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Abstract

Background The incidence of pancreatic cancer is rising. With improvements in knowledge for screening and early
detection, earlier detection of pancreatic cancer will continue to be more common. To support workforce planning,
our aim is to perform a model-based analysis that simulates the potential impact on the healthcare workforce,
assuming an earlier diagnosis of pancreatic cancer.

Methods We developed a simulation model to estimate the demand (i.e. new cases of pancreatic cancer) and supply
(i.e. the healthcare workforce including general surgeons, medical oncologists, radiation oncologists, pain medicine
physicians, and palliative care physicians) between 2023 and 2027 in Victoria, Australia. The model compares the
current scenario to one in which pancreatic cancer is diagnosed at an earlier stage. The incidence of pancreatic cancer
in Victoria, five-year survival rates, and Victoria's population size were obtained from Victorian Cancer Registry, Cancer
Council NSW, and Australian Bureau of Statistics respectively. The healthcare workforce data were sourced from the
Australian Government Department of Health and Aged Care’s Health Workforce Data. The model was constructed at
the remoteness level. We analysed the new cases and the number of healthcare workforce by profession together to
assess the impact on the healthcare workforce.

Results In the status quo, over the next five years, there will be 198 to 220 stages I-ll, 297 to 330 stage lll, and 495

to 550 stage IV pancreatic cancer cases diagnosed annually, respectively. Assuming 20-70% of the shift towards
pancreatic cancer’s earlier diagnosis (shifting from stage IV to stages I-Il pancreatic cancer within one year), the stages
-l cases could increase to 351 to 390 or 598 to 665 per year. The shift to early diagnosis led to substantial survival
gains, translating into an additional 284 or 795 out of 5246 patients with pancreatic cancer remaining alive up to year
5 post-diagnosis. Workforce supply decreases significantly by the remoteness levels, and remote areas face a shortage
of key medical professionals registered in delivering pancreatic cancer care, suggesting travel necessities by patients
or clinicians.

*Correspondence:
Lan Gao
lan.gao@deakin.edu.au

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-024-10722-9&domain=pdf&date_stamp=2024-2-23

Gao et al. BMC Health Services Research (2024) 24:239

Page 2 of 9

Conclusion Improving the early detection and diagnosis of pancreatic cancer is expected to bring significant survival
benefits, although there are workforce distribution imbalances in Victoria that may affect the ability to achieve the

anticipated survival gain.

Keywords Pancreatic cancer, Screening tool, Workforce planning, Decision-making, Modelling

Background

Internationally, the increased incidence of pancreatic
cancer suggests it will soon be a major cause of cancer-
related deaths in several parts of the world, including
central Europe, North America, Western Europe, and
Southern Latin America [1]. Pancreatic cancer is a sig-
nificant health issue in Australia, representing the third
most deadly form of cancer despite being the eighth most
prevalent type with over 4,000 people diagnosed with
pancreatic cancer in 2021 (a quarter of whom are from
Victoria) and over 3,000 dying from this cancer [2]. Most
cases of pancreatic cancer are diagnosed at an advanced
stage. For instance, in the United States, approximately
50% of pancreatic cancers diagnosed from 2009 to 2018
were at an advanced stage, 29% were at a regional stage,
and only 12% were at a localised stage [3]. The five-year
relative survival rates vary depending on the stage of a
pancreatic cancer diagnosis. Those diagnosed with local-
ised tumours have a notably higher five-year relative
survival rate (41.6%) than those diagnosed with regional
(14.4%) or distant (3.0%) spread of the disease [3, 4].
Despite a marginal increase in the five-year relative sur-
vival rate of pancreatic cancer in Australia over the last
three decades, from 3.4% (1988-1992) to 11.5% (2013—
2017), it remains significantly low compared to the sur-
vival rate of 69.7% for all cancers combined [2].

Although early detection of pancreatic cancer can offer
numerous advantages [5, 6], population-based screen-
ing is not currently recommended because the potential
risks associated with screening in asymptomatic adults
outweigh the potential benefits, including no survival
gains [7, 8—10]. Clinical risk prediction models have been
developed for application in different high-risk popula-
tions, such as those with a family history of pancreatic
cancer, germline mutations, pancreas cystic lesions, new-
onset diabetes, and post-pancreatitis diabetes [10-15].
Similar to online cardiovascular disease risk prediction
tools, clinical risk factors such as increasing age, male sex,
ethnic background, smoking history, alcohol consump-
tion, body mass index, diabetes, chronic pancreatitis, and
family history of pancreatic cancer could be employed to
identify those at increased risk for pancreatic cancer to
initiate further investigation, without relying on imaging
modalities [16-25]. Many of these risk prediction tools
show promising results, characterised by moderate to
strong discrimination performance for pancreatic cancer,
indicating their potential clinical usefulness in a targeted
screening setting [23].

Australia’s National Pancreatic Cancer Roadmap was
developed in 2022, which includes a key objective focused
on the early detection of pancreatic cancer through the
implementation of pancreatic cancer-specific risk assess-
ment tools in the short term plan [26]. Evidence sup-
ports that screen-detected pancreatic cancer in high-risk
population are more likely to be resectable (60—90%)
than sporadic cases in the general population (15%), rep-
resenting a potential shift of 45-75% towards the early
stages [27-31]. A pancreatic cancer screening tool plays a
vital role in identifying people at risk, there is also oppor-
tunity to assess the potential workforce impact. Work-
force supply and demand modelling is a valuable tool for
informing human resource planning, policy formulation,
and decision-making in healthcare. An important advan-
tage of utilising such models is their ability to identify any
disparities that may exist between the current workforce
and the projected future requirements, thereby facilitat-
ing the prediction of training and recruitment needs and
guiding workforce planning efforts [32]. In healthcare,
workforce modelling is centred around the health profes-
sionals with specialist skills needed to manage patients
diagnosed at different stages of disease (i.e., surgeons,
radiation oncologists, pain management specialists, etc.).
This modelling is complicated by potential increases
in disease incidence. Therefore, appropriate healthcare
workforce planning can result in significant improve-
ments, such as prolonging patients’ lives, decreasing
morbidity rates, narrowing health disparities, and more
efficiently allocating public funds [33].

