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First line options for palliative chemotherapy in 
pancreatic cancer

For years, gemcitabine has been the standard of care and 
the only therapeutic option in patients with metastatic 
pancreatic cancer (mPC). The benefit of gemcitabine treated 
patients in stage IV pancreatic cancer was very limited 
with 5.65 months (1). Subsequent phase II and phase III 
studies that aimed to improve the outcome of gemcitabine 
in combination with different compounds over gemcitabine 
monotherapy failed. The first positive trial was published 
in 2007. In this study gemcitabine with erlotinib, a potent 
and selective epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor, revealed a statistically, albeit 
clinically not really meaningful benefit of 0.33 months (2).  
However, patients that developed a skin rash showed a 
hitherto unknown extension of overall survival with up 

to 11 months (3). This association has been confirmed in 
subsequent studies. In 2011 and 2013 data of two phase III 
studies were released showing a statistically relevant and 
clinically meaningful improvement in the overall survival of 
mPC patients thus providing two first line chemotherapeutic 
options. The PRODIGE-4/ACCORD-11 trial investigated 
the benefits of therapy with FOLFIRINOX compared 
with gemcitabine. In this study the treatment with 
FOLFIRINOX showed an objective response rate of 
approximately 31.6% and a median overall survival of  
11.1 versus 6.8 months in the gemcitabine mono cohort (4) 
(Table 1). These data were very encouraging demonstrating 
for the first time not only a nearly doubling of the overall 
survival, but also high objective response rates. And yet, 
it has to be noted that in this PRODIGE trial a highly 
selective patient cohort was chosen with patients included 
who were under an age of 76 years with an ECOG of 0 or 
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1, sufficient renal and liver function (bilirubin up to <1.5 of the 
norm), a bone marrow with a granulocyte count of ≥1,500 mm2 
as well as a plated count of ≥100,000 mm2. In a less highly 
selective patient cohort the MPACT trial investigated the 
effects of a chemotherapy with gemcitabine/nab-paclitaxel 
compared with gemcitabine alone. The objective response 
rate for gemcitabine/nab-paclitaxel was 23% and the median 
overall survival 8.5 months (5) (Table 2). The MPACT trial 
included older patients in slightly reduced general condition 
with a Karnofsky index of up to 70 with an adequate bone 
marrow (neutrophile count ≥1.5×109/L, hemoglobin  
≥9 g/dL) and adequate renal function as well as a 
bilirubin level below the upper limit of the normal range. 
As expected, due to the potent combination of drugs 
in these regimens, more toxicities like hematotoxicity 
and polyneuropathy were registered. In general, the 
FOLFIRINOX regimen showed a higher side effect rate 
than gemcitabine/nab-paclitaxel with the exception of 
polyneuropathy which occurred more frequently in the 
treatment with gemcitabine/ nab-paclitaxel.

FOLFIRINOX or gemcitabine/nab-paclitaxel: which to 
choose?

The choice of any first line chemotherapy depends on 
the general condition and comorbidities of the patient. 
According to the PRODIGE-4/ACCORD-11 study a 
patient in an excellent general condition under the age of 76 
without severe comorbidities would most likely be treated 
with the FOLFIRINOX regimen whereas according to the 
MPACT trial the treatment with gemcitabine/nab-paclitaxel 
would be preferred in an older patient in a slightly reduced 

general condition. Interestingly, those patients with high 
tumor marker CA 19-9 and high tumor load seem to 
benefit from gemcitabine/nab-paclitaxel even more. In 
this subgroup the greatest reduction in the risk of death 
as well as a greater progression free survival was noted. 
For both regimens normal or slightly elevated bilirubin 
is a prerequisite. Therefore, high levels of bilirubin due 
to cholestasis have to be normalized through endoscopic 
drainage of biliary stenosis. Due to the high toxicity of 
FOLFIRINOX patients are frequently treated with a dose 
reduced modified FOLFIRINOX protocol instead of 
the original FOLFIRINOX regimen. In 2016 a phase II 
trial investigated the effects of modified FOLFIRINOX 
a s  a  f i r s t  l i ne  the rapy  in  l oca l l y  advanced  and  
mPCs (6). In locally advanced tumors the use of modified 
FOLFIRINOX led to a response rate of 17.2%, a resection 
rate of 41.9% and an overall survival of 26.6 months.  
In metastatic disease the response rate was 35.1% and 
the overall survival 10.2 months. As expected, the use of 
modified FOLFIRINOX led to a lower rate of adverse 
events. Thus, modified FOLFIRINOX might prove 
itself an effective but less toxic alternative to the original 
FOLFIRINOX protocol.

