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Background and Aim: To successfully apply personalized cancer therapies, thorough understanding of the patient’s
tumor is needed. In-depth, comprehensive genomic profiling systems allow gathering this knowledge by testing
hundreds of cancer-related genes. Several large institutions have established precision oncology programs in
recent years with promising results for patients. However, especially middle-sized oncologic institutions face
challenges to implement such programs.

This study aims to retrospectively analyze the effects of comprehensive genomic tumor profiling with respect
to feasibility and effectiveness in a middle-sized oncologic center in Austria.
Methods: From May 1st, 2016 to December 31st, 2019 patients at the University Clinic Krems, who suffered from
CUP-syndromes plus patients, who were resistant to conventional therapy or have progressed after all available
therapy lines, were offered to get their tumors analyzed by comprehensive genomic profiling in order to establish
a customized therapy.
Results: Of 69 considered patients, 64 patients’ samples could be profiled. The median number of detected alter-
ations was 4 (minimum 0; maximum 23). Most frequent alterations were reported for TP53, KRAS and CDKN2A/B.

In 13 patients (20% of 64 successful profiles), personalized therapies could be initiated. 22 patients were
treated with another line of chemotherapy as no actionable alteration could be detected. Effectiveness, determined
by a PFS of the newly initiated therapy longer than 130% of the last conventional therapy line, could be seen
in 8 of 13 patients (61,5%) of the precision oncology cohort compared to only 3 of 22 patients (13,5%) in the
chemotherapy group. Additionally, Kaplan-Meier curves of PFS demonstrate a significant benefit for personalized
treated patients (p =0,0165 with a median PFS of 151 days, compared to 83 days in the chemotherapy group).
Conclusion: In summary, personalized cancer therapy based on comprehensive genomic profiling is effective and
feasible also in the setting of a middle-sized oncologic center.

Introduction

"Precision Oncology" treatments aim to specifically destroy cancer
cells. Thus, in-depth characterization and understanding of malignant
tissue is of high importance. Throughout the last decades, cancer re-
search could identify key factors of malignant growth [1] that differen-
tiate normal from aberrant cells.

An exemplary mechanism often employed by cancer cells is overex-
pression of growth factor receptors. Malignant cells can accumulate up

to 25-50 copies of the human epidermal growth factor receptor-2 (HER-
2) gene, meaning 40-100-fold increase of HER-2 protein, resulting in
2 million HER-2 molecules expressed at the cancer cell surface [2, 3].
These extreme ratios allow relatively exact targeting of tumor cells with
only minor side effects on healthy tissues [4, 5]. Overexpression of HER-
2 protein can be detected via immunohistochemistry (IHC). Therefore,
specific IHC-kits were developed and are routinely applied in clinical
pathology. Notably, the first anti-HER-2 drug, trastuzumab (Herceptin®,
Roche, Basel, Switzerland) and the first IHC-test kit (HercepTest®,
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DAKO, Glostrup, Denmark) were co-approved as specific treatment and
companion-diagnostic [6]. Results of the HercepTest® are decisive for
therapy with anti-HER-2 agents [7]. As it could be observed, that IHC-
testing for HER-2 demonstrated to a certain amount equivocal results
(i.e. 2+ in HercepTest®), a second, "reflex'-testing, of these samples via
fluorescent in-situ hybridization (FISH) should be performed [8], where
gene amplification is determined. To a small percentage even HER-2
IHC-negative/FISH-positive patients exist, who also benefit from anti-
HER-2 treatment [9], underlying the need for in-depth characterization
of tumor samples.

For the epidermal growth factor receptor (EGFR), it could be
revealed that point mutations such as T790M or mutations of the
downstream-signal proteins KRAS or NRAS are decisive for success or
failure of EGFR-targeted therapies [9, 10]. Therefore, all these factors
have to be determined before the initiation of an anti-EGFR therapy.

Clinical oncologists currently face the challenge, that in order to suc-
cessfully apply targeted therapies, not only thorough understanding of
the target and its role inside a cancer cell is needed, but also information
and knowledge about up- or downstream signaling cascades, signaling
partners and the tumor microenvironment.

