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pancreatic cancer.”8 The 5-year survival rate can
reach 20-30% in case of complete surgical resec-
tion followed by adjuvant chemotherapy®!? but
drops to 5-7% in case of unresectable disease.

Diagnosis is established at an advanced stage in
80% of cases, due to the non-specific presenting
symptoms of the disease and long investigation
procedures.!:12 A large number of patients seems
to be oriented to specialized tertiary centres after an
extended time interval,!!:13 with a negative impact
on the therapeutic approach and poor prognosis.

Key time points of the care pathway represent
essential indicators to study the quality of the care
continuum, in order to highlight disparities and
to access inequality to healthcare.!%!> Time to
diagnosis or treatment varies according to the
cancer type, geographical area, and socioeco-
nomic status of patients.!5-17 Care pathways also
depend on the resectability status of pancreatic
cancer at the time of diagnosis. Regarding pan-
creatic cancer, multiple independent studies sup-
port contradictory results, difficult to compare as
healthcare systems differ tremendously in
European and non-European developed coun-
tries. In France, very few studies have been car-
ried out over the last decade, suggesting that time
intervals from the first symptoms to the first spe-
cialized visit and from the first visit to the first
treatment often exceed 1month.'%20 However,
there are no recommendations in the Guidelines
concerning time intervals in diagnostic and
treatment.

The primary objective of our study was to provide
an accurate description of the different care path-
ways and key time intervals for patients with a
new diagnosis of pancreatic cancer in 2017 in one
vast French region (2.5million of inhabitants).
The secondary objectives were to identify factors
associated with delay from diagnostic imaging to
definitive diagnosis and from diagnostic imaging
to first treatment, and eventually to identify fac-
tors associated with survival at 1 year.

Materials and methods

Study design and data sources

The Dossier Communicant en Cancérologie (DCC;
Shared Files in Cancerology) is a French regional
register gathering data about cancer and treat-
ment decision of all new cancer patients diag-
nosed, discussed in a multidisciplinary team

meeting (MTM; Réunion de Concertation
Mulndisciplinaire). Each adult patient (=18 years)
with a clinical presentation of pancreatic or
related cancer discussed in MTM in 2017 was
selected and checked by reviewing the electronic
medical report before inclusion (exclusion of
other pancreatic or similar pathological diagnosis
of peri ampullary malignant tumour, other diges-
tive malignant tumours with pancreatic location
and cases of histological definitive diagnosis made
before 2017).

As the DCC does not include all follow-up data,
particularly death, the French Health Insurance
Database [Systéme National des Données de Santé
(SNDS)] was also used to describe the entire care
pathway of patients. The SNDS represents the
French medico-administrative database including
all care reimbursement data as well as the date of
death. A probabilistic matching was performed
between the two anonymous databases based on
the following variables: sex, month and year of
birth and dates of all major acts of the medical
care registered (imaging, definitive diagnosis, first
treatment). The research data set then allowed to
describe the included patients and their care
pathway.

Definition of the care pathway key points and

time intervals

Patients were classified in two major groups
according to the final treatment performed: resec-
tion with curative intent and or no resection, using
the medico-administrative data (International
Classification of Diseases, Tenth Revision) and
the national Common Classification of Medical
Procedures (Classification Communes des Actes
Meédicaux) or clinical data (DCC). Key points and
time intervals of these two different major care
pathways were defined by the multidisciplinary
research team including epidemiologists and gas-
troenterologists, based on the major determinant
investigations and treatments performed accord-
ing to French Recommendations, including medi-
cal visit with a general practitioner (GP) and/or a
specialist prior to diagnostic imaging, diagnostic
imaging, cancer definitive pathological diagnosis,
first treatment and death. The time intervals were
estimated for the most common order of manage-
ment (investigation then treatment) of pancreatic
cancer, including the following steps: (i) from the
last medical visit performed to diagnostic imaging,
(i) from diagnosis imaging to cancer definitive
diagnosis, (iii) from diagnosis imaging to first
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treatment and (iv) from diagnosis imaging to
death. In some cases, the sequence between two
steps in the care pathway was reversed and results
were excluded. Eventually, only 3% of the time
intervals (negative or not available due to missing
data) were excluded from the analyses.

Statistical analyses

First, analyses were performed to describe the
characteristics of patients and the different steps
and median time intervals of each care pathway,
according to the performance of resection surgery
or not.

