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Introduction

Pancreatic cancer (PC) is the 12" most common
cancer worldwide and the 6t leading cause of cancer-
-related deaths. This disproportion is associated with
the diagnosis that is made in advanced stages (in more
than half of cases as disseminated disease) and with limited
therapeutic options for advanced pancreatic cancer [1, 2].
Median overall survival (OS) in metastatic pancreatic
cancer is 3-6 months, and the 5-year survival rate is only
0.5-9% (app. 3% on average) [3]. Although in early
disease, allowing the use of surgical procedures with ad-
juvant therapy, the 5-year survival rate reaches 25%, this
is still an unsatisfactory result [4]. Moreover, only one
in ten patients with pancreatic cancer is diagnosed at an
early-stage, and in three-quarters of such patients, disease
relapses are observed despite radical primary treatment.
Chemotherapy is a standard treatment for patients with
locally advanced and metastatic (primary or relapsed)
pancreatic cancer. For many years, no significant progress

has been observed in the systemic treatment of patients
with advanced pancreatic cancer. In the last decade,
multi-drug regimens were introduced. They include FOL-
FIRINOX and gemcitabine in combination with paclitaxel
in albumin-stabilized nanoparticle formulation (nab-P,
nab-paclitaxel) in the first line, and a regimen containing
nanoliposomal irinotecan (nal-IRI) in the second line.
These regimens improved treatment outcomes, but their
use is limited to patients with good performance status
(PS) [5, 6]. The latest achievement in this area is the use
of targeted drugs and immunotherapy in selected patient
subgroups defined on the basis of molecular biomarkers.

Epidemiology

Approximately 459,000 people worldwide are diagnosed
with pancreatic cancer each year (2.5% of all newly diagnosed
cancers) and 432,000 people die from this disease (4.5% of all
cancer deaths). This is predicted that in 2030 pancreatic can-
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significantly limited, as evidenced by the 5-year net rela-

tive survival rates in European countries (Fig. 1) [10].
The survival rate of patients diagnosed in 2010-2014 rang-
es from 4.4% in Russia to 13.7% in Latvia. In Poland, only
8% of patients survive 5 years from diagnosis.

In Poland, in 2017, there were 1738 and 1770 cases
reported to the National Cancer Registry (NCR) in
male and female patients, respectively, and the total
number of deaths due to pancreatic cancer was higher
by about 1400 cases. Due to the lack of complete data
on pancreatic cancer incidence in the National Cancer
Registry and the very poor prognosis of this cancer, it
seems that the data on deaths is a good approximation
of the actual epidemiological situation.

For over 35 years, pancreatic cancer mortality in
European countries has remained constant. Compared
to other European countries, Poland is characterized
by a low risk of death from pancreatic cancer, which
is similar to that observed in Germany, Slovakia, or
Denmark (Fig. 2, 3) [11]. An increase in mortality in
both sexes was observed before the 1990s, followed by

Figure 2. Pancreatic cancer mortality — men [11]
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Figure 3. Pancreatic cancer mortality — women [11]
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a long-lasting plateau. In the male population, since
2009, a decreasing trend has been observed while among
women mortality rate does not change (Fig. 4). Over
95% of pancreatic tumors in the Polish population oc-
cur after the age of 50. The incidence of this neoplasm
increases with age. Up to 50 years of age, mortality
does not exceed 10/100,000. After age 50, the incidence
increases by about 10 deaths for each decade of life,
reaching 70-80/100,000 in the 9" decade (Fig. 5).

Clinical manifestation

The diagnosis of pancreatic cancer is usually made
at locally advanced (almost 1/3 cases) or generalized
stage of disease (> 50% cases) [1, 8, 12].

Only about 10% of patients are diagnosed at an early
stage [1], and this is important because only such patients
are eligible for radical treatment [12, 13]. In such cases,
surgical treatment is the standard of care, usually consist-

Pancreatic cancer mortality in Poland
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Figure 4. Pancreatic cancer mortality in Poland 1965-2017 [11]

ing of pancreatoduodenectomy, partial peripheral pan-
createctomy, or total pancreatoduodenectomy [12, 13].
Unfortunately, almost 80% of operated patients develop
arelapse within 2 years, most often in the form of distant
metastases [14]. In the vast majority of patients (80-90%),
at diagnosis surgical treatment is not possible [8, 12, 15].
Median OS in patients with locally advanced PC does
not exceed one year, and in systemic disease, it is only
3-6 months [14-16]. The introduction of modern imaging
tests into clinical practice (ultrasonography, computed
tomography, magnetic resonance imaging) slightly im-
proved the prognosis in this group of patients [15].

