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Abstract
Background  In pancreatic cancer, systemic treatment options in addition to chemotherapy remain scarce, and so far only a 
small proportion of patients benefit from targeted therapies.
Objective  The patients with pancreatic cancer discussed in the CCCMunichLMU Molecular Tumor Board were reviewed 
to gain a better real-world understanding of the challenges and chances of precision oncology in this hard-to-treat cancer.
Methods  Patients with pancreatic cancer who received comprehensive genomic profiling and were discussed in the inter-
disciplinary Molecular Tumor Board between May 2017 and July 2022 were included. These patients’ medical charts, 
comprehensive genomic profiling results, and Molecular Tumor Board recommendations were analyzed in this retrospective 
cohort study.
Results  Molecular profiles of 165 patients with pancreatic cancer were discussed in the Molecular Tumor Board. In the 149 
cases where comprehensive genomic profiling was successful, KRAS mutations were detected in 87.9%, TP53 in 53.0%, 
and CDKN2A in 14.1%. 33.3% of KRAS wild-type patients harbored targetable mutations, while these were only found in 
19.1% of patients with the KRAS mutation; however, this difference was not statistically significant. 63.8% of patients with 
successful testing received a targeted treatment recommendation by the Molecular Tumor Board; however, only 3.2% of 
these were put into practice. Compared to a historic cohort of patients with pancreatic cancer with synchronous metastatic 
disease diagnosed between 2010 and 2017, the patients from the pancreatic cancer cohort with synchronous metastatic 
disease had a longer survival.
Conclusions  This single-center experience emphasizes the challenges of targeted treatment in pancreatic cancer. Very few 
patients ultimately received the recommended therapies, highlighting the need for more and better targeted treatment options 
in pancreatic cancer, early comprehensive genomic profiling to allow sufficient time to put Molecular Tumor Board recom-
mendations into practice, and close cooperation with clinical trial units to give patients access to otherwise not available 
targeted treatments.

1  Introduction

The increasing availability of molecularly targeted therapies 
has transformed the treatment landscape in solid cancers 
such as biliary tract cancer, non-small cell lung cancer, and 
prostate cancer, which is why extended molecular testing is 
recommended routinely in these entities [1]. In pancreatic 
cancer, however, treatment options in addition to chemo-
therapy are scarce and 5-year overall survival has remained 
consistently low at approximately 10% [2, 3]. As per national 
guidelines, patients with metastatic pancreatic cancer have 
access to gemcitabine- and 5-FU-based therapies in the 
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Key Points 

While 63.8% of patients with pancreatic cancer received 
a recommendation for a targeted therapy from the 
Molecular Tumor Board based on their molecular pro-
files, only 3.2% of therapeutic recommendations were 
put into practice.

KRAS wild-type patients seemed to harbor targetable 
mutations more often than the patients with the KRAS 
mutation; however, this difference was not statistically 
significant.

This study highlights the need for better targeted treat-
ment options and clinical trials in pancreatic cancer.

first-line setting. 5-FU/nanoliposomal irinotecan is approved 
after pretreatment with gemcitabine. Targeted therapies for 
patients with pancreatic cancer are currently limited to PARP 
inhibitors in the setting of platinum sensitivity and germline 
BRCA1/2 mutation, TRK inhibitors, and erlotinib [4]. The 
European Medicines Agency has not followed the US Food 
and Drug Administration approval for pembrolizumab in 
mismatch repair-deficiency/microsatellite instability (MSI) 
pancreatic cancer. Accordingly, this therapeutic option is 
considered off-label in Europe including Germany. As of 
now, the American Society of Clinical Oncology clinical 
guidelines recommend early testing for MSI-high (MSI-h) 
or mismatch repair deficiency, BRCA mutations, and NTRK 
gene fusions in patients with pancreatic cancer who would 
likely be able to receive targeted therapies in case action-
able alterations are found [5, 6]. Unfortunately, only a small 
subgroup of patients with pancreatic cancer can benefit from 
these therapies so far, making further advances necessary to 
broaden the target population and overcome the challenges 
presented to physicians and patients in this disease.