Having observed the high toxicities with both regimens 
recent efforts were undertaken to establish maintenance 
therapies. Recently, preliminary data from the PRODIGE 
35-PANOPTIMOX trial showed that a maintenance 
therapy with 5-FU after 8 cycles of FOLFIRINOX is a safe 
strategy (7). A treatment with FOLFIRINOX should especially 
be considered in patients with a family history for BRCA 
associated cancers like breast, prostate and pancreatic cancer. 
BRCA1 or BRCA2 mutations increase sensitivity of pancreatic 

Table 1 Key findings of the PRODIGE-4/ACCORD-11 trial (4)

PRODIGE-4/ACCORD-11 FOLFIRINOX Gemcitabine P

Response rate (%) 31.6 9.4 <0.001

OS, months 11.1 6.8 <0.001

PFS, months 6.4 3.4 <0.001

Table 2 Key findings of the MPACT trial (5)

MPACT Gemcitabine/nab-paclitaxel Gemcitabine P

Response rate (%) 23 7 <0.001

OS, months 8.5 6.7 <0.001

PFS, months 5.5 3.7 <0.001
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cancers towards platin-based therapies due to the lack of an 
efficient DNA repair system (8), Such patients were shown 
to display high sensitivities towards FOLFIRINOX. The 
POLO trial (olaparib as maintenance treatment following 
first-line platinum-based chemotherapy in patients with a 
germline BRCA mutation and metastatic pancreatic cancer) 
has investigated the efficacy of olaparib, a PARP-inhibitor, 
as a maintenance therapy in germline BRCA-mutated 
pancreatic cancer who did not progress under platinum-
based first line therapy (e.g., FOLFIRINOX). Data from 
this trial indeed suggest a significant prolongation of 
progression-free survival under the maintenance therapy 
with olaparib (9). Likewise, current efforts to establish 
modifications of gemcitabine/nab-paclitaxe are under way 
and urgently needed as neuropathy as the main side effect 
affects the quality of life.

For all patients who are not eligible for both regimens 
either due to the general conditions, or preexisting 
comorbidities (such as diabetic PNP) gemcitabine with 
or without erlotinib is still an option. In the absence of 
skin rash after 4–6 weeks of therapy erlotinib has to be 
terminated. The absence of skin rash under erlotinib 
therapy is a predictive marker for the efficacy of erlotinib. 
In patients with high bilirubin due to untreatable cholestasis 
or impaired liver function, best supportive care has to be 
considered. 

Recent developments in Asian cohorts have shed new 
light on S1, an oral 5-FU prodrug. The GEST-trail 
investigated the effects of S1 compared to gemcitabine in 
locally advanced and mPC. In this study S1 showed to be at 
least equally effective as gemcitabine whilst less toxic (10). 
The NPSPAC trial investigated the effects of a therapy with 
S1/nab-paclitaxel compared to gemcitabine in advanced 
pancreatic cancer. The combination of S1/nab-paclitaxel 
showed an objective response rate of approximately 50% 
and an overall survival of 9.4 months. The subgroup 
analysis showed a significant benefit in progression free 
survival (7.7 vs. 5.0 months) as well as in overall survival 
(18.2 vs. 8.5 months) of the female subgroup compared to 
the male subgroup (11). Regarding the tolerability of S1 
this combination might therefore become an alternative 
regimen. However, this data is yet restricted to Asian 
patients. The relevance of S1 in western populations in 
general and in pancreatic cancer in particular is unclear as 
metabolism of the prodrug seems to differ between Asian 
and western population.