As more and more of these interactions have been unveiled, the need
for multiple testings can exceed the biopsy material. Instead of choosing
between tests with the risk of missing important information from omit-
ted tests, parallel sequencing with next generation sequencing (NGS)
systems allow to test hundreds of genes. This so-called "comprehensive
genomic tumor profiling" enables detection of genomic alterations, in-
cluding base substitutions, indels, copy number alterations, genomic re-
arrangements plus description of genomic signatures. The limitations
of this technique are its’ costs and the time needed as oncologic treat-
ment should normally be initiated fast. Thus, reasonable compromises
between testing a plethora of genes and a reasonable turnaround time
resulted in analysis of 300-500 tumor-related genes. Such panel testings
have been established in academic institutions but are meanwhile also
commercially available.

A best practice example of a university precision oncology program
is the UC San Diego Moores Cancer Center. A retrospective analysis
yielded that patients receiving personalized treatment had a longer me-
dian PFS survival than patients receiving chemotherapy [11]. However,
as more than 85% of all cancer patients in the United States are treated
in the community seeting, the American Society of Clinical Oncology
published an educational book on how to implement precision medicine
programs in the community-based oncology practice and which barriers
are still to overcome [12]. Our work aims to complement these efforts
by sharing data of a middle-sized oncologic center in Europe.

One factor determining if an institution offers genetic testing in its
own molecular pathology department or uses commercially available
services is its size. Especially middle-sized institutions face the chal-
lenge, that these institutions offer oncologic treatment for a broad range
of tumor patients and should offer the best possible therapy in all of
these indications. However, these institutions are not big enough to im-
plement a specific team of molecular pathologists, molecular biologists
and bio-informaticians in order to generate these results, analyze the
huge amount of data and last, maybe most difficult to achieve, monitor
all new published information on gene alterations and their implications
for clinical treatment.

In our institution, the University Clinic Krems with 460 beds, approx-
imately 1200 employees, an oncological department with 20 beds re-
served for hemato-oncologic patients, and approximately 11.000 outpa-
tient oncological contacts per year, we could not yet establish in-house
comprehensive molecular tumor profiling. A feasible solution would be
to organize it in a bigger setting within the Association of Hospitals of
the Federal State of Lower Austria (i.e. 27 hospitals serving 1,6 million
people).

However, until such structures are established, there are many clini-
cal situations in which comprehensive genomic profiling of tumor sam-
ples would be highly warranted. These are patients with cancer of un-
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known primary (CUP)-syndromes, patients, in which conventional ther-
apy lines did not yield successful responses or patients, who already
underwent all available therapy lines. In these instances, we performed
comprehensive genomic profiling via the commercially available ser-
vices of Foundation Medicine (Cambridge, Massachusetts, USA).

This study aims to retrospectively analyze the effects of comprehen-
sive genomic tumor profiling with respect to feasibility in the setting of
a middle-sized oncologic center in Europe. Furthermore, success rates
of personalized therapies based on molecular alterations detected in the
patient’s tumor are evaluated.

Methods
Patients

This retrospective study analyzed patients’ records, whose tumors
underwent comprehensive genomic profiling (or were considered) be-
tween May 1st, 2016 and December 31st, 2019. Outcomes were ana-
lyzed for a longer observational period until March 31st, 2020. Demo-
graphic data and disease specific parameters were analyzed. Progression
was defined as cumulative endpoint of either radiologically assessed,
biochemically assessed (tumor marker progress) or clinically assessed
(i.e. novel tumor-related symptoms such as ascites, pleural effusion or
an ileus occurred).

Exclusion criteria were age < 18 years or patients with primary CNS
tumors.

This study followed the principles of the Declaration of Helsinki and
was approved by the ethics committee of the Karl-Landsteiner University
("EK Nr: 1009/2018").

Informed consent for comprehensive genomic profiling was obtained
from the patient participants in oral and written form.

Comprehensive genomic profiling methods

All tumor samples were sent to Foundation Medicine (Cambridge,
Massachusetts, USA). Initially testing could only be performed in Cam-
bridge, Massachusetts. From 2019 on, tests were performed in Penzberg,
Germany. Minimal requirements for testing a specimen are a sample size
of 25 mm? and a tumor content of >20% (i.e. number of tumor cells di-
vided by total number of all cells with nuclei in the sample).

Whenever available, testing of solid tumor specimens was endeav-
ored.

