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REVIEW

Pancreatic cancer – the past, the present, and the future

Roland Anderssona , Caj Haglundb, Hanna Sepp€anenb and Daniel Ansaria

aSurgery, Department of Clinical Sciences Lund Lund University, Skåne University Hospital, Lund, Sweden; bDepartment of Surgery,
University of Helsinki and Helsinki University Hospital, Helsinki, Finland

ABSTRACT
Background: Pancreatic cancer has been and still is associated with a very poor prognosis. This is due
to a lack of major breakthroughs with respect to early diagnosis, prognostication, prediction, as well
as novel, targeted therapies. The benefits of surgery and chemotherapy are evident, but the fact that
only some 10% of all patients have early, localized disease highlights the unmet need for new early
detection methods. An improved understanding of tumor biology and the development of molecular
markers detectable both in the circulation and in cancer tissues may underlie the development of
new tools for optimizing both diagnosis and treatment.
Material and methods: Review of the literature.
Results and conclusion: If we do not improve precision oncology for pancreatic ductal adenocarcin-
oma, the prognosis will still remain dismal and the” burden” on society will increase substantially.
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Introduction

Pancreatic cancer is associated with a dismal prognosis. It is a
fairly infrequent cancer, ranked number 9–14, and with an inci-
dence of 10–15/100 000 inhabitants and year in the Western
world. As the mortality regrettably remains high, the actual 5-
year survival in pancreatic cancer is reported to be below 5%
despite improvements in outcome following surgical resection
[1]. It is a disease of the elderly with a median age of 68 years
at diagnosis and only 6.2% develop early-onset pancreatic can-
cer prior to the age of 50years [2]. This subgroup, though, has
an even worse 5-year overall and cancer-specific survival and
the need for more aggressive treatment, including surgery and
chemotherapy. Data from European countries for the past deca-
des confirm the lack of improvement that actually matters [3].
The projection is that pancreatic cancer will become the second
leading cause of cancer death by 2020–2030, which in many
Western countries already is the case [4]. Only some 15–20% of
the total number of patients with pancreatic cancer are candi-
dates for upfront pancreatic resection and it is evident that sur-
gery is not enough for curing pancreatic cancer [5–7].

Future trends

The highest incidence of pancreatic cancer is reported in
Europe and the US (Figure 1; [8]). Both the incidence of and
mortality from pancreatic cancer are expected to increase
over the coming years, mainly due to the ageing population
and lack of breakthroughs in early detection and treatment

(Figure 2; [8]). Swedish data imply an exponential increase in
societal costs for pancreatic cancer attributed to care-related
costs and loss of production. Sweden has a population of
about 10 million people. In 2009, the total yearly costs for
managing pancreatic cancer, including loss of production,
were in the range of 86–93 million EUR in Sweden [9]. In
2018, the total costs in Sweden were calculated to be 125
million EUR and the prognosis for 2030 is in the range of
210–225 million EUR [10].

Pancreatic cancer development

Most patients with pancreatic cancer are diagnosed in late,
i.e. advanced, stages with locally advanced or more fre-
quently metastatic disease with a poor prognosis. However,
the patients that undergo surgical resection followed by
adjuvant chemotherapy have a more favourable survival
than those who do not undergo resection [11].
Pathophysiologically, the malignant transformation to an
invasive adenocarcinoma is a gradual and usually slow pro-
cess with some initial driving mutations including KRAS,
CDKN2A, TP53, and SMAD4 (Figure 3). In most cases, it may
take 10 years or more from the initial mutation until the inva-
sive cancer lesion is established and another 5 years for the
development of metastatic ability [12,13]. This means a
potential window for diagnosis of a small lesion during the
asymptomatic period when the lesion is still potentially cur-
able. However, in a subset of cases, the genetic errors occur
simultaneously, in a process known as chromothripsis [14]. In
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Figure 1. Global incidence rates for pancreatic cancer in 2020. Source: GLOBOCAN 2020; https://gco.iarc.fr.

Figure 2. Projected incidence and mortality rates for pancreatic cancer from 2020 to 2040 in Europe. Source: GLOBOCAN 2020; https://gco.iarc.fr.

Figure 3. Development model of pancreatic ductal adenocarcinoma (PDAC). The driver genes may be altered sequentially or simultaneously via chromothripsis.
PanIN, pancreatic intraepithelial neoplasia.
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fact, there is a comparably high rate (up to 30%) of pancre-
atic cancers that already with a tumor size �0.5 cm develop
distant metastases [15] and thus varying tumor biology may
inflict on the general gradual tumor development.

