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Pancreatic cancer is a highly lethal malignancy. Developments in recent years have broadened our therapeutic armamentarium.

Novel drugs such as nab-paclitaxel, liposomal irinotecan and chemotherapy regimens such as FOLFIRINOX have been

successfully tested in clinical trials. Data on patients outside of clinical trials are scarce but necessary to assess and improve

the standard of care. We present data on treatment and survival of 1,174 patients with locally advanced, inoperable, or

metastatic pancreatic ductal adenocarcinoma. Between February 2014 and June 2017, patients were recruited by 104 sites at

start of first-line therapy into the ongoing, prospective clinical cohort study TPK (Tumour Registry Pancreatic Cancer). As first-

line therapy, 89% of patients received one of the three treatment regimens: gemcitabine monotherapy (23%), nab-paclitaxel

plus gemcitabine (42%), or FOLFIRINOX (24%). The corresponding subgroups differed: Patients receiving gemcitabine

monotherapy were older and more comorbid (median age 78 years, 73% ECOG ≥ 1) than patients receiving nab-paclitaxel plus

gemcitabine (median age 71, 64% ECOG ≥ 1) or patients receiving FOLFIRINOX (median age 60, 52% ECOG ≥ 1). At least 40% of

patients died before receiving second-line treatment. First-line progression-free survival was 4.6 months (95% CI: 3.7–5.2) for

gemcitabine, 5.6 months (95% CI: 5.0–6.2) for nab-paclitaxel plus gemcitabine, and 6.3 months (95% CI: 5.5–6.9) for

FOLFIRINOX. Our data represent the treatment reality in a German community setting. Although there are no stringent inclusion

criteria for our cohort study, overall survival is comparable to that reported by randomised clinical trials.

Introduction
Pancreatic cancer is an aggressive malignancy with a very
poor prognosis and high mortality. As it triggers no or only
unspecific symptoms at an early stage, more than 80% of the

tumours are locally advanced, inoperable (LAPC) or meta-
static (MPC) at diagnosis. The median overall survival
(OS) after diagnosis is less than 1 year, the relative 5-year sur-
vival rate only 8%, both in Germany and the United States.1,2
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In the United States, pancreatic cancer has been projected to
become the second leading cause of cancer-related death by
2030.3 In Germany, incidence and mortality rates are almost
equal: approximately 17,100 new cases and 16,600 deaths due
to pancreatic cancer were registered in 2013.4

Since 1997, gemcitabine monotherapy has been the stan-
dard of care for patients with LAPC/MPC.5 Subsequently, sev-
eral combination therapies have been studied, but only the
combination of gemcitabine with erlotinib resulted in a mini-
mal survival benefit of 2 weeks, yet also more side effects and
higher costs.6 In 2011, the combination chemotherapy regi-
men FOLFIRINOX (leucovorin, fluorouracil, irinotecan, and
oxaliplatin) was shown to provide a survival benefit compared
to gemcitabine alone with a median OS of 11.1 vs.
6.8 months.7 However, FOLFIRINOX was also associated with
increased toxicity, especially neutropenia, sensory neuropathy
and diarrhoea, and is thus only suitable for patients with good
performance status.7 In January 2014, the albumin-based for-
mulation of paclitaxel (nab-paclitaxel) in combination with
gemcitabine was approved in Germany for the first-line treat-
ment of pancreatic cancer and is currently recommended for
first-line and second-line use (125 mg/m2 nab-paclitaxel plus
1,000 mg/m2 gemcitabine, d 1,8,158). The combination ther-
apy resulted in a markedly longer median OS compared to
gemcitabine monotherapy (8.7 vs. 6.6 months) with increased,
but still low rates of peripheral neuropathy and myelosuppres-
sion.9,10 Due to differing toxicity profiles and only modest dif-
ferences in OS, choosing the ideal regimen for the individual
patient remains challenging.11 Moreover, the patients enrolled
in clinical trials often differ from the general population in
sociodemographic and medical characteristics (being younger
and suffering from less comorbidities), hampering a generali-
sation of results. Data on treatment outside of clinical trials
are needed to understand patient characteristics, treatment
decision making, and effectiveness of treatments to assess and
improve quality of care in daily routine.

In this article, we present data from the prospective clinical
cohort study TPK (Tumour Registry Pancreatic Cancer),
recruiting patients with LAPC/MPC treated by office-based
medical oncologists and clinics in Germany.

