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Abstract: Aim: Few published studies comprehensively describe the characteristics of patients with
pancreatic cancer and their treatment in clinical practice. This study aimed to describe the current
clinical practice for treating pancreatic cancer in Catalonia, along with the associated survival and
treatment costs. Methods: A retrospective observational cohort study in patients diagnosed with
pancreatic cancer from 2014 to 2018, using data from the healthcare records of the Public Health
System of Catalonia, was conducted. Treatment patterns and costs were described by age groups
from 2014 to 2018, with survival reported until December 2021. Results: The proportion of patients
receiving surgery with curative intent was low, especially in older patients (23% of patients <60 years
and 9% of patients >80 years). The percentage of patients treated with drugs for unresectable disease
also decreased with age (45% of patients <60 years and 8% of patients >80 years). Although age was
associated with significant differences in survival after curative surgery, no differences attributable to
age were observed in patients who received pharmacological treatment for unresectable disease. In
patients under 60 years of age, the mean cost of the first year of treatment was EUR 17,730 (standard
deviation [SD] 5754) in those receiving surgery and EUR 5398 (SD 9581) in those on pharmacological
treatment for unresectable disease. In patients over 80, the mean costs were EUR 15,339 (SD 2634)
and EUR 1845 (SD 3413), respectively. Conclusions: Half of the patients diagnosed with pancreatic
cancer did not receive specific treatment. Surgery with curative intent was associated with longer
survival, but only 18% of (mostly younger) patients received this treatment. Chemotherapy was
also used less frequently in patients of advanced age, though survival in treated patients was
comparable across all age groups, so careful oncogeriatric assessment is advisable to ensure the most
appropriate indication for eligibility in older patients. In general, earlier diagnosis and more effective
pharmacological treatments are necessary to treat frail patients with high comorbidity, a common
profile in older patients.

Keywords: pancreatic cancer; real-world data; early diagnosis; overall survival; treatment cost;
oncogeriatric

1. Introduction

Pancreatic cancer was the seventh most common cancer in Europe and the fourth
leading cause of cancer-related death in 2020, with a standardized mortality rate of 18.6
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per 100,000 population [1]. The high mortality could be explained because approximately
80% to 85% of patients were diagnosed at advanced stages, when surgical treatment is
contraindicated [2]. Thus, the five-year survival might have been less than 7% in all patients
in Europe during the period 2000-2007 [2,3], and might have reached 20% in cases where
the tumor could be resected [4]. In Spain, there were an estimated 8218 new cases of
pancreatic cancer in 2020, and this figure is expected to increase by 45% by 2040 [1].

Over 80% of pancreatic carcinomas could be caused by sporadic mutations, while
10% to 15% could be due to germline mutations [2,5-8]. In general, pancreatic ductal
adenocarcinoma is the most frequent type (>80%), followed by neuroendocrine tumors
of the pancreas [2,3,8]. These tumors are often diagnosed in older people [2,3,9], with
approximately 70% of new cases occurring in patients over 65 years of age in Europe [1].
Age is therefore an important risk factor for the development of this tumor, and it is also a
consideration in decisions on the best therapeutic approach to follow [7,10-12]. However,
chronological age alone is not the most appropriate measure to estimate life expectancy
and/or functional reserve, so treatment decisions in geriatric cancer patients are often
informed by a comprehensive geriatric assessment (CGA), which evaluates comorbidities,
psychosocial disorders, nutritional status, quality of life, and concomitant treatments in
addition to age [10,13,14].

As is mentioned in the Bratislava Statement, in recent years, no specific strategies have
been developed for the primary prevention of pancreatic cancer [15], with the exception
of smoking prevention measures, which have a limited impact on this tumor [16,17]. This
situation could be associated with the lack of knowledge on specific modifiable risk factors
or biomarkers that allow for early detection of the disease [5,15,18,19].

Surgery continues to be the most effective option when the tumor is resectable or
becomes so after neoadjuvant treatment [2,18]. Some countries have centralized these
procedures with the aim of improving the clinical outcomes in patients with pancreatic
cancer, reorganizing health services, and changing professionals’ specializations [20].

