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Abstract
Purpose In 2016, the University of Munich Molecular Tumor Board (MTB) was implemented to initiate a precision oncol-
ogy program. This review of cases was conducted to assess clinical implications and functionality of the program, to identify 
current limitations and to inform future directions of these efforts.
Methods Charts, molecular profiles, and tumor board decisions of the first 1000 consecutive cases (01/2016–03/2020) were 
reviewed. Descriptive statistics were applied to describe relevant findings.
Results Of the first 1000 patients presented to the MTB; 914 patients received comprehensive genomic profiling. Median age 
of patients was 56 years and 58% were female. The most prevalent diagnoses were breast (16%) and colorectal cancer (10%). 
Different types of targeted or genome-wide sequencing assays were used; most of them offered by the local department of 
pathology. Testing was technically successful in 88%. In 41% of cases, a genomic alteration triggered a therapeutic recom-
mendation. The fraction of patients receiving a tumor board recommendation differed significantly between malignancies 
ranging from over 50% in breast or biliary tract to less than 30% in pancreatic cancers. Based on a retrospective chart review, 
17% of patients with an MTB recommendation received appropriate treatment.
Conclusion Based on these retrospective analyses, patients with certain malignancies (breast and biliary tract cancer) tend 
to be more likely to have actionable variants. The low rate of therapeutic implementation (17% of patients receiving a tumor 
board recommendation) underscores the importance of meticulous follow-up for these patients and ensuring broad access 
to innovative therapies for patients receiving molecular tumor profiling.

Keywords Precision oncology · Personalized medicine · Molecular tumor board · Targeted therapy · Comprehensive 
genomic profiling

Introduction

In some malignancies such as colorectal cancer (Van Cut-
sem et al. 2016), melanoma (Sosman et al. 2012) and breast 
cancer (Gennari et al. 2021), focused biomarker testing is 
standard of care. In other malignancies, such as non-small-
cell-lung-cancer (Shaw et al. 2013) and AML (Heuser et al. 
2020), multi-gene next-generation sequencing (NGS) has 
been established in clinical routine (Mosele et al. 2020). 
Aside from biomarkers used in clinical practice, various new 
therapeutic targets are currently investigated in molecularly 
guided clinical trials.

Presentation: Parts of this manuscript were presented as a poster at 
the German Cancer Congress (DKK) 2020 and will be presented at 
the DKK 2022 as poster.

 * Kathrin Heinrich 
 Kathrin.Heinrich@med.uni-muenchen.de

 * C. Benedikt Westphalen 
 cwestpha@med.lmu.de

Extended author information available on the last page of the article

https://orcid.org/0000-0002-3744-7936
http://orcid.org/0000-0002-5310-3754
http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-022-04165-0&domain=pdf


1906 Journal of Cancer Research and Clinical Oncology (2023) 149:1905–1915

1 3

In 2017, Pembrolizumab was the first drug to receive 
tissue/site-agnostic approval for microsatellite instability-
high (MSI-H) or mismatch repair-deficient (dMMR) solid 
tumors (FDA 2017). In 2020, this label was extended for 
metastatic solid tumors with high tumor mutational burden 
(TMB-H; ≥ 10 mutations/megabase). In 2018 Larotrectinib, 
a highly selective TRK inhibitor was the second drug to 
be granted FDA-approval, regardless of histology, for solid 
tumors harbouring NTRK gene fusions after durable antitu-
mor activity was shown across three different trials (Drilon 
et al. 2018). Entrectinib, another TRK inhibitor, has received 
histology-agnostic approval for NTRK-positive solid tumors 
for adults and pediatric patients 12 years of age (FDA 2019). 
With Selpercatinib and Pralsetinib, two RET-inhibitors are 
now available for patients with RET-altered thyroid or lung 
cancer (Drilon et al. 2020; Wirth et al. 2020; Subbiah et al. 
2021). Pemigatinib received accelerated approval in patients 
with advanced or metastatic cholangiocarcinoma harbouring 
FGFR2 rearrangements or fusions and is currently being 
investigated in a phase III trial in first-line treatment of meta-
static cholangiocarcinoma (Abou-Alfa et al. 2020, Bekaii-
Saab et al. 2020). In 2021, the FDA granted accelerated 
approval to Sotorasib, the first KRAS-inhibitor for patients 
with KRAS p.G12C-mutated lung cancer (Skoulidis et al. 
2021). This list—without aiming to be complete—illustrates 
the growing impact of targeted therapy in clinical practice.