This comprehensive report presents real-world data on
1,174 patients including type of therapy in first-line and
second-line, best response, progression-free survival (PFS), OS
and disease-specific survival (DSS).

Materials and Methods
Data source
The TPK is an ongoing, open, longitudinal, multicentre, obser-
vational, prospective cohort study, which started in 2014. Yearly
descriptive statistical analyses were predefined regarding data on
patient characteristics, choice of treatment, outcome, and course
of disease. The TPK was reviewed by the responsible ethics
committee and is registered as Tumour Registry Pancreatic Can-
cer at ClinicalTrials.gov (NCT02089269). The first patient was
enrolled in February 2014. Eligible patients are ≥18 years of age
with LAPC or MPC at the start of their palliative first-line treat-
ment. A maximum of 2 weeks’ time difference is allowed
between start of first-line therapy and signed informed consent.
At the time of this analysis, 94 outpatient-centres and 10 clinics
for medical oncology located all over Germany were actively
participating. Study sites are advised to recruit consecutively to
minimise selection bias. At inclusion, patients’ sociodemo-
graphics, prognostic factors (stage, grading), ECOG performance
status and tumour characteristics at diagnosis are collected.
Comorbidities are assessed using the Charlson Comorbidity
Index (CCI) according to Quan and colleagues, yet additional
concomitant diseases are also documented.12,13 Data on all pre-
vious treatments such as surgery, adjuvant chemotherapy and
radiotherapy were collected. Details retrieved on systemic treat-
ments include duration of each treatment, dose-reductions
(yes/no), and number of cycles of all agents applied per line of
treatment. Systemic therapies are documented by specifying all
agents separately rather than as predefined regimens to allow
for documentation of individual combinations. The regimens
FOLFOX and OFF differ only in dosage and administration
intervals of the three agents leucovorin, fluorouracil, and oxali-
platin, and were often individually adjusted.14,15 Therefore, all
combinations thereof are labelled as FOLFOX/OFF.

Patients are treated according to physicians’ choice and
visit their physician on their individual schedule. No specifica-
tions are imposed on the physicians’ assessment of treatment
at any time. All patients are followed up for 2 years from
enrolment (or until death, loss to follow-up or withdrawal of
consent). During the follow-up period, data on all systemic
antineoplastic treatments, outcome and course of the disease
are collected. Outcome parameters assessed as per centre stan-
dard include absence or presence and location of distant
metastasis or local recurrence, date(s) of progression(s) and
date of death by any cause. The tumour response was

What’s new?
More than four-fifths of patients with pancreatic cancer present with locally advanced, inoperable (LAPC) or metastatic (MPC)

disease at diagnosis. Beyond clinical trials, relatively little data is available on survival outcomes for these patients. Here, real-

world data, derived from an unselected cohort of 1,174 patients enrolled between 2014 and 2017 in a prospective study in

Germany, show that the vast majority of first-line therapies given to LAPC/MPC patients consisted of either gemcitabine

monotherapy, nab-paclitaxel plus gemcitabine, or FOLFIRINOX. About 40 percent of the patients received second-line therapy.

Overall cohort survival was comparable to that reported for randomized clinical trials.
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documented as best (clinical) response by the physician and
not at previously specified time points according to RECIST
criteria. Patients’ data are transferred from medical records to
a secure web-based electronic case report form (eCRF) by des-
ignated site staff and are updated after each follow-up visit, at
any change in therapy or at least every 2 months. For quality
assurance, data plausibility checks are performed and queries
are generated automatically by the eCRF software. Manual
checks on data completeness and plausibility are performed
regularly to ensure the reliability of the data.

Cohort definition
A total of 1,219 patients had been recruited until data cut on
June 30, 2017. Of these, 45 patients were excluded from this
interim analysis as no start date of the palliative first-line ther-
apy had yet been documented, resulting in a cohort of 1,174
patients.

