected. Subgroup analyses indi-
cated an accentuated tendency in individuals with pre-
existing psychosis (RR=1.15; 95% CI 1.02-1.29), and
an increased risk was also observed for patients with
pre-existing depression (RR=1.07; 95% CI 1.02-1.13).
However, no significant differences were noted regarding
non-inclusion in a CPP between cancer patients with and
without pre-existing anxiety disorder or SUD when con-
sidering all cancers collectively.

In the examination of combined lifestyle-related can-
cers, we identified a parallel 8% increased risk of non-
inclusion among cancer patients with pre-existing mental

disorder or SUD (RR=1.08; 95% CI 1.02—1.14). Notably,
individuals with pre-existing psychosis exhibited a 20%
higher risk of non-inclusion in a CPP (RR=95% CI 1.04—
1.39) compared to cancer patients without pre-existing
mental disorder or SUD in the subset of lifestyle-related
cancers. No significant differences were observed for
non-inclusion in a CPP among patients with lifestyle-
related cancers with pre-existing depression, anxiety dis-
order, or SUD.

Regarding the most common cancer types, the analy-
ses show that lung cancer patients with pre-existing
mental disorder or SUD had a 21% (RR=1.21; 95% CI
1.04-1.40%) higher risk of non-inclusion in any CPP,
compared to controls (Fig. 2). Moreover, patients with
pre-existing mental disorder or SUD, and patients
with pre-existing depression individually, also had an
increased risk of non-inclusion in a CPP for cancers cate-
gorized as “other cancers” (see Fig. 2). The “other cancer”
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Table 2 Risk ratios (RR) for non-inclusion in a CPP for all cancers
combined and lifestyle-related cancers combined, according to
prior mental disorder or SUD exposure and sex

Any cancer ® Lifestyle re-
lated cancer®
Adjusted RR (95% Cl) Adjusted RR
(95% Cl)
Prior mental disorder/SUD
Both genders 1.08 (1.03-1.13) * 1.08 (1.02-1.14)
Men 1.08 (1.01-1.15) * 1.08 (0.99-1.19)
Women 1.08 (1.01-1.15) * 1.07 (0.99-1.15)
Prior psychosis
Both genders 1.15(1.02-1.29) * 1.20 (1.04-1.39)
Men 1.17 (1.00-1.38) 1.20 (0.96-1.51)
Women 1.12(0.94-1.33) 1.20 (0.99-1.45)
Prior depression
Both genders 1.07 (1.02-1.13) * 1.06 (0.99-1.13)
Men 1.07 (0.99-1.16) 1.04 (0.93-1.16)
Women 1.07 (1.00-1.16) 1.06 (0.97-1.16)
Prior anxiety disorder
Both genders 1.05(0.99-1.12) 1.04 (0.95-1.13)
Men 1.06 (0.96-1.16) 1.06 (0.92-1.22)
Women 1.04 (0.96-1.14) 1.02 (0.91-1.13)
Prior SUD
Both genders 1.06 (0.96-1.19) 1.12(0.98-1.28)
Men 1.06 (0.93-1.21) 1.15(0.97-1.36)
Women 1.06 (0.87-1.29) 1.06 (0.85-1.33)

Abbreviations: RR=risk ratio; CPP=cancer patient pathway; Cl=confidence
interval; SUD =substance use disorder

@ All cancer types with dedicated CPPs, excluding neuroendocrine cancer

b Cancer of the breast, colon, rectum, head & neck, bladder, kidney, female
genitalia, lung, oesophagus, stomach, bile duct, and primary liver cancer

* Significant result at p-level 0.05

group encompasses kidney cancer, where a more than
30% increased risk was observed for mental disorder or
SUD combined, and depression individually (results not
shown in tables or figures). No significant differences
were observed between exposure groups for non-inclu-
sion in any CPP for digestive, female breast, female geni-
tal, and prostate cancer types.

