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Figure 5.  Identification of targetable genetic alterations in a PC patient following palliative chemotherapy with FFX. The total cycle number 
was 7. The last cycle has not been depicted in the sketch (created by BioRender).
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therapy (1.51 years) or in whom no druggable molecular 
alteration could be detected (1.32 years).43

Molecular Pathology and Diagnostic Pitfalls
In addition to imaging modalities and elevated CA19-9 
levels, endosonographic biopsies of the primary tumor 
are often conducted to confirm the diagnosis. If a clas-
sic morphology is present in the biopsy, including atypical 
cells of irregularly formed glands with desmoplastic stro-
mal reaction (+/− inflammation) and/or the presence of 
intraepithelial neoplasia with dysplasia, the diagnosis can 
be made on a FOLFIRINOX&E basis solely. If additional 
testing is required, immunohistochemical stainings are 
performed, including 2 cytokines (CK7 and CK20) and 
CA19.9. Again, depending on the morphology, metasta-
sis must be excluded, which is rare in the pancreas but 
occasionally occurs (e.g., clear cell renal carcinoma, malig-
nant melanoma). Alternatively, if enough tumor tissue is 
available and morphology has an atypical phenotype (e.g., 
pleomorphic or giant cell-rich tumors), KRAS mutation 
analysis can be performed, as independently of their mor-
phology, the vast majority of PC harbor KRAS mutations.

While the tumor biopsy itself is usually sufficient for diag-
nosis, its utility for conducting DNA or RNA-based wider 
panel analysis is hampered due to low tumor cell content 
or strong desmoplastic stromal reaction. For all those 
patients who have undergone surgical resection, the 
tumor specimens may be used for comprehensive genetic 
analyses in the setting of cancer relapses. Even after che-
motherapies, no significant changes in currently drugga-
ble alterations discussed in this review are to be expected. 
Currently, tissue-independent diagnostic procedures are 
also available with liquid biopsy, but unlike tissue-based 
procedures, they are not expected to become firmly 
established in clinical practice within the next few years.

KRAS as Key Oncogene
Mutated KRAS appears to be the most important onco-
genic driver of cancer development in the pancreas and 
other solid tumors. For decades, this oncoprotein was 
considered inaccessible for therapeutic purposes. Only in 
recent years has it been possible to identify a so-called 
Switch II pocket (SIIP) in the protein, which enables 
effective pharmacological inhibition.44 The majority of 
KRAS mutations in ductal pancreatic cancer are found in 
codons 12, 13, and 61, with the specific KRAS G12D, G12V, 
and G12R variants accounting for the majority (approx. 
80%), while the therapeutically relevant G12C variant is 

only detected in approx. 2% of pancreatic cancers. In the 
so-called CodeBreaK 100 trial, a maximum of previously 
treated patients with a KRASG12C mutation were sub-
jected to monotherapy with the new KRASG12C inhibi-
tors in this study with Sotorasib. Even in these patients, 
disease control was achieved in about one-third of the 
cases; the median duration of the response was almost 6 
months.45 As promising as the results are, it has become 
clearer in recent months that monotherapy with the 
generation of KRAS inhibitors will not be sufficient, and 
secondary resistance will be a problem.46 Therefore, cur-
rent studies focus on novel panKRAS inhibitors or even 
degraders combined with various substances to inhibit 
so-called “downstream” effectors, as well as relevant 
receptor tyrosine kinases. For example, the new group 
of allosteric SHP2 inhibitors appears to be important in 
blocking the mutated KRAS-driven signaling pathway.47

Non-Mutated Wild-Type KRAS
In approximately 10% of tumors, no KRAS mutation can 
be detected, with a mild dependence on the age of onset. 
In about 40%-50% of these cases, however, an alterna-
tive, potentially therapeutically useful, oncogenic altera-
tion is found.47

The most frequent and actionable mutation was related 
to BRCA alterations that occur in wild-type and mutated 
KRAS tumors. The relevance of this genetic alteration was 
shown in the POLO trial.48,49 In the POLO trial, the BRCA 
gene germline mutations were utilized as a stratification 
marker to select a patient population that would benefit 
from targeted therapy with Olaparib based on the under-
lying DNA repair mechanism. Several studies confirmed 
the relevance of somatic mutations of BRCA and other 
DDR-associated genes.50 However, genetic analysis is 
more likely to unveil druggable mutations in wild-type 
KRAS tumors. The following case demonstrates the spec-
trum of multiple targetable genetic alterations (Figure 5).

The largest subgroups are BRAF alterations in which the 
classic BRAFV600E variant, the in-frame deletion vari-
ant BRAFN489_490del, SND1-BRAF fusions, and other 
rarer BRAF point mutations occur in approximately equal 
proportions. In addition to using classic BRAF and MEK 
inhibitors, non-specific inhibitors such as sorafenib can 
also be considered.

In addition to BRAF alterations, the spectrum of other 
driver mutations in KRAS wild-type pancreatic carcinomas 
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is very broad and includes EGFR (mutations), ERBB2, and 
MET (amplifications), as well as various gene fusions in, 
e.g., FGFR1-4, NTRK1-3, ALK, ROS1, NRG1 with individual 
frequencies in unselected cohorts of well below 1%. Even 
though specific inhibitors are available, some of which 
have cross-entity approval (e.g., for NTRK fusions), PFS 
rates are only modest. Yet, given the aggressiveness of 
the tumor disease, this might be relevant for a subgroup 
of patients.

Due to the large number of expected alterations and the 
rarity of entity-specific variants, patients with KRAS wild-
type diseases should be presented at a center experi-
enced in molecular diagnostics and therapy.

The approach to treating pancreatic cancer depends on 
the tumor’s resectability. According to the current sta-
tus, primarily resectable pancreatic carcinomas are pri-
marily operated on, followed by adjuvant chemotherapy, 
preferably with FFX. Neoadjuvant therapy approaches 
should only be carried out within clinical trials. This does 
not apply to locally advanced pancreatic carcinomas. 
Here, primary resection is obsolete, and pre-treatment 
is mandatory. However, the type of pre-treatment is still 
unclear. Sequential therapy is now well-established for 
metastatic pancreatic carcinoma. Targeted therapies are 
limited, but future developments may change this area. 
Whether vaccination strategies based on mRNA tech-
nology or bacterial delivery will lead to further progress 
remains to be seen.
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