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ABSTRACT

Background: Globally, most people with head and neck cancers (HNCs) are diagnosed with advanced-stage disease. HNC diag-
nostic stage has multifactorial explanations, with the role of health system factors not yet fully investigated.

Methods: HNC centres (n=18) from the HEADSpACE Consortium were surveyed via a bespoke health system questionnaire
covering a range of factors. Centres were compared using the least square means for the presence/absence of each health system
factor to their proportion of advanced-stage HNC.

Abbreviations: HEADSpACE, Head and Neck Cancer in South America and Europe consortium; HIC, high income country; HNC, head and neck cancer; IARC, International Agency for
Research on Cancer; ICBP, International Cancer Benchmarking Partnership; LMIC, low-middle income country; WHO, World Health Organization.

The members of HEADSpACE Consortium Group are listed in Appendix A.

Provisional results from this study were presented at the International Association for Dental Research General Assembly,Bogota, June 2023.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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Results: Health system factors associated with lower proportion in advanced-stage diagnosis were formal referral triaging (14%,
95% CI-0.26, —0.03), routine monitoring of time from referral to diagnosis (16%, 95% CI-0.27, —0.05), and fully publicly funded
systems (17%, 95% CI-0.29, —0.06). Several health systems factors had no routinely available data.

Conclusions: Through identifying and monitoring health systems factors associated with lower proportions of advanced stage

HNC, interventions could be developed, and systems redesigned, to improve early diagnosis.

1 | Background

Head and neck cancers (HNCs) comprising cancers of the oral
cavity, pharynx, and larynx are the sixth most commonly di-
agnosed cancer group globally with 90% of HNCs being squa-
mous cell carcinoma (SCC) [1]. Mortality rates are high [2], and
extensive multi-modal treatment is usually required, but often
results in significant morbidities [3]. Stage at diagnosis influ-
ences treatment planning and is a key prognostic factor [4, 5],
with advanced disease (Stage III and IV as per TNM 7th and
8th editions) [6, 7] resulting in poorer survival. Estimates from
large international cohort studies have shown the proportion of
advanced HNC to range from 54% in Europe [8] to 75% in South
America [9]. Cancer registry analysis has shown that 59% of
newly diagnosed HNCs in the United Kingdom were recorded
as TNM stage III or IV in the national cancer registries in 2016
2018 [10]. Despite advances in understanding the causes and
risks of developing HNC [2], preventative and early detection
measures [11], and progress in treatments for HNCs including
technological advances in radiotherapy and new immunother-
apy regimens [12], there has been minimal improvements in
survival from HNC observed in recent decades [1, 2].

Health systems are known to be complex with many chal-
lenges arising from dynamic interactions between patient
factors, operational procedures, and organizational demands
[13]. Currently, the literature investigating factors associated
with diagnosis of advanced HNC does not include health
system factors, and is limited to findings on individual race,
type of health insurance, and is based in the United States of
America [5, 14, 15], or is for the oral cavity subsite only where
the main finding was the role of patient and professional
awareness of oral cancer [16]. Recent studies investigating the
role of health systems and diagnosis of cancer (but not includ-
ing HNC), identified the potential role of technology, gate-
keeping, finance, and centralisation of services on diagnostic
pathways and patient experience toward diagnosis [15, 17, 18].
This study aims to explore the potential role for health system
factors on the stage at diagnosis of HNC's exploring the differ-
ent pathways to diagnosis across HEADSpACE centres.

2 | Methods
2.1 | Study Design and Setting

The HEADSpACE (Head and neck cancer in South America
and Europe) Consortium is an international multicentre re-
search programme coordinated by the International Agency for
Research on Cancer—World Health Organization (IARC-WHO)
focused on investigating factors associated with advanced stage
atdiagnosis of HNCs including genomic, patient, socioeconomic,

and health system factors [19]. The HEADSpACE Consortium
includes 18 HNC tertiary treatment centres: 10 from South
America, six from Europe, and two from the Middle East
(Table 1).