Sensitivity analyses

A series of sensitivity analyses of all cancers combined
demonstrated the robustness of the results, as variations
in definitions and inclusion criteria did not substantially
alter the findings. The statistically significant results for
cancer patients with pre-existing mental disorder or SUD
remained consistent across all sensitivity analyses (see
Fig. 3).

The statistically significant results for cancer patients
with pre-existing psychosis or depression also remained
consistent across all sensitivity analyses, except for the
analyses that excluded individuals who died shortly
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after the cancer diagnosis, the sensitivity analyses where
the significance level was set to 0.01, and the sensitiv-
ity analysis that only included cases diagnosed in spe-
cialised health care (depression only). The outcomes for
the remaining exposed groups were generally consistent
across various sensitivity analyses, with a significant devi-
ation observed in analyses that exclusively included cases
with prior hospitalisations for mental disorder or SUD.
In the sensitivity analyses including only exposed inpa-
tients and controls, an elevated risk of non-inclusion in
a CPP was identified for all subgroups of mental disorder
or SUD, ranging from 26% (RR=1.26; 95% CI 1.08-1.46)
among patients with pre-existing SUD to 76% among
patients with pre-existing psychosis (RR=1.76; 95% CI
1.41-2.20) (see Fig. 3).

Risk of low GP attendance, emergency diagnosis or
unrecognised cancer shortly before death

In the subgroup of patients not enrolled in any CPP, can-
cer patients with pre-existing mental disorders or SUD
had a 47% lower risk of low GP attendance compared to
controls (RR=0.53; 95% CI 0.46-0.61) (see Table 3). The
propensity for low GP attendance varied across exposure
groups. While cancer patients with pre-existing psycho-
sis or SUD demonstrated a comparable likelihood of low
GP attendance in the two years leading up to their initial
cancer diagnosis as controls did, those with pre-existing
depression or anxiety disorder exhibited an almost 60%
reduced risk of low GP attendance compared to controls
(see Table 3).

Regarding the risk of cancer diagnosis after emergency
contacts with specialised care, we found a 10% elevated
risk of emergency presentation among patients with pre-
existing mental disorder or SUD who were not included
in any CPP (RR=1.10; 95% CI 1.00-1.21). In subgroup
analyses across distinct exposure groups, we observed
a 28% higher risk of emergency presentation among
patients with pre-existing SUD not included in any CPP
(RR=1.28; 95% CI 1.05-1.56). No significant differences
were identified between cancer patients with or without
pre-existing psychosis, depression, or anxiety disorder in
terms of emergency presentation risk.

Notably, unrecognised cancer close to death among
those not referred to any CPP was significantly more
likely among those with pre-existing mental disorder
or SUD (RR=1.34; 95% CI 1.18-1.53). Subgroup analy-
ses revealed a consistent pattern, with the same trend
observed among cancer patients with pre-existing psy-
chosis, depression, or SUD. The risk was 59% higher
among those with pre-existing psychosis (RR=1.59; 95%
CI 1.17-2.17), 26% higher among those with pre-existing
depression (RR=1.26: 95% CI 1.08-1.48), and 84% higher
among those with pre-existing SUD (RR=1.84; 95% CI
1.44-2.35) (see Table 3). Among those not referred to any
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Fig. 2 Risk ratios (RR) with lower (LCL) and upper (UCL) 95% confidence limits for non-inclusion in a Cancer Patient Pathway, according to type of mental
disorder/SUD and cancer type. Abbreviations: MD =mental disorder (psychosis, depression, or anxiety disorder); SUD = substance use disorder
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Fig. 3 Sensitivity analyses. Risk ratios with 95% Confidence Intervals for non-inclusion in a Cancer Patient Pathway, according to differing inclusion cri-
teria and type of mental disorder/SUD. * Hierarchical ordering: Psychosis > Depression > Anxiety disorder > Substance use disorder (SUD). Abbreviations:
MD=mental disorder (psychosis, depression, or anxiety disorder); SUD = substance use disorder; RR=risk ratio; LCL =lower confidence limit; UCL=upper
confidence limit
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Table 3 Adjusted risk ratios (RR) for low GP attendance prior to
cancer diagnosis, cancer diagnosis after emergency presentation,
or cancer diagnosis at time of death among cancer patients not
included in any CPP, according to pre-existing mental disorder/