Given the pivotal role that effective health workforce
planning plays in an efficient healthcare system, this
paper aimed to assess new pancreatic cancer cases in
relation to health workforce supply by remoteness level,
assuming a risk-based screening, to demonstrate the
potential impact of a risk tool. With screening programs
currently being trialled, this is a timely response to a
prossible targeted surveillance program that may be be
introduced in Australia in short to medium term. Partic-
ularly, we intended to:

1. Identify the predicted workforce supply in the key
professions involved in pancreatic cancer treatment
and management.

2. Outline the predicted new cases of pancreatic
cancers or projected demand.

3. Estimate the additional number of patients who
survived up to 5-year in the proposed scenario.
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Methods

Setting

This modelling was applied to statistics from Victoria,
Australia, a state with a population of 6.747 million (sec-
ond most populous). Approximately 77% of Victorians
live in Greater Melbourne and 23% in rural and regional
Victoria [34].

Workforce model

A workforce model was developed to estimate the
demand (i.e. predicted new cases of pancreatic cancer)
and supply (i.e. the key healthcare workforce involved
in treating and managing pancreatic cancer) for the next
five years in Victoria (2023-2027), comparing the current
scenario to one in which pancreatic cancer is diagnosed
at an earlier stage due to introduction of a potential
clinical risk assessment tool for targeted screening. The
model was set up by remoteness levels in Victoria to pro-
vide a geographic picture of the demand and supply in
the pancreatic cancer landscape.

The population size of victoria

Population size in Victoria by remoteness levels, includ-
ing the trend in changes, was informed by the Aus-
tralian Bureau of Statistics (ABS) [34]. The trend in
population growth has accounted for all-cause mortality
and immigration.

Remoteness levels

Victoria is a geographically diverse state, and to com-
prehensively assess the relationship between demand
and workforce supply, we have employed the Modified
Monash Model (MM, 2019 version) to delineate vari-
ous remoteness levels. This model integrates remoteness
population size, and access to health services, resulting
in a seven-point scale (MM1 to MM?7). MML1 signifies
metropolitan areas, while MM?7 represents very remote
areas with minimum population size. Additional analysis
was undertaken by the Local Government Area (covering
legally designated parts of a State or Territory for which
incorporated local governing bodies have the responsibil-
ity, similar to counties in the US. Victoria consists of 80
Local Government Areas).

Epidemiology of pancreatic cancer

The incidence of pancreatic cancer and five-year survival
rates in Victoria over the past 12 years (2010-2021) was
sourced from Victorian Cancer Registry [35]. Distribu-
tion of diagnostic stage at in current practice was sourced
from Cancer Council New South Wales, Australia [36]
while five-year survival rate by stages were informed
from US data due to the absence of Australian statistics
[37]. In the proposed scenario, assumptions were made
to shift the distribution of stages at pancreatic cancer
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diagnosis to model for the potential flow-on impacts of
early diagnosis. To be conservative, it was assumed that
the incidence of pancreatic cancer remained the same in
a given year, but the stage was shifted for the cases within
that year [38]. In addition, we tested in the best scenario
that early detection could identify pancreatic cancer
cases by five years earlier [39].

Incidence of pancreatic cancer, stages at diagnosis, and
5-year survival rate by stages are shown in Supplemen-
tary Tables 1 to 3.

Workforce supply

The health workforce data by profession type was
sourced from the Department of Health and Aged Care
Health Workforce Data tool [40]. Health workforce data
captures the primary registration location of health pro-
fessionals. While many health professionals practice in
multiple locations, these other locations are not noted
in the data. Treatment recommendations related to pan-
creatic cancer in Australia and internationally suggest
[41, 42], management of pancreatic cancer is conducted
through a multidisciplinary approach, which involves the
collaboration of medical oncologists, surgical oncolo-
gists, radiation oncologists, gastroenterologists, and
other specialists as needed.

In Australia, surgery is considered the primary treat-
ment option for localised pancreatic cancer. The Whipple
procedure, or pancreaticoduodenectomy, is a surgical
intervention that involves the removal of the pancre-
atic head, the first segment of the small intestine (duo-
denum), the gallbladder, and sometimes a portion of the
stomach. It is the most commonly performed surgical
technique and is considered the standard surgical treat-
ment for localised pancreatic cancer that has not metas-
tasised beyond the pancreas. However, eligibility for
surgery may be restricted by factors such as tumour loca-
tion or patient health status.

Chemotherapy is the primary treatment modality for
patients with locally advanced or metastatic pancre-
atic cancer in Australia [42], For patients with localised
advanced pancreatic cancer, radiation therapy alone or
in combination with chemotherapy may be a potential
treatment option. The present modelling does not exam-
ine the workforce impact on pancreatic cancer care in
detail (e.g. general practitioners, allied health practitio-
ners, etc.); instead, we focus on the critical medical pro-
fessions involved in the acute cancer care.

The workforce supply data by profession are listed in
Table 1.