This study utilized a systems survey approach through a self-
completed questionnaire, specifically designed for the centre
leads of the HNC centres within the HEADSpACE Consortium.
Data collection were focussed on the health system in the year
prior to the COVID-19 pandemic (i.e., in 2019), questionnaires
were returned between November 2020 and November 2022,
with subsequent rounds of follow up with centres to check data
quality and completeness. Each HEADSpACE centre is linked in
with local HNC clinical centres.

2.2 | Data Sources and Measurement

A bespoke questionnaire was developed with reference to the
literature [17] and in consultation with clinicians, healthcare
managers, and administrators and collaborators from the
HEADSpACE Consortium. The questionnaire included both
closed and open-ended questions to assess the availability of
data on health system domains and open-ended questions to
gather detailed information on the healthcare pathway to diag-
nosis; alongside data on the number of HNC cases diagnosed in
2019 and the proportion of these that were advanced-stage at
diagnosis. Additionally, local protocols or guidelines for referral
and diagnosis of HNC where available were requested from each
centre. Project leads in each of the 18 HNC centres were respon-
sible for the completion of the questionnaire for their respective
centre.

2.3 | Health System Domains

Health system domains covered in the questionnaire included
items on the availability and nature of: referral systems (assess-
ing electronic pathways and triaging); quality/performance in-
dicators (monitoring time from referral to diagnosis); diagnostic
processes (centralized diagnoses, use of guidance); multidisci-
plinary teams (assessing comprehensiveness of care); technol-
ogy (in relation to communication across the diagnostic system);
financial models (evaluating funding structures); centre activity
(measuring case-load volume), and service structures (assessing
degree of centralisation of services).

Following collation of the questionnaire responses; health sys-
tem factors deriving from responses to each respective question-
naire domain with data available for benchmarking across all
centres were identified (Table 2). Centres were categorized by
the presence of the health system factor in their local HNC sys-
tem (yes/no).
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TABLE 2 | Healthcare system questionnaire domains.

Health system
domains

Topics in health system
questionnaire

Benchmarking health
system factor

Description of health
system factor

Referral system

Quality/performance
indicators

Diagnostic processes

Multidisciplinary
teams

Technology

Workforce

Financial models

Centre activity

Service structure

Referral guidance
Referral volume
Referral categories
Referral methods and processes
Triaging

Waiting time from referral to diagnosis
Waiting time from referral
to first appointment
Diagnostic investigation
reporting time targets
Routinely monitored
performance indicators

Diagnostic confirmatory procedures

Frequency of meetings
Multidisciplinary composition
of members

Communication methods
Common electronic medical records

Numbers/full-time equivalent primary
care clinicians in local system
Numbers/full-time equivalent

specialist/secondary care
in local system

Additional patient costs
Public/private/mixed/insurance

New cases diagnosed
Source of referrals
Proportion of advanced HNC

Location of services
“One-stop” clinics

Bespoke electronic
Referral pathway

Referral guidance

Triaging system

Referral to diagnosis waiting
time targets/monitored

Diagnosis made exclusively
by HEADSpACE centre

Comprehensive multi-
disciplinary team (MDT)

Common medical record

Specialist HNC pathologists
and radiologists

Fully publicly funded
HNC centre

Large HNC patient volume

All diagnosis and treatment
undertaken at one location
in HEADSpACE centre

Bespoke electronic
referral system used as
main method of referral

into specialist care

Guidance on referral
processes and criteria is
available for primary care/
community care teams

Formalized referral
triaging/vetting of
received referrals by
specialist team

Routinely monitored
and reported from date
of referral through to
diagnosis date in entirety

Diagnosis is usually only
made at the HEADSpACE
centre for all patients
and not at another
service prior to referral

MDT includes
representation from wide
variety of specialists
and health professionals
and meets regularly

Shared record accessible
by all health practitioners
across primary care
and secondary care