Here, initially Foundation One® and later the refined Foundation
One® CDx test was used.

The Foundation One® test was designed for sequencing the coding
region of 315 cancer-related genes plus introns from 28 genes. The re-
fined Foundation One® CDx test is a diagnostic device for detection of
substitutions, insertion and deletion alterations (indels), and copy num-
ber alterations in 324 genes and selected gene rearrangements, as well
as genomic signatures including microsatellite instability (MSI), tumor
mutational burden (TMB) and homologous recombination deficiency
(HRD) using DNA isolated from formalin-fixed paraffin embedded tu-
mor tissue specimens.

From 2019 on also comprehensive genomic profiling of circulating
cell free tumor DNA could be performed. Here, Foundation One® Lig-
uid was employed. This test identifies base substitutions, insertions and
deletions, copy number alterations, genomic rearrangements and re-
ports high microsatellite instability. In total 70 commonly altered onco-
genes are analyzed with this test.

Statistical analysis

To analyze our data, Microsoft Excel and GraphPad Prism 9 (Graph-
Pad Software, San Diego, California, USA) were used. Through descrip-
tive measures like median, mean, minimum and maximum values data
was evaluated.
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Table 1

Demographic data of included patients.
Age - Median (Min; Max) 61 (34; 81)
Male Sex n (%) 34 (49,28)
Female Sex n (%) 35 (50,72)
Metastatic Disease n (%) 64 (92,75)
Locally Advanced n (%) 5(7,25)
No of previous therapy lines - Median (Min; Max) 2 (0; 10)

Patients included in the PFS-ratio analysis: to reject the Null-
hypothesis, PFS-ratio needs to be >1,3 in at least 15% of the patients
with an alpha risk of 5% and a power of 90%.

For analysis of PFS and OS Kaplan-Meier curves were plotted and
Log-rank (Mantel Cox) test was performed. Significance was accepted
atp < 0,05 (*).

Results

Between May 1st, 2016 and December 31st, 2019 69 patients treated
at our department were considered for comprehensive genomic tumor
profiling. The demographic data is depicted in Table 1. Most patients
suffered from metastatic disease, patients with locally advanced disease
had either tumors of the head and neck region (n = 3), pancreatic carci-
noma (n=1) or an adenocarcinoma of the gall bladder (n=1).

Anatomically, 14 tumors were of gynecologic origin (20%), 10 oc-
curred inside the gastrointestinal tract (14,5%), 8 at the head and neck
region (11,5%), 7 were genito-urinary (10%), 6 breast cancers (8,5%),
4 of hepato-biliary origin (6%), 4 pancreatic (6%), 2 lung cancers (3%)
and 1 soft tissue sarcoma (1,5%). Notably, 13 tested tumor samples were
of patients, who suffered from a CUP-syndrome (19%). Exact histolog-
ical diagnoses are listed in Supplementary Table 1. Whenever possi-
ble, testing of solid tumor samples was preferred. However, in 10 cases
(14,5%) no suitable specimen could be obtained. In these instances, a
liquid biopsy of blood specimen was investigated.

Out of 59 solid tumors samples, 56 could be investigated (94,92%).
Reasons for failure were in 1 case too less material, in 1 specimen a
second DNA-signature was found, and 1 testing was canceled, as the
patient died within the transport period of the sample to the lab over-
seas. Concerning liquid biopsy specimens, 8 out of 10 could be pro-
cessed (80%). Here, two sample failures occurred. Overall, in our study
64 of the 69 intended patients’ samples could be molecularly profiled
(92,75%, Table 2).

The median number of detected genetic alterations with known im-
plications on tumor growth was 4, as listed in Table 2. Foundation
Medicine Reports also describe molecular variations of yet unknown
significance. Here, the median number of these variations was 7 overall
(see Supplementary Table 2).

By far the most alterations in a single gene were reported for TP53,
followed by KRAS and CDKN2A/B. In total, in 121 different genes al-
terations were found. An overview of the 25 most frequent affected
genes/genomic signatures is presented in Fig. 1. Supplementary Table 3
describes all detected genetic alterations in detail. Concerning genomic
signatures, 5 of 64 profiled tumors (8%) displayed MSI and 4 (6%) had
a high TMB (Supplementary Table 3). Actionable alterations could be
detected in 40 patients. Considering 64 successful genomic profiles, in
63% actionable alterations were detected. In 20 patients 1 actionable
mutation was found, in 14 patients 2, in 5 patients 3 and 1 patient even
4.