Early-stage pancreatic cancer is asymptomatic
or mildly symptomatic [13, 17, 18]. Symptoms are
non-specific and may include back or shoulder pain,
dysphagia, changes in bowel habits, somnolence, de-
pressed mood, and depression [12, 17, 18]. It is worth
emphasizing, however, that symptoms may appear even
several months before the diagnosis, which confirms
the importance of obtaining a proper medical history
[17]. The clinical manifestation of locally advanced or
generalized disease includes pain (back pain, epigastric
pain), fatigue and insomnia, anorexia, nausea, early
satiety, progressive cachexia, jaundice, and diabetes [3,
15, 19]. Many of these symptoms significantly impact the
quality of life (QoL), leading to its impairment, often
at diagnosis [14, 16].

Due to predominant PC detection at advanced
stages, attempts are made to improve the diagnostics
and to make a diagnosis at earlier stages. Population
screening is not recommended. However, imaging in
people with a family history of pancreatic cancer as-
sociated with disease-associated genetic variants is of
increasing importance. It seems that regular imaging
examinations performed in people over 50 with certain
genetic abnormalities may contribute to earlier detec-
tion of suspicious lesions in the pancreas [12].
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Figure 5. Age-adjusted pancreatic cancer mortality in Poland 2015-2017 [11]
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Endoscopic ultrasonography (EUS) is a valuable
imaging test, which allows the detection of tumors
smaller than 2 cm. Magnetic resonance imaging with
secretin administration and magnetic resonance cholan-
giopancreatography (MRCP) correlate well with EUS.
Attempts have also been made to identify biomarkers
associated with the early diagnosis of pancreatic cancer.
The only one registered by the US Food and Drug Ad-
ministration (FDA) is cancer antigen 19-9 (CA 19-9)
serum level. Promising results (sensitivity and specificity
of 100% and 84%, respectively) were obtained when de-
termining volatile organic substances (VOCs) levels [12].
The value of this method, as well as the determination
of the p53 gene mutation in pancreatic juice, requires
confirmation in further studies [12].

Systemic treatment of patients with
advanced pancreatic cancer from
the 1980s to the present day

First-line treatment

Fluorouracil was the first cytotoxic drug used in the
treatment of pancreatic cancer patients. Until the end
of the 20™ century, many clinical trials were conducted
using multi-drug regimens with fluorouracil, comparing
them with best supportive care (BSC). However, they did
not indicate the superiority of chemotherapy. Objective
responses were obtained in about 20% of patients, but
without the possibility of alleviating cancer symptoms
(mostly pain) and — most of all — prolonging OS while
the more active regimens were also more toxic [20-22].

Some progress was made only in 1997 when Burris
et al. [22] demonstrated the advantage of gemcitabine
monotherapy over fluorouracil. In total, 126 patients
with advanced symptomatic pancreatic cancer were
randomly assigned to the gemcitabine (1000 mg/m? once
a week for 3 months and then maintenance therapy
every 4 weeks) or fluorouracil (600 mg/m? every 7 days)
groups. The primary endpoint was the so-called clinical
benefit, including pain assessment (rescue analgesics use
and pain intensity), Karnofsky performance status (KPS)
score, and weight loss. Secondary endpoints included ob-
jective response rate (ORR), OS, and progression-free
survival (PFS). Clinical benefit (improvement of at
least one parameter without worsening the others for
4 weeks or more) was achieved by 23.8% of patients
treated with gemcitabine compared with 4.8% of pa-
tients receiving fluorouracil (p = 0.0022), which was
maintained for 18 weeks versus 13 weeks in the control
group. The benefit in terms of OS was significant but the
numerical difference was minimal (5.65 months in the
gemcitabine group versus 4.41 months in the fluorouracil
group; p = 0.0025). On the other hand, the 12-month

survival rate was 18% and 2%, respectively. Improve-
ment in performance status, better pain control, and im-
proved QoL were observed in the gemcitabine group.
The treatment was well tolerated. Patients treated with
gemcitabine were slightly more likely to develop grade
3 or 4 neutropenia, but clinical manifestations of infec-
tion were not significant in the majority of patients [22].
Based on the results of this study, gemcitabine has for
many years become the standard of care in pancreatic
cancer patients.