For years, in Europe, pharmacological treatment has been based on chemotherapy
schemes; these are selected according to the therapeutic objective (neoadjuvant or adjuvant
use, increased survival and quality of life) and the patient’s baseline status. Reference regi-
mens include combinations of 5-fluorouracil (5-FU), folinic acid, irinotecan, and oxaliplatin
(FOLFIRINOX), gemcitabine plus paclitaxel, nab-paclitaxel, or capecitabine; gemcitabine
monotherapy; and capecitabine plus radiotherapy [2,18]. In some palliative situations,
palliative radiotherapy and surgical interventions could be used to treat local abdominal
complications [2,18]. Over the last decade, no new drugs have been added to the recommen-
dations in the European and Catalan Clinical Practice Guidelines, so for the vast majority of
patients with advanced disease, chemotherapy remains the best available treatment [2,18].

However, treatment outcomes in these patients show low success rates. Surgery
is effective only for early disease, and the available drugs provide little clinical benefit,
probably because of the chemoresistance of this disease [21] and the toxicity of chemother-
apy regimens. The risk/benefit ratio is therefore suboptimal, especially in older patients,
who have worse tolerability due to greater frailty, more comorbidities, and age-related
pharmacodynamic changes [10,14].

In addition, this neoplasm is a clear example of a neglected cancer, with little presence
in health system planning, few efforts devoted to research for improving pancreatic cancer
care [15], and a low representation of the oncogeriatric population in clinical trials [10,12].
The economic impact of pancreatic cancer treatment is mainly derived from the cost of
hospitalization, followed by radiological, surgical, and chemotherapy interventions [22].
Some European countries, such as Sweden or Germany, estimate a cost for the entire
treatment of EUR 16,066 to EUR 31,375 per patient [22].

Studies based on real-world and/or observational data are increasingly used for estimat-
ing the burden of morbidity in cancer patients, evaluating the efficacy of screening programs
and new treatments, and for care planning at the national and regional levels [23]. This
type of study makes it possible to describe and assess clinical practice to support decision-



Int. |. Environ. Res. Public Health 2023, 20, 5673 3of 15

making around healthcare management [24-26]. Few published studies comprehensively
describe the characteristics of patients with pancreatic cancer and their treatment in clinical
practice [22]; the existing ones focus mainly on one drug or group of drugs or on some tumor
subtype [21,27-29]. A comprehensive analysis of pancreatic cancer management according
to patient age can help to characterize the effects of both pharmacological treatments and
surgery on patient outcomes and the costs that they entail for the health system, helping to
identify unmet needs and to support decision-making around the organization and financing
of care.

The aim of this study was to describe the treatment patterns, survival, and treatment
costs in patients diagnosed with pancreatic cancer from 2014 to 2018 in Catalonia.

2. Methods

This retrospective observational study was performed following the STROBE cri-
teria [30]. Data on treatment patterns and costs were drawn from different healthcare
registries in Catalonia for the period from January 2014 to December 2018, and survival
was reported until December 2021.

2.1. Data Source

Spain has universal healthcare coverage, with medicines financed through the same
reimbursement scheme across the country. That said, the management of the National
Health System is fully devolved to the regions, which have heterogeneous arrangements for
the organization and financing of their respective health systems [31]. The Catalan Health
Service operates through a multiprovider system, known as the Integrated Public Health
System of Catalonia (SISCAT), contracting healthcare services. It includes 68 hospitals,
serving a population of 7.7 million people [32]. Electronic medical records with data on
clinical practice are centrally managed, and these sources were used to draw data for this
study [32-34]:

The hospital discharge minimum basic data set, which contains data related to acute
hospital care and surgery;

Hospital outpatient drug registry, with clinical data on drug prescriptions from differ-
ent therapeutic areas (excluding chemotherapy);

The Datamart Billing Service, which provides billing data for hospital drugs provided
on an outpatient basis (including chemotherapy);

The Central Registry of Insured Persons, which is a repository of demographic data
on all people covered by CatSalut.