Proposed scenario

Targeted surveillance programs have been proposed as
a strategy to help identify the disease in high-risk indi-
viduals at an early stage (i.e. risk-based screening for
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Table 1 Workforce Supply data for the key health professionals involved in pancreatic cancer treatment”

Year Endocrinology Gastroenterology  Palliative Pain medicine  General Radiation Medical

and Hepatology medicine surgery oncology oncol-

ogy

2023 1862 2274 601 310 4135 914 2104

2024 1986 2379 646 336 4248 946 2241

2025 2091 2488 695 364 4364 979 2388

2026 2202 2603 747 395 4483 1013 2544

2027 2318 2723 803 429 4605 1048 2711

*The number of health professionals according to the primary specialty

Table 2 Results of predicted pancreatic cancer cases in Victoria,
Australia by scenarios

New cases_status quo

Stages I-lI Stage lll Stage IV Total
2023 198 297 495 991
2024 206 308 514 1028
2025 210 315 526 1051
2026 215 323 538 1075
2027 220 330 550 1100
Proposed scenario (20% reduction in current stage 1V)

Stages I-1I Stage Il Stage IV Total
2023 351 244 396 991
2024 364 253 411 1028
2025 372 259 420 1051
2026 381 265 430 1075
2027 390 271 440 1100
Proposed scenario (50% reduction in current stage V)

Stages I-lI Stage lll Stage IV Total
2023 499 244 248 991
2024 518 253 257 1028
2025 530 259 263 1051
2026 542 265 269 1075
2027 555 271 275 1100
Proposed scenario (70% reduction in current stage v)*

Stages I-lI Stage lll Stage IV Total
2023 598 244 149 991
2024 621 253 154 1028
2025 635 259 158 1051
2026 649 265 161 1075
2027 665 271 165 1100
Proposed scenario (early diagnosis by five years)
2023 2119 244 149 2512
*base case

Table 3 Results of survival outcomes by scenarios

pancreatic cancer in the primary care setting, followed
by referring high-risk patients on for further investiga-
tion as per the diagnostic guidelines) [43]. Subsequently,
we have analysed the impact on the healthcare workforce
if a higher proportion of patients were diagnosed at an
earlier stage of pancreatic cancer. Specifically, we tested
three scenarios where 20%, 50%, and 70% of patients were
diagnosed in the early stage (Stages I-II) of pancreatic
cancer, informed by existing evidence [27-31]. The stage
shift by the proposed and current scenarios are shown in
Supplementary Table 2.

All the analyses were performed using Microsoft Excel.
Tableau (Seattle, WA: Tableau Software) was adopted to
plot the demand and supply in Victoria by Local Govern-
ment Areas.

Results
Changes in demand
Over the next five years in Victoria, continuing current
diagnostic strategies there will be 198 to 220 stages I-II,
and 495 to 550 stage IV pancreatic cancer cases diag-
nosed annually. Assuming a 70% shift towards pancreatic
cancer earlier diagnosis (a strategy that shifts diagnosis
from stage III/IV to stages I-II pancreatic cancer in one
year), the number of stage I-II cases could increase to
between 598 and 665 cases annually, while the number
of stage IV cases diagnosed each year reduces to between
149 and 165 cases (Table 2).

For example, in 2023, under the early diagnosis model
with a 70% reduction in stage IV disease, the number
of additional cases of stages I-II cases diagnoses ranged

Current Proposed scenario (70% reduction in Proposed scenario (50% reduction in Proposed scenario (20% re-
scenario current stage IV) current stage IV) duction in current stage IV)
Number of p.t Number of p.t Increase in % Number of p.t Increase in % Number of p.t Increase
in %
2023 140 290 108% 251 80% 193 38%
2024 145 301 261 201
2025 148 308 267 205
2026 152 315 273 210
2027 155 322 279 215

p.t.: patients
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Table 4 Results of survival outcomes by remoteness levels

Metropolitan Regional Large Medium/
centres rural  small
towns rural i
towns
2023 Current 113 8 8 10
Proposed 235 17 17 21
2024 Current 118 8 9 10
Proposed 244 17 18 22
2025 Current 121 8 9 10
Proposed 250 18 18 22
2026 Current 124 9 9 1
Proposed 257 18 18 22
2027 Current 127 9 9 11
Proposed 263 18 18 23

Propose scenario refers to the base case scenario where 70% of stage IV cases
could be shifted to Stage I-Il with a screening tool

MM1: Metropolitan; MM2: Regional centres; MM3: large rural towns; MM4:
medium rural towns; MM5: small rural towns; MM6: remote communities; MM7:
very remote communities [35]. "MM4 and over are combined

from 29 in the medium/small rural towns and beyond,
to 324 in the metropolitan area (Table 4). This translated
into a total additional 400 stage I-II pancreatic cancer
cases, assuming one year of earlier diagnosis, or over 5
years 2119 additional cases in Victoria in the base case
(Table 2).

Changes in survival outcomes

The survival outcomes at year five varies by the diagnos-
tic stages. In the current scenario, with approximately
991 to 1100 new cases diagnosed annually from 2023 to
2027, there would be 140 to 155 patients expected to be
alive at 5 years post diagnosis. In the proposed scenario,
with the same number of new cases each year, there
would be 290 to 322 patients anticipated to survive up to
year 5 post diagnosis due to the stage shift (70% of the
shift in stage IV cancer) upon diagnosis. In the proposed

Page 5 of 9

scenario, the 5-year survival rate could be improved to
29% compared to 14% in the current scenario. This trans-
lated into a total additional 795 out of 5246 patients with
pancreatic cancer surviving up to year 5 (Table 3).