With KRAS being the most frequent somatic mutation 
and a major oncogenic driver in pancreatic cancer [7], 
recent studies have been focusing on targeting it. In part, 
this has been accomplished by KRAS G12C inhibitors; 
although not yet approved in pancreatic cancer, patients 
with KRAS G12C alterations may be treated within clini-
cal trials investigating substances such as adagrasib and 
sotorasib (NCT03600883, NCT03785249). The by far 
more frequent KRAS G12D mutation has been success-
fully used as a target of T-cell receptor engineered T cells 
in a 71-year-old patient, leading to a 72% size reduction in 
visceral metastases ongoing at 6 months [8]. While larger 
clinical trials are necessary to better understand the toler-
ability and effectiveness of such a treatment, reports like 
this foster hope for significant advances in a hard-to-treat 
entity such as pancreatic cancer.

In addition to the dominant subgroup of patients with 
KRAS-mutated pancreatic cancer, the KRAS wild-type 
population has gained attention especially in regard to 
molecularly guided therapies. It has been shown that this 
subgroup is enriched with targetable alterations and har-
bors a higher proportion of MSI-h and tumor mutational 
burden-high patients [9], which emphasizes the impor-
tance of knowing the KRAS mutation status of patients 
with pancreatic cancer in order to identify individuals 
with a higher likelihood to benefit from comprehensive 
genomic profiling (CGP).

Multiple attempts to define molecular subtypes of pan-
creatic cancer have led to different classifications. While 
Puleo et al. identified five subtypes based on next-gener-
ation sequencing [10], immunohistochemistry, and gene 
expression analysis of tumor cells and the microenviron-
ment, Waddell et  al. analyzed structural variations of 
the tumor to define a stable, locally arranged, scattered, 
and unstable subtype [11]. In a larger analysis with 456 
tumors, Bailey et al. defined four subtypes by a genomic 
analysis that correlated with histopathological character-
istics; squamous, pancreatic progenitor, immunogenic, and 
aberrantly differentiated endocrine exocrine [12]. So far, it 
remains unclear whether the knowledge of these molecular 
subtypes can be leveraged in a clinical routine; however, 
a trial stratifying first-line chemotherapy depending on 
a classic or basal molecular subtype according to Moffit 
et al. [13] (NCT04683315), and a trial evaluating the effi-
cacy of chemotherapy with regard to a molecular subtype 
(NCT03977233) are ongoing [14].

To gain a better understanding of the current status and 
challenges of precision oncology in pancreatic cancer at our 
comprehensive cancer center, we have gathered real-world 
data from our Molecular Tumor Board (MTB) from 2017 
to 2022. Here, we report the retrospective analysis of CGP 
results and medical charts of 165 patients with pancreatic 
cancer.

2 � Material and Methods

2.1 � MTB

Starting in 2016, patients’ CGP results have been dis-
cussed in the University Hospital Munich’s interdisci-
plinary MTB. The LMU Munich University hospital is a 
high-volume tertiary care clinic with a certified interdisci-
plinary pancreas center. In the MTB, clinicians, patholo-
gists, tumor geneticists, and experts on precision oncol-
ogy evaluate CGP results while considering the clinical 
situation and medical history of the patient. Based on the 
interdisciplinary discussion and literature research, treat-
ment recommendations are made for approved targeted 
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therapies, off-label therapies, and available clinical trials if 
possible. Some patients are referred to the MTB by exter-
nal physicians to discuss already available CGP results. 
In case a therapeutic recommendation is made, the evi-
dence level is indicated according to the European Society 
of Medical Oncology Scale for Clinical Actionability of 
Molecular Targets and the National Center for Tumor Dis-
eases and the decision whether to follow it is ultimately 
made by the treating physician. As of December 2022, 
more than 2700 patients have been discussed in the MTB.