Statistical analysis
Overall survival is defined as the interval between start of
first-line therapy and the date of death from any cause.
Patients alive or lost to follow-up at data cut were censored at
last contact according to the Kaplan–Meier method.
Progression-free survival was defined as the interval between
start of first-line therapy and the date of progression or death.
Patients without such an event before start of second-line
therapy were censored at either the start of second-line ther-
apy or at last contact. Disease-specific survival (DSS) was cal-
culated from start of first-line therapy until date of death due
to pancreatic cancer. Patients alive, lost to follow-up, or with
other causes of death were censored at last contact or at date
of death. The median observation time was calculated with a
Kaplan–Meier estimate and was defined as time from start of
first-line treatment to death or end of study. Patients without
such an event were censored at last contact. Documentation
in the registry reflects clinical routine practice, thus missing
data are expected. There was no imputation of missing data.
The data analysis for this article was generated using SAS soft-
ware, Version 9.4 of the SAS System for Windows. Copyright
2002–2012 SAS Institute Inc. SAS and all other SAS Institute
Inc. product or service names are registered trademarks or
trademarks of SAS Institute Inc., Cary, NC, USA.

Results
Patient, tumour, and treatment characteristics
Table 1 presents demographic data and tumour characteristics
of the 1,174 patients included into this analysis. Median age at
start of therapy was 70 years; the age differed markedly
between the chemotherapy regimens (60 years for FOLFIRI-
NOX, 71 for nab-paclitaxel plus gemcitabine and 78 years for
gemcitabine monotherapy). Patients receiving one of these
regimens differed in multiple demographic and tumour char-
acteristics, due to the noninterventional design, and therefore
these patient subgroups cannot be compared directly. There

were slightly more male patients (54%). Only a third of the
patients was in good general condition (ECOG = 0), and 83%
of the patients had at least one concomitant disease, with a
quarter of the patients having comorbidities considered for
the CCI at start of treatment (28% CCI ≥ 1). Most of the
patients with CCI ≥ 1 were also assigned a ECOG ≥ 1 (64%).
Ninety percent of all patients had metastatic tumours at start
of treatment, 54% of the tumours were located in the pancreas
head. About 13% of the patients had received prior chemo-
therapy in curative intention and 20% had undergone surgery.

A total of 253 patients had received any prior treatment
(adjuvant chemotherapy, surgery, and/or radiotherapy).
154 patients of this subgroup had received adjuvant chemo-
therapy, 126 of them (82%) gemcitabine monotherapy. In pal-
liative first-line treatment, 64 of the 253 pretreated patients
(25%) received FOLFIRINOX, 106 (42%) received nab-
paclitaxel plus gemcitabine, and 43 (17%) gemcitabine mono-
therapy. The median time from diagnosis to start of palliative
first-line therapy (disease-free interval) was 27 days for
patients receiving FOLFIRINOX, 29 days for nab-paclitaxel
plus gemcitabine and 35 days for gemcitabine.

20% (236 out of 1,174 patients) of the cohort could be con-
sidered as “trial-ineligible” patients, defined by the presence of
at least one of the common exclusion criteria in clinical trials
at start of first-line therapy: ECOG ≥2, renal insufficiency,
moderate or severe liver disease, chronic heart failure, or brain
metastases. Of these, 28 patients (12%) received FOLFIRINOX
in palliative first-line treatment, 94 (40%) nab-paclitaxel plus
gemcitabine and 89 (38%) gemcitabine monotherapy.

Choice of chemotherapy regimens
From February 2014 until data cut at June 30, 2017, a total of
1,174 palliative first-line treatments had been documented.
The most frequently used first-line regimens are shown in
Figure 1a. The three regimens gemcitabine alone (23%), nab-
paclitaxel plus gemcitabine (42%) and FOLFIRINOX (24%)
accounted for 89% of all first-line therapies. Patients receiving
one of these three regimens differed in age, comorbidity and
ECOG performance status. Patients receiving gemcitabine
were the oldest, most comorbid and with poorest performance
status, while patients receiving FOLFIRINOX were younger,
less comorbid, and with better performance status than the
patients receiving the combination nab-paclitaxel plus gemci-
tabine. This indicates that these factors might affect treatment
decision making. Of 391 second-line treatments documented
until data cut, the regimens nab-paclitaxel plus gemcitabine
accounted for 29%, FOLFOX/OFF for 24% and gemcitabine
monotherapy for 12% of all second-line therapies (Fig. 1b).