In the proposed scenario with a targeted surveil-
lance program in Victoria, more people with pancreatic
cancer would survive up to 5 years, irrespective of dif-
ferent remoteness levels. However, the 5-year survival
outcomes, as depicted in Table 4, varied across different
remoteness levels according to the current and proposed
scenarios. In the proposed scenario, it is anticipated that
individuals residing in metropolitan would have a greater
raw number of cancer survivors at the 5-year mark due to
the higher population density.

Gaps in workforce supply

We identified significant gaps in the key workforce sup-
ply involved in pancreatic cancer treatment and manage-
ment (Table 5). For example, large rural towns (MM3),
and medium/small rural towns and beyond (MM4 and
over) in Victoria appeared to have significantly reduced
number of workforce involved in pancreatic cancer treat-
ment and management, suggesting in these areas (i)
patients have to travel to at least the regional centres or
large rural towns (MM 3/2) to receive their pancreatic
cancer care; or (ii) health professionals are servicing in a
part-time capacity.

The distribution of radiation oncologists and physicians
(palliative medicine, medical oncologist, and endocrinol-
ogy) exhibited a significant imbalance in remoteness lev-
els, according to their primary registration location.

With the workforce supply projection, it is expected
that health professionals from regional centres or large
rural towns (MM 2/3) may have more impact on their
workload due to (i) the predicted increase in pancreatic
cancer Stage I-II cases in rural/remote areas (MM 3-7);

Table 5 Descriptive statistics of the key health workforce and estimated new cases by remoteness levels

Current scenario

Endocrinology Gastroenter- Palliative Pain General Radiation Medical
ology and medicine medicine surgery” oncology oncol-
Hepatology ogy
Metropolitan 1635 1992 463 236 3174 734 1588
Regional centres 55 49 53 30 274 87 166
Large rural towns 7 19 11 0 296 28 96
Medium/small rural towns” 7 15 3 0 176 0 3
Estimated increase in Stages |-l cases by remoteness levels (base case)
2023 2024 2025 2026 2027
Metropolitan 324 337 346 354 363
Regional centres 23 24 24 25 25
Large rural towns 24 24 25 25 25
Medium/small rural towns” 29 29 31 31 31

MM1: Metropolitan; MM2: Regional centres; MM3: large rural towns; MM4: medium rural towns; MM5: small rural towns; MM6: remote communities; MM7: very
remote communities [35]. “MM4 and over are combined. "Note that only a proportion of general surgeons specialise in pancreatic cancer procedures, and the
specialty of the general surgeons may be associated with the differences in survival outcomes of patients undergoing the surgery
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and (ii) insufficient workforce supply in rural/remote
areas (MM 3-7) (Table 5 and Supplementary document).

Additional analyses by Local Government Areas are
provided in the Supplementary document.

Discussion

According to the federal government’s labour forecasts,
workforce demand in the health sector will increase by
14.9 per cent over the next five years [44]. However, it is
also forecasted that the healthcare industry will experi-
ence major workforce shortages over the coming years
due to an ageing workforce and current retention chal-
lenges, especially in regional areas [44]. As emphasised
by the World Health Organization (WHO), the lack of
human resources for health to meet the present and ris-
ing population demands globally is a significant hurdle
to attaining the Sustainable Development Goals. Health
systems continue to face a wide range of complicated
and varied difficulties with regard to human resources
for health, notwithstanding modest success in improv-
ing the total health workforce aggregates globally. These
limitations include a lack of qualified workforce in terms
of numbers as well as differences in the skill mix, unequal
geographic distribution, problems with inter-professional
collaboration, ineffective resource use, and fatigue [45—
52]. Hence, effective management of the workforce is of
paramount importance to satisfy the needs of human
resources within health systems and to enhance capabili-
ties at regional and global levels.

Early diagnosis is crucial in pancreatic cancer due to
its rapid progression from stages I to IV [38]. Risk-based
screening for pre-cancerous individuals has the potential
to improve the poor prognosis and extend survival rates
of this disease. Our study findings highlighted a potential
significant survival gain from screening and early detec-
tion of pancreatic cancer. Our modelling results indicated
that early diagnosis of pancreatic cancer is expected to
bring significant survival benefits by diagnosing an addi-
tional 400 and 445 patients in the earlier stages from
2023 to 2027). Our study showed that assuming 70% of
the shift from stage IV to stages I-II would result in addi-
tional 795 patients who survive up to year 5 out of 5246
new cases expected in the next five years, representing up
to 108% increased survival from the current scenario (e.g.
140 versus 290 patients surviving to year five post diag-
nosis). Achieving the expected survival benefits is subject
to timely and sufficient access to quality healthcare. The
low 5-year survival in pancreatic cancer together with the
survival gain in anticipation from early detection, war-
rant investment in screening of high-risk populations to
significantly advance the current care paradigm.

The availability, accessibility, acceptability, and quality
of health workers play a crucial role in providing quality
health services [53]. However, just having health workers
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available is not enough. Ensuring an equitable distribu-
tion and accessibility of health workers, along with their
required competency, motivation, and empowerment to
deliver quality care that meets the sociocultural expecta-
tions of the population, are also critical factors. Based on
our workforce modelling, for example, while the overall
number of additional stage I-II cases diagnosed in 2023
may be manageable by the current workforce, the distri-
bution of the existing workforce raises concerns about
equitable health (i.e. health professionals in the outer
regional areas and beyond may experience a more pro-
nounced workload increase compared to their metropoli-
tan counterparts). The value of introducing initiatives for
early diagnosis of pancreatic cancer may vary for people
depending on their residing location and accessibility
to medical professionals. While some medical speciali-
ties may practice at multiple locations, limitations in the
available workforce data means there is no data regarding
the location of their non-primary workplace, not the time
fractions spent at these locations. Despite some progress
in improving health workforce availability, there is still
a need to mobilise resources for the workforce agenda
as part of broader efforts to strengthen and adequately
finance health systems in certain areas of Victoria and
throughout Australia.