Second line options for palliative chemotherapy 
in pancreatic cancer

Despite the dismal prognosis, the aggressive chemotherapeutic 
regimens and their side effects around 50% of patients with 
mPC will require a second-line chemotherapy. Recently, 
for these patients second-line chemotherapies have been 
established. The choice of the second line treatment depends 
on the compounds used as first line therapy, the side-effects/
toxicities and the general patient´s condition.

Second line options after first line treatment with 
FOLFIRINOX

After the use of FOLFIRINOX gemcitabine-based 
regimens should be considered as primary options. If the 
patient is still in an acceptable general condition and doesn’t 
suffer from polyneuropathy gemcitabine/nap-paclitaxel 
might be a feasible option. A prospective phase II study 
showed an objective response rate of 17.5% and a median 
overall survival of 8.8 months for the use of gemcitabine/
nap-paclitaxel after FOLFIRINOX (12). If the patient 
is already in a reduced general condition gemcitabine/
erlotinib or gemcitabine mono represent options which 
should be considered. In retrospective studies, the use of 
gemcitabine as second line treatment led to a median overall 
survival from 3.6 up to 5.7 months (13,14).

Second line options after first line treatment with 
gemcitabine-based regimens

After failure of a gemcitabine-based chemotherapy 
5-FU-based regimens are valid options. As part of the 
CONKO-003 trial the effects of the OFF regimen in a 
second line setting in gemcitabine refractory pancreatic 
cancers were investigated. The use of the OFF regimen led 
to an improved overall survival of 5.9 months compared to 
3.3 months in the control arm (5-FU/folinic acid) (15,16). 
However, after a first line treatment with gemcitabine/nab-
paclitaxel the use of the OFF regimen might be prevented 
by preexisting polyneuropathy. Another option was presented 
by the NAOPOLI-1 trial. This study investigated the effects 
of a combination of lip. irinotecan, 5-FU and folinic acid 
after failure of a gemcitabine-based chemotherapy. The 
trial showed a median overall survival of 6.1 months in the  
lip-irinotecan group compared to 4.2 months in the 5-FU/
folinic acid group (17) (Table 3). A less frequent used option 
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is the FOLFIRI regimen which may achieve an overall 
survival of approximately 5 months in the second line 
setting (18). Selected patients who are still in a very good 
general condition after gemcitabine-based first line therapy 
and don’t suffer from polyneuropathy might be considered 
for the FOLFIRINOX regimen though there are no data 
for the use of FOLFIRINOX in a second-line setting. The 
effects of the FOLFOX regimen in a second line setting 
after a gemcitabine-based therapy was investigated in 
the PANCREOX trial. Unfortunately, besides increased 
toxicity, the use of FOLFOX resulted in a worse overall 
survival of 6.1 months compared to 9.9 months in the 5-FU/
leucovorin control (19).

An explanation for the worse outcome under the 
application of FOLFOX compared to the benefit of the 
OFF regimen in the CONKO-003 trial might be the 
different amount of oxaliplatin. In both regimen oxaliplatin 
is administered with a dose of 85 mg/m2. Though in the 
OFF regimen oxaliplatin is administered on day 8 and 22 of 
a q42 cycle, while the FOLFOX regimen use oxaliplatin in 
a q14 cycle, which means the cumulative dose of oxaliplatin 
is much higher in the FOLFOX regimen. Based on the 
current data FOLFOX shouldn’t be recommended outside 
of clinical trials.

Third line options for palliative chemotherapy in 
pancreatic cancer

After undergoing two lines of systemic chemotherapy only a 
minority of approximately 25–30% of the patients is still in 
the condition for further treatment. The only phase III trial 
which included third line treatment is the NAPOLI-1 trial. 
In this study approximately 30% of the included patients 
had already received at least 2 lines of chemotherapy. 
Therefore, the combination of 5-FU/leucovorin/lip-

irinotecan is the only validated third line option after 
previous gemcitabine-based therapy. At present, there are 
no data for a third line option after previous 5-FU-based 
regimens. 