Dose-reductions at start or during the course of first-line
treatment were documented in 280 patients (24%), corre-
sponding to 34%, 21%, or 20% of the patients receiving FOL-
FIRINOX, nab-paclitaxel plus gemcitabine or gemcitabine
monotherapy, respectively. Toxicity was documented as rea-
son for the dose-reduction in 20%, 13%, or 11% of the
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Table 1. Patient and tumour characteristics

Characteristic

Gemcitabine Nab-paclitaxel + gemcitabine FOLFIRINOX All regimens

(n = 272) (n = 489) (n = 284) (n = 1,174)

Median Min-Max Median Min-Max Median Min-Max Median Min-Max

Age at start of therapy, years 78 45–94 71 40–87 60 39–79 70 39–94

n % n % n % n %

Age � 70 230 84.6% 276 56.4% 42 14.8% 616 52.5%

Age � 75 189 69.5% 153 31.3% 12 4.2% 400 34.1%

Mean StD Mean StD Mean StD Mean StD

BMI at enrolment, kg/m2 24.3 4.4 24.7 4.2 24.7 4.4 24.6 4.3

Sex n % n % n % n %

Female 151 55.5% 219 44.8% 109 38.4% 535 45.6%

Male 121 44.5% 270 55.2% 175 61.6% 639 54.4%

Patients with comorbidity1,2

Any comorbidity 244 89.7% 407 83.2% 208 73.2% 968 82.5%

CCI = 03 170 62.5% 352 72.0% 230 81.0% 843 71.8%

CCI � 13 102 37.5% 137 28.0% 54 19.0% 331 28.2%

Hypertension 170 62.5% 266 54.4% 116 40.8% 625 53.2%

Diabetes mellitus 98 36.0% 147 30.1% 66 23.2% 358 30.5%

Coronary heart disease 30 11.0% 35 7.2% 15 5.3% 97 8.3%

Thyroid disorders 21 7.7% 47 9.6% 26 9.2% 103 8.8%

Chronic GI disorders 25 9.2% 44 9.0% 22 7.7% 100 8.5%

Performance status1

ECOG = 0 74 27.2% 175 35.8% 136 47.9% 425 36.2%

ECOG = 1 145 53.3% 263 53.8% 136 47.9% 623 53.1%

ECOG = 2 53 19.5% 51 10.4% 12 4.2% 126 10.7%

Pancreatic tumour location

Head 159 58.5% 256 52.4% 149 52.5% 635 54.1%

Body 59 21.7% 111 22.7% 52 18.3% 246 21.0%

Tail 37 13.6% 92 18.8% 66 23.2% 218 18.6%

Unknown 18 6.6% 30 6.1% 17 6.0% 75 6.4%

Metastases at start of therapy 4

Yes 244 89.7% 439 89.8% 256 90.1% 1,057 90.0%

Bilirubin

�1.5 × ULN 173 63.6% 341 69.7% 206 72.5% 720 68.9%

1.5–3 × ULN 18 6.6% 32 6.5% 15 5.3% 65 6.2%

>3 × ULN 16 5.9% 16 3.3% 6 2.1% 38 3.6%

Missing 65 23.9% 100 20.4% 57 20.0% 222 21.2%

Previous treatment5

Any prior treatment 43 15.8% 106 21.7% 64 22.5% 253 21.6%

Adjuvant chemotherapy 7 2.6% 68 14.0% 47 16.5% 154 13.2%

Radiotherapy 1 0.4% 8 1.6% 6 2.1% 16 1.4%

Surgery 42 15.6% 95 19.5% 57 20.1% 230 19.7%

Abbreviations: BMI, body mass index; GI, gastrointestinal; Max, maximum; Min, minimum; StD, standard deviation; ULN: upper limit of normal.
1At enrolment.
2Comorbidity according to Charlson or additional concomitant diseases.
3Charlson Comorbidity Index (CCI) according to Quan et al.12,13
4All metastases documented in the period of 8 weeks before until 4 weeks after start of first-line treatment.
5Multiple entries possible.
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respective treatment. Discontinuation of first-line treatment
due to toxicity was documented in 196 patients (17%) and
occurred in 23%, 16%, or 11% of all patients receiving FOL-
FIRINOX, nab-paclitaxel plus gemcitabine or gemcitabine
monotherapy, respectively. The overall proportion of patients
receiving a second-line and third-line therapy was estimated
based on those patients recruited at least 1 year before data
cut (until June 30, 2016; n = 862). This was done to allow for
sufficient follow-up and avoid underestimation of documented
higher lines of treatment. In total, at least 40% (n = 346) of
the patients received a second-line, 13% (n = 111) a third-line
treatment, while 40% (n = 348) of the patients died prior to a
second-line and 60% (n = 514) of the patients prior to a
third-line therapy (Fig. 1c). Patients marked as “potential” for
another line of treatment (13%, n = 108 in second-line and
18%, n = 158 in third-line treatment) had either not yet com-
pleted the previous line of treatment or had finished the previ-
ous line but not yet started a new one. In total, 79 patients
(9%) were lost to follow-up.