The use of comprehensive genomic profiling (CGP) has 
affected diagnostic and therapeutic management in many 
advanced malignancies (Hyman et al. 2017). While tumor 
multi-gene NGS testing may have been the exception a 
few years ago, routine application is now recommended 
by ESMO for certain tumor entities such as NSCLC, chol-
angiocarcinoma, prostate, or ovarian cancer (Mosele et al. 
2020). Testing for TMB is recommended for patients with 
well- and moderately differentiated neuroendocrine tumors 
(NETs), cervical, salivary gland, thyroid and vulvar cancers 
(Mosele et al. 2020).

Precision oncology, as a patient-centric approach, aims 
to find “the right drug for the right patient at the right time” 
(Subbiah and Kurzrock 2018). To meet this goal, it is neces-
sary to consider not only the genomic profile of the tumor 
but also the clinical situation of the patient as well as the 
patient’s perspective and expectations (Subbiah and Kurz-
rock 2018). Decreasing cost, improved turnaround time and 
increased availability have led to a broader usage of CGP in 
clinical practice. With increased usage of CGP, more alter-
ations of unclear clinical significance are found (Moscow 
et al. 2018).

One way to embed precision oncology in clinical routine 
is the implementation of dedicated precision oncology pro-
grams and/or molecular tumor boards (MTB). An MTB is 
an interdisciplinary meeting during which experts on preci-
sion oncology from different specialties discuss the results 

of genomic testing. Based on this meeting, a therapeutic 
recommendation is given. By now, there are several reports 
about single-center experiences with MTBs (Schwaederle 
et al. 2014, Tafe et al. 2015, Brock and Huang 2017, Burkard 
et al. 2017, Bernhardt et al. 2020, Kato et al. 2020). How-
ever, therapy recommendations made at those tumor boards 
show great heterogeneity (Rieke et al. 2018). This is mostly 
due to heterogenous levels of evidence and different opin-
ions regarding the therapeutic value of potential therapeutic 
targets. Several different classification systems to rank the 
potential clinical value of a found alteration have already 
been proposed and compared (Leichsenring et al. 2019).

Despite the promising results of several basket trials lead-
ing to tumor-agnostic FDA-approval (8, 11, 12, 14, 15, and 
27–29), questions remain as to what extent these results pro-
vide an impact to real world cancer patients. Two meta-anal-
yses of phase 1 and phase 2 trials showed improved response 
as well as improved survival data for patients treated with 
biomarker-based treatment strategies (Schwaederle et al. 
2015, 2016). For broader use of next-generation sequenc-
ing (NGS), the results are far more sobering. Only a small 
percentage of patients that undergo molecular testing receive 
targeted therapy in the end (Massard et al. 2017; Tredan et al. 
2019). There has been evidence that patients do not seem to 
benefit from targeted therapy when examining response rate, 
progression free survival or overall survival (Le Tourneau 
et al. 2015; Massard et al. 2017; Tredan et al. 2019). Due to 
the uncertainties surrounding the value of CGP in routine 
clinical practice, precision medicine programs should con-
tinuously document and analyze the clinical characteristics 
and outcomes of patients discussed in their MTB.

In the following analysis, the results and experiences of 
the precision oncology program at the University Hospital 
Munich will be presented and discussed.

Material and methods

Molecular Tumor Board

At the University Hospital Munich, a biweekly interdiscipli-
nary MTB was established as part of the Precision Oncology 
Program in 2016. Due to a rising case load, the MTB started 
to meet on a weekly basis in early 2020. With the advent of 
the COVID-19 pandemic, the MTB was switched to a virtual 
meeting. The virtual format was maintained to allow access 
to the MTB for the growing number of external partners.

In this tumor board, clinicians, pathologists, tumor geneti-
cists and experts for precision oncology discuss the results of 
CGP within a patient’s clinical context. Recommendations 
are graded according to the ESMO Scale for Clinical Action-
ability of molecular Targets (ESCAT) and National Center 
for Tumor Diseases (NCT) levels of evidence (Mateo et al. 
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2018) to ensure reproducible interpretation of results. To 
support the evaluation and interpretation of CGP results, an 
on-site literature database was created. The clinical imple-
mentation of the recommendation remains the responsibility 
of the primary care team. While some MTBs at other cent-
ers discuss cases before testing to decide on the necessity 
of CGP, the MTB in Munich generally discusses cases only 
after the results are available (see below).

Workflow

Extended molecular testing is initiated by the organ-/entity-
specific tumor board or after consultation with the coordi-
nator of the precision oncology program. Several patient 
characteristics can help identify patients that might benefit 
from CGP:

• Patients suffering from advanced disease with no further 
“standard of care” therapeutic options.