The centralized registries lack some relevant information, for example, tumor-related
variables (histology, stage, biomarkers), clinical characteristics (functional status, comorbidi-
ties), and prescribed treatments (indication for chemotherapy or palliative radiotherapy).
Similarly, the registries do not contain information on palliative treatment delivered in
long-term centers or outside acute hospitals, and there is not any centralized billing record
detailing the cost of palliative care procedures or social and health care interventions in
settings other than primary care or acute hospitals.

2.2. Study Population

Patients with a diagnosis of pancreatic cancer (International Classification of Diseases,
10th revision [ICD-10], codes C25; Supplementary material Table S1) on their hospital dis-
charge report from 2014 to 2018 were eligible [35]. We selected this study period in order to
enable sufficiently lengthy follow-up and to assess survival according to treatment patterns.

Information on treatment strategy was collected from the hospital discharge minimum
basic data set, hospital outpatient drugs registry, and the Datamart Billing Service. Each
case was assigned a unique anonymous identifier to combine the data for patients treated in
different hospitals. The Agency for Health Quality and Assessment of Catalonia (AQuAS)
provided the data in the framework of the PADRIS Program.
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Approximately 10% of patients who underwent surgery received at least some of their
treatment from private providers, although it is likely that some returned to the public
system for systemic treatment. However, the analysis included only the data from the
public health care system.

2.3. Outcomes

The sample was described according to the following variables: sex, age group (<60 years,
60-69 years, 70-79 years and >80 years), tumor site, and year of diagnosis. Patients were
divided into groups and subgroups according to the type of they treatment received:

Surgery: this group included patients who received surgery with curative intent,
regardless of the neoadjuvant and/or adjuvant treatments administered. Patients receiving
different treatments for tumor recurrence were also classified into this group.

Unresectable therapies: this group comprised patients treated pharmacologically for
unresectable disease.

Palliative or supportive care: patients in this group were those who did not receive
any of the above interventions.

Surgery with curative intent included surgical procedures such as pancreatectomy,
pancreatoduodenectomy, excision, and resection of the pancreas (see ICD-9 and ICD-10
codes [35] in Supplementary material Table S2).

Systemic drug treatments included both chemotherapy and biomarker-targeted thera-
pies (VEGE mTOR) and included any oncological drug registered with the Datamart Billing
Service during the study period. Pharmacological treatments were classified as follows.

Neoadjuvant treatment: pharmacological therapies given before surgery with cura-
tive intent.

Adjuvant treatment: pharmacological therapies commencing in the first 16 weeks
following surgery with curative intent [18].

Treatment for tumor recurrence: pharmacological therapies commencing after the first
16 weeks following surgery with curative intent; following a different therapeutic regimen
of adjuvant treatment; or another therapeutic regimen within 12 weeks of completing
any adjuvant treatment regimen [18]. Any changes in treatment involving a different
active ingredient of the pharmacological therapy were considered another line of treatment
(second, third, fourth, and so on).

Treatment for unresectable tumors: these refer to pharmacological therapies in patients
not receiving surgery with curative intent. Any changes in treatment involving a different
active ingredient of the pharmacological therapy were considered another line of treatment
(second, third, fourth, and so on).

Patients’ status at the last follow-up was defined as death or “censored” according to
each treatment pattern. Patients lost to follow-up or who had no record of receiving the
procedures studied were censored. Survival was defined as the interval from diagnosis
(first admission for causes related to pancreatic cancer, first surgery with curative intent
for pancreatic cancer, or first systemic antitumor treatment) until death, as notified in
the Central Registry of Insured Persons (last follow-up December 2021); this variable
was assessed according to age group. Cause of death was not considered because this
information is unavailable due to data protection laws.