sud exposure and sex

Low GP at- Cancer diag- Cancer diag-
tendance nosis after nosis unrec-
prior to cancer emergency ognized close
diagnosis presentation to death
Prior mental
disorder/SUD
Both 0.53(046-0.61)* 1.10(1.00-1.21)* 134
genders (1.18-1.53)*
Men 0.59(0.49-0.72)* 1.14(0.99-1.31) 138
(1.15-1.66)*
Women 046 (0.37-0.57)* 1.07(0.94-1.21) 1.30
(1.07-1.57)%
Prior
psychosis
Both 0.83(0.61-1.13)  1.11(0.88-1.40) 1.59
genders (1.17-2.17)*
Men 085(055-1.31)  1.15(081-163) 152
(1.01-2.29)*
Women 0.81(0.52-1.26) 1.09 (0.80-1.47) 1.68
(1.05-2.68)*
Prior
depression
Both 043 (0.36-0.51)*  1.08 (0.96-1.21) 126
genders (1.08-1.48)*
Men 047 (0.36-0.60)* 1.03(0.86-1.23) 1.10
(0.87-1.39)
Women 0.39(0.30-0.51)* 1.12(0.96-1.29) 1.42
(1.14-1.76)*
Prior anxiety
disorder
Both 041 (0.33-0.51)* 1.03(0.90-1.18) 1.09
genders (0.90-1.33)
Men 045 (0.33-0.62)*  1.14 (0.92-1.40) 117
(0.88-1.55)
Women 0.37(0.27-0.51)* 0.97(0.81-1.15) 1.02
(0.77-1.36)
Prior SUD
Both 0.84(0.62-1.13)  1.28(1.05-1.56)* 1.84
genders (1.44-2.35)*
Men 096 (0.67-135)  1.41(1.10-1.81)* 1.83
(1.38-2.44)*
Women 0.54(0.28-1.03)  1.08(0.78-1.49) 1.84
(1.14-2.96)*

Abbreviations: GP=general practitioner; SUD =substance use disorder

* Significant result at p-level 0.05

CPP, patients with pre-existing anxiety disorder had simi-
lar likelihood as controls for unrecognised cancer close to
death.

Discussion

Main findings

When analysing all cancers with dedicated CPPs com-
bined in this nationwide study of more than 65,000
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incident cancer patients, we found that a pre-existing
diagnosis of mental disorder or SUD was associated with
a slightly increased risk of non-inclusion in any CPP
compared to controls. The risk was particularly elevated
among patients with a history of hospitalisation due to
mental disorder or SUD, among patients with pre-exist-
ing psychosis, and for cancers that can be difficult to
diagnose at an early stage (i.e., lung cancer). Addition-
ally, in the subgroup of patients not included in any CPP,
patients with pre-existing psychosis, depression or SUD
faced a higher risk of unrecognised cancer shortly before
the time of death compared to controls, which was not
explained by more advanced stage at diagnosis.