• Patients presenting with an unusual clinical presentation 
or disease course for the respective disease or suffering 
from a rare entity or a rare pathological subtype.

• Patients should qualify for experimental treatment con-
cerning clinical condition and life expectancy.

Testing is conducted in the local department of pathology 
(Department of Pathology of the LMU). Online registration 
with the MTB team happens simultaneously to ensure that 
the case will be discussed in the tumor board as soon as the 
results are available. Cases are submitted to the MTB via an 
online registration system based on the Clinical Workplace 
Program of the hospital.

Diagnostics

Sequencing assays

At the CCC LMU different types of extended molecular diag-
nostic tests have been used, most of them available through 
the local pathology department. In some cases, testing was 
performed by commercial providers. In-house NGS included 
several targeted gene panels, a 52-gene panel (Oncomine™ 
Focus Assay, ThermoFisher Scientific) which was replaced 
by a 161-gene panel in 2019 (Oncomine™ Comprehen-
sive Assay v3 (OCAv3), ThermoFisher Scientific), which 
also included BRCA testing. Both panels allowed analysis 
of DNA and RNA to simultaneously detect single nucleo-
tide variants (SNVs) and insertions/deletions (indels) as 
well as copy number variations (CNVs) and gene fusions. 
Moreover, in 2019, the Oncomine Tumor Mutational Load 
Assay (ThermoFisher Scientific) was added to the molecular 
pathology repertoire. In-house testing can be performed on 
tumor tissue (FFPE) or on liquid biopsies. Liquid biopsies 

can be obtained from blood, from cerebral spinal fluid or 
other body fluids such as ascites.

Young patients with rare cancers can be referred to the 
NCT Master program (Horak et al. 2017) to receive whole 
exome and transcriptome sequencing. Those patients are 
discussed in the MTB of the NCT Master program. To par-
ticipate in the NCT Master program, a new biopsy must be 
performed to obtain a fresh frozen sample.

Patients can be referred to the MTB from external hos-
pitals or physicians with already performed CGP to discuss 
the results.

Follow‑up

Retrospective follow-up was conducted by review of elec-
tronical and paper charts of the first 1000 patients. Baseline 
characteristics were taken from the most recent physician’s 
report. Results of molecular testing and therapy recommen-
dation were taken from the decision of the Molecular Tumor 
Board.

Results

Of the first 1000 patients prospectively enrolled in the pro-
gram, 914 (91.4%) received genomic testing. Six patients 
were presented to the program to discuss the indication for 
extended molecular testing. The remaining 80 patients did 
not undergo molecular diagnostics due to clinical deteriora-
tion, death, or lack of clinical indication for molecular test-
ing after internal discussions with the primary care team.

Across the study period, the Precision Oncology Pro-
gram experienced a rapid growth of case numbers: in 2016, 
21 patients were studied by NGS, in 2017, 134 patients, 
in 2018, 260 patients and in 2019, 448 patients. In 2020, 
609 patients had undergone testing. We limited the present 
analysis to the first 1000 patients overall. 51 of them were 
diagnosed in 2020 (last patient in: 09.03.2020).

Patient characteristics

Of the 914 tested patients, 383 (42.0%) were male and 534 
(58.0%) were female. The slight imbalance in patient sex is 
due to the large gynecological oncology program at Uni-
versity of Munich. In 2017, more than 60% of patients were 
female. This number dropped to 53% in 2020, demonstrat-
ing the expansion of the program. In the non-gynecological 
cohort, the ratio between male and female patients was 
54.4% and 45.6%, respectively. Most patients (903; 98.8%) 
suffered from solid malignancies that were metastasized in 
748 (82.8%) cases at the time of CGP. Median age of all 
patients was 56 years (range 14–86, see Table 1).
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In total, patients from 19 different clinical departments 
(excluding external referrals) were presented to the MTB. 
Most patients suffered from gastrointestinal (30.9%) or 
gynecological malignancies (23%). Around 10% of cases, 
respectively, were diagnosed with endocrine tumors or lung 
cancer. Roughly 5% of patients, respectively, presented with 
cerebral malignancies, CUP syndrome, sarcoma, or uro-
genital tumors. Of the 914 patients, 40.6% were diagnosed 
with rare cancers (incidence of < 6/100.000) (ESMO 2022), 
which is in contrast to the general incidence of rare cancers 
(20–25% of all cancers).

In most cases (n = 821; 89.8%), tumor tissue was used to 
perform CGP. In 38%, tissue from the primary tumor was 
used for CGP