In 13 patients (20% of 64 successful profiles), personalized therapies
could be initiated. Notably, 1 of these patients could receive more than 1
targeted therapy line based on the NGS result. Table 3 lists all initiated
therapies. Table 4 depicts initiated therapies, patients’ characteristics
and outcomes for each patient treated with personalized therapies.

Additionally, in 16 patients, targeted therapy was considered, but
as patients were stable in an initiated chemotherapy line while wait-
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ing for the test report, targeted therapy was held as option for later
requirements. This strategy to keep patients in successful therapy lines
is also reflected by the time to treatment initiation in treated patients in
Table 4.

Unfortunately, the condition of 7 patients in the study cohort dete-
riorated too rapidly to initiate a further therapy line based on the NGS
result.

Finally, 22 patients were treated with another round of chemother-
apy, as no actionable alteration could be detected.

As functional outcome parameter, PFS-ratio was chosen. Here, the
progression-free survival (PFS) of the last conventional therapy line is
compared to the PFS of the newly initiated therapy. In our personal-
ized therapy cohort, 8 of 13 patients (61,5%) displayed a PFS ratio >1,3
(Fig. 2A), compared to only 3 of 22 patients (13,5%) in the chemother-
apy group (Fig. 2B). As mentioned above, 1 patient could receive more
than 1 targeted therapy line based on the NGS result (Fig. 2A, Table 4).
Furthermore, at the end of the observational period, 5 patients were
still on treatment (labeled with ‘#’ in Fig. 2A). On the contrary, only 2
patients were still on treatment in the chemotherapy group (Fig. 2B).

Comparison of PFS-curves of the personalized therapy group with the
chemotherapy group shows a significant PFS-benefit for patients treated
with personalized treatment (p=0,0165; Fig. 3A). Median PFS of the
personalized therapy group was 151 days, compared to 83 days in the
chemotherapy group.

With regard to overall survival (OS), no significant difference could
be observed (p=0,6305; median OS personalized therapy: 713 days;
median OS chemotherapy: 519 days; Fig. 3B).

At the end of the observational period, 8 of 13 patients in the per-
sonalized therapy cohort were still alive (61,5%) compared to 10 of 22
patients in the chemotherapy cohort (45,5%).

Discussion

Recent developments in cancer research have led to better under-
standing of carcinogenesis, tumor biology, host-tumor interactions and
therapy-resistance formation. These findings translated into a flood of
novel drugs, leading to more specific and less toxic therapies. In order to
customize these therapies specifically to a genetic tumor signature, in-
depth characterization of the tumor is the key requirement. According
to estimates, medical knowledge currently doubles every 73 days [13].
The biggest challenge to offer "personalized" therapy for cancer patients
is to keep all testing methods state-of-the-art and have an up-to-date
overview of all novel findings. Here especially medium-sized oncologic
centers face big challenges as mentioned above. Two of the biggest ben-
efits commercial comprehensive genomic profiling services can provide
are constant evolution of their test systems and provision of an up-to-
date database curating the incoming knowledge of cancer research.

Our center initiated comprehensive genomic profiling in May 2016
for certain patients. Until the end of 2019 in total 69 patients underwent
comprehensive genomic tumor profiling. As this patient cohort is very
vulnerable, rapid turnaround time is of high importance, underlined by
the fact, that 1 patient died even before the sample arrived at the test-
ing facility overseas. Another crucial fact is the time point of testing.
Since only in CUP-syndromes comprehensive genomic profiling is rec-
ommended at first line treatment in international guidelines [14], often
patients are considered too late. In very late stages, new lesions are of-
ten difficult to reach for biopsy or the condition of the patient is to frail.
In our cohort, in 7 patients comprehensive genomic profiling could be
performed but no new therapy line could be established due to frailty
after getting the report.