To establish a robust and efficient health workforce,
ensuring that health workers’ supply and skills match
the population’s present and future needs is crucial.
This is especially important given the growing burden
of noncommunicable diseases and chronic conditions
on health systems worldwide [54], which also requires
a shift towards patient-centred care, community-based
health services, and personalised long-term care [55].
Achieving the necessary quality, quantity, and relevance
of the health workforce calls for policy and funding deci-
sions that align with these evolving needs. Past initiatives
in health workforce development have yielded positive
results, with countries that have addressed their health
workforce challenges observing improvements in health
outcomes, supported by compelling evidence [33, 56].

The multidisciplinary team, typically consisting of
health professionals involved in diagnosis, treatment, and
supportive care (including palliative and pain special-
ist care) is recommended for pancreatic cancer care to
ensure patients receive optimal treatment and to mitigate
variations in treatment [57]. Previous studies have shown
that presentation at a multidisciplinary team meeting can
change the proposed treatment strategy for up to 25%
of pancreatic cancer patients and was associated with
increased survival and decreased socioeconomic dis-
parity in treatment [58-60]. The lack of key health pro-
fessionals in at a local level can have significant health
consequences. Greater use of telemedicine and tele-
conferences may help to address gaps relating to some
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medical professions and ensure all the medical expertise
is present at multidisciplinary meetings.

A study conducted in Australia simulated the use of
the Web-based QCancer 10-year risk algorithm for vari-
ous types of cancer including pancreatic cancer [61]. The
findings of that study suggest that the algorithm may be
a useful tool for patients with complex medical histories
[61]. Whilst a notable lack of a recommended screening
tool for pancreatic cancer exists in Australia, prompting
research efforts to bridge this gap in pancreatic cancer
care and enable early detection and diagnosis. Consid-
ering the abundance of risk prediction tools available
for pancreatic cancer [23], there is a promising prospect
of modifying and externally validating these tools for
broader use in local contexts.

We used publicly available disease incidence and work-
force data to model the potential demand and supply in
pancreatic cancer treatment and management in a granu-
lar way for the next five years by considering the trend in
changes. The following limitations should be considered
when interpreting the findings. First, we did not examine
the age distribution of the current workforce. Therefore,
it is unknown whether the health workforce experienced
aging, too, as the general population, which may impact
the future workforce supply. However, the trend in the
workforce changes over the past may have accounted
for it to some extent. Second, we did not examine the
diagnostic yields of screening tools in identifying high-
risk people with potential pancreatic cancer, rather this
simulation study assesses the health workforce readiness
(e.g. the most optimistic and pessimistic scenarios) in
response to a targeted surveillance program. Third, work-
forces that may participate in pancreatic cancer diag-
nosis, treatment and management are not exhaustively
modelled in the current study; for example, radiologists,
psychologists, nurses, and allied health practitioners
(dietitians, diabetes educators) were excluded from the
analysis. Due to the lack of evidence for the proportion
of patients requiring each type of treatment and the
clinical heterogeneity in potential treatment pathways
(e.g., patients undergoing surgery, neoadjuvant therapy,
chemoradiation therapy, etc.), simulating patients receiv-
ing individual types of treatment would require substan-
tial assumptions subject to considerable uncertainties.
As a result, we have simulated the number of new cases
by stage, and any subsequent workforce impact stem-
ming from a specific type of treatment (including recur-
rence) will be based on these case numbers. Fourth, the
presented study did not examine the impact of diagnos-
tic logistics due to the stage shift towards early stage of
pancreatic cancer. However, the stage shift is unlikely to
exert significant impact on the health workforce involved
in the diagnostic phase of the condition, due to the fact
that we only assumed stage shift occurred in the incident
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pancreatic cancer case within that year (regardless these
cases will be diagnosed in that year, only with a difference
in diagnostic stage).

Due to the utilisation of the US survival rate for pancre-
atic cancer, the model slightly overestimated the 5-year
survival in the current scenario (14% vs. 12.2%) [23].
However, the aggregated 5-year survival across all stages
at diagnosis were fairly comparable in US and Australia
(11% VS. 12.2%) [23, 62]. However, the aggregated 5-year
survival across all stages at diagnosis was fairly compa-
rable in the US and Australia (11% vs. 12.2%). There are
no significant differences in the 5-year survival rate in the
global context for pancreatic cancer [29]. Finally, due to
the limitation of health workforce data, we were unable
to ascertain how areas by remoteness levels without tar-
geted workforce are serviced at present to quantify the
gaps in workforce supply more accurately. Additionally,
we cannot determine the extent to which the hub and
spoke model of care and telehealth have been adopted
in the process of care for people with pancreatic can-
cer. Nevertheless, we believe our estimation can serve
as the worst-case scenario for healthcare workforce
requirements.

Conclusions

Improving the early detection and diagnosis of pancre-
atic cancer is expected to bring significant survival and
morbidity benefits although there are workforce distri-
bution imbalances in Victoria that may affect the abil-
ity to achieve the anticipated survival gain. Dedicated
approaches are required to ensure access to a multi-
disciplinary healthcare workforce delivering screening
and treatment in some regions of Victoria. Investing in
screening and decision-support tools for high-risk popu-
lations could facilitate pancreatic cancer’s early detection
and diagnosis.