Comparison with related studies

There are only a few prior studies that have examined
inclusion in fast-track cancer programs for people with
pre-existing mental disorder or SUD. These studies are
not directly comparable to our study, as the exposure
groups, age groups, cancer groups and definitions of
inclusion in a fast-track program differ. In a Danish study,
Virgilsen et al. categorised individuals as part of any CPP
if they were diagnosed with cancer subsequent to their
inclusion in a CPP [18]. In contrast, our study encom-
passed instances of cancer identified through screening,
and cancer cases where adherence to Norwegian guide-
lines necessitates a confirmed cancer diagnosis prior to
inclusion in a CPP for further diagnostic work-up. Con-
sequently, a higher proportion of new cancer cases were
counted as included in our study; 79% compared to 63%
in the Danish study. However, both studies found that
persons with pre-existing mental disorder or SUD had
an 8% increased risk of non-inclusion in any CPP, where
patients with pre-existing psychotic disorders were at
particular risk. The Danish study found that the risk of
non-inclusion was most prominent for cancer types that
can be difficult to diagnose at an early stage, such as lung
cancer or cancers in the digestive organs. Majano et al.
also reported that colon cancer patients with concurrent
mental disorder or SUD and cardinal symptoms of can-
cer had lower odds of a fast-track specialist referral [16].
In concordance with the Danish study, we found that
lung cancer patients with a history of mental disorder or
SUD were at particular risk of non-inclusion in a CPP,
but found no differences between patients with cancer in
the digestive organs with and without pre-existing mental
disorder or SUD. Differences in definitions, including the
exclusion of patients with dementia/organic mental dis-
order, and patients over 79 years of age in our study may
have contributed to this difference in results. We found
no differences between male and female cancer patients
with pre-existing mental disorder or SUD regarding non-
inclusion in a CPP. We are not aware of previous gender-
specific studies of inclusion in CPP for cancer patients
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with pre-existing mental disorder or SUD, but the finding
may be in variance with a Norwegian study that found
lower odds of inclusion for female lung and rectum can-
cer patients compared to males in the general cancer
population [40].

To our knowledge, there are no existing studies that
have specifically examined the relationship between
non-inclusion in any CPP and low GP attendance, can-
cer emergency presentations, or unrecognised cancer
close to time of death among cancer patients with and
without pre-existing mental disorder or SUD. However,
prior studies have reported a higher risk of a cancer diag-
nosis after emergency presentation among patients with
existing mental disorder or SUD [16, 18, 44]. Addition-
ally, these studies have highlighted that non-attendance
in primary care is common among patients who receive
a cancer diagnosis following an unplanned contact with
the specialist health service [44]. In our study, we found
that the in the subgroup of cancer patients who were not
included in any CPP, risk of emergency presentations was
higher among patients with pre-existing SUD, but similar
between patients with and without psychosis, depression,
or anxiety disorder. Therefore, this factor did not explain
the observed differences in non-inclusion between can-
cer patients with and without pre-existing psychosis,
anxiety disorder or depression in our study. Furthermore,
it is worth noting that patients with pre-existing mental
disorder or SUD had a higher frequency of GP atten-
dance prior to the cancer diagnosis, which also does not
contribute to explaining the observed differences. We
have previously reported higher primary care utiliza-
tion but lower use of somatic specialist health services in
patients with pre-existing psychosis who died of cardio-
vascular disease [55].

The finding of a higher risk of unrecognised cancer
close to death among patients with pre-existing psychosis
is in accordance with a prior study reporting an increased
risk of cancer diagnosis less than 30 days before death
among patients with schizophrenia [17]. The Danish
study referred to previously [18] found an increased risk
of cancer first recognised on the death certificate among
patients with pre-existing mental disorder or SUD. We
found, however, that the risk of a first cancer diagnosis
close to the time of death for patients varied with gen-
der and the type of mental disorder or SUD, where men
and women with pre-existing psychosis or SUD had an
increased risk compared to other cancer patients, as did
women, but not men, with pre-existing depression or
anxiety disorder. Although the outcome measures are
not the same in these studies, our findings contribute to
nuance the picture of the importance of gender and type
of mental disorder or SUD in relation to unrecognised
cancer close to death.
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Possible mechanisms

Various factors related to the disease, patient, provider,
and healthcare system levels could contribute to the
observed findings. Prior research has shown that factors
such as low income, living alone, female sex (in the case
of lung and rectum cancer), high or low age at diagno-
sis, somatic multimorbidity, and metastatic disease are
associated with an increased likelihood of non-inclusion
in a fast-track program [39-42]. While these factors were
accounted for in the analysis, residual confounding can-
not be ruled out.