In 64 of 69 patients, a test report could be generated. Here, the in-
troduction of the liquid biopsy test facilitated successful testing enor-
mously. The first liquid biopsy test was performed in January 2019,
and since then 13 of 32 tests (41%) used this principle. Before that,
many eligible patients could not be tested, as no large enough speci-
men of their tumors could be harvested. Nonetheless, our institution
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Table 2
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Success rates and numbers of detected alterations by Comprehensive Genomic Profil-

ing.

Successful Genomic Profiling - total n (%)

Successful Genomic Profiling - solid tumor samples n (%)
Successful Genomic Profiling - liquid biopsies n (%)

Detected Alterations - total Median (Min; Max)

Detected Alterations - solid tumor samples Median (Min; Max)
Detected Alterations - liquid biopsies Median (Min; Max)

64 of 69 (92,75)
56 of 59 (94,92)
8 of 10 (80)

4 (0; 23)

5(1; 23)

1(0; 4)
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Gray bars represent the number of tumor samples, in which a genetic alteration in the respective gene was detected. The number of detected actionable alterations

is shown as black bars within.

Table 3
Detected actionable alterations and initiated therapy.

Detected actionable alteration Initiated treatment

ATM K2213fs*22, BRCA1 K654*fs47 Olaparib
BRCA2 loss Olaparib
BRCA2 S1848fs*15 Olaparib
BRCA2 T3033fs*11 Olaparib
CCND1 amplification, CDK4 amplification ~ Palbociclib
EGFR amplification Erlotinib
FLT3 amplification Sorafenib
KRAS amplification Trametinib

MSI high

MSI high

MSI high, TMB-high (23 Muts/Mb)
MSI high, TMB-high 36 Muts/Mb
NF1 1679fs*21

PIK3CA H1047L

Atezolizumab
Pembrolizumab
Atezolizumab
Pembrolizumab
Trametinib
Alpelisib

still tries to prioritize testing from solid biopsies of newly occurred or
progressing lesions, whenever possible. This is because the applied test
for solid tumor specimens investigates 324 genes, whereas the applied
liquid biopsy test can profile only 70 genes. However, also liquid biopsy
tests get continously improved and can investigate larger gene sets from
year to year.

As our patient cohort comprises challenging tumor entities, espe-
cially here, an in-depth understanding of the biology of these tumors is
important. The best way to generate such knowledge is of course par-
ticipation in clinical trials, where high-level evidence is collected. It is
important to state that the approach of finding personalized therapies
through comprehensive genomic profiling does not compete with par-
ticipation in clinical trials. Whenever a patient is eligible for clinical

trials, we strongly recommend participation. Recently, many trials have
been designed for patients with specific genetic alterations. Here, com-
prehensive genomic profiling is often the first step to identify eligible
patients.

In clinical trials patients‘ responses are usually compared with
matched controls. In our cohort, evaluation of clinical success was not
feasible via this approach, as patient characteristics and genomic sig-
natures of the investigated tumors differed considerably. We thus went
for a novel approach to define successful therapies for each individual
patient: determination of the PFS-ratio. Here, the treated patient is his
own control, as PFS of the newly initiated therapy is compared to PFS
of the last conventional therapy line [15]. This is based on the finding,
that in conventional chemotherapy, normally later therapy lines have
less effect, as the tumor could acquire resistance mechanisms like e.g.
overexpression of multi-drug resistance genes [16].

In general, with conventional chemotherapy only 15% of patients
display a PFS of the later initiated therapy (PFS 2) that is longer than
130% of the PFS from the previous therapy line (PFS 1) [17]. This
means, that in order to determine an effective therapy, the PFS-ratio
(PFS 2/PFS 1) is > 1,3. Thus, to reject the Null-hypothesis that only ran-
dom events are observed, the PFS-Ratio needs to be >1,3 in at least 15%
of the patients.

In our patients, in whose tumors no targetable alterations could
be identified and that received another line of chemotherapy, only 3
of 22 (13,5%) had a PFS-Ratio >1,3 (Fig. 2B), confirming the Null-
hypothesis. By contrast, when personalized therapy was applied, 8 of 13
patients (61,5%) had a PFS-Ratio of >1,3 (Fig. 2A). Notably, at the end
of the observational period, 5 patients in the personalized therapy co-
hort were still on treatment compared to 2 patients in the chemotherapy
group.



Table 4
Detailed Information of patients treated with personalized therapies.