Second, factors associated with 1-year survival
were identified by a Cox regression model giving
hazard ratio (HR) along with their 95% confi-
dence intervals (95% CI). A sensitivity analysis
for 6-month survival was performed on the sub-
group of patients with unresectable disease.
Factors associated with time to diagnosis and to
first treatment were identified by multiple linear
regression models, giving estimates and their
p-value. For patients with resected disease, the
first treatment coincides with diagnostic confir-
mation in most cases (surgical resection) with an
expected bias in time intervals; therefore, those
patients were not included in the analysis of fac-
tors associated with time to diagnosis.

All variables with p<<0.2 in bivariate analysis were
included in the initial multivariate model for each
care pathway. Then, a descending stepwise process
was used to select the final model, including all the
statistically significant variables at the threshold
p<<0.05. The analyses were performed with SAS
Enterprise Guide 71 64-bit (SAS Institute Inc.,
Cary, NC, USA), version available on the SNDS
website at the moment of the analyses.

This health assessment study fell within the frame-
work of research not involving the human being and
was conducted in accordance with the French and
European laws and regulations in force, as well as
any other applicable guidelines. This project has
obtained an authorization from the French data
protection board (Commission Nationale de
PInformatique et des Libertés) allowing the access
to SNDS data, decision DR-2019-113. Moreover,
the study was granted a waiver of the individual
information requirement by the French data protec-
tion board, as the majority of patients were unfortu-
nately deceased at the time of the retrospective
study and their personal details were not known. As

an alternative measure, collective information about
the study was made available and required by the
protection board on the websites of the regional epi-
demiology unit and of the regional oncology centre,
mentioning the rights of access, rectification and
opposition, in accordance with the provisions of
article R. 1461-9 of the CSP, as well as the follow-
ing rights and information, in accordance with the
European Data Protection Regulation.

Results

Baseline characteristics of patients

Among the 367 patients eligible for the study,
324 (88%) were included after matching (Figure
1). Mean age was 72*9.2years old. Most
patients were males (53.7%) and presented
metastasis at diagnosis (47.4%). Two hundred
and sixty-five patients (85%) presented at least
one symptom before diagnosis. The most com-
mon symptoms were abdominal or back pain
(n=141, 45.5%) and jaundice (n=137, 44.2%)
(Supplemental Table 1). The last medical visit
before diagnostic imaging was performed by a GP
in 65.2% of cases. A total of 84 patients (25.9%)
were treated in the Regional University Hospital,
116 patients (35.8%) in peripheral hospital cen-
tres and 124 patients (38.3%) in private health-
care facilities. Two hundred and three patients
(62.7%) received chemotherapy (43% treated by
FOLFIRINOX regimen and 43% by gemcit-
abine), of which 89 as a first line treatment.
Curative resection concerned 53 patients (16%):
30 as a first treatment, 3 after chemotherapy and
20 after biliary endoscopic drainage where cancer
was mostly located at the head region of the pan-
creas. The characteristics of patients with unre-
sectable disease (84% of cases) were comparable
to the whole cohort (Supplemental Table 2).

The median time intervals from prior medical
visit to diagnostic imaging, from diagnostic imag-
ing to cancer diagnosis (pathological diagnosis
when possible/available; 38% of missing data)
and from diagnostic imaging to the first treatment
performed were 24.5 days, 11 days and 19.5 days,
respectively [Figure 2(a)].

Patients with unresectable disease had median
interval times that seemed longer compared to
those of patients with resectable disease: 27 days
versus 13 days for the median interval time from
prior medical visit to diagnostic imaging and
22 days wversus 14 days for the median interval time
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Eligible patients
n=723

First MTM in 2017 for pancreatic cancer or similar

Excluded patients
n=356

A 4

277 « similar » and non compatible histology
34 « pancreatic » and non compatible histology

Included patients
n=367
Pancreatic cancer

45 patients received a treatment before 2017

Excluded patients

A 4

n=7

Missing values for gender, month or year or birth

DCC — SNDS Matching
(sex, month and year of birth)

of which:
- 263 with identical dates in both databases
- 43 with DCC dates during SNDS hospitalisations

n=361
Excluded patients
n=37
v Wrong matching or no matching
Final sample
n=324

- 18 with MTM hospital corresponding to the SNDS first hospital

Figure 1. Flow chart of the study population selection.