Best response, progression-free survival, overall survival,
and disease-specific survival
The outcome data are shown in Table 2, the survival curves in
Figure 2. The disease control rate (CR/PR and SD) was 39%
for the entire patient cohort. The median first-line PFS of the
cohort was 5.3 months (95% CI: 5.0–5.7, Fig. 2a, Table 2) and
the median OS was 9.2 months (95% CI: 8.5–10.0, Fig. 2b,
Table 2). The median observation time of all patients was
8.2 months (95% CI: 7.6–9.0).

Outcome data for patients receiving one of the three main
treatment regimens are shown in Figure 2c–g, as well as in
Table 2. Of note, the patients receiving these regimens differed
considerably in important sociodemographic andmedical param-
eters (see Table 1). The proportion of patients with compromised
performance status (ECOG ≥ 1) was 73% for gemcitabine alone,
64% for nab-paclitaxel plus gemcitabine, and 52% for FOLFIRI-
NOX; furthermore the median age at start of therapy differed
markedly, ranging from 78 years (gemcitabine alone), 71 years
(nab-paclitaxel plus gemcitabine) to 60 years (FOLFIRINOX).

(c)

(b)First-line treatment, Top 5 Second-line treatment, Top 5

nab-paclitaxel

+ gemcitabine

FOLFOX/OFF

Gemcitabine

FOLFIRINOX

5-FU2.1%

2.9%

23.2%

24.2%

41.7%

0% 20% 40% 60%

(a)

nab-paclitaxel

+ gemcitabine

Gemcitabine

FOLFIRINOX

Gemcitabine 

+ erlotinib

FOLFOX/OFF

100%

40%

13%

13%

18%

7%

9%

40%

60%

0%

20%

40%

60%

80%

100%

First- Second- Third-

line treatment

Therapy received Potential

Lost-To-Follow-Up Death

4.1%

7.9%

11.5%

23.8%

28.9%

0% 10% 20% 30%

Figure 1. Treatment reality in LAPC/MPC. (a) Top 5 first-line chemotherapy regimens sorted by frequency (n = 1,174), (b) Top 5 second-line
chemotherapy regimens sorted by frequency (n = 391). (c) All patients starting first-line therapy until June 30, 2016 (n = 862) were included
in this analysis. Shown is the proportion of patients receiving a palliative first-line, second-line, and third-line treatment. Potential: further
treatment possible (current line ongoing or therapy paused).
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The disease control rate was 30% with gemcitabine mono-
therapy, 41% with nab-paclitaxel plus gemcitabine, and 44%
with FOLFIRINOX. The median PFS ranged from 4.6 months
(95% CI: 3.7–5.2) for gemcitabine monotherapy and
5.6 months (95% CI: 5.0–6.2) for nab-paclitaxel plus gemcita-
bine to 6.3 months (95% CI: 5.5–6.9) for FOLFIRINOX
(Fig. 2c,e,g). The 6 months PFS rates ranged from 33% (gem-
citabine monotherapy) and 47% (nab-paclitaxel plus gemcita-
bine) to 53% (FOLFIRINOX). The 6 month OS rates were
58%, 65%, and 80% in the patients receiving gemcitabine alone,
nab-paclitaxel plus gemcitabine or FOLFIRINOX, respectively.
The median OS was 6.8 months (95% CI: 6.1–9.0) for the
patients treated with gemcitabine alone, 9.1 months (95% CI:
8.2–10.1) for those treated with nab-paclitaxel plus gemcitabine

and 11.3 months (95% CI: 10.5–12.5) for the patients receiving
FOLFIRINOX (Fig. 2d,f,h).