Both radiology and
pathology specialists
are available locally

Fully Publicly funded
HNC diagnosis and
treatment, including

dental checks

Centre treats > mean
number of cases per
annum (402, from
the 18 centres)

All aspects of diagnosis
and treatment happen in
one hospital/physical site
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2.4 | Centre Health System Benchmarking
Analysis

The centres were sorted by their proportion of advanced stage
HNC diagnosed in 2019 (Table 3). Least square means tests were
performed to calculate the absolute percentage difference and
standard deviation in the proportion of advanced-stage HNC for
each health system factor (along with 95% confidence intervals
and p-values). Subgroup analyses and sensitivity analyses were
also performed to ensure robustness of the findings (Table 4).
All statistical analyses were performed using R software (R ver-
sion 2022.02.2).

2.5 | HNC Diagnostic Pathway Description
and Harmonization

Open questions were included in the questionnaire which
asked for descriptions of each centre's pathway to HNC diag-
nosis. These responses were clarified with follow up online
discussions with centre leads where required. The interval
approach that forms the Aarhus pathway for cancer research
[20-22] was used as a framework to collate and harmonize
the range of diagnostic pathways across centres for all HNC
subsites with the aid of Lucidchart (lucid.co) digital mapping
software.

3 | Results
3.1 | Centre Health System Benchmarking

The centres were ranked and benchmarked by the proportion
of advanced stage HNC in 2019 which ranged from 27% (CLB,
Lyon, France) to 90% (NUA, Asuncion, Paraguay), along with
the presence or absence of health system factors (Table 3). Nine
out of 18 centres have electronic referral systems, while only
five have integrated common primary-secondary care medical
records. Eight centres manage a higher number of patients per
year than the mean (mean n=402, range 20-1296), and nine
operate from a single centralized site. Monitoring referral to
diagnosis waiting times is undertaken in 12 centres. Eleven
centres employ comprehensive multidisciplinary teams, and 12
have specialist HNC radiologists and pathologists. Formal tri-
age of referrals occurs in 13 centres, but only seven have formal
referral guidance. There were diverse funding models for the
health systems with seven exclusively publicly funded centres.
No centre exhibited all of the health system factors assessed and
all centres had at least one of the assessed health system factor
present.

The presence of several health systems factors within the HNC
centres included in this analysis were associated with a lower
proportion of advanced stage HNC (Table 4). Of all the factors
analyzed, three were strongly associated with a lower propor-
tion of advanced stage HNC diagnoses when they were part of
a centre's HNC system: (i) routine monitoring of waiting times
from referral to diagnosis had a 16% lower proportion in ad-
vanced stage HNC (95% confidence interval (CI) —0.27, —0.05;
p-value 0.007); (ii) having a formal referral triaging process
showed a 14% lower proportion (95% CI —0.26, —0.03; p-value

0.0179); and (iii) centres with a publicly funded patient finance
model/universal health coverage had a 17% lower proportion
(95% CI —0.29, —0.06; p-value 0.008). Centres with higher pa-
tient volume (2% (95% CI —0.13, 0.16)) and centralisation of cen-
tre services (*% (95% CI —0.19, 0.19)) showed no evidence of a
higher proportion of advanced stage HNC while the remaining
health system factors showed no evidence of association with
HNC stage at diagnosis.

Overall, centres in HICs (mean=47%) had a 17% lower propor-
tion of advanced-stage HNC than centres in LMICs (mean = 64%)
(95% CI —0.30, —0.03 p-value 0.022).

Several of the domains included in the questionnaire were
found to have no routinely available data across HEADSpACE
centres, meaning that several gaps in health system factors
were identified (Table 5). This may be important to contex-
tualize the results of this study and aid discussion on the po-
tential role of health systems factors and HNC diagnosis. For
example, while the stage at diagnosis is recorded individually
for each patient, it is not routinely aggregated and reported/
monitored as a management system measure; there was also
no formal routinely reported data on the source of suspected
cancer referrals in any centre. Additionally, data on workforce
composition and availability in both primary and secondary
care is not routinely available. Quality Performance Indicators
(QPIs) in HNC were primarily focussed on post-diagnostic
events and treatment. In addition, total diagnostic time (from
referral to diagnosis) is not commonly reported; instead, cen-
tres more commonly report sub-time points such as the first
appointment at the HNC specialist centre and treatment
initiation.