Abbreviations

NSW New South Wales

MMM Modified Monash Model

ABS Australian Bureau of Statistics
LGA Local Government Areas

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512913-024-10722-9.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

LG, AU, and SR conceived the study; HJ sourced the data for analysis; LG
undertook the analysis and drafted the first manuscript; AU, PML, VW, JJW, DM,
HJ, NM and SR interpreted the results and provided critical intellectual input to
the manuscript.


https://doi.org/10.1186/s12913-024-10722-9
https://doi.org/10.1186/s12913-024-10722-9

Gao et al. BMC Health Services Research (2024) 24:239

Funding
No funding was received. Anna Ugalde is supported by a Victorian Cancer
Agency Health Services Research Fellowship.

Data availability

All data analysed during this study are publicly available from corresponding
references cited in this published article [and its supplementary information
files].

Declarations

Ethics approval and consent to participate

No ethics approval was required as the simulation study is entirely based on
a secondary data analysis obtained from published literature [41, 42] and
government websites [34-36, 40], which were appropriately cited within the
manuscript. Studies based on publicly available data are exempt from ethics
approval.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Deakin Health Economics, Institute of Health Transformation, Faculty of
Health, Deakin University, 1 Gheringhap St, 3220 Geelong, Australia
?School of Nursing & Midwifery, Institute of Health Transformation, Faculty
of Health, Deakin University, Melbourne, Australia

3Par\Suppor‘[ Pancare Foundation, Melbourne, Australia

Received: 9 June 2023 / Accepted: 14 February 2024
Published online: 23 February 2024

References

1. Pourshams A, Sepanlou SG, Ikuta KS, Bisignano C, Safiri S, Roshandel G, et al.
The global, regional, and national burden of pancreatic cancer and its attrib-
utable risk factors in 195 countries and territories, 1990-2017: a systematic
analysis for the global burden of Disease Study 2017. Lancet Gastroenterol
Hepatol. 2019;4(12):934-47.

2. Australian Institute of Health and Welfare. Cancer in Australia 2021. Cancer
series no. 133. Cat. No. CAN 144. Canberra: AIHW; 2021.

3. Jointly issued by the American Cancer Society (ACS). tCfDCaPC, the North
American Association of Central Cancer Registries (NAACCR), and the
National Cancer Institute (NCI),. Annual Report to the Nation on the Status of
Cancer.

4. National Cancer Institute. 2021. Cancer Stat Facts: Pancreatic Cancer.
Accessed: November 2021; https://seer.cancer.gov/statfacts/html/pancreas.
html.

5. Hendrick RE. Radiation doses and cancer risks from breast imaging studies.
Radiology. 2010;257(1):246-53.

6. Maxim LD, Niebo R, Utell MJ. Screening tests: a review with examples. Inhal
Toxicol. 2014;26(13):811-28.

7. Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, Caughey AB, et al.
Screening for pancreatic Cancer: US Preventive Services Task Force Reaffirma-
tion Recommendation Statement. JAMA. 2019;322(5):438-44.

8. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

9. Force USPST, Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, et al.
Screening for pancreatic Cancer: US Preventive Services Task Force Reaffirma-
tion Recommendation Statement. JAMA. 2019;322(5):438-44.

10.  Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM.
Projecting cancer incidence and deaths to 2030: the unexpected burden
of thyroid, liver, and pancreas cancers in the United States. Cancer Res.
2014;74(11):2913-21.

11. Canto MI, Harinck F, Hruban RH, Offerhaus GJ, Poley JW, Kamel |, et al. Interna-
tional Cancer of the pancreas Screening (CAPS) Consortium summit on the

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 8 of 9

management of patients with increased risk for familial pancreatic cancer.
Gut. 2013;62(3):339-47.

Andersen DK, Korc M, Petersen GM, Eibl G, Li D, Rickels MR, et al. Dia-

betes, pancreatogenic diabetes, and pancreatic Cancer. Diabetes.
2017;66(5):1103-10.

Cho J, Scragg R, Petrov MS. Postpancreatitis Diabetes confers higher risk for
pancreatic Cancer Than Type 2 diabetes: results from a Nationwide Cancer
Registry. Diabetes Care. 2020;43(9):2106-12.

Vege SS, Ziring B, Jain R, Moayyedi P, Clinical Guidelines C, American Gastro-
enterology A. American gastroenterological association institute guideline on
the diagnosis and management of asymptomatic neoplastic pancreatic cysts.
Gastroenterology. 2015;148(4):819-22. quize12-3.

Del Chiaro M, Verbeke C, Salvia R, Kloppel G, Werner J, McKay C, et al. Euro-
pean experts consensus statement on cystic tumours of the pancreas. Dig
Liver Dis. 2013;45(9):703-11.

Yadav D, Lowenfels AB. The epidemiology of pancreatitis and pancreatic
cancer. Gastroenterology. 2013;144(6):1252-61.

Arnold LD, Patel AV, Yan'Y, Jacobs EJ, Thun MJ, Calle EE, et al. Are racial dispari-
ties in pancreatic cancer explained by smoking and overweight/obesity?
Cancer Epidemiol Biomarkers Prev. 2009;18(9):2397-405.

lodice S, Gandini S, Maisonneuve P, Lowenfels AB. Tobacco and the risk of
pancreatic cancer: a review and meta-analysis. Langenbecks Arch Surg.
2008;393(4):535-45.

Tramacere |, Scotti L, Jenab M, BagnardiV, Bellocco R, Rota M, et al. Alcohol
drinking and pancreatic cancer risk: a meta-analysis of the dose-risk relation.
Int J Cancer. 2010;126(6):1474-86.

Ben Q, Xu M, Ning X, Liu J, Hong S, Huang W, et al. Diabetes mellitus and

risk of pancreatic cancer: a meta-analysis of cohort studies. Eur J Cancer.
2011;47(13):1928-37.