At the time of this analysis, pancreatic cancer was docu-
mented as cause of death for 47% of the patients receiving
gemcitabine monotherapy or nab-paclitaxel plus gemcitabine
and for 44% of the patients receiving FOLFIRINOX (Table 2).
Median DSS was 9.0 months (95% CI: 6.6–10.4) for the
patients treated with gemcitabine monotherapy, 10.6 months
(95% CI: 9.3–11.6) for the patients treated with nab-paclitaxel
plus gemcitabine and 11.9 months (95% CI: 11.2–13.4) for the
patients treated with FOLFIRINOX (Fig. 3b–d).

To assess the robustness of the outcome data, a sensitivity
analysis was performed, including all patients starting first-
line therapy until June 30, 2016 (n = 862), allowing at least

Table 2. Best response, PFS, OS, and DSS of the TPK cohort

Gemcitabine nab-paclitaxel +
gemcitabine (n = 489)

FOLFIRINOX All regimens

(n = 272) (n = 284) (n = 1,174)

Best response n % n % n % n %

CR/PR 19 7.0% 82 16.8% 59 20.8% 175 14.9%

SD 66 24.3% 118 24.1% 67 23.6% 286 24.4%

PD 50 18.4% 70 14.3% 54 19.0% 195 16.6%

Not yet evaluable1 137 50.4% 219 44.8% 104 36.6% 518 44.1%

Number of cycles n Mean � StD n Mean � StD n Mean � StD n Mean � StD

235 4.3 � 3.9 415 4.3 � 3.0 239 7.3 � 7.3 1,002 5.0 � 4.8

Progression-free survival n % n % n % n %

Events 178 65.4% 317 64.8% 154 54.2% 740 63.0%

Median PFS Months 95% CI Months 95% CI Months 95% CI Months 95% CI

4.6 3.7–5.2 5.6 5.0–6.2 6.3 5.5–6.9 5.3 5.0–5.7

Survival rate % 95% CI % 95% CI % 95% CI % 95% CI

6 months 33.1% 26.7–39.6 46.6% 41.5–51.6 52.7% 45.8–59.2 43.6% 40.3–46.8

12 months 16.1% 10.9–22.2 17.6% 13.4–22.2 24.3% 17.6–31.7 18.4% 15.6–21.5

Overall survival n % n % n % n %

Events 151 55.5% 296 60.5% 147 51.8% 670 57.1%

Median OS Months 95% CI Months 95% CI Months 95% CI Months 95% CI

6.8 6.1–9.0 9.1 8.2–10.1 11.3 10.5–12.5 9.2 8.5–10.0

Survival rate % 95% CI % 95% CI % 95% CI % 95% CI

6 months 57.6% 50.6–64.0 65.1% 60.1–69.6 80.0% 74.2–84.7 66.2% 63.1–69.1

12 months 28.4% 21.6–35.6 36.6% 31.4–41.8 43.6% 36.2–50.8 35.8% 32.4–39.3

Disease-specific survival n % n % n % n %

Events 128 47.1% 231 47.2% 124 43.7% 548 46.7%

Median DSS Months 95% CI Months 95% CI Months 95% CI Months 95% CI

9.0 6.6–10.4 10.6 9.3–11.6 11.9 11.2–13.4 10.7 9.8–11.3

Age at start of therapy Median Min-Max Median Min-Max Median Min-Max Median Min-Max

Years 78 45–94 71 40–87 60 39–79 70 39–94

Performance status2 n % n % n % n %

ECOG � 1 198 72.8% 314 64.2% 148 52.1% 749 63.8%

Abbreviations: CR, complete response; DSS, disease-specific survival; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR,
partial response; SD, stable disease; StD, standard deviation.
1Due to the high number of ongoing treatments and assessment of response as per local site standard (noninterventional design without independent
review), a high percentage of responses is not yet evaluable.
2At enrolment.
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Figure 2. Progression-free survival (PFS) and overall survival (OS) since start of first-line therapy of patients with LAPC/MPC. (a) PFS and (b)
OS of the whole TPK cohort (n = 1,174), (c) PFS and (d) OS of the patients receiving gemcitabine monotherapy (n = 272), (e) PFS, and (f ) OS
of the patients receiving nab-paclitaxel plus gemcitabine (n = 489), (g) PFS and (h) OS of the patients receiving FOLFIRINOX (n = 284).
Abbreviations: CI, confidence interval; OS, overall survival; PFS, progression-free survival.
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1 year follow-up for each patient. The results indicate that the
outcome data can be considered robust: first-line PFS and OS
were almost identical: PFS 5.3 months, 95% CI: 5.0–5.8, 73%
events, OS 9.4 months, 95% CI: 8.5–10.1, 69% events. Regard-
ing the three main treatment regimens, PFS and OS were
highly similar: gemcitabine monotherapy, PFS 4.7 months
(95% CI: 3.6–5.3, 75% events), OS 6.7 months (95% CI:
5.9–9.0, 67% events); nab-paclitaxel plus gemcitabine, PFS
5.8 months (95% CI: 5.2–6.4, 76% events), OS 9.4 months
(95% CI: 8.4–10.4, 73% events); FOLFIRINOX, PFS
6.3 months (95% CI: 5.6–7.5, 62% events) and OS 11.3 months
(95% CI: 10.6–13.0, 66% events).