In the first decade of the 21% century, several
randomized phase III trials were conducted to evalu-
ate the combination of gemcitabine and other drugs
with different mechanisms of action (e.g. pemetrexed,
capecitabine, irinotecan, oxaliplatin, and sorafenib).
Moore et al.’s trial, published in 2007, was the only
study that demonstrated the superiority of combina-
tion therapy over gemcitabine monotherapy in terms
of OS [23]. In a group of 569 patients with advanced
pancreatic cancer, a significant increase in median OS
(but only by 2 weeks) and median PFS (only by a few
days) was demonstrated after combined treatment with
gemcitabine and erlotinib, as well as a significant reduc-
tion in the risk of death by 18% (p = 0.038) and the risk
of progression by 23% (p = 0.004) (Tab. 1); however,
combined treatment was more toxic [23].

In a phase III clinical trial comparing gemcitabine
in monotherapy and in combination with capecitabine
in patients with advanced pancreatic cancer, it has been
shown that combination therapy significantly increases
response rates and median PFS, which, however, does
not translate into better overall survival (Tab. 1) [24].
On the other hand, a significant benefit in terms of OS
was shown in a meta-analysis including two other stud-
ies conducted in smaller sample sizes (risk reduction of
death by 14%; p = 0.09; Tab. 1) [24].

There was no significant progress in first-line sys-
temic treatment of patients with advanced/metastatic
pancreatic cancer until the second decade of the 21
century when two phase III clinical trials, PROD-
IGE-4 and MPACT, were conducted.

In the PRODIGE-4 study, 342 patients with dis-
seminated pancreatic cancer and in good PS [e.g. 0 or
1 according to the ECOG (Eastern Cooperative Oncol-
ogy Group) scale] were randomly assigned to receive
FOLFIRINOX combination therapy (oxaliplatin,
irinotecan, leucovorin, and fluorouracil) every 2 weeks
or gemcitabine alone. Participants received chemo-
therapy for 6 months. Ultimately, the median number
of cycles was 10 (range 1-47) in the FOLFIRINOX
group and 6 (range 1-26) in the gemcitabine group
(p < 0.001). Median OS, the primary endpoint of the
study, and PFS were prolonged (11.1 vs. 6.8 months
and 6.4 vs. 3.3 months, respectively) in the combina-
tion chemotherapy group, and a reduction in the risk of
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Table 1. Phase lll clinical studies with gemcitabine monotherapy in the first line in the control arm

Study publication Studied regimen ORR DCR PFS (months)  OS (months)

Moore 2007 [23] G + erlotinib 8.6% vs. 8.0% 57.5% vs. 49.2% 3.75 vs. 3.55 6.24 vs. 5.91
p=NS p = 0.07 HR = 0.77 HR = 0.82

p = 0.004 p = 0.038

Cunningham G + capecitabin 19.1% vs. 12.4% - 5.3vs. 3.8 7.1vs. 6.2
2009 [24] p = 0.034 HR = 0.78 HR = 0.86

p = 0.004 p = 0.08
Conroy 2011 [5] FOLFIRINOX 31.6% vs. 9.4% 70.2% vs. 50.9% 6.4 vs. 3.3 11.1vs. 6.8
p < 0.001 p < 0.001 HR = 0.47 HR = 0.57

p < 0.001 p < 0.001

Von Hoff 2013 [6] G + nab-paclitaxel 23% vs. 7% 48% vs. 33% 5.5vs. 3.7 8.5vs. 6.7
p < 0.001 p < 0.001 HR = 0.69 HR = 0.72

p < 0.001 p < 0.001

DCR — disease control rate); G — gemcitabine; HR — hazard ratio; OS — overall survival; ORR — objective response rate; PFS — progression-free survival

death (by 43%; p < 0.001) and the risk of progression
(by 53%; p < 0.001) was also observed (Tab. 1) [5].
Objective response rate was also improved (31.6%
vs. 9.4%, respectively; p < 0.001). However, combination
therapy was more toxic. Neutropenia and febrile neu-
tropenia were reported in 45.7% and 5.4% of patients
receiving FOLFIRINOX chemotherapy, respectively,
and in 21.0% and 1.2% of patients receiving gemcit-
abine alone (p < 0.001 and p < 0.03), respectively [5].
The researchers highlighted the similarity of the results
obtained in the group treated with gemcitabine to the
results obtained in the study by Cunnigham et al. [24]
and other phase III studies with this drug.