3.2 | Harmonized HNC Diagnostic Pathway

A simple HNC diagnostic pathway was harmonized from the
HEADSpACE HNC centre pathways to capture and collate the
variation in diagnostic pathways across all HNC centres in the
HEADSpACE consortium (Figure 1). This pathway defines
the various routes through which people are diagnosed with
HNC, including direct presentation to specialist hospital ser-
vices and acute presentations to emergency departments. The
dominant pathway across centres was that of a hybrid model
where diagnosis is made either at the centre itself or within
primary care/community care before being referred on, which
was more prominent in South American centres (n = 10), with
other centres having a specialist-only diagnostic model with
patients presenting to primary/community health services
and subsequently being referred to a hospital specialist for
further investigation and diagnosis (n=38). Routes through
primary care were split between patients who went to dental
services and those who went to medical services. This path-
way also captures the potentially varying routes that a patient
might traverse to getting a diagnosis of HNC depending on
the cancer subsite with some OCCs being initially detected by
dental clinicians. This HEADSpACE Head and Neck Cancer
Diagnostic Pathway provides a formalized description of the
contextual work system (“work as done” [23]) to capture the
heterogeneity of pathways from the international health sys-
tems included in the consortium.
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TABLE 4 | Leastsquare means analysis of healthcare system factors.

Mean proportion advanced

Difference in

Health system factor Y/N stage HNC 2019 (SD) means (95% Cis) P
HNC electronic referral system N 0.59 (0.19) — —
Y 0.56 (0.13) —0.03(-0.18, 0.13) 0.7023
Common primary/secondary medical record N 0.60 (0.17) — —
Y 0.51 (0.10) —0.10 (-0.23, 0.03) 0.1221
Higher patient volume (> mean) N 0.55(0.15) — —
Y 0.60 (0.17) 0.02 (-0.13,0.16) 0.8111
Single site/location N 0.57 (0.11) — —
Y 0.58 (0.20) 0.00 (—0.19, 0.19) 0.9584
Routine monitoring of referral waiting times N 0.68 (0.15) — —
Y 0.52(0.13) —0.16 (—0.27, —0.05) 0.0069
Initial diagnosis within centre N 0.60 (0.18) — —
Y 0.53 (0.10) —0.08 (—0.21, 0.06) 0.2357
Comprehensive MDT N 0.63 (0.16) — —
Y 0.55 (0.15) —0.08 (—0.20, 0.04) 0.1564
Specialist HNC pathologists and radiologists N 0.63(0.24) — —
Y 0.55 (0.11) —0.07 (=0.24, 0.11) 0.4319
Referral triaging system N 0.70 (0.18) — —
Y 0.54 (0.13) —-0.14(-0.26,-0.03)  0.0179
Referral guidance N 0.60 (0.18) — —
Y 0.53(0.11) —0.08 (=0.22, —0.06) 0.2458
Entirely publicly funded patient finance N 0.64 (0.14) — —
Y 0.47 (0.12) —0.17 (-0.29, —0.06) 0.008

4 | Discussion

This study explored for the first time the role of health system fac-
tors associated with the diagnosis of advanced stage HNC across
various international centres, encompassing both low/middle-
income and high-income countries. Key findings indicate that
three health system factors are associated with a lower proportion
of advanced stage HNC diagnoses: routine monitoring of waiting
times from referral to diagnosis, having a formal referral triaging
process, and being fully publicly funded.