Finally, we calculated the mean cost per patient and total health expenditure for the
first year of treatment and the complete treatment, by treatment pattern, and according to
age group. The reimbursement system for the hospital comprises the reimbursement of
general hospital care and the economic compensation for highly complex hospital care. To
assess surgery costs, we considered the unit price for a curative surgical intervention, as
detailed in the Official Gazette of the Government of Catalonia. For procedures performed
between January 2014 and July 2017, the unit price in ORDER SLT/79/2014 was used,
and between August 2017 and December 2018, the price listed in ORDER SLT/150/2017
was used. The rest of the surgical or therapeutic procedures in inpatients were included
in the reimbursement fee for patient discharge, which is adjusted according to hospital
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complexity. For oncological drug costs, we considered the expenditure attributed to each
patient through their anonymous identifier, which uses the reimbursement price of the
national health system. Hospital outpatient drugs, which include oncological drugs, are
full paid by the Catalan Health Service.

2.4. Statistical Analysis

For the descriptive analysis, categorical variables were expressed as absolute and
relative frequencies, and continuous variables as means with their standard deviation (SD).
Kaplan-Meier curves were used to evaluate survival, with results expressed as medians and
95% confidence interval (CI). Categorical variables were compared using the chi-squared
test, and quantitative variables using analysis of variance (ANOVA). The log-rank test was
used to compare survival by age group. All statistical analyses were undertaken with SPSS
software (v18). A Sankey diagram, developed using the RStudio v4.2.1 tool, was used to
analyze treatment patterns.

2.5. Ethics

The Committee on Ethics in Animal and Human Experimentation (CEEAH) of the
Autonomous University of Barcelona approved the study (CEEAH 4720).

3. Results

A total of 4975 patients were diagnosed with a pancreatic malignancy from 2014 to 2018
(Supplementary material Figure S1): 46% (n = 2298) were women, and 55% (n = 2726) were
over 70 years old at the time of diagnosis. The most frequent location of the tumor was in the
head of the pancreas. Table 1 shows the patients’ characteristics according to age group.

Table 1. Characteristics of patients diagnosed with malignant neoplasm of the pancreas.

Total <60 Years 60-69 Years 70-79 Years >80 Years
(N =4975) (N =1016) (N =1233) (N =1579) (N =1147)
n % n % n % n % n % p Value *

Sex
Male
Female

2677 54% 625 62% 764 62% 878 56% 410 36% <0.001
2298 46% 391 38% 469 38% 701 44% 737 64%

Tumor site according to ICD-10 codes C25

Head of pancreas
Body of pancreas
Tail of pancreas

2287 46% 419 41% 563 46% 726 46% 579  46%
467 9% 103 10% 121  10% 159  10% 84 10%
552 11% 143 14% 156 13% 161 10% 92 10%

Pancreatic duct 14 0% 2 0% 5 0% 3 0% 4 0%
Endocrine pancreas 3 1% 13 1% 7 1% 11 1% 2 1% <000
Other parts of pancreas 27 1% 4 0% 4 0% 12 1% 7 1%
Overlapping sites of pancreas 79 2% 16 2% 27 2% 27 2% 9 2%
Unspecified part of pancreas 1516 30% 316 31% 350 28% 480 30% 370 30%
Year of diagnosis

2014 906 18% 169 17% 230 19% 300 19% 207 18%
2015 987 20% 210 21% 231 19% 302 19% 244 21%

2016 1015 20% 207 20% 255 21% 295 19% 258 22% 017
2017 1017 20% 214 21% 248 20% 350 22% 205 18%
2018 1050 21% 216 21% 269 22% 332 21% 233 20%

* p value determined by chi-square test. The “total” group was excluded from the significance test.

Table 2 and Supplementary material Table S3 describe the groups and subgroups of
treatment patterns by age group. Altogether, 18% of the patients underwent surgery with
curative intent, 32% received pharmacological treatments for unresectable disease, and
50% received palliative or supportive care. The percentage of patients undergoing surgery
with curative intent decreased with age (23% of patients <60 years versus 9% of patients
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>80 years), as did the administration of pharmacological treatment for unresectable disease
(45% of patients <60 years versus 8% of patients >80 years). In contrast, the proportion of
patients with palliative or supportive care increased with age (32% of patients <60 years
versus 83% of patients >80 years). These differences were statistically significant. In
Figure 1, the Sankey diagrams represent the treatment sequences during patient follow-
up, according to age group. Likewise, Supplementary material Tables S4-S7 present the
frequencies of patients receiving each procedure and the line of treatment according to

age group.