Our findings revealed that among cancer patients who
were not included in any CPP, those with pre-existing
psychosis or SUD had a marked increased risk of unrec-
ognised cancer close to death compared to controls, as
did women with pre-existing depression or anxiety dis-
order. These findings indicate that persons with these
disorders may be less likely to fully utilize the specialised
somatic healthcare resources available to them compared
to individuals without these conditions [55]. The mecha-
nisms behind this probably vary with the type of mental
disorder or SUD. For the most severely ill, factors such
as neglect or reduced awareness of symptoms, reduced
capacity, cognitive deficits, lack of ability to consent, and
behavioural aspects, likely contribute to the observed
results [56]. These factors can affect interpretation and
dissemination of new or changed symptoms, patient-pro-
vider communication, and healthcare-seeking behaviour,
including reduced uptake of screening services [57].

A decreased sensitivity to pain in patients with psy-
chosis has been hypothesised in some studies [58], but
the findings may be explained by negative symptoms
or a reduced ability to express pain [59]. Stigma associ-
ated with mental disorder or SUD may further discour-
age individuals from seeking healthcare [60]. Lack of
consent may also contribute, as Norwegian legislation
allows treatment of somatic illness without consent only
in cases of acute or imminent danger of serious illness
or death. An additional concern arises from the fact that
many individuals with severe mental disorders receive
follow-up care from health professionals lacking suffi-
cient expertise in somatic issues. Consequently, crucial
risk factors or identified somatic illnesses may not receive
the necessary attention.

The phenomenon of “negative pragmatism” also likely
contributes to the reported findings, wherein practitio-
ners may downplay the significance of somatic follow-
up due to the patients’ pre-existing acute challenges
[61]. Moreover, the presence of multimorbidity as such
can significantly affect doctors’ diagnostic reasoning
and examinations, both due to competing priorities, as
alternative explanations for symptoms, and in the assess-
ments of what is feasible actions [62]. This impact may
be particularly noteworthy for women with pre-existing
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depression or anxiety disorder who were not included in
any CPP, who, despite higher GP attendance, faced an ele-
vated risk of a delayed cancer diagnosis. This heightened
risk may be associated with the phenomenon known as
diagnostic overshadowing [63], where early indications
of cancer may be mistakenly interpreted as manifesta-
tions of psychiatric symptoms, leading to delays in the
recognition and diagnosis of the underlying malignancy.
On a systemic level, the challenges are compounded by
fragmented care and a lack of coordination within the
healthcare system, which poses particular challenges for
patients with severe mental disorder or SUD [64, 65].

Generalizability

Many European countries have nationwide, tax-funded
healthcare systems that promote standardization across
regions. National cancer registries are common, support-
ing systematic monitoring and evaluation of CPPs. How-
ever, CPP implementation varies across Europe. England
have cancer patient pathways resembling the structured
Nordic CPPs, while Germany, France, Spain, the Neth-
erlands, and Italy have systems designed to ensure struc-
tured diagnostic and treatment processes, albeit with
differing levels of specificity and national coverage [66,
67]. Our findings are most applicable to countries with
health care systems similar to those in Northern Europe.
Nevertheless, the global healthcare community shares
the goal of reducing system-related delays in cancer care,
emphasizing efficient diagnostics and treatment, inter-
disciplinary collaboration, and patient involvement to
improve satisfaction and outcomes. Consequently, these
insights hold relevance for diverse healthcare models
worldwide.

Implications

A close cooperation between specialist psychiatric
and somatic health care is crucial to identify patients
at risk and address the complex needs of patients with
severe mental disorder or SUD. This includes structural
measures to allow sufficient time for comprehensive
assessments, effective communication during health-
care attendance at all levels, and possibly enrolment in
assertive community treatment programs. Specialists in
psychiatry and drug/addiction medicine may also find
themselves compelled to assume broader responsibilities
for their most critically ill patients, akin to the multifac-
eted role undertaken by GPs.