Previous Lines

Time to Treatment

Pat. ID Sex Age” Diagnosis of Treatment Actionable Mutations® Initiated Treatment (days)* PFS 1 (days) PFS 2 (days) ESCAT Tier
1 M 48 Adenocarcinoma of the 3 EGFR amplification Erlotinib 9 14 70 i
head and neck, G 2-3
(origin: ethmoid bone)
3 F 56 esophageal 3 KRAS amplification Trametinib 22 57 18 11
Adenocarcinoma G2
10 F 40 endometrial Carcinoma 1 MSI high Pembrolizumab 46 50 92 1
G2-3
13 F 54 poor differentiated 2 CCND1 amplification, Palbociclib 80 93 132 111
adenocarcinoma G3 of the CDK4 amplification
esophagus
22 M 68 invasiv ductal mammary 6 BRCA2 S1848fs*15 Olaparib 85 141 432% Il
Carcinoma G3, ER positive
28 M 68 CUP - Adenocarcinoma G2 1 MSI high, TMB-high 36 Pembrolizumab; Olaparib 173 179 438" 11
Muts/Mb; ATM
K2213fs*22, BRCA1
K654+ fs47
41 M 64 Prostate acinar 6 BRCA2 T3033fs*11 Olaparib 91 109 151 1l
adenocarcinoma
47 M 70 Colon Adenocarcinoma 3 MSI high, TMB-high (23 Atezolizumab 17 179 309* 111
Muts/Mb)
49 M 75 Colon Adenocarcinoma 5 FLT3 amplification Sorafenib 49 246 132 111
52 F 67 endometrioid 9 MSI high Atezolizumab 45 602 179* 111
Adenocarcinoma G3
54 M 68 Prostate acinar 8 BRCA2 loss Olaparib 39 59 183* 11
adenocarcinoma
60 F 76 Breast cancer (NOS) 6 PIK3CA H1047L Alpelisib 3 96 98* 1
62 F 63 CUP - Adenocarcinoma G2 7 NF1 1679fs*21 Trametinib 78 162 45 11

PFS1 indicates the progression free survival of the last standard-of-care therapy line, PFS2 the progression free survival of the treatment based on the comprehensive genomic profile.
.. Age at Comprehensive Genomic Profiling.
.. only actionable Mutations that led to treatment initiation are reported here.
.. Time from Test Report to Treatment Initiation.
.. ongoing treatmentESCAT... ESMO Scale for Clinical Actionability of molecular Targets.
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Translational Oncology 14 (2021) 101021

Fig. 2. Overview of PFS of diffent therapy

lines.

A: Overview of PFS in the Precision Oncology

Treatment Cohort.

B: Overview of PFS in the Chemotherapy Co-

hort.

Dark gray bars represent PFS of the last conven-

tional chemotherapy line (PFS 1) in days. Light

shaded gray bars represent PFS of the initiated

Precision Oncology Treatment (PFS 2) in days.

When 2 subsequent Precision Oncology thera-

pies were initiated, both are depicted, divided

by an upright separating line.

*... indicates patients, in whom the ratio of PFS

2/PFS1is>1,3.

EPFS1 #... indicates patients, in whom the initiated
treatment is still applied at the end of the ob-

PFS 2 servational period.

* PFS-ratio > 1,3 # ongoing

0 200 400 600 800
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B PFS Chemotherapy Cohort
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@ PFS 2

* PFS-ratio > 1,3 # ongoing
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Also, conventional comparison of PFS-curves demonstrated a PFS-
benefit for the precision-oncology treated group (Fig. 3A). With regard
to OS, no significant difference could be observed (Fig. 3B). Here, the
observational period is too short, and the data is certainly too prelimi-
nary.

The observed differences were not due to better performance status
of the personalized therapy patients, as in both groups median ECOG
score of the patients was 1 (range in the precision oncology cohort: 0-4;
in the chemotherapy group: 0-3). With regard to the site of metastases,
both groups where also comparable. In the precision oncology cohort
30,8% of patients had bone metastasis (chemotherapy group: 27,3%)
and 84,6% of patients suffered from visceral metastases (chemotherapy
group: 72,3%). Only with regard to cerebral metastases, the proportion
in the precision oncology group was notably higher with 15,4% com-
pared to 4,5%.