MTM, multidisciniplary team meeting; DCC, Dossier Communicant en Cancérologie (Shared Files in Cancerology); SNDS,
Systéme National des Données de Santé (French Health Insurance Database).

from diagnostic imaging to the first treatment
[Figure 2(b) and (¢)].

The median time interval from prior medical visit
to diagnostic imaging varied according to the spe-
cialty of the practitioner, longer when patients
consulted a GP before diagnostic imaging as
compared with a specialist (24 versus 15 days).

Factors associated with the time interval from
diagnostic imaging to definitive diagnosis

For patients with unresectable disease (z=256 with
exhaustive data, 95%), the presence of a venous
thromboembolism was associated with an increased
time interval from imaging to cancer diagnosis
(+25.8days; p<0.01) (Table 1). Moreover, with-
out reaching significance, jaundice as first symptom
(»=0.06) and a WHO performance status (WHO
PS)=2 (p=0.06) tended to be associated with a
decreased time interval (—8.7days and —9.7 days,
respectively).

Factors associated with the time interval from
diagnostic imaging to first treatment

For all patients (z=283 with exhaustive data and
having a first treatment registered, 87%), an
increased time interval was found when the diag-
nosis was made in a private healthcare facility
(+7.5days; p=0.04) (Table 2). On the contrary,
jaundice as first symptom (p<<0.0001) and a
WHO PS = 2 (p=0.01) were significantly associ-
ated with an important decrease of this time inter-
val (—30days and —12 days, respectively).

Factors associated with death at Tyear

One year after their inclusion, 57% of patients
were dead (65% for patients with unresectable
disease versus 17% of patients with resectable dis-
ease) (Table 3). At 2years, 81.7% of the cohort
population was dead (n=265);

AWHO PS = 2 (HR 2.4 [1.4-3.0]), metastatic dis-
ease at diagnosis (HR 2.7 [1.9-3.9]), unresectable
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(a) Medical Diagnostic Definitive First
Visit Imaging diagnosis  treatment
24.5 days (n= 310)> 11 days (n=323) >
19.5 days (n=298) >
(b) — » .
Medical Diagnostic Definitive First
Visit Imaging diagnosis treatment
27 days (n=259) > 10 days (n= 27o)>
22 days (n=245) >
(©) Medical Diagnostic Definitive First
Visit Imaging diagnosis  treatment

13 days (0 = 51>

14 days (n=53) >

18 days (n=153)

P

Figure 2. Care Pathway Key Points of Pancreatic Cancer, regarding: (a] All patients (n=324). (b) Patients with
unresected tumour (n=271). (c) Patients with resected tumour (n=53).

disease (HR 2.7 [1.3-5.6]), care pathway under-
taken in the administrative area of Eure-et-Loir (HR
2.7 [1.3-5.6]), and a median interval time from con-
sultation to imaging =25days (HR 1.7 [1.2-2.3])
were independently associated with a higher 1-year
mortality rate. Moreover, the management in the
administrative area of Indre tended to be associated
with a higher mortality rate (HR 2.9 [0.9-9.5]).

Similar results were found after the sensitivity
analysis in the subgroup of patients with unre-
sectable disease, 6months after inclusion
(Supplemental Table 3).

Discussion

This is the first study to date allowing a compre-
hensive approach of healthcare pathways for
patients with pancreatic cancer at all stages in
France. Thanks to the matching of an exhaustive
medico-administrative database with medical
records of MTM, completeness and analysis
strength were greatly enhanced. Hence,

an accurate description of the care pathway in
real-life conditions of these patients was provided
in a vast French region of more than 2.5 million
inhabitants. We observed that delay in access to
diagnostic imaging impacted survival, regardless
of the tumour resection.

Median diagnostic and treatment time intervals
appeared to be shorter in our study compared to
others European population-based studies, for
both resected and unresected patient groups.2!-23
These estimated time intervals could not be easily
compared to the literature, where a majority had a
starting point at the first symptom occurrence or
from the first consultation; these data related to the
very first steps of the care pathway were not avail-
able in our study. However, our median time inter-
vals from prior medical visit to diagnostic imaging
and from diagnostic imaging to definitive diagnosis
seem longer as compared to a median diagnosis
time interval of 14days reported in the French
REPERE study of metastatic patients and 0.51
month (about 15days) in another recent French

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 14

Table 1. Factors associated with the time interval
from diagnostic imaging to cancer diagnosis.