In the MPACT study, 861 patients with metastatic
pancreatic cancer and KPS scores > 70 were treated
with nab-P in combination with gemcitabine or gem-
citabine alone [6]. The primary endpoint was OS
improvement after doublet chemotherapy (median
8.5 vs. 6.7 months in the gemcitabine group and rela-
tive risk of death reduction by 28%; p < 0.001; Tab. 1).
Both the 12- and 24-month survival rates were signifi-
cantly higher in the group receiving combination therapy
compared to monotherapy (35% vs. 22%, respectively;
p = 0.0002 and 9% vs. 4%, respectively; p = 0.02).
There was also PFS (median 5.5 vs. 3.7 months, respec-
tively, risk reduction 31%; p = 0.000024) and objective
response rate (23% versus 7%, respectively; p < 0.001)
improvement in patients receiving doublet chemo-
therapy. The most common grade > 3 adverse reactions
were neutropenia (38% in the nab-P and gemcitabine
group vs. 27% in the gemcitabine monotherapy group),
fatigue (17% vs. 7%, respectively), and neuropathy
(17% vs. 1%, respectively). The study did not evaluate
the quality of life [6].

Both aforementioned chemotherapy regimens
— FOLFIRINOX and nab-P with gemcitabine — have
been implemented in daily clinical practice. Their value

was confirmed by the results of additional subgroup or
real-world data (RWD) analyses aimed at identifying
these groups of patients that benefit most from individ-
ual therapeutic options and conditions for their effective
and safe use. The data from the PRODIGE-4 study show
that the greatest benefit from FOLFIRINOX chemo-
therapy is achieved in patients below 76 years of age,
with good performance status (ECOG 0 or 1), without
signs of myocardial ischemia and with bilirubin levels
close to the normal range [5]. In the MPACT study, the
superiority of the nab-P/gemcitabine combination was
seen in all predefined subgroups. Combination therapy
significantly more often than monotherapy resulted in
lowering baseline CA 19-9 levels (p < 0.001). Patients
who had a reduced the level of this marker by at least
90% also achieved longer survival compared to pa-
tients with a reduction of less than 90% (median OS,
13.5 and 8.2 months, respectively, a reduction in the
risk of death by 47%; p < 0.001) [6]. The analysis of
treatment strength in the MPACT study showed worse
outcomes in patients receiving unreduced nab-P dose
compared to those who required a dose reduction (me-
dian, 6.9vs.11.4 months; p < 0.0001 ) and in patients with
no delays in administering the next dose compared to pa-
tients with such delays (median 6.2 vs. 10.1; p < 0.0001)
[13]. Patients requiring modified nab-P administration
had also an improvement in PFS and the overall re-
sponse rate. Importantly, a similar trend was also seen in
the gemcitabine group. Multivariate analyzes confirmed
a statistically significant association between the delayed
administration and reduced dose of nab-P and OS.
In the authors’ opinion, modification of the drug dosage
is an effective method of managing toxicity, allowing for
an increase in drug exposure without adversely affecting
its efficacy [13].

German RWD analysis based on the Tumorregis-
ter Pankreaskarzinom (TPK) registry data, collected
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prospectively between 2014 and 2017 in 104 centers in
Germany, allowed for evaluating treatment outcomes
in1174 patients with locally advanced, inoperable, or
generalized pancreatic ductal adenocarcinoma [25].
The most commonly used first-line therapy was nab-P in
combination with gemcitabine (42%), followed by FOL-
FIRINOX (24%) and gemcitabine monotherapy (23%),
and occasionally other regimens. Analysis of clinical data
shows that patients receiving gemcitabine monotherapy
were older (median 78 years) and in worse PS (73% of
patients with ECOG PS > 1) compared to those treated
with nab-P in combination with gemcitabine (median age
71years, 64% of patients with ECOG PS > 1) or receiving
chemotherapy according to the FOLFIRINOX regimen
(median age 60 years, 52% of patients with ECOG PS> 1).
The disease control rate was 39% in the whole study group
(30%, 41%, and 44% in the gemcitabine, nab-P plus
gemcitabine, and FOLFIRINOX groups, respectively).
Median PFS after first-line treatment was 4.6 months,
5.6 months, and 6.3 months, respectively; median OS was
6.8, 9.1, and 11.3 months, respectively, and the 6-month
survival rate was 58%, 65%, and 80%, respectively [25].
In 280 patients (24%) the dose of drugs was reduced at
the beginning or during therapy (34%, 21%, and 20% of
patients in the FOLFIRINOX, nab-P with gemcitabine
and gemcitabine monotherapy groups, respectively),
and treatment was permanently discontinued due to toxic-
ity in 17% of patients (23%, 16%, and 11% of patients,
respectively). The analysis of TPK data showed that the
most frequently chosen treatment regimens (gemcitabine,
nab-P with gemcitabine, and FOLFIRINOX) were used
in different patient populations.