2.2 � Patient Population

This is a retrospective cohort study. All patients with pan-
creatic cancer who received CGP and were discussed in the 
University Hospital Munich’s MTB between 29 May, 2017 
and 11 July, 2022 were included in the analysis. Patients 
with neuroendocrine pancreatic tumors or ultimately a diag-
nosis of a different malignancy than pancreatic cancer were 
excluded, as well as patients who were discussed in the MTB 
but did not receive CGP (Fig. 1). Median follow-up time was 
13.1 months (range 0–181.8 months). Molecular testing had 

been recommended beforehand either by the entity-specific 
tumor board or by the coordinator of the clinic’s precision 
oncology program, or patients had been referred from exter-
nal physicians for discussion of their available CGP results. 
The study has been approved by the local Ethics Committee 
of the Ludwig Maximilian University of Munich (21-0869). 
Additionally, we included a comparative cohort of patients 
with synchronous metastatic pancreatic cancer who had been 
diagnosed between December 2010 and August 2017 at our 
comprehensive cancer center in the survival analysis, this 
study has also been approved by the local ethics committee 
(284-10).

2.3 � Sequencing Assays

The number of assays for molecular testing at the accredited 
pathology of the University Hospital Munich has increased 
over recent years through the addition of broader panels and 
the possibility to analyze the tumor mutational burden. The 
various assays performed at our center have been described 
in a previous report [15]. The allele frequency threshold for 
inclusion in the analysis was set at 5%; however, in cases 

Fig. 1   Flowchart of included patients. CGP comprehensive genomic profiling, MTB Molecular Tumor Board
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where inclusion of low-frequency mutations was more sensi-
ble, especially in otherwise all wild-type tumors, this thresh-
old was disregarded.

2.4 � Follow‑Up

Medical charts were retrospectively reviewed and analyzed 
to follow up on the included patients. Baseline characteris-
tics were collected from physician’s reports closest to the 
CGP. Results of molecular testing and therapy recommenda-
tions were taken from the pathologist’s report and the MTB 
statement.

2.5 � Statistical Analysis

Descriptive and statistical analysis, as well as the genera-
tion of graphs were performed with IBM SPSS Statistics 
Version 28.0 and Microsoft 365 Version 2206. Correlations 
between the presence of targetable alterations and different 
variables were measured by either Phi and Cramer’s V or 
Eta, as appropriate. The comparison of the mean age of two 
groups was performed using the Student’s t test. Survival 
time was calculated from the initial diagnosis to either death 
or the date of last contact. Survival curves were estimated 
by the Kaplan–Meier method and compared statistically 
using the Log-rank test. Four patients were not included in 
the survival analysis because the date of initial diagnosis 
was unknown. Statistical significance was determined as a 
p value <0.05.

3 � Results

3.1 � Patient Characteristics

Comprehensive genomic profiling results of 165 patients 
with pancreatic cancer were discussed in the MTB during 
the study period. The median age at initial diagnosis was 
62 years (range 29–83 years) and the population consisted 
of 63% men and 37% women. The median time interval 
between initial diagnosis and MTB was 5.5 months, in this 
time span, the patients had progressed on or had shown 
intolerance towards a median of one line of systemic therapy 
(7.3% missing). At initial diagnosis, 60% of patients already 
had metastatic disease, while 37% presented with resectable 
or locally advanced disease (3% missing). The proportion 
of patients with metastatic pancreatic cancer increased to 
87% until the timepoint of the MTB. 96.4% of the patients 
in this study had pancreatic ductal adenocarcinoma, but 
also rare histological subtypes such as (adeno)squamous, 
sarcomatoid, and acinar cell carcinoma were included and 
comprised the remaining 3.6%. Most patients had been 
referred to the MTB from our medical oncology department 

(58.2%), 19.4% from our department for gastroenterology, 
and 18.8% had been referred from external physicians. In 
the vast majority of patients, tumor tissue was used for CGP. 
Testing by liquid biopsy was only done in five cases, in two 
of them, no mutations could be detected, potentially owing 
to low circulating tumor DNA levels in the blood. Compre-
hensive genomic profiling was successful in 90.3% of cases, 
in the remaining cases, insufficient quality of tumor mate-
rial was the most common reason for unsuccessful testing. 
Among the samples where testing failed, no common char-
acteristic regarding collection method or source was found. 
In ten patients, testing was repeated with a different assay 
and/or tumor tissue. Fifteen patients were discussed in the 
MTB twice, either because new CGP results were available 
after initially unsuccessful testing, or not all information 
regarding the case had been available at the timepoint of the 
first discussion. Baseline characteristics of the 165 included 
patients can be found in Table 1.