Table 2. Treatment patterns for pancreatic cancer, by age group.

Total <60 Years 60-69 Years 70-79 Years >80 Years
(N =4975) (N =1016) (N =1233) (N =1579) (N =1147)
Treatment Patterns n % n % n % n % n % p Value *
Surgery 899 18% 230 23% 255  21% 316  20% 98 9%
Unresectable tumor ¥ 1593 32% 461 45% 529  43% 511 32% 92 8% <0.0001

Palliative or supportive care § 2483 50% 325 32% 449 36% 752 48% 957  83%

* p value determined by chi-square test. The “total” group was excluded from the significance test. ¥ Patients
treated surgically with curative intent, regardless of neoadjuvant and/or adjuvant treatment, plus patients treated
for tumor recurrence. ¥ Patients treated pharmacologically for non-resectable disease. § Patients not receiving any
of the treatments described above.

<60 years (n=1016) 60-69 years (n=1233)
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EmNACT aal 2] s RC-3, RC-4L
1 e RC-3] — [CIRC-2L RC-3L
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Figure 1. Sankey diagram of the treatment patterns for pancreatic cancer, by age group. NACT:
neoadjuvant chemotherapy; ACT: adjuvant chemotherapy; RC-1L: recurrence first-line therapy;
RC-2L: recurrence second-line therapy; RC-3L: recurrence third-line therapy; RC—4L: recurrence
fourth-line therapy; UR-1L: unresectable first-line therapy; UR-2L unresectable second-line therapy;
UR-3L unresectable third-line therapy; UR-4L unresectable fourth-line therapy; UR-5L unresectable
fifth-line therapy; PC: palliative or supportive care. Note: The frequencies of patients receiving each
treatment by age group are shown in Supplementary material Tables S4-57. Death (surgery): patient
died after surgery; censored (surgery): lost to follow-up or study end after surgery; death (ACT):
patient died after ACT; censored (ACT): lost to follow-up or study end after ACT; death (RC-1L, RC-2L,
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RC-3L or RC—4L): patient died after RC-1L, RC-2L, RC-3L or RC—4L: censored (RC-1L, RC-2L,
RC-3L or RCH4L): lost to follow-up or study end after RC-1L, RC-2L, RC-3L or RC—4L; death (UR-1L,
UR-2L, UR-3L, UR—-4L or UR-5L): patient died after UR-2L, UR-3L, UR-4L or UR-5L: censored
(UR-1L, UR-2L, UR-3L, UR-4L or UR-5L): lost to follow-up or study end after UR-1L, UR-2L,
UR-3L, UR-4L or UR-5L.

Figure 2 shows the distribution of pharmacological treatments used, according to
therapeutic objective and age group. Gemcitabine monotherapy was the most widely used
adjuvant treatment, and gemcitabine plus paclitaxel was the most frequent regimen for
first-line treatment of tumor recurrence or unresectable disease, followed by gemcitabine
monotherapy, whose use increased with age; Supplementary material Tables S8-512 present
pharmacological treatments with <10% or >100 patients of the total utilization by age group.

| Global |
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60% X
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Figure 2. Pharmacological treatments received based on the therapeutic objective and age group.
NACT: neoadjuvant chemotherapy; ACT: adjuvant chemotherapy; RC-1L: recurrence first-line
therapy; RC-2L: recurrence second-line therapy; RC: recurrence; UR-1L: unresectable first-line
therapy, UR-2L: unresectable second-line therapy ... Gem: gemcitabine; Pac: paclitaxel; Cap:
capecitabine; Ox: Oxaliplatin; Irin: irinotecan. Note: See Supplementary material Tables S8-S12 for
other pharmacological treatments with <10% or >100 patients from the total utilization.



Int. |. Environ. Res. Public Health 2023, 20, 5673 8 of 15

Figure 3 compares overall survival by age group and treatment pattern. For all
strategies, median survival decreased with age. Statistically significant differences were
observed in the strategies that included surgery, and in those consisting of palliative or
supportive care.
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80+ \ \\ 80 80
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Figure 3. Kaplan—-Meier curve for overall survival according to treatment pattern and age. Surgery:
patients undergoing surgery with curative intent, regardless of neoadjuvant and/or adjuvant phar-
macological treatment; plus patients treated for tumor recurrence. Unresectable therapies: patients
receiving pharmacological treatment alone with palliative intent. Palliative or supportive care:
patients not receiving any of the treatments described above.