GPs play an important role in both identification and
follow-up of cancer, particularly highlighted in the con-
text of patients with severe mental disorder or SUD. This
role may include yearly somatic screening of patients
with severe mental disorder or SUD, as well as active
outreach to vulnerable patients. Emphasizing preven-
tive, evidence-based measures to reduce cancer risk
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factors such as smoking, low levels of physical activity
and unhealthy diets, is also of crucial importance.

Developing and implementing more accurate risk
assessment instruments can also play a significant role in
identifying patients at higher risk of emergency presenta-
tion or non-inclusion in a CPP. These instruments should
consider both medical factors and social determinants
of health to provide a comprehensive evaluation of indi-
vidual patient needs. The presence of shared risk factors
for non-inclusion and emergency presentation suggests
that certain sociodemographic and clinical characteris-
tics, such as low income, living alone, high or low age at
diagnosis, somatic comorbidity, and non-attendance in
primary care, should serve as warning signals for health-
care personnel. By recognising these risk factors, health-
care providers can effectively target high-risk individuals
for proactive intervention and support.

Addressing the disparities in non-inclusion and emer-
gency presentations should not be limited to improving
access to fast-track systems. Equally important is the pro-
vision of high-quality diagnostic and treatment services
once cancer is recognised. This includes ensuring timely
referrals, appropriate treatment planning and multi-
disciplinary care coordination, in order to reduce the
observed lack of equity for these patients.

Strengths and limitations

The study has several strengths, including its population-
based design and use of comprehensive nationwide data
without selection bias. The inclusion of exposure and
control groups balanced in terms of baseline character-
istics minimised bias due to measured confounders. The
use of a non-parametric method for estimating propen-
sity scores that captured both main effects and inter-
actions in included covariates provided robustness to
possible model misspecification. Moreover, the outcome
analyses were conducted independently of the model-
ling. However, limitations should be acknowledged.
Propensity score methods cannot balance unmeasured
confounders that are uncorrelated with the included vari-
ables in the model, which introduces the possibility of
residual confounding. The diagnosis used are set by phy-
sicians or psychologists for clinical purposes, potentially
making them susceptible to variations in diagnostic prac-
tices. The definition of enrolment in a CPP is not straight-
forward, and the inclusion of patients with a confirmed
cancer diagnosis might be questioned. Excluding these
patients did, however, not change results. The chosen
observation period for inclusion may have also impacted
the outcomes. If the time from suspicion of cancer to
inclusion in a CPP is consistently longer for patients with
mental disorders or SUD, compared with patients with-
out such disorders, we may have underestimated the pro-
portion included. Exploratory sensitivity analyses with
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different definitions of mental disorder or SUD and CPP
inclusion yielded similar results. We cannot rule out that
some statistically significant results may have been spu-
rious findings due to multiple testing. However, the use
of complete and unselected nationwide data, along with
consistent results, may allow for generalization to other
countries with similar healthcare systems.

Conclusions

Cancer patients with pre-existing mental disorder or
SUD have an increased risk of non-inclusion in a CPP,
with the most severely mentally ill at particular risk.
Additionally, in the subgroup of patients not included in
any CPP, patients with pre-existing psychosis, depression,
or SUD face a higher risk of unrecognised cancer shortly
before the time of death, which was not explained by
more advanced cancer stage. These findings emphasize
the need for an integrated and patient-centred approach
to cancer care, particularly for individuals with severe
mental disorders. By addressing barriers to CPP-inclu-
sion, allowing sufficient time during healthcare atten-
dance, improving risk assessment, and enhancing the
quality of diagnostic and treatment services, healthcare
systems can work towards achieving better outcomes for
these vulnerable patient groups.
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