3.2 � Molecular Alterations

In patients where CGP was technically successful, a median 
of two pathogenic alterations were detected. Figure 2 shows 
the frequency of pathogenic alterations, the most commonly 
mutated genes being KRAS (87.9%), TP53 (53.0%), and 
CDKN2A (14.1%). Three of the patients with the KRAS 
mutation harbored G12C alterations (2.3%). In three cases, 
BRCA1/2 mutations were detected. Additionally, five 
patients with pancreatic cancer with BRCA1/2 germline 
mutations were discussed in our MTB between May 2017 
and July 2022; however, as they did not undergo CGP they 
were not included in this analysis. Eigtheen patients were 
KRAS wild-type (12.1%), including four all wild-type cases 
in which even after manual curation no pathogenic altera-
tions were found.

In the group of KRAS wild-type patients, 33.3% har-
bored targetable pathogenic alterations, while in the group 
of patients with the KRAS mutation, only 19.1% had tar-
getable alterations; however, no statistically significant 
correlation could be drawn (Phi and Cramer’s V corre-
lation coefficient 0.114; p = 0.163). An overview of the 
detected mutations in KRAS wild-type patients is depicted 
in Table 2. Among the patients with KRAS wild-type 
tumors, one had a sarcomatoid histological subtype, and 
two had acinar cell carcinomas. Fifteen KRAS wild-type 
patients were microsatellite stable, microsatellite status 
was unknown in the remaining three patients.

The proportion of patients with targetable alterations 
was similar between male and female patients (21.9% 
and 18.9%). Furthermore, there was a weak correlation 
between age and targetable mutations (Eta coefficient 
0.104).
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3.3 � Targeted Treatment Recommendations

There were 63.8% of patients who received a recommenda-
tion for a targeted therapy from the MTB based on their CGP 
results. This number includes the combination of off-label 
treatment with trametinib and hydroxychloroquine based 
on case reports [16, 17] and the inclusion criteria of the 
THREAD trial that was recommended in most patients with 
the KRAS mutation discussed between June 2019 and March 
2022 (evidence level NCT1C, European Society of Medi-
cal Oncology Scale for Clinical Actionability of Molecu-
lar Targets IIIA). Excluding this treatment option, only 
23.5% of patients received a recommendation for a targeted 
therapy. An overview of the recommended treatments can 

be found in Fig. 3, the most common being trametinib and 
hydroxychloroquine (suggested in 62 cases), MEK inhibition 
and CDK4/6 inhibition (suggested in 14 cases), and olapa-
rib (suggested in 9 cases). The olaparib recommendations 
were given conditionally upon sensitivity towards platin-
containing regimens and the detection of BRCA germline 
mutations. To our knowledge, only three patients ultimately 
received the recommended targeted therapy, therefore, only 
3.2% of therapeutic recommendations were put into practice.

Of the three patients who received targeted therapies, one 
patient with RET/PTC1 fusion was treated with a RET inhib-
itor for 2 months and died shortly after upon progression 
of the pancreatic cancer. Another patient with the KRAS 
mutation received trametinib and hydroxychloroquine for 
2 months, afterwards the treatment was ended because of 
the progression of the disease and the patient died 3 months 
later. The third patient had KRAS and CDKN2A mutations 
and started treatment with a MEK inhibitor and a CDK4/6 
inhibitor (palbociclib/trametinib) but died 1 month later 
because of the progression of the disease. One more patient 
had been recommended trametinib and hydroxychloroquine 
in April 2020, and although this MTB recommendation was 
not followed, the patient started treatment with palbociclib 
and trametinib in February 2022. The patient initially had 
stable disease during this treatment combination except for 
a progressive metastasis in the abdominal wall, which was 
treated with stereotactic radiation. Unfortunately, in August 
2022, the patient had to be switched to chemotherapy again 
because of systemic progression of the disease.