Variation of time p
interval between
imaging diagnosis

to definitive

diagnosis (days)

n=256
Age=é5yearsold -5.4 0.3
Female gender 3.6 0.4
WHO PS> 1 -9.7 0.068
VTE 25.8 0.007
Jaundice -8.7 0.061

PS, performance status; VTE, venous thromboembolism.

population-based study.!%-20 However, the limita-
tion of these two studies is that they are oligocen-
tric and not population-based and do not accurately
reflect the entire healthcare system. Similar trends
were shown concerning factors associated with a
shortened time interval between diagnostic imag-
ing and first treatment for both patients with
resected or unresected disease in several interna-
tional studies where, however, the role of jaundice
remains paradoxical, sometimes associated with
delays, sometimes with shortened time inter-
vals.19:23-25 A British study specifically dedicated to
the analysis of symptoms occurring prior to pan-
creatic cancer diagnosis highlighted diabetes, back
pain and self-reported anxiety or depression as fac-
tors associated with longer diagnostic delays.?* In
our study, the delay in obtaining a definitive patho-
logical diagnosis in the presence of a deep venous
thromboembolism might be explained by the post-
ponement of invasive explorations, in particular
biopsy, due to the high risk of bleeding under anti-
coagulation treatment.

It is the first study to provide evidence about the
relationship between the waiting time from the
medical consultation to diagnostic imaging and
prognosis in real-life setting with a time interval
over 25 days between medical visit and diagnostic
imaging significantly associated with 1-year sur-
vival. Prognosis of these patients was also largely
influenced by patient and tumour features, as well
as the first geographical area of the medical facil-
ity taking the patient in charge. Those factors pre-
viously emerged as independent and significant

prognosis factors in other studies.?6-28 For both
patients with resectable and unresectable
tumours, Gobbi er al. showed significant differ-
ences in survival when considering diagnosis was
made before 4weeks, versus between 4 and
16weeks and after 16weeks.?’” In the study of
Apollos er al., survival was better in the group
where less additional investigations were per-
formed resulting in a shorter diagnostic time2°
whereas Raptis ez al.?5> showed that a delay from
symptoms to referral had minimal clinical rele-
vance to survival.

Time interval from diagnosis to first treatment
was not reported as a prognostic factor as it could
have been expected, results shown by other inter-
national studies including all stages of pancreatic
cancer20:21,27,30;  however, it has recently been
shown by a Swedish study and one very large-
scale American study that this delay has a nega-
tive prognostic impact when it is prolonged in
patients with a resectable tumour.31,32

Diagnostic imaging is determining for pancreatic
cancer and before discussing any surgical treat-
ment with curative intent, French recommenda-
tions require a recent imaging performed within
the last 4weeks.33 3¢ In France, abdominal CT
scan is the second most performed imaging exam
in the Emergency departments, but waiting time
intervals still remain variable.3> In CVL region,
CT scan equipment is probably not related to the
diagnostic imaging time intervals, as the equip-
ment density seems lighter only in the Loir-et-
Cher and the Eure-et-Loir?® compared to the
national density. Organizational and professional
factors should be preferentially targeted; as a mat-
ter of fact, the population density of regional spe-
cialists eligible to take care of pancreatic cancer
patients is lower as compared to the national
level.37 Education of primary care professionals
about the necessity of an increased awareness of
the risk of pancreatic cancer in patients with iden-
tified risk factors (obesity, diabetes, smoking,
family history of pancreatic or related cancer,
hereditary chronic pancreatitis) might help
improving pancreatic cancer diagnosis.383° No
evidence of specific symptomatic presentations
preceding a pancreatic cancer diagnosis was
shown in the ‘SYMPTOM pancreatic study’.?*
Systematic and fast recourse to diagnostic imag-
ing such as C -scan in the presence of any symp-
tom potentially compatible with pancreatic
neoplasia seems hardly feasible in practice in
terms of organization and cost.
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Table 2. Factors associated with the risk of death at 1year - all patients.