Overall, only 10% have a localized disease that allows for
surgical resection which together with adjuvant chemother-
apy renders a 5-year survival up to 42% [16]. Some 30%
have a regional disease where most patients are considered
to have a non-resectable disease and receive palliative
chemotherapy. In only a limited number in this group,
upfront surgery or downstaging to resectable disease is pos-
sible. A majority (50–60%) of patients with pancreatic cancer
have the metastatic disease already at diagnosis. They will
receive palliative chemotherapy associated with a 5-year sur-
vival of a mere 3%. Increasing the number of localized
tumors by early diagnosis would dramatically increase the
overall 5-year survival rates (Figure 4).

Epidemiology, genetics, and risk groups

Between 5 to 10% of pancreatic ductal adenocarcinomas
have been reported as hereditary forms. A number of
genetic syndromes have been associated with increased pan-
creatic cancer risk, like Peutz Jeghers Syndrome, melanoma-
pancreatic carcinoma syndrome (CDKN2A), Lynch Syndrome,
and hereditary pancreatitis (PRSS1) [17]. Clinical risk factors
are relatively wide including smoking, obesity, diabetes and
pancreatic cystic lesions (e.g. IPMN). Patients with new-onset
diabetes mellitus type 2 above the age of 50 are an import-
ant risk group for pancreatic cancer with a risk ratio of up to
8, especially within the first 1–3 years after the diabetes diag-
nosis [18]. It has generally been thought that inflammation
as part of metabolic syndrome is associated with an
increased risk of developing pancreatic cancer. However, a
recent study indicated that high fasting glucose increases
the risk of pancreatic cancer independent of metabolic

syndrome [19]. In summary, there are several patient groups
that certainly would benefit from early detection and screen-
ing of pancreatic cancer, including hereditary and familial
cases, new-onset diabetes mellitus type 2 (above the age of
50), and patients with early and vague symptoms ([20,21];
Figure 5).

An increased need for biomarkers in blood and
pancreatic cancer tissue

Novel biomarkers in blood and cancer tissue need to be
developed and validated. By earlier detection of precursor
lesions and small asymptomatic early cancers, a dramatic
improvement in the 5-year survival could be expected. There
is a need for diagnosis, in general, to differentiate ductal
adenocarcinomas in the pancreas from non-neoplastic pan-
creatic lesions. The serum tumor marker CA 19-9 was discov-
ered more than 40 years ago [22,23]. CA 19-9 is not cancer
nor pancreatic cancer-specific and the sensitivity to detecting
local disease is not sufficient enough. Moreover, since CA 19-
9 is a sialylated Lewisa blood group antigen, those 5–10% of
the Caucasian population who are Lewis negative cannot
express CA 19-9 at all [24]. Thereby, there is a high demand
for new biomarkers that can detect early pancreatic cancer
with adequate sensitivity and specificity. Furthermore, we
need prognostic markers for the stratification of pancreatic
cancer patients, complementary to the traditional TNM stage.
Biomarkers are also needed for monitoring patients and
selecting responders to treatment, avoiding unnecessary,
ineffective treatment, adverse events, and costs.

Pancreatic cancer surgery and the effects of
centralization

Pancreatoduodenectomy (Whipple’s procedure) has under-
gone a very positive development concerning postoperative

Figure 4. Early detection of pancreatic cancer improves survival rates.
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morbidity and mortality. A key element seems to be central-
ization of pancreatic surgery and high volumes both for an
institution and the individual surgeon. It has repeatedly been
shown that centralization of pancreatic cancer surgery results
in an increased resection rate, increased number of radical
(R0) resections and increased disease-free and overall survival
rates. Furthermore, increased volumes have enabled more
complex surgery and substantially improved the possibilities
for research and development [25–27].

Centralization of pancreatic surgery to high-volume cen-
ters has significantly improved outcomes in terms of the
operation time, bleeding amounts, need for transfusions,
reoperations, length of hospital stay and postoperative mor-
tality [28,29]. The introduction of fast-track programs
(enhanced recovery) has further improved outcomes with
fewer gastric retentions, shorter hospital stays and less costs,
without affecting the patient’s quality of life [30]. The central-
ization of pancreatic surgery has increased the demand and
value of multi-disciplinary conferences, improving regional/
national and interdisciplinary collaboration.

It is to state that complications after pancreatoduodenec-
tomy are expensive and double hospital care costs. Despite
centralization, postoperative pancreatic fistula grades B and
C still remain in the range of 8–12% increasing hospital stay
and costs by 1.5 times [31].