These observations are consistent with the European
Society for Medical Oncology (ESMO) and the National
Comprehensive Cancer Network (NCCN) guidelines [26,
27]. The European Society of Clinical Oncology recom-
mends the use of multi-drug regimens (FOLFIRINOX
and nab-P with gemcitabine) in patients with good per-
formance status (ECOG PS 0 or 1). Patients with poorer
performance status (ECOG PS 2) or with bilirubin > 1.5X
ULN should receive gemcitabine monotherapy. ECOG
PS 3-4 and the presence of comorbidities is an indication
for BSC[26]. The NCCN guidelines distinguish between
two patient populations: with good and poor performance
status. According to the guidelines, combination therapy
(FOLFIRINOX, nab-P with gemcitabine and other regi-
mens, e.g. gemcitabine with erlotinib) is recommended in
the first group, while in the second group, monotherapy
with gemcitabine, capecitabine or fluorouracil is recom-
mended [27].

Second-line treatment

Progress in the field of systemic first-line treatment
has highlighted the need to find options for further

treatment lines after therapy failure. In the PROD-
IGE-4 and MPACT studies, approximately 40-50% of
patients received second-line chemotherapy. In patients
receiving first-line chemotherapy according to the FOL-
FIRINOX regimen in the PRODIGE-4 study, gemcit-
abine monotherapy was most often used as second-line
therapy (in 82.5% of patients). In turn, for patients
treated in the first line with gemcitabine, multi-drug
chemotherapy (most often FOLFOX — 49.4%, much
less often FOLFIRINOX — 4.7%) was used in the
second line. Median OS did not differ in both groups; it
was 4.4 months from the start of second-line treatment.
In an exploratory analysis of MPACT study data, signifi-
cantly longer survival was observed in patients receiving
second-line treatment, median OS (from randomization
to death) was 12.8 months in the nab-P/gemcitabine
group and 9.9 months in the gemcitabine monotherapy
group (p = 0.015), and 13.5 and 9.5 months, respectively
(p = 0.012) in patients receiving fluoropyrimidine-based
second-line chemotherapy, while in patients not re-
ceiving second-line treatment — 6.3 and 4.3 months,
respectively (p < 0.001). Multivariate analysis showed
that the factors of longer survival after first-line
treatment included using nab-P with gemcitabine in
first-line treatment, using second-line therapy, longer
median PFS after first-line treatment, KPS > 70, and the
neutrophils-to-lymphocytes ratio at the end of first-line
treatment < 5. The authors of this analysis concluded
that the results obtained justify the use of second-line
treatment with fluoropyrimidine-containing regimens in
patients with metastatic pancreatic cancer after failure
of first-line treatment with nab-P with gemcitabine [8].

In the TPK analysis, 346 patients received sec-
ond-line treatment. The most commonly used was
nab-P with gemcitabine (28.9%) and chemotherapy
according to the FOLFOX/OFF regimen (23.8%),
much less frequently gemcitabine monotherapy
(11.5%), FOLFIRINOX (7.9%), or fluorouracil
(4.1%). In 111 patients, third-line chemotherapy was
also used.