3.4 � Outcome

Median overall survival (mOS) in patients with synchro-
nous metastatic disease was 14.1 months (95% confidence 
interval 10.4–17.8), and 24.6 months (95% confidence 
interval 20.4–28.8) in patients without metastases at the 
initial diagnosis (p = 0.002). Although mOS seemed 
longer in female patients (16.3 months vs 13.0 months in 
synchronous metastatic disease and 28.9 months vs 22.0 
months in patients without metastases at initial diagno-
sis), the difference was not statistically significant (p = 
0.844 and p = 0.308, respectively). There were also no 
significant differences in the survival of patients with or 
without druggable mutations. Although KRAS wild-type 
patients seemed to have a longer mOS (23.4 months vs 
13.1 months in synchronous metastatic disease (Fig. 4a) 
and 44.6 months vs 23.6 months in locally limited disease 
at the initial diagnosis), this difference was also not statis-
tically significant (p = 0.339 and p = 0.474, respectively).

Furthermore, we compared the group of 88 patients 
with synchronous metastatic disease to a historic cohort 
of 90 patients with pancreatic cancer with synchro-
nous metastatic disease who had been diagnosed at our 

Table 1   Baseline characteristics of the included patients (n = 165)

CGP comprehensive genomic profiling, MTB Molecular Tumor 
Board

Age (years)
 Median 62.0
 Range 29–83

Sex
 Male 104 (63%)
 Female 61 (37%)

Stage at initial diagnosis
 Locally limited disease 61 (37%)
 Metastatic disease 99 (60%)
 Missing 5 (3%)

Stage at timepoint of MTB
 Locally limited disease 21 (12.7%)
 Metastatic disease 141 (85.5%)
 Missing 3 (1.8%)

Referred to MTB by
 Internal oncology department 96 (58.2%)
 Internal gastroenterology department 32 (19.4%)
 External physicians 31 (18.8%)
 Other 6 (3.6%)

Tumor histology
 Ductal adenocarcinoma 37 (96.4%)
 Adenosquamous carcinoma 2 (1.2%)
 Acinar cell carcinoma 2 (1.2%)
 Sarcomatoid carcinoma 1 (0.6%)
 Squamous cell carcinoma 1 (0.6%)

Origin tissue for CGP
 Primary tumor 75 (45.5%)
 Metastasis 73 (44.2%)
 Liquid biopsy 3 (1.8%)
 Missing 14 (18.5%)

Status at last follow-up
 Deceased 108 (65.5%)
 Alive 57 (34.5%)
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comprehensive cancer center between December 2010 and 
August 2017. The baseline characteristics of this group 
including also some patients with metachronous meta-
static disease have been reported previously [18]. The 
proportion of male and female patients was similar in both 
cohorts (MTB cohort 63.3% male vs comparative cohort 
65.9% male). Patients in the MTB cohort were younger 
than patients in the comparative cohort (mean age at ini-
tial diagnosis 59.8 years and 62.6 years, respectively; p 
= 0.049) and also had a longer mOS than patients in the 
comparative cohort (Fig. 4b).

4 � Discussion

In this retrospective cohort study, we took a closer look at 
consecutive patients with pancreatic cancer who received 
CGP and were discussed in our local MTB. Patients ana-
lyzed here had a lower median age at initial diagnosis than 
what has been reported for pancreatic cancer in Germany 
in 2018 [19], possibly explained by a selection bias, as 
treating physicians might rather opt for CGP in younger 
patients with a good performance status. The distribu-
tion of male versus female patients was unbalanced with 
approximately twice as many male than female patients 
in the evaluated cohort. The age standardized incidence 

Fig. 2   Prevalence of alterations detected in 149 pancreatic cancer cases

Table 2   Alterations detected in 18 KRAS wild-type pancreatic can-
cer cases; green: therapeutic recommendation made by the molecu-
lar tumor board; gray: no therapeutic recommendation made by the 
molecular tumor board