Discussion
Pancreatic cancer with its high mortality rates is a major medi-
cal and economic burden. Although there are many studies and
pivotal trials aimed at finding new treatment options,5,7,9,16

there are—to our knowledge—no recent real-world data on the
systemic treatment of a population-based cohort with LAPC/
MPC.17 This prospective cohort study evaluated data from

1,174 patients with LAPC/MPC. We show that the three main
treatment regimens gemcitabine monotherapy, nab-paclitaxel
plus gemcitabine and FOLFIRINOX account for 89% of all
first-line therapies in German routine practice. As expected, the
corresponding patient subgroups differ considerably regarding
age, performance status and comorbidities. Although the
median age in our population is considerably higher than in the
pivotal trials, we could demonstrate that the outcome of the
real-world population is similar to the outcome of patients
enrolled in randomised clinical trials with stringent inclusion
criteria.

Our study was designed to examine the treatment and out-
come of patients receiving systemic therapy, results may not be
generalised to the small group of patients not receiving any sys-
temic treatment. The noninterventional design of our study
(no randomisation) precludes causal conclusions on differences of
effectiveness of the different treatment strategies. In the TPK regis-
try, there are no specifications as to the timing, frequency or cri-
teria of tumour assessment, and thus, PFS data should be
considered as the best clinical approximation and might not be
identical to the PFS determined in clinical trials. Strengths of this

Figure 3. Disease-specific survival (DSS) since start of first-line therapy of patients with LAPC/MPC. DSS of (a) the whole TPK cohort
(n = 1,174), (b) of the patients receiving gemcitabine monotherapy (n = 272), (c) of the patients receiving nab-paclitaxel plus gemcitabine
(n = 489), and (d) of the patients receiving FOLFIRINOX (n = 284). Abbreviations: CI, confidence interval; DSS, disease-specific survival.
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project are the prospective data collection and the participation of
oncologists all over Germany recruiting into a large study cohort.

The three main systemic treatment options gemcitabine
monotherapy, nab-paclitaxel plus gemcitabine or FOLFIRI-
NOX are administered to three distinctly different patient
subgroups and effectiveness can therefore not be compared
directly.11,18 Interestingly, the outcome of our cohort is com-
parable to that of the pivotal studies: Conroy and colleagues
enrolled fit patients (ECOG score 0 or 1) younger than
76 years and reported a median OS of 11.1 months for FOL-
FIRINOX (median age 61 years) vs. 6.8 months for gemcita-
bine (median age 61 years),7 while we observed a median OS
of 11.3 months for FOLFIRINOX (median age 60 years) and
6.8 months for gemcitabine (median age 78 years). Of note, it
has been discussed that only approximately 10% of the popu-
lation fulfil the criteria for receiving the FOLFIRINOX
regimen,7,19 a rate which cannot be directly verified in our
cohort which excluded patients not being fit enough to receive
any systemic treatment. Fitness is an important predictive fac-
tor for survival, which could be shown within the MPACT
trial: a prespecified subgroup of fit patients (Karnofsky perfor-
mance status = 100) had a median OS of 12.6 months with
nab-paclitaxel plus gemcitabine vs. 10.9 months with gemcita-
bine monotherapy.20 In total, the MPACT trial reported a
median OS of 6.6 months for gemcitabine (median age
63 years) vs. 8.7 months for nab-paclitaxel plus gemcitabine
(median age 62 years).9,10 The latter survival time is compara-
ble to the TPK-cohort, which has a median OS of 9.1 months
for nab-paclitaxel plus gemcitabine. This is even more inter-
esting, as the median age of the patients receiving nab-
paclitaxel plus gemcitabine in our cohort was 71 years com-
pared to 62 years in the MPACT trial.9,10 A retrospective,
population-based analysis in a US community setting showed
a median database persistence (used as proxy for OS) of
8.6 months for nab-paclitaxel plus gemcitabine and a similar
effectiveness as FOLFIRINOX, determined by time to deterio-
ration and database persistence.21