The efficacy and safety of second-line treat-
ment in patients with advanced pancreatic cancer
were also analyzed in randomized phase III trials.
The CONKO-003 and the PANCREOX trials assessed
the effect of adding oxaliplatin to fluorouracil (FU) with
calcium folinate (leucovorin, LV) in patients after failure
of gemcitabine-based chemotherapy (including in com-
bination with nab-P). There were inconclusive results in
terms of OS. In the CONKO-003 study, the addition of
oxaliplatin was associated with a significant extension
of median OS (5.9 vs. 3.3 months; risk of death reduction
by 34%; p = 0.010), and the toxicity profile was similar
to that seen with FU/LV [28]. In the PANCREOX study,
median OS was significantly shorter in patients receiv-
ing the modified FOLFOX6 (mFOLFOX6) regimen
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compared with FU/LV (6.1 vs. 9.9 months, p = 0.02).
No benefit was demonstrated according to the primary
endpoint of PFS (median 3.1 vs. 2.9 months, p = 0.99).
The addition of oxaliplatin increased toxicity (grade
3 and 4 adverse reactions were reported in 63% of
patients receiving mFOLFOX6 and 11% of patients
receiving FU/LV) [29]. The results of these studies do
not allow unequivocal confirmation of the benefits of
adding oxaliplatin to FU in the second-line treatment. It
should be noted, however, that in these studies different
dosing of FU/LV was used (in the CONKO-003 study,
the OFF regimen, and in the PANCREOX study, the
modified mFOLFOXG6 regimen).

In the NAPOLI-1 study, patients after failure of
earlier gemcitabine-based therapy were randomized
to nal-IRI monotherapy (151 patients), nal-IRI in
combination with 5-FU/LV (117 patients), or 5-FU/LV
(149 patients). The use of 5-FU/LV in the control arm
has been criticized, but this regimen was also a com-
parator in the CONKO-003 study due to the lack of
a generally accepted standard of care after failure
of gemcitabine chemotherapy at that time. Irinotecan
is not approved for the treatment of patients with pan-
creatic cancer, which justifies the choice of a treatment
regimen. The FOLFIRI and FOLFIRI-3 regimens
(different dosing of irinotecan, use before and after
5-FU/LV) were only evaluated in phase II studies
and did not show any special benefit of irinotecan.
Until the introduction of the FOLFIRINOX regimen,
irinotecan-containing regimens were not standard
practice, which explains the choice of SFU/LV as the
comparator in the NAPOLI-1 study.

Median OS was 6.1 months in the triplet-chemo-
therapy group and 4.2 months in the SFU/LV group
(P = 0.012) and 4.9 months in the nal-IRI monotherapy
group (p = 0.94). Median OS in the control arm in the
NAPOLI-1 study was longer than in the control arm
in the CONKO-003 study (4.2 vs. 3.3 months, respec-
tively) [28, 30]. Median PES in the triplet-chemotherapy
group was significantly longer than in the SFU/LV
group (3.1 vs. 1.5 months, risk reduction by 43%;
p = 0.0001). In patients receiving nal-IRI mono-
therapy, median PFS was 2.7 months, and its extension
compared to SFU/LV was not significant (p = 0.1).
When analyzing treatment response, interesting ob-
servations concerning the change in CA19-9 levels
were noted. A reduction of abnormal baseline levels
by > 50% was observed in 29% of patients treated with
nal-IRI + 5-FU/LV and only 9% of patients receiving
5-FU/LV (p = 0.0006). The most common grade 3 or
4 adverse reactions reported in the group receiving tri-
plet chemotherapy were neutropenia (27%), diarrhea
(13%), vomiting (11%), and fatigue (14%).

The authors concluded that treatment with nal-IRI
in combination with calcium folinate-modulated fluo-

rouracil prolongs survival of patients with metastatic
pancreatic ductal adenocarcinoma after failure of prior
gemcitabine-based treatment with manageable side
effects, and, therefore, it may be a new therapeutic
option for such patients [30]. This was reflected in the
2019 ESMO guidelines [26].

The benefit of second-line chemotherapy after
failure of nab-P in combination with gemcitabine was
also noted in a retrospective Italian analysis where
median OS for patients receiving such treatment was
significantly longer than in patients receiving BSC
(13.5vs. 6.8 months; p < 0.0001) [31]. Depending on the
treatment regimen used in the second line, median OS
was 12.9,13.2,13.8, and 12.3 months in patients receiving
FOLFOX/XELOX, FOLFIRI, FOLFIRINOX (classic
or modified), or other monotherapy drugs, respectively,
with the differences not achieving the levels of statistical
significance. The authors confirmed the legitimacy of
the second-line treatment and indicated the possibil-
ity of obtaining therapeutic benefits in over 50% of
patients after failure of first-line treatment with nab-P
and gemcitabine [31].