Variables - potential risk factors of  Total Multivariate analysis
death at 1year - all patients (p <0.2
at log-rank test) n=324 n=294
HR 95% ClI P

Age

<é5years old 82 ref

=65years old 242 1.2 [0.8-1.7] 0.4
Gender

Female 150

Male 174 1.1 [0.8-1.5] 0.6
WHO PS

0-1 260 ref

>1 63 2.1 [1.4-3.0] 0.0002
VTE 16 2.7 [1.9-3.9] <0.0001
Metastatic disease* 146 2.7 [1.3-5.6] 0.008
Unresected disease 271

Nature of first care facility

Teaching hospital 84 -
Public hospital 116 -
Private hospital 124 -

Department of first treatment

Cher 27 1.3 [0.8-2.4] 0.3
Eure-et-Loir 29 2.1 [1.2-3.7] 0.01
Indre 3 2.9 [0.9-9.5] 0.1
Indre-et-Loire 109 ref

Loir-et-Cher 34 1.2 [0.7-2.1] 0.5
Loiret 100 1.4 [0.9-2.2] 0.08
Outside from the CVL region 22 0.8 [0.4-1.6] 0.8

Time interval between consultation and diagnosis imaging

<25days 67 ref
25days 88 1.7 [1.2-2.3] 0.002

PS, performance status; VTE, venous thromboembolism; CVL, Centre-Val de Loire.
*Missing data=16.
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Table 3. Factors associated with the time between imaging diagnosis and first treatment - all patients.

Variation of time interval between imaging p
diagnosis to first treatment (days)

n=283

Age

<é65years old ref

=6byears old -0.4 0.9
Gender

Male ref

Female 0.4 0.9
WHO PS

0-1 ref

>1 -12 0.015
Jaundice

No ref

Yes -30.2 <0.0001
Resectable disease

No ref

Yes -2 0.7
Nature of first care facility

Private hospital centre/clinic 7.5 0.045

University and other hospital centre ref

PS, performance status.

Our study has several limitations. The study
included only patient presented at the MTM. It is
possible that a small number of patients could not
have been discussed on time at the MTM due to
very early death. As previously reported, the per-
centage of these patients is certainly small.40-41
Moreover, due to a lack of completeness of the
DCC medical forms, it was not possible to distin-
guish non-operable patients with borderline
tumours (due to possible co-morbidities) from
patients with locally advanced wunresectable
tumours. In the DCC, the classification of
tumours according to the standardized TNM
Classification of Malignant Tumours (Tumor
Node Metastatis classification) is requested but
not mandatory. In the SNDS, only the date of the
pathology examination is known, without the

detailed result. It was possible to obtain an
approximative number of metastatic cases by
coding (CIMX C77-C79 diagnostic codes during
hospitalizations). With a matching process, 12%
of patients were excluded due to missing match-
ing data between the medical register (lack of
completeness on dates) and the SNDS (missing
diagnosis codes of pancreatic cancer). As previ-
ously highlighted, data related to the very first
steps of the care pathway were not available in our
study. Finally, these results are only the reflection
of a territorial organization at the scale of our
region. However, an exhaustive collection of data
from medical registers (including pathological
diagnosis, when available) offsets a potential
inclusion bias, as medical files were checked one
by one by a resident of the gastroenterology ward,

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

V Balzano, E Laurent et al.

giving a better assessment on high-certainty cases.
SNDS provided a major contribution to this
study, as clinical data could be completed after
matching and their quality checked, tracing pre-
cisely all the steps of the different care pathways.
Using data from clinical data warehouses could
be a good substitute through cost-saving auto-
mated extractions of useful structured and
unstructured data.*?

In conclusion, our study showed that a delay in
access to diagnostic imaging impacted survival in
patients with pancreatic cancer, regardless of
tumour resection. However, a fast, generalized
access to abdominal CT scan in case of occur-
rence of suspicious symptoms seems unrealistic
for both economic and organizational reasons.
Additional struggle to target high-risk popula-
tions, to educate primary care professionals and
to develop effective treatment for pancreatic can-
cer remains a challenge for the future. This
appears all the more justified since pancreatic
cancer incidence increases dramatically. Thanks
to the matching between clinical and medico-
administrative electronic databases, one compre-
hensive approach of healthcare pathways for
patients with cancer; this approach should be
enhanced in future national studies, as big data in
health research is in progress with a huge French
legacy in the historic French medico-administra-
tive databases and the development of French
clinical data warehouses.
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