New approaches and individualized treatment in 
pancreatic cancer

Thanks to the new possibilities in genetic analysis we now 
can sequence tumor tissues in order to find druggable 
mutations as individualized targets. Unfortunately, even if 
mutations are found in most of the cases specific compounds 
targeting these structures are lacking. However, some 
approaches seem quite promising. As previously mentioned, 
a maintenance therapy with PARP inhibitors might 
become a new approach in cancers with a germline BRCA1 
or BRCA2 mutation. Other interesting mutations are 
fusions of the receptor tyrosine kinases NTRK and ROS1. 
Pishvaian et al. used the selective TRK and ROS1 inhibitor 
entrectinib in patients with the appropriate mutations in 
a small phase II trial. The use of the drug led to a partial 
response with normalization of CA 19-9 marker and only 
minor side effects were noted (20). Another important 
genetic factor is the activation of the RAS pathway. 
Although mutations in the RAS pathway are already known 
as major players in the development of a greater part of 
the pancreatic cancers, until recently, a compound directly 
inhibiting the effect of mutated KRAS has not reached 
the clinic yet; thus, this target has been considered as non-
druggable. However, currently many efforts are underway 
to target mutated KRAS through combination therapies, as 
previously described with trametinib and autophagy blocker 
chloroquine or MEK-inhibitors with the allosteric SHP2-
inhibitors (21,22). The use of trametinib together with 
chloroquine for example led to a decrease of the CA 19-9 

Table 3 Key trials for palliative chemotherapy in pancreatic cancer (1,2,4,5,12,15-17)

Line Trial n Arms OS (months) P, HR

1 PRODIGE-4/ACCORD-11 342 FOLFIRINOX vs. gemcitabine 11.1 vs. 6.8 <0.001, 0.57

1 MPACT 861 Gemcitabine/nab-paclitaxel vs. gemcitabine 8.5 vs. 6.7 <0.001, 0.72

1 Moore et al. 569 Gemcitabine/erlotinib vs. gemcitabine 6.24 vs. 5.91 0.038, 0.82

1 Burris et al. 126 Gemcitabine vs. 5-FU 5.65 vs. 4.41 0.0025, –

2 CONKO-003 168 OFF vs. 5-FU 5.9 vs. 3.3 0.01, 0.66

2 Portal et al. 57 Gemcitabine/nab-paclitaxel after FOLFIRINOX 8.8 –

2/3 NAPOLI-1 417 Lip-irinotecan/5-FU/LV vs. 5-FU/LV 6.1 vs. 4.2 0.012, 0.67
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levels by 95% as well as to a decrease of the tumor burden 
in the CT scan by 50% (23). Further investigation is needed 
to confirm the success of this combination but in suitable 
patients with no other alternatives of treatment it might 
represent another option. While in most cases a genetic 
analysis is used as a last approach to find a suitable therapy 
there are interesting new developments which might 
help to decide which therapy should be administered to a 
patient. Tiriac et al. recently identified signatures which 
could be used to predict the response to a therapy by 
using organoid profiling (24). So maybe, we will be able 
to choose the therapy not only by considering factors like 
general condition and age but also by the genetic profile of 
a cancer.

Conclusion and sequence therapy in pancreatic 
cancer

Depending on the general condition, comorbidities and age 
of the patient a first line therapy with FOLFIRINOX or 
gemcitabine/nab-paclitaxel should be considered in patients 
as primary options. Gemcitabine in combination with 
erlotinib or as monotherapy are still options for patients in 
a reduced condition. After the failure of FOLFIRINOX, 
a gemcitabine-based therapy especially gemcitabine/nab-
paclitaxel but also gemcitabine/erlotinib or gemcitabine 
alone should be considered as second line options. After 
the failure of a gemcitabine based first line therapy, 5-FU-
based regimens such as OFF or lip-irinotecan/5-FU/folinic 
acid have to be considered. In addition, lip-irinotecan/5-
FU/folinic acid may be used as third line option. A recent 
study (JAMA) has suggested that genetic mutations that 
can be inherited (germline mutations) are more prevalent  
than previously thought. Thus, genetic tests in patients 
with pancreatic cancer should be encouraged, regardless of 
family history (25). 
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