The findings align with previous research that highlights
the importance of accessible and efficient healthcare sys-
tems in improving cancer outcomes [24-27|. The signifi-
cant lower proportions in advanced stage HNC associated
with monitoring waiting times, formal referral triaging, and
publicly funded health systems underscore the potential ben-
efits of these practices. However, the lack of impact from ser-
vice centralisation and higher patient volumes suggests that
these factors may not be as crucial in the context of HNC
diagnosis. The impact of centralisation of services, which is
closely linked with higher numbers of cases, has previously

been found to be associated with better survival outcomes in
esophageal cancers at a regional level [28] but it is not clear
whether this is through improved diagnostic pathways or in
relation to other treatment/care services. An analysis of na-
tional trends in breast and ovarian cancers in France found
centralisation to be associated with increased quality of care
but increased inequalities in access to care [29]. A modeling
of centralisation of specialist cancer services for rectal can-
cer in the UK at the national level showed the potential travel
impacts on patients but showed limited impact on stage at di-
agnosis [30].

While there was a 17% lower proportion of advanced-stage HNC
in centres located within HICs when compared to LMICs, care
should be taken when interpreting this result as some centres
as there was wide variation—for example within HIC, UoG in
Glasgow, Scotland (65%), had a higher proportion of advanced-
stage HNC than those in LMICS, such as those in AC-CCC, Sao
Paulo, Brazil (48%). These differences could also relate to within
country inequalities and the socioeconomic profile of people
with HNC and other determinants of advanced stage disease at
the centre level [31].
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TABLE 5 | Gapsin healthcare system questionnaire responses.

Health system

domain Missing health system factor

Explanation of missing Data

Centre activity Proportion of advanced stage HNC

“One-stop” clinics
Source of suspected cancer referrals

Workforce Number of primary care and

specialist clinicians in local system

Referral system Proportion of suspected cancer referrals

with confirmed HNC diagnosis

Guidelines for referral processes

Quality performance QPIs relating to referral/pre-diagnosis

indicators

Referral waiting times

Targets/waiting times reporting
for specialist investigations

Stage at Diagnosis recorded individually for each patient
but not routinely reported as a system measure

Only present in two centres and only for some subsites
No formal routinely reported data on referral source

Data on workforce composition and availability
is not formally routinely available

Often audited but not formally routinely reported

Guidance for diagnostic procedures near
universally available but seldom for referral

Few or none across centres, QPIs largely focussed
on treatment/post-diagnosis events

Total diagnostic time not commonly reported:
sub-time points such as first appointment and
time to treatment more commonly used

Not formally reported in most centres

Pre-Diagnostic

Patient and

Diagnostic

Specialist Care

Population Care/Community
.. Diagnostic
ests
Patient Seen
Directly by
+{ Community
Non-Cancer
Specialist
Patient Presents.
= Directly to HNC
Team
Patient
+| Presents as
Emergency
. " Patient Seen by
‘ Patient Patient it Aetsion Prima Referral Made to Patient Seen by Confirmatory MDT and
Develops ——= Recognises —— "¢ 0 -0 Medical Care HNC Cancer = HINC Specialist — Diagnostic~ = Stagi
‘ Symptoms Symptoms ympl Practticher Specialist ests ng
Pa’sientcseeﬂ by Diagnostic
lon-Cancer
Patient Seen By 3 ests
o riat Specialist
Diagram key
Start/End Point
Bt H';:ﬂinsfef:yigg?: \ g:nent get::; Referra|c Made to Person-Healthcare Interaction
- - en in r + Non-Cancer
Asymptomatic oL e Other Specialty Specialist Diagnostic Tests

Interval Boundary Event

FIGURE1 | HEADSpACE HNC diagnostic pathway. [Color figure can be viewed at wileyonlinelibrary.com]