In line with the general trend toward minimally invasive
surgery, laparoscopic surgery has also to some extent been
introduced in pancreatic resections. This has been performed
mostly for distal pancreatic resections but also for pancreati-
coduodenectomy. Results show that laparoscopic as com-
pared to open pancreatoduodenectomy has similar operative

outcomes (morbidity and mortality) but seems associated
with a shortening in-hospital stay and blood loss, but with a
longer operative time [32,33]. Further development using
robot-assisted pancreaticoduodenectomy confirms advan-
tages such as operative time, blood loss and quicker recov-
ery without affecting postoperative complications [34].

When reviewing reported prognostic factors in resectable
pancreatic cancer, it is to note that tumor size matters, as
does lymph node positivity, especially with a lymph node
ratio >0.3. Tumor grade, vascular invasion and perineural
invasion are also important prognostic factors, as is the surgi-
cal resection margin status (R0 vs R1) [35]. However, the
prognostic significance of resection margin status may be
less pronounced if we enter an era of neoadjuvant treat-
ment [36].

Why is pancreatic cancer so difficult to treat?

Pancreatic ductal adenocarcinoma is genetically complex
within a mean of 63 genetic mutations from the initiating
driving upstream mutations [37]. It is characterized by a
large, hypovascular stromal compartment, representing
85–90% of the tumor, that contributes to chemoresistance.
Surgery still remains the fundament for a potential cure
together with chemotherapy, administered as adjuvant ther-
apy or potentially in a neoadjuvant setting also in upfront
resectable patients. What we need is early diagnosis, predic-
tion of outcome, and individualized precision tumor treat-
ment to improve outcomes. Through future biomarker
studies in serum and pancreatic cancer tissue, this type of
optimized stratification may be provided, stratifying and

Figure 5. The case for early detection of pancreatic cancer in high-risk groups.
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selecting different types of treatment in a precision oncol-
ogy fashion.

Pancreatic cancer staging and resectability decision

Pancreatic cancer is staged according to the Amerian Joint
Committee on Cancer (AJCC), currently in its 8th edition [38].
Subclassification of lymph node metastases has been intro-
duced in the recent edition. For accurate detection of lymph
node metastases, a minimum of 12 lymph nodes should be
examined [39].

Endoscopic ultrasound (EUS) is increasingly used for pan-
creatic cancer staging (lymph nodes, vascular invasion, etc)
and also allows for diagnostic confirmation with fine needle
aspiration (EUS- FNA) [40,41]. EUS has also become an
acknowledged tool for pancreatic cancer screening in high-
risk individuals as an alternative to magnetic resonance
imaging (MRI) [42].

Clinically, pancreatic tumors are classified as non-meta-
static or metastatic. The non-metastatic disease includes
resectable, borderline resectable, and locally advanced pan-
creatic cancer [43]. Borderline resectable pancreatic tumors
may potentially be removed by surgery, but there is a high
risk that a radical resection cannot be achieved. Borderline
tumors often have vascular involvement with a need for vas-
cular resections [43]. According to the criteria created by the
National Comprehensive Cancer Network (NCCN) borderline
resectable disease is defined as tumors having less than 180�

vascular involvement [44]. By adding biological factors that
raise suspicion of metastases (like highly increased CA 19-9
levels or confirmed regional lymph node metastases)
together with conditional factors taking the patient’s per-
formance status and co-morbidity into account, an inter-
national consensus definition of borderline resectable
pancreatic cancer has been provided [45].

Systemic therapy in pancreatic cancer

Systemic chemotherapy, administered as neoadjuvant, adju-
vant or palliative, has its place in the management of pan-
creatic cancer, in some cases combined with radiotherapy.
Neoadjuvant chemotherapy has proven beneficial in border-
line resectable tumors. In selected patient series, neoadjuvant
treatment turned up to 60–90% resectable by this” down-
staging” approach [46,47]. Neoadjuvant therapy may induce
tumor regression and treatment of micro-metastatic disease
make radical (R0) resections more likely. Of specific value is
that neoadjuvant therapy seems to offer longer survival than
upfront surgery for poorly differentiated and higher-stage
borderline pancreatic cancers [48]. Also in unresectable, and
more locally advanced diseases, up to 25% of patients can
undergo an R0 resection after neoadjuvant chemotherapy
[49]. The most commonly used treatment regimes are
FOLFIRINOX and the combination of gemcitabine with nab-
Paclitaxel. One argument for neoadjuvant chemotherapy is
identifying patients with biologically more aggressive dis-
eases in whom progression is seen during neoadjuvant treat-
ment, thus avoiding unnecessary pancreatic surgery [50].