Malka D, Hammel P, Maire F, Rufat P, Madeira |, Pessione F, et al. Risk of pancre-
atic adenocarcinoma in chronic pancreatitis. Gut. 2002;51(6):849-52.

Klein AP, Brune KA, Petersen GM, Goggins M, Tersmette AC, Offerhaus GJ, et
al. Prospective risk of pancreatic cancer in familial pancreatic cancer kindreds.
Cancer Res. 2004;64(7):2634-8.

Santos R, Coleman HG, Cairnduff V, Kunzmann AT. Clinical prediction models
for pancreatic Cancer in General and At-Risk populations: a systematic review.
Am J Gastroenterol. 2023;118(1):26-40.

Usher-Smith J, Emery J, Hamilton W, Griffin SJ, Walter FM. Risk prediction tools
for cancer in primary care. Br J Cancer. 2015;113(12):1645-50.

Hippisley-Cox J, Coupland C. Development and validation of risk prediction
algorithms to estimate future risk of common cancers in men and women:
prospective cohort study. BMJ Open. 2015;5(3):e007825.

Cancer Australia. National Pancreatic Cancer Roadmap, available from https://
pancreaticroadmap.canceraustralia.gov.au/.

Vasen H, Ibrahim |, Ponce CG, Slater EP, Matthai E, Carrato A, et al. Benefit of
Surveillance for Pancreatic Cancer in High-Risk individuals: outcome of long-
term prospective Follow-Up studies from three European Expert centers. J
Clin Oncol. 2016;34(17):2010-9.

Wood LD, Canto M|, Jaffee EM, Simeone DM. Pancreatic Cancer: Pathogen-
esis, screening, diagnosis, and treatment. Gastroenterology. 2022;163(2):386-
402.el.

Canto MI, Almario JA, Schulick RD, Yeo CJ, Klein A, Blackford A, et al. Risk of
neoplastic progression in individuals at high risk for pancreatic Cancer Under-
going Long-Term Surveillance. Gastroenterology. 2018;155(3):740-.
Overbeek KA, Levink IJM, Koopmann BDM, Harinck F, Konings |, Ausems M, et
al. Long-term yield of pancreatic cancer surveillance in high-risk individuals.
Gut. 2022;71(6):1152-60.

Overbeek KA, Goggins MG, Dbouk M, Levink IJM, Koopmann BDM, Chuidian
M, et al. Timeline of Development of Pancreatic Cancer and implications

for successful early detection in high-risk individuals. Gastroenterology.
2022;162(3):772-85. e4.

Segal L, Bolton T. Issues facing the future health care workforce: the impor-
tance of demand modelling. Aust New Z Health Policy. 2009;6:12.

Campbell J, Buchan J, Cometto G, David B, Dussault G, Fogstad H, et al.
Human resources for health and universal health coverage: fostering equity
and effective coverage. Bull World Health Organ. 2013;91(11):853-63.
Australian Bureau of Statistics. National, state and territory population.
Available from https.//www.abs.gov.au/statistics/people/population/
national-state-and-territory-population/latest-release.

Victorian Cancer Registry. (2022). Pancreatic cancer (ICD-10: C25) incidence in
Victoria 1982-2021.


https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html
https://pancreaticroadmap.canceraustralia.gov.au/
https://pancreaticroadmap.canceraustralia.gov.au/
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/latest-release
https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/latest-release

Gao et al. BMC Health Services Research

36.

37.

38.

39.

40.

42.

43,
44,

45.

46.
47.

48.

49.
50.
51

52.

(2024) 24:239

Cancer Council NSW. Pancreatic cancer staging and prognosis. https://www.
cancercouncil.com.au/pancreatic-cancer/diagnosis/staging-prognosis/
Accessed on 15 March 2023. [.

American Cancer Society. Survival Rates for Pancreatic Cancer. Available from
https://www.cancerorg/cancer/pancreatic-cancer/detection-diagnosis-
staging/survival-rates.html 2023.

Yu J, Blackford AL, Dal Molin M, Wolfgang CL, Goggins M. Time to progression
of pancreatic ductal adenocarcinoma from low-to-high tumour stages. Gut.
2015;64(11):1783-9.

Yachida S, Jones S, Bozic |, Antal T, Leary R, Fu B, et al. Distant metastasis
occurs late during the genetic evolution of pancreatic cancer. Nature.
2010467(7319):1114-7.

Department of Health and Aged Care. The Health Workforce Data Tool.
https://hwd.health.gov.au/datatool/.

National Comprehensive Cancer Networks (US). Clinical practice guidelines
in oncology: pancreatic adenocarcinoma. https://www.nccn.org/guidelines/
guidelines-detail?category=1&id=1455 2022.

Cancer Australia. Report on the National Pancreatic Cancer Roadmap, Cancer
Australia, Surry Hills, NSW. Available from: https://www.canceraustralia.
gov.au/sites/default/files/publications/report-national-pancreatic-cancer-
roadmap/pdf/report_on_the_national_pancreatic_cancer_roadmap_final_
december_2021.pdf. 2021.

Loveday BPT, Lipton L, Thomson BN. Pancreatic cancer: an update on diagno-
sis and management. Aust J Gen Pract. 2019;48(12):826-31.

Australian Government Labour Market Information Portal,, Health Care and
Social Assistance, viewed July 2019.

World Health Organization. Global Health Workforce Alliance. Human
resources for health: foundation for universal health coverage and the
post2015 development agenda. Report of the Third Global Forum on Human
Resources for Health., 2013 November 10-13. Recife, Brazil: WHO; 2014.