Table 3 presents the estimated mean (SD) cost per patient along with the overall
health expenditure for year one of treatment and the whole treatment period, according
to treatment pattern and age group. In patients treated surgically, the mean cost in the
first year decreased with age, from EUR 17,730 (SD 5754) in those under 60 years of
age to EUR 15,339 (SD 2634) in patients aged 80 years or older. This decrease was also
apparent in patients treated for unresectable disease: EUR 5398 (SD 9581) in the youngest
age group versus EUR 1845 (SD 3413) in the oldest. The differences between the means
were statistically significant. Likewise, patients who received surgery incurred a total
health expenditure of EUR 15.1 million during the first year of treatment compared to EUR
6.8 million in patients with unresectable disease.
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Table 3. Cost of treatment for pancreatic cancer in EUR, according to treatment pattern and age group.

Total <60 Years 60-69 Years 70-79 Years >80 Years
(N =4975) (N =1016) (N =1233) (N =1579) (N =1147)
Mean SD Total Mean SD Total Mean SD Total Mean SD Total Mean SD Total
Cost of 1st year
Surgery * 16,833 3965 15,132,436 17,730 5754 4,077,879 16,876 2477 4,303,361 16,607 3512 5,247,969 15,339 2634 1,503,227
Unresectable tumor * 4275 7857 6,809,555 5398 9581 2,488,343 4425 8599 2,341,049 3543 5337 1,810,384 1845 3413 169,778
Cost of entire treatment
Surgery * 17,615 5093 15,836,300 18,835 7305 4,331,975 17,558 3967 4,477,176 17,416 4307 5,503,454 15,548 2164 1,523,696
Unresectable tumor 4463 8261 7,108,976 5565 10,157 2,565,313 4687 9009 2,479,179 3706 5564 1,894,010 1853 3412 170,474
SD: standard deviation. Note: ANOVA test yielded p < 0.001 for all subgroup comparisons by age group. * Patients undergoing surgery with a curative intent, regardless of neoadjuvant

and/or adjuvant pharmacological treatment, plus patients treated for tumor recurrence.

Patients receiving pharmacological treatments alone with a palliative intent.
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4. Discussion

In our study, real-world data and clinical practice outcomes were analyzed to provide
a comprehensive picture of pancreatic cancer treatments and to illustrate the influence
of patient age on treatment patterns, survival, and costs. This design differs from other
published studies, which tend to report only on the effects of certain interventions.

In line with other studies [3,36,37], our results show that pancreatic cancer is most
frequently diagnosed in elderly patients. However, the older the person is, the less likely
they are to receive surgery or pharmacological treatments. The frequent comorbidities,
lower functional reserve, and pharmacodynamic changes typical of advanced age usually
condition their eligibility for such interventions and raise the risk of adverse reactions,
which can limit the dose administered or lead to treatment abandonment [10,38].

The main therapeutic objective in pancreatic cancer is to follow a curative approach,
with complete resection (R0) of the primary tumor; the ability to do so depends on its
location and relationship with the bile duct and vascular structures [2,5,18]. However, in our
cohort, only 18% of patients underwent surgery with curative intent, and this proportion
dropped precipitously at more advanced ages. These results, similar to those observed
in other studies [3,9,10], show that currently available treatments are insufficient and that
there are few therapeutically effective options available for most patients with pancreatic
cancer. There is thus a high unmet medical need, both in the early diagnosis of the tumor
and in its treatment once diagnosed [15].