One of the key data gaps identified was the lack of routinely
reported data on the proportion of advanced stage at diagnosis
within each centre. This measure was not readily available or
used in management/service monitoring. Centre proportion of
advanced stage HNC had to either be calculated or clinically
estimated from clinical records/lists. This was surprising given
the important relationship of stage at diagnosis in determining

treatment (service) planning and in prognosis [8, 17, 32-34].
Similarly, stage of HNC is not a routinely reported measure in
cancer registries. This has only recently been captured in the
UK with analyses showing that 59% of HNC cases are diagnosed
as stage III or IV [10] which puts the UK target of 75% of can-
cers being diagnosed at stage I or IT by 2028 very unlikely to be
achieved for HNC [35].
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Additional important findings in this study were health sys-
tem domains in which data were unavailable from any centre,
these included routine information on workforce and source of
referral. These domains had previously been identified as po-
tential health systems factors in cancer diagnosis [17, 36]. The
lack of these data highlight gaps in monitoring of the diagnostic
pathway in all centres which could be utilized for health system
quality improvement. These variations in structural and oper-
ational characteristics could impact the quality and efficiency
of care.

The focus of research to date in health systems factors in can-
cer diagnosis has mainly been on other cancer groups such as
breast, lung, and colon cancers [37-41]. These studies were a
primary source of the health system domains that informed the
questionnaire developed for this study. This prior research focus
may be reflective of the higher disease burden and more ready
availability of high-quality reported data for these cancer groups
historically [42].

Our newly devised HEADSpACE HNC Diagnostic Pathway,
synthesized from the consortium centres' individual pathways
to diagnosis, offers a novel lens through which future HNC
research and intervention development can be undertaken. It
provides a real-world framework that is likely to cover the ma-
jority of patients’ diagnostic journeys and can aid in planning
and evaluation of interventions aiming to address variation and
inequalities in the pathway.

To our knowledge, this is the first study addressing centre-level
health system factors on stage at diagnosis in HNC, and the re-
sults are strengthened by inclusion of data from a number of
HNC systems from across the world. The centres included in this
study were heterogeneous in their geography, healthcare system
structure, World Bank economic ranking, and United Nations
Human Development Index, allowing for a broader analysis of
health system factors, but my not reflect the total range of HNC
systems internationally.

This study has a number of limitations. As noted by Brown et al.
[17] in their narrative review, attributing causality to an out-
come due to any particular health system factor is challenging
due to the significant complexity and socio-organizational envi-
ronment in which healthcare systems exist. Our study has only
begun to explore the potential influence these factors but had
limited access to wider socioeconomic system data, however,
further triangulation with other data and ongoing approaches
within the HEADSpACE consortium including analysis of pro-
spective individual patient HNC cohort and qualitative centre
case-studies (IARC) will enhance the literature on this sub-
ject. Similarly, not considering health/cancer policy related
information is another limitation. The International Cancer
Benchmarking Partnership (ICBP), which does not include
HNC, has shown that policy has a crucial role to play in cancer
outcomes [43]. The wider cancer/public health system could be
defined as starting with the self-detection of a health problem
and subsequent health seeking element of a patient's interac-
tion with services was not fully captured here [44]. This could
include screening services/activities, although, there is limited
current evidence for formal screening programmes for HNC
[45, 46] and improvements in early detection of HNC may have

come from opportunistic screening, for example in primary care
dental services [46], and in better joined up primary and second-
ary/tertiary services and care pathways.

This study considers only the cancer system to the point of di-
agnosis, but investigation of the role of health system factors in
HNC treatment and survivorship should also be a priority for
future research in order to have a comprehensive whole-system
approach to reducing the devastating burden of HNC.

5 | Conclusions

This study reveals the role that health system factors play in the
burden of advanced stage HNC diagnosed; with processes that
monitor referral to diagnosis waiting times and formally triage
referrals, along with systems within a fully publicly funded
model being associated with lower centre-level proportion of
advanced HNC.

It is key that in order to shift the burden of disease from ad-
vanced to early stage, more attention should be given to rou-
tinely monitoring the burden of advanced disease. A diagnostic
pathway for HNC has been proposed to allow better planning
for future development of interventions or health system/policy
change or innovation to improve the diagnostic care pathway
for HNC.
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