Detected alterations

1 RET/PTC1 (CCDC6-RET) fusion
2 PDGFRA amplification, KIT 

amplification, STK11
3 PIK3CA fusion, SMAD4
4 All wild-type
5 MET, MET
6 NOTCH2
7 CDKN2A
8 ATM
9 MAP2K1, MAP2K1
10 TP53, BRAF, PIK3CA fusion
11 NRAS
12 ARID1A
13 PALB2, RB1
14 All wild-type
15 All wild-type
16 PIK3CA, TGFBR1
17 ATM, RAD51C
18 All wild-type
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rate in Germany was 10.8 for female patients, and 15.1 
for male patients in 2018. However, the incidence of pan-
creatic cancer in Germany in 2018 was similar among 
male and female patients (9860 and 9160, respectively) 
[19]. Therefore, the question arises why twice as many 
male patients with pancreatic cancer have been discussed 
in our MTB than female patients. In Germany in 2018, 
the median age at diagnosis of pancreatic cancer was 72 
years in male patients and 76 years in female patients [19]. 
Considering the lower median age of our MTB cohort, 
fewer female patients might have been included because 
of the lower sex-specific incidence in the respective age 
group. With MTBs serving as an important referring sys-
tem especially for early clinical trials, efforts to ensure 
a more balanced distribution of sex are critical. It has 
been reported multiple times that female patients are 
under-represented in clinical studies, especially phase I 
trials [20–23]. Standardized local regulations as to which 
patients should receive CGP can be helpful to minimize a 
potential selection bias by the treating physician.

Philip and colleagues have analyzed 2483 patients with 
pancreatic cancer, of whom 266 were KRAS wild-type 
(10.7%) and found that patients wtih KRAS wild-type were 
more likely to harbor targetable alterations or to be MSI-h 
[9]. In our cohort, the prevalence of KRAS wild-type tumors 
was comparable to 12.1% and targetable alterations appeared 
to be enriched in this population as well. However, most 
likely because of a too small sample size, statistical signifi-
cance was not reached. Additionally, we could not observe 
a higher likelihood of MSI-h in KRAS wild-type patients. 
In the cohort reported by Philip and colleagues, pseudo-
papillary, acinar, sarcomatoid, and mucinous tumor histol-
ogy stood out with a higher KRAS wild-type prevalence 

(100.0%, 81.8%, 14.3%, and 13.3%, respectively) [9]. These 
observations were in line with our MTB cohort that included 
one sarcomatoid pancreatic cancer and two acinar cell car-
cinomas, which were all KRAS wild-type. In the outcome 
analysis performed by Philip and colleagues, 5324 patients 
were included, and KRAS wild-type patients had a longer 
overall survival than patients with KRAS-mutated pancre-
atic cancer [9]. Although in our cohort there was a tendency 
towards a longer mOS in KRAS wild-type patients, the sam-
ple size was too small to draw a definitive conclusion from 
our data.

Only three patients with BRCA1/2 mutated pancreatic 
cancer were identified in our MTB cohort, which is lower 
than the prevalence of germline and somatic mutations 
reported in a large meta-analysis (BRCA1 0.9%, BRCA2 
3.5%). A reason for this may be that patients eligible for 
treatment with platin-based chemotherapy received early 
germline testing for BRCA1/2 mutations as recommended 
by guidelines [4, 6], and while five patients with BRCA1/2 
germline mutations were discussed in our MTB between 
May 2017 and July 2022, additional CGP was performed in 
only two of these cases.

What stands out when looking at our analysis is that only 
a small number of patients received the suggested targeted 
therapy—three patients out of 95 who had been recom-
mended a treatment option. In the evaluation of the 1000 
first cases discussed in our MTB, 17% of the therapeutic rec-
ommendations were realized [15]. The substantially lower 
proportion in the pancreatic cancer cohort lies in the nature 
of the disease and limited promising treatment options. 
Therapeutic recommendations made by the MTB have been 
put into practice more often in breast cancer (16%) [24] and 
central nervous system malignancies (15%) [25]. Ding and 

Fig. 3   Recommended treatment options based on comprehensive genomic profiling
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colleagues have reported a comparable rate of patients with 
pancreatic cancer receiving targeted treatment based on 
CGP (3%) [26]. A reason for this number being especially 
low in pancreatic cancer may be owing to the short survival 
and fast deterioration typical for this disease, not allowing 
for targeted treatments to be applied after standard-of-care 

treatments. Additionally, off-label treatments can be delayed 
by the need to apply for cost coverage by insurance com-
panies beforehand. Low evidence levels also influence the 
decisions of treating physicians, stressing even more the 
need for further clinical trials to identify targeted treatment 
options that present realistic chances of improved survival 