Radical surgery is the main therapeutic objective and is potentially curative, so with
regard to early detection and diagnosis, further research is necessary to identify biomarkers
for the early detection of pancreatic cancer and pre-malignant pancreatic lesions to deter-
mine which diagnostic tests are more specific and/or sensitive, and to define the risk groups
that should be closely monitored [19,39]. In this line, different European initiatives have
been launched, including the use of imaging techniques such as endoscopic ultrasound,
magnetic resonance imaging or magnetic resonance cholangiopancreatography [15,40]
in individuals with a family history (follow-up from 50-55 years old or 10 years before
the youngest relative was diagnosed), or in people with CDKN2A or STK11 mutations,
regardless of family history [40]. Likewise, a recent study identified sAXL as a highly
specific and sensitive blood biomarker, which allows early detection and discrimination
between pancreatic ductal adenocarcinoma and chronic pancreatitis [41]. For this to hap-
pen, strategic changes are needed both in the health system and in the Catalan Cancer
Plan. Analyzing a more recent time period could contribute to assessing new health system
policies implemented to that end.

Regarding pharmacological treatment, European and regional clinical practice guide-
lines have established the adjuvant treatment regimens to follow, with few changes in the
last decade; the recommendations include different mono- or combination therapy schemes
according to the functional status of the patient [2,18]. In our study, around 50% of the
patients who received surgery were later treated with adjuvant chemotherapy, although
in the case of patients over 80 years of age, it was just 18%. The most frequently used
pharmacological treatment in patients of any age was gemcitabine monotherapy, which
was usually administered to patients with a worse functional status [2,8,18]. In contrast,
regimens of FOLFIRINOX or 5-FU, recommended in patients with better functional sta-
tus [2,8,18], were used infrequently. Older patients were less likely to be candidates for
drug treatment for unresectable disease (32% to 45% of patients <80 years vs. 8% of those
>80 years), which is consistent with previous studies [10].

The most widely used drug treatment in patients under 80 years of age with tumor
recurrence or unresectable disease at diagnosis was combination gemcitabine plus pa-
clitaxel, followed by gemcitabine monotherapy, whose use increased with patient age.
Gemcitabine monotherapy is the standard of care for locally advanced disease, and combi-
nation (nab)-paclitaxel plus gemcitabine or FOLFIRINOX for locally advanced or metastatic
disease [2,18]. In general, FOLFIRINOX regimens were uncommon, which probably reflects
its high toxicity [2,42-44] as well as the age of the patients in our cohort, which was likely
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associated with a worse functional status and/or comorbidities that contraindicate its
use. Another observational study in Sweden reported similar results: the most widely
used regimens for patients not candidates for surgery were gemcitabine monotherapy or
gemcitabine plus paclitaxel, and a low proportion of patients received FOLFIRINOX [27].

In our study, chemotherapy generally showed modest effectiveness in unresectable
disease, with survival of less than one year, which is consistent with the literature and
reflects the need for new, more effective pharmacological approaches [8,21,36,45-48]. Al-
though there are multiple drugs in development that target the stroma, different signaling
pathways, and tumor microenvironment, to date, no treatment has provided a clear ad-
ditional benefit for these patients [5,8,45,48]. Pancreatic cancer usually presents with
abundant fibrotic stroma, involving extensive desmoplasia in the primary tumor; both
factors are associated with a poor prognosis because they favor the progression of the
disease, and limit the access of treatments to the tumor [19,48-50]. This fact could explain
the resistance to chemotherapy and the failure of targeted vascular endothelial growth
factor inhibitor therapy or multikinase inhibitors with antiangiogenic activity [19,48-50].
In addition to the presence of desmoplasia, pancreatic cancer also presents an immuno-
suppressive microenvironment, low T cell infiltration, and low mutational load, factors
associated with immunotherapy failure (immune checkpoint inhibitors and cell therapeutic
vaccines) [5,8,45,49,50].