When interpreting the effect of neoadjuvant therapy it is to
remember that computed tomography scanning is unable to
truly differentiate between tumor tissue and the fibrosis that
actually occurs following neoadjuvant chemoradiotherapy
[51]. A powerful tool, though, is the CA 19-9 response during
preoperative chemotherapy for patient selection and progno-
sis. Actually, combining preoperative CRP and CA 19-9 has
proven to be a useful diagnostic-prognostic score [52]. In
borderline resectable patients, changes in these parameters
during neoadjuvant treatment were highly predictive; CRP
remaining below the cut-off value and CA 19-9 decreasing
>90% during preoperative treatment predicted a favourable
postoperative outcome [53].

Neoadjuvant therapy in upfront resectable
pancreatic cancer

The role of neoadjuvant therapy in patients with upfront
resectable pancreatic cancer is not fully elucidated and
should presently only be investigated in randomized clinical
trials [54]. Several studies are ongoing or under completion
addressing neoadjuvant chemotherapy before surgery versus
upfront surgery in resectable pancreatic cancer [55].
Neoadjuvant chemotherapy has many potential benefits,
including a higher proportion of patients receiving chemo-
therapy, early treatment of micrometastatic disease, as well
as downstaging of tumors (Table 1). Up to 40% may have
disease progression during neoadjuvant treatment due to an
aggressive tumor and these patients are not subjected to
futile surgery [56]. However, reduced risk of progression has
been described during neoadjuvant therapy for example in
the PREOPANC-1 [57], PACT-15 [58], and Prep-02/JSAP-05 tri-
als [59,60], although distant metastases may occur in up to
15% indicating aggressive tumor biology [58]. This is to be
compared with the fairly frequent development of early dis-
tant metastases (at similar rates) following upfront surgical
resection. It is also to notice that some 30% of patients with
upfront surgery never obtain adjuvant chemotherapy due to
complications after resection or early disease recurrence and
progression [61,62]. There are indications of the overall
effectiveness of neoadjuvant therapy in resectable pancreatic
cancer with fewer positive lymph nodes and increased sur-
vival [58–60,63]. As mentioned, early metastatic and aggres-
sive tumor potential may be defined during neoadjuvant
treatment [14] and circulating tumor cells and associated

Table 1. Potential advantages and disadvantages with neoadjuvant chemo-
therapy in resectable pancreatic cancer.

Advantages
� All patients receive chemotherapy
� Micrometastatic disease treated earlier
� Avoid futile surgery (progression)
� Rendering the patients time to improve performance
� Improved R0 resection and less positive lymph nodes
� Less POPF (postoperative pancreatic fistula; tissue fibrosis)
Disadvantages
� Complications related to invasive procedures (ERCP, PTC, EUS/FNA)
� Low rate of complete or clinically relevant pathologic or

radiological response
� Systemic toxicity to chemotherapy
� Progression during neoadjuvant chemotherapy
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occult metastatic disease is frequent and the associated sur-
vival is poor [64].

Adjuvant therapy in pancreatic cancer

The ESPAC trials have shown a survival advantage of adjuvant
chemotherapy after pancreatic resection. Initially, 5-FU was
used but was later replaced by gemcitabine which proved to
be as effective, but with fewer side effects, and adjuvant gem-
citabine together with capecitabine was superior to gemcita-
bine alone (ESPAC-4) [65–68]. The CONKO-001 trial also
confirmed the use of gemcitabine in the adjuvant setting [69].
Recent studies have demonstrated that modified FOLFIRINOX
significantly increases survival as compared to gemcitabine,
though the incidence of toxic effects is higher. The median
overall survival in the FOLFIRINOX study was 54.4months
compared to 35.0months among the gemcitabine group [70].
When the combination of gemcitabine and nab-Paclitaxel was
compared to gemcitabine alone the combined Gem-Nab treat-
ment improved overall survival to 40.5months compared to
36.2months for gemcitabine alone [71]. A FOLFIRINOX regime
was approximately 1.7 times more costly per month as com-
pared to the gemcitabine/nab-Paclitaxel treatment, but was
considered cost-effective due to improved outcome [72].