Molecularly targeted therapy

In late 2019, the FDA, based on the results of
the POLO study, approved the PARP [poly-(ADP-ri-
bose) polymerase] inhibitor, olaparib, for the treat-
ment of patients with generalized pancreatic adenocar-
cinoma with a germinal BRCAI and/or BRCA?2 genes
mutations (gBRCAms). The POLO study was a dou-
ble-blind, multicenter study in which 154 patients with
metastatic pancreatic cancer with gBRCAm and no
disease progression after first-line platinum-based
chemotherapy were randomly assigned (3:2) to receive
olaparib (300 mg twice daily) or placebo. Median PFS
was significantly longer in patients receiving active
treatment (7.4 vs. 3.8 months; p = 0.004). At the time
of interim analysis (data maturity 46%), there was no
difference between therapeutic arms in terms of OS.
Based on the European Organization for Research
and Treatment of Cancer (EORTC) quality of life
questionnaire (QLQ), no significant difference was
found between the study groups. The incidence of
grade 3 or 4 adverse reactions was 40% in the olapa-
rib group and 23% in the placebo group, and study
treatment was discontinued due to adverse events in
5% and 2% of patients, respectively. Olaparib is an
important therapeutic option that doubles the benefits
of progression-free survival in patients with metastatic
pancreatic cancer with gBRCAm [32].

At the turn of 2018 and 2019, treatment options
for patients with metastatic pancreatic cancer were
further expanded as a result of the FDA’s approval of
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larotrectinib and entrectinib for the treatment of solid
neoplasms that display the fusion of the neurotrophic
receptor tyrosine kinase (NTRK) gene [33]. Larotrec-
tinib was registered on the basis of 3 studies involving
a total of 55 patients previously receiving standard
chemotherapy (if available for a specific type of can-
cer), including only 1 patient with pancreatic cancer.
The overall response rate was 75% (13% of patients
achieved a complete response and 62% of patients
— including 1 patient with pancreatic cancer — partial
response). Overall, 73% of patients had no disease
progression after 6 months, and 55% of patients had
no disease progression after 1 year [34]. In the group of
over 50 patients with various cancers with NTRK gene
fusion receiving entrectinib, 57.4% of patients achieved
objective responses (including 4 complete responses),
and 2 out of 3 pancreatic cancer patients achieved
a partial response. Median PFS in the whole study group
was 11.2 months, and median OS was 20.9 months [35].
It should be emphasized, however, that this innovative
treatment strategy is indicated for a very limited number
of patients with very precisely defined molecular abnor-
malities, and currently, nal-IRI is the drug of first choice
in the second-line treatment of patients with metastatic
pancreatic cancer after gemcitabine treatment.

Immunotherapy is also being assessed in the treat-
ment of patients with pancreatic cancer. In the phase
II KEYNOTE study, 158 study patients with various
cancers with abnormalities in DNA repair genes MSI-H
(high microsatellite instability)/dMMR (deficient in
DNA mismatch repair), including 22 patients with
pancreatic cancer, received pembrolizumab, a mono-
clonal antibody directed against programmed cell
death-1 (PD-1). The objective response rate was
34.3%, median PFS was 4.1 months and median OS
was 23.5 months. Treatment-related side effects oc-
curred in 151 patients (64.8%) [36].

There is also some hope for T-cell immunotherapy
targeting somatic mutations in tumor-specific pep-
tide antigens, but the method is at an early-stage of
research [37].

Conclusions

Progress in systemic treatment of patients with
advanced pancreatic cancer is essential for prognosis
improvement. In most patients, the diagnosis is made
at advanced disease stages when systemic treatment is
the only possible option. Until the mid-1990s, there was
nihilism in practice in the field of systemic treatment,
and the situation of patients changed only after gemcit-
abine use, which for many years became the standard
of treatment even though its benefits were mainly re-
lated to the quality of life and cancer symptoms relief.
Another significant step in first-line systemic treatment

was noted in the second decade of the 21% century af-
ter the introduction of chemotherapy according to the
FOLFIRINOX regimen and nab-P to the treatment of
pancreatic cancer patients. Both methods of therapy
have been included in the guidelines of scientific socie-
ties and implemented in clinical practice. As first-line
treatment progressed, it became increasingly necessary
to develop second-line treatment options. Many clinical
trials have demonstrated the benefits of this approach,
including monotherapy and multi-drug regimens. Re-
search is underway to define predictive factors that
will allow for the identification of the subpopulation of
patients who benefit most from second-line treatment.
As in many other areas of oncology, attempts have
been made to apply molecularly targeted therapies
in patients with advanced pancreatic cancer. Initial
results are promising, and further studies on the use of
immunotherapy raise hopes for patients and the medi-
cal community.
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