Regarding survival, patients who underwent surgery clearly had a better prognosis
than those treated pharmacologically for unresectable disease or those receiving palliative
or supportive care, as described in the literature [3,9,46,48]. Likewise, in the surgery group,
younger patients (<60 years) presented significantly better survival. An international study
in the USA and Europe also showed better results in younger patients, with 3-year survival
rates of 23% to 39% in those under 60 years old, 16% to 31% in those aged 60-69 years, and
17% to 30% in people 70 years or older [37]. In older patients with unresectable disease
amenable to pharmacological treatment, survival was similar to that seen in younger
patients, despite age-related pharmacodynamic changes that could favor greater resistance
to chemotherapy [10]. This result suggests that age per se is not the determining factor for
a poorer prognosis, but rather the associated frailty and disease burden. Other population
studies report similar conclusions, observing no differences in patient survival based on
age alone [36,46]. Therefore, in this disease context, it is essential to carry out a good
oncogeriatric assessment [18] to ensure that treatments are offered to eligible patients
according to their functional status, and to avoid making decisions based exclusively
on age.

In general, mean treatment costs per patient decrease with age, both in the first year of
treatment and overall; this finding is related to the more conservative approaches used in
older patients. In Catalonia, surgery costs were calculated based on the unit prices for highly
complex procedures delivered in hospital and specialized care settings. These costs rose
4% over the study period. The cost pattern is explained by a greater use of monotherapy
treatments in older patients, as well as early discontinuation of these treatments, probably
due to their toxicity and the incidence of unmanageable adverse effects in more complex
patients [2,10,18,38]. One literature review found that the average cost per patient was
higher in other countries than in our study [22]. However, comparing results between these
studies is problematic due to differences in the study aims, unit, and reimbursed prices
for the drugs. In that line, we agree with Andrade et al. [51] on the need for developing a
consensus around the methods applied for estimating these costs.

This study has some limitations. First, some relevant clinical variables were not avail-
able in the registries we drew our data from, for example, different tumor-related variables
(histology, staging, biomarkers), clinical characteristics (functional status, comorbidities),
and treatment data (indication for chemotherapy or palliative radiotherapy). Patients
were categorized based on the procedures received, following a pragmatic approach to
provide a useful description of clinical practice. The absence of information on patients’
functional status and comorbidities precludes any analysis of how these parameters are
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related to age or outcomes, also impeding any specific statistical adjustments in that regard.
Consequently, the results referring to age groups should be considered in light of this
pragmatic approach, not as a causal relationship. A further limitation has to do with the
study population, as the sample was selected based on admissions to acute care centers
providing care for pancreatic cancer. Furthermore, the clinical terms of the ICD-9 and
ICD-10 were modified in the centralized registries of Catalonia during the study period,
which may result in misclassification errors, although the classification of patients has
been exhaustively reviewed to avoid these. In addition, given the absence of registries that
systematically record interventions related to palliative treatment or their costs in long-term
health care centers, in our study, we defined only the patterns and determined the costs
of pancreatic surgery with curative intent and oncological pharmacological treatments
performed in hospitals, as well as the rate paid by the Catalan Health Service to acute
hospitals for inpatient and outpatient treatment.

Finally, our healthcare records do not contain data on the participation of patients in
clinical trials or on the use of resources in private centers; so, some of the patients in our
cohort may have received experimental treatments or undergone surgery or treatment in
the private sector. If this information were available, the description of treatment patterns,
survival, and related costs would be more accurate. However, in Catalonia, the estimated
proportion of oncological surgical interventions in private centers does not exceed 10%
of the total, and most pharmacological treatments are administered in the public system,
since, unlike the private one, they do not carry any out-of-pocket costs for patients.

5. Conclusions

The present study used clinical practice data to provide a broad description of pan-
creatic cancer treatments in Catalonia, including the use of different treatment patterns
and the survival and costs associated with them. Half of the patients diagnosed with
pancreatic cancer did not receive specific treatment. Surgery with curative intent was
associated with longer survival, although relatively few patients received this intervention,
especially at older ages. This finding reaffirms the need to improve diagnosis in early stages
of the disease, while the tumor is still resectable, since this is currently the only potentially
curative scenario.

Age was inversely related to the use of certain drugs in candidates of any age for drug
treatment with unresectable disease; however, survival was similar, so careful oncogeriatric
assessment is advisable to ensure the most appropriate indication for eligibility in older
patients. More efforts are required to develop more effective and tolerable pharmacological
treatments, which allow treating frail patients with unresectable disease and frequent
comorbidities at advanced age.
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