Looking at other cohort studies in Europe, which were
mainly performed before the era of nab-paclitaxel and FOLFIR-
INOX, the median survival ranged from 2 to 8 months as
reviewed by Carrato and colleagues.17 The median OS of the
TPK-cohort was 9.2 months, which certainly reflects the effec-
tiveness of these new treatment options. The subgroup analysis
of the Western European cohort of the MPACT trial on
38 patients treated with nab-paclitaxel plus gemcitabine
reported a median PFS of 5.3 months (TPK: 5.6 months) and a
median OS of 10.7 months (TPK: 9.1 months).22 The Canadian
subgroup analysis of the MPACT trial on 33 patients receiving
nab-paclitaxel plus gemcitabine reported a median OS of
11.9 months.23 In both analyses, the patients were considerably
younger than the patients within the TPK with a median age of
60–61 vs. 70 years.22,23 A retrospective analysis including
41 patients with metastatic pancreatic ductal adenocarcinoma
treated with at least 1 cycle of nab-paclitaxel plus gemcitabine

in Italy reported a median PFS of 6.7 months and a median OS
of 10 months.24

A single institution retrospective chart review of young and
fit patients (n = 50, median age 55, WHO performance status
0/1) with 82% receiving FOLFIRINOX reported a median OS
of 14.8 months for patients with locally advanced and
9.0 months for metastatic pancreatic cancer, with dose modifi-
cations in 90% of the patients and 52% grade 3–4 toxicity.25

Outcome data from published clinical trials always reflect
the unique patient population and methodology of the specific
study, but not necessarily differences in the effectiveness of
the respective chemotherapy regimens received. In the absence
of a randomised clinical trial comparing FOLFIRINOX vs.
nab-paclitaxel plus gemcitabine, it is tempting to speculate
what the outcome of both regimens might be in a patient sub-
group of similar age, comorbidity, and performance status. An
exploratory comparative analysis is planned once sufficient
numbers of patients with FOLFIRINOX treatment have been
recruited.

In the TPK-cohort, median DSS was slightly higher than
median OS for patients receiving gemcitabine monotherapy or
nab-paclitaxel plus gemcitabine, implicating that not only the
pancreatic cancer, but also other factors (e.g. age, comorbid-
ities) influence the survival of these patients. Indeed, 70% of
the patients treated with gemcitabine were aged ≥75 years,
compared to 31% of the patients receiving nab-paclitaxel plus
gemcitabine and 4% receiving FOLFIRINOX.

The increase in treatment options paved the way for
second-line treatments. We showed that at least 40% of the
patients received a second-line therapy, while a similar per-
centage died during or after first-line treatment. This is in
range of the published data reporting 38%–50% second-line
treatments.7,9 Subsequent to nab-paclitaxel plus gemcitabine,
most patients received a regimen containing 5-fluorouracil,
leucovorin, and oxaliplatin with or without irinotecan
(FOLFOX, OFF or FOLFIRINOX). After first-line FOLFIRI-
NOX, the most frequently administered second-line treatment
was nab-paclitaxel plus gemcitabine. It will be very interesting
to follow up on the second-line treatments as new therapy
options, such as nanoliposomal irinotecan, become available.

Conclusion
The real-world data from the population-based TPK cohort
study demonstrates an overall survival comparable to the data
retrieved from pivotal trials, although the median age and
comorbidities were higher. The three main treatment regimens
gemcitabine monotherapy, nab-paclitaxel plus gemcitabine or
FOLFIRINOX are given to three distinct patient populations.
Prognosis for patients with LAPC/MPC remains unfavourable
despite improvements in treatment options in recent years.
This is particularly obvious for older, frail, and comorbid
patients who cannot receive combination therapies. Prospective
cohort studies provide an important measure to assess
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treatment reality, implementation of novel treatments and
guidelines, and to further improve quality of care.
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