Palliative chemotherapy in pancreatic cancer

Initial studies demonstrated that gemcitabine increases the
median survival from 3–4 to 5.5–7months, and since then
most regimes have been gemcitabine-based. FOLFIRINOX
(oxaliplatin, irinotecan, leucovorin, fluorouracil) compared
with gemcitabine alone significantly increased survival in
metastatic pancreatic cancer from 6.8 to 11.1months.
Toxicity problems reported, though, were concerning [73].
Another improvement was that the combination of gemcita-
bine and nab-Paclitaxel increased survival in metastatic pan-
creatic cancer from 6.7 to 8.5months when compared to
gemcitabine alone [74].

Radiotherapy in pancreatic cancer

Radiotherapy may be used as part of a neoadjuvant radioche-
motherapy protocol, seemingly less in Europe with a shift
towards chemotherapy rather than radiochemotherapy [75]. In
resectable pancreatic cancer, there are indications that the use
of intraoperative radiation therapy (IORT) may improve locore-
gional control and overall survival [76] and IORT in borderline
resectable and locally advanced pancreatic ductal adenocar-
cinoma subjected to surgical resection appeared to be associ-
ated with improved survival, though more supportive
evidence seems to be needed [77]. Following the outcome of
the ESPAC-1 study where no survival benefit could be seen
for adjuvant chemoradiotherapy [65] continued studies have
used various chemotherapy combinations in the adjuvant set-
ting. Stereotactic radiotherapy in locally advanced pancreatic
cancer may have a role in achieving pain relief [78].

Precision oncology

It seems quite evident that stratification of patients down to
group or even individual level is essential and should be
done already during diagnostic work-up before the decision/
choice of a treatment regimen. Improved information from
biomarker studies on pancreatic cancer tissue and blood
may render more precise prognostic and predictive informa-
tion helping the clinicians avoid ineffective treatment, side
effects, and unnecessary costs [6,79].

Increased knowledge about the genomic landscape in
pancreatic ductal adenocarcinoma can potentially provide
future implications for management and a more personalized
treatment selection [80]. In recent years, new molecular sub-
types of pancreatic cancer based on gene expression profiles
and outcome data have been presented. According to the
Collisson classification [81], there are three molecular sub-
types: classical, quasi-mesenchymal and exocrine-like. The
Moffitt classification [82] separated the stroma from pancre-
atic tumors and identified two stroma subtypes (“normal”
and “activated”) and two tumor-specific subtypes (“classical”
and basal-like). Bailey et al. [83] proposed four subtypes;
squamous, pancreatic progenitor, immunogenic and aber-
rantly differentiated endocrine exocrine (ADEX). Altogether,
these molecular classifications may provide better stratifica-
tion and subtyping. For example, the immunogenic type
may provide possibilities for immunotherapy using immune
check inhibition, and dendritic cell vaccination [84].
Immunotherapy, though, up to now has not provided con-
vincing evidence of effect in pancreatic cancer and probably
has to be administered to selected subgroups of patients,
combined with agents sensitizing the tumor microenviron-
ment by reprogramming tumor vasculature and immune
compartment and optimize drug delivery and targeting [85].

The search for novel treatments includes targeting the
crosstalk between tumor cells and tumor microenvironment,
stroma targeting and macrophage targeting, among others
[85]. Of interest is inhibition of PARP1 (poly(ADP-ribose) poly-
merase, PARP being a key sensor of DNA damage and
BRCA1/BRCA2 deficiency [41,86].

The clinical and molecular subclassification of pancreatic
cancer needs to be complemented with adequate preclinical
and translational tumor models. The use of patient-derived
organoids or PDX models generated from patient tumor tis-
sue may provide information on the biology of the tumor
and also predictive information on expected drug response
based on high throughput drug screening. It may very well
be that driving mutations and crucial signaling pathways can
be made targetable (drugable) and facilitate therapeutic
decision-making.

Conclusion

The number of cases and deaths due to pancreatic cancer is
increasing globally. This is mainly attributed to an ageing
population and a lack of improvement in early diagnosis and
treatment. Preventive strategies should focus on modifiable
risk factors. Novel types of biomarker tests need to be
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developed and applied to high-risk populations to help
detect early curable lesions. Centralization of pancreatic sur-
gery has helped reduce perioperative mortality and long-
term survival benefit has been achieved as a result of recent
developments in chemotherapy. Although adjuvant chemo-
therapy remains the gold standard for resected patients,
encouraging data on the benefits of neoadjuvant treatments
are emerging from randomized trials. Future molecular sub-
typing approaches and individualized treatment options will
most definitely help improve systemic treatment for pancre-
atic cancer, which will be beneficial both for patients with
localized tumors, as well as for those with advanced disease.
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