West M, Dawson J. Employee engagement and NHS performance. London:
King's Fund; 2012.

World Health Organization. Global strategy on human resources for health:
workforce 2030. Geneva: World Health Organisation; 2016.

Figueroa CA, Harrison R, Chauhan A, Meyer L. Priorities and challenges for
health leadership and workforce management globally: a rapid review. BMC
Health Serv Res. 2019;19(1):239.

Organisation WH. Working together for health: the world health report 2006:
policy briefs. Geneva: World Health Organisation; 2006.

Organization WH. Global strategy on human resources for health: workforce
2030. Geneva: World Health Organisation; 2016.

Reich MR, Javadi D, Ghaffar A. Introduction to the special issue on effective
leadership for health systems. Health Syst Reform. 2016;2(3):171-5.
Waddington CED, Travis P, Hawken L, Dovlo D, World Health Organiza-

tion. Towards better leadership and management in health: report of an

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 9 of 9

international consultation on strengthening leadership and management in
low-income countries, 29 January-1 February. Ghana: Accra; 2007.

Alliance GHW. A universal truth: no health without a workforce. Report of
Third Global Forum on Human Resources for Health, Recife, Brazil. Geneva:
World Health Organization; 2014 (http://www.who.int/workforcealliance/
knowledge/resources/hrhreport2013/en/, accessed 13 February 2015).
Collaborators GBDCoD. Global, regional, and national age-sex-specific
mortality for 282 causes of death in 195 countries and territories, 1980-2017:
a systematic analysis for the global burden of Disease Study 2017. Lancet.
2018;392(10159):1736-88.

World Health Organization. WHO Global Strategy on People-Centred and
Integrated Health Services- interim report. Geneva: World Health Organiza-
tion.; 2015 (WHO/HIS/SDS/2015.6; http://www.who.int/servicedeliverysafety/
areas/people-centred-care/en/, accessed 5 June 2015).

Van Lerberghe W, Matthews Z, Achadi E, Ancona C, Campbell J, Channon

A, et al. Country experience with strengthening of health systems and
deployment of midwives in countries with high maternal mortality. Lancet.
2014;384(9949):1215-25.

Petty JK, Vetto JT. Beyond doughnuts: tumor board recommendations influ-
ence patient care. J Cancer Educ. 2002;17(2):97-100.

Brauer DG, Strand MS, Sanford DE, Kushnir VM, Lim KH, Mullady DK, et al.
Utility of a multidisciplinary tumor board in the management of pancreatic
and upper gastrointestinal diseases: an observational study. HPB (Oxford).
2017;19(2):133-9.

Pawlik TM, Laheru D, Hruban RH, Coleman J, Wolfgang CL, Campbell K, et al.
Evaluating the impact of a single-day multidisciplinary clinic on the manage-
ment of pancreatic cancer. Ann Surg Oncol. 2008;15(8):2081-8.

Hoehn RS, Rieser CJ, Winters S, Stitt L, Hogg ME, Bartlett DL, et al. A pancreatic
Cancer Multidisciplinary Clinic eliminates socioeconomic disparities in treat-
ment and improves survival. Ann Surg Oncol. 2021;28(5):2438-46.

Chiang PP, Glance D, Walker J, Walter FM, Emery JD. Implementing a QCancer
risk tool into general practice consultations: an exploratory study using
simulated consultations with Australian general practitioners. Br J Cancer.
2015;112(Suppl 1):77-83.

Pilgrim CHC, Finn N, Stuart E, Philip J, Steel S, Croagh D et al. Changing
patterns of care for pancreas cancer in Victoria: the 2022 Pancreas Tumour
Summit. Anz J Surg. 2023.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.cancercouncil.com.au/pancreatic-cancer/diagnosis/staging-prognosis/
https://www.cancercouncil.com.au/pancreatic-cancer/diagnosis/staging-prognosis/
https://www.cancer.org/cancer/pancreatic-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/pancreatic-cancer/detection-diagnosis-staging/survival-rates.html
https://hwd.health.gov.au/datatool/
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1455
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1455
https://www.canceraustralia.gov.au/sites/default/files/publications/report-national-pancreatic-cancer-roadmap/pdf/report_on_the_national_pancreatic_cancer_roadmap_final_december_2021.pdf
https://www.canceraustralia.gov.au/sites/default/files/publications/report-national-pancreatic-cancer-roadmap/pdf/report_on_the_national_pancreatic_cancer_roadmap_final_december_2021.pdf
https://www.canceraustralia.gov.au/sites/default/files/publications/report-national-pancreatic-cancer-roadmap/pdf/report_on_the_national_pancreatic_cancer_roadmap_final_december_2021.pdf
https://www.canceraustralia.gov.au/sites/default/files/publications/report-national-pancreatic-cancer-roadmap/pdf/report_on_the_national_pancreatic_cancer_roadmap_final_december_2021.pdf
http://www.who.int/workforcealliance/knowledge/resources/hrhreport2013/en/
http://www.who.int/workforcealliance/knowledge/resources/hrhreport2013/en/
http://www.who.int/servicedeliverysafety/areas/people-centred-care/en/
http://www.who.int/servicedeliverysafety/areas/people-centred-care/en/

	﻿Simulating the healthcare workforce impact and capacity for pancreatic cancer care in Victoria: a model-based analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Setting
	﻿Workforce model
	﻿The population size of victoria
	﻿Remoteness levels
	﻿Epidemiology of pancreatic cancer
	﻿Workforce supply
	﻿Proposed scenario

	﻿Results
	﻿Changes in demand
	﻿Changes in survival outcomes
	﻿Gaps in workforce supply

	﻿Discussion
	﻿Conclusions
	﻿References