Fig. 4   Survival curves of KRAS 
wild-type patients and patients 
with the KRAS mutation with 
metastatic disease at the initial 
diagnosis (a), and survival 
curves of patients with meta-
static disease at the initial diag-
nosis in the molecular tumor 
burden (MTB) cohort and in the 
comparative cohort (b)
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and quality of life. Strategies to increase the number of 
patients with pancreatic cancer receiving targeted therapies 
in the future include the close cooperation of MTBs with 
early clinical trial units, performing CGP as early as possi-
ble, as well as identifying the right patients who are willing 
and able to follow targeted treatment recommendations [15, 
27]. Another important aspect is the improvement of follow-
ups, especially of patients referred to the MTB from external 
physicians, and their support in gaining access to the sug-
gested therapies, either in clinical trials or as off-label use.

A large proportion of the therapeutic recommendations 
from our MTB is made up by trametinib combined with 
hydroxychloroquine put forward in case reports and prospec-
tively investigated in the THREAD trial (NCT03825289). 
MEK inhibition has been found to elicit autophagy in 
pancreatic cancer, therefore the MEK inhibitor trametinib 
was combined with the autophagy inhibitor hydroxychlo-
roquine, case reports of this combination have described 
partial responses or disease stabilization in a few patients 
[16, 17]. However, based on sobering experiences from our 
center and other institutions (personal communication), the 
combination has not been recommended any further since 
April 2022.

It became obvious that the patients in our MTB cohort 
had a longer mOS than the comparative cohort. This may 
be explained by a selection bias as patients with a very short 
survival are more likely to not receive CGP and discussion 
in the MTB between diagnosis and death. Furthermore, 
because CGP should be performed in patients fit enough 
and willing to undergo experimental treatment, patients with 
a lower performance status would not have been included in 
the MTB cohort. Finally, the comparative cohort consists of 
patients diagnosed between 2010 and 2017, while the MTB 
cohort consists of patients who were discussed in our MTB 
between 2017 and 2022. Therefore, although there might be 
some overlap between the patient groups, the improved out-
come in the MTB cohort could also be related to the estab-
lishment of improved chemotherapeutic treatment options 
over the years [28, 29].

There are some limitations to this retrospective analy-
sis: as a single-center study, it only reflects the experiences 
from our MTB, and a selection bias towards younger and 
motivated patients with a good performance status is to be 
assumed. Furthermore, because an increasing number of 
patients is referred to our MTB for the discussion of CGP 
results, follow-up with regard to treatment adherence and 
survival is challenging and not always possible. The imple-
mentation of a structured follow-up program within the 
MTB is a step that has been taken to improve this in the 
future [15]. Additionally, owing to the small sample size 
especially of rare subgroups, the significance of statistical 
analyses is limited.

5 � Conclusions

In summary, even in the setting of a dedicated pancreatic 
cancer center and a precision oncology program, pancreatic 
cancer remains a hard-to-treat malignancy not only with con-
ventional chemotherapy, but also with targeted treatments. 
The main oncogenic driver in pancreatic cancer, KRAS, is 
not yet broadly targetable besides KRAS G12C mutations. 
Looking at how rarely patients received a recommended tar-
geted treatment in this cohort and how all three patients who 
did deteriorated too fast to adequately evaluate the efficacy 
of the received therapies, the question might arise whether 
CGP in pancreatic cancer should be done at all. Nonetheless, 
there are reasons to support CGP in pancreatic cancer. Treat-
ment options are constantly developing, and in recent years, 
the number of Food and Drug Administration-approved tar-
geted therapies has increased substantially [30]. Now, many 
patients need to undergo CGP in order for very few patients 
to benefit from this; however, the difference for these few 
patients could become enormous in the future. Especially 
in a malignancy with a high unmet clinical need for new 
therapies, such as pancreatic cancer, clinical trials investigat-
ing novel treatment options are essential, and their recruit-
ment can be fueled by MTBs [31]. Although challenging, 
we believe broad CGP, discussion in MTBs, and striving for 
higher patient numbers to receive and benefit from targeted 
treatments are important goals that especially comprehen-
sive cancer centers and university hospitals should pursue.
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