An analysis of possible differences between initiated targeted ther-
apies and immunotherapies with checkpoint inhibitors did not show a
significant difference with regard to PFS and OS (Supplementary Fig. 1),
but a trend towards better PFS for patients treated with immunothera-
pies. As immunotherapies for MSI-high cancers are emerging for many

2000 days

tumor types and this treatment can be considered as "extended" stan-
dard of care in Western countries, it was interesting to evaluate if the
PFS-benefit of the precision oncogy cohort was "carried" by these in-
terventions. However, these comparisons were done in very small pa-
tient cohorts and are for sure too preliminary. This is a topic we want
to address in future studies with more patients and a longer observa-
tional period. Nonetheless, the data of clinical trials of immune check-
point inhibitor therapy for MSI-high cancers are very promising and
we want to stress the importance of broad MSI testing also in order
to identify patients with Lynch Syndrome. As MSI can be also de-
termined via immunohistochemistry, this should be feasible in many
settings.

One general limitation of this study is the relatively small sample
size. This is a challenge, medium-sized oncologic centers face in many
aspects. A promising way to overcome this challenge is collaboration
within bigger associations. Unfortunately, such solutions need long time
due to the high complexity of decision making and allocation of re-
sources.

Until then, a feasible solution is to get access to up-to-date testing
facilities and an up-to-date knowledge database via commercial com-
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prehensive genomic profiling services. These companies provide high-
quality test results, compared with a curated report summarizing the
most recent findings of cancer research. This report facilitates clinical
decision making to a great extent.

A good supporting tool for clinical decision making is the ESMO Scale
for Clinical Actionability of molecular Targets (ESCAT). Here molecular
targets are ranked based on available evidence supporting their value
as clinical targets. This Scale ranges (amongst other classications) from
tier I: “targets ready for implementation in routine clinical decisions” to
tier IV with only “preclinical evidence of actionability” [18]. The ESCAT
tiers of our decisions are depicted in Table 4. Based on the ESCAT Scale,
the European Society for Medical Oncology (ESMO) has issued in Au-
gust 2020 Recommendations on using NGS for advanced cancers. This
guideline suggests that NGS should be applied routinely in advanced
lung adenocarcinoma, prostate cancer, ovarian cancer and cholangio-
carcinoma. Moreover, it should be also applied on an individual basis
in patients with other advanced cancers and in order to speed up drug
development [19].

—— Precision Oncology

-l
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Fig. 3. Kaplan-Meier survival curves.

A: Kaplan-Meier curve of Progression Free Sur-
vival.

B: Kaplan-Meier curve of Overall Survival.
Full Lines indicate survival rates in the Preci-
sion Oncology Treatment Cohort.

Dashed Lines indicate survival rates in the

Treatment Chemotherapy Cohort.
*...p < 0.05
ChemOthera py ns... not significant.

—— Precision Oncology

Treatment
Chemotherapy

In our practice CGP reports are discussed interdisciplinary and deci-
sion support tools are used.

However, ideally, every patient should still be discussed in a molec-
ular tumor board to find the optimal treatment. This is especially im-
portant if more than one actionable alteration is detected. Here, factors
that determine the decision should be noted, curated and re-evaluated
in regular intervals.

Unfortunately, patients from small and middle-sized oncologic cen-
ters are not regularly followed-up and analyzed in retrospective studies.
However, especially such "real-world evidence" is important comple-
mentary information to knowledge gathered in clinical trials. We thus
investigated our patient cohort of the last 3 1/2 years and aimed to share
our experience and data.

In summary, personalized cancer therapy based on comprehensive
genomic profiling is effective and feasible also in the setting of a middle-
sized oncologic center. Patients benefit from in-depth profiling of their
tumor samples and this service should be offered to a broader group of
patients, especially to patients with high clinical need, such as patients
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with cancers of unknown primary, patients, whose tumors are resistant
to conventional therapy, or patients that have progressed after all avail-
able therapy lines. Ideally, comprehensive genomic profiling facilitates
participation in clinical studies in order to generate more high-level ev-
idence. If participation in clinical trials is not possible, test results as
well as patients’ outcomes should nonetheless be analyzed as important
real-world evidence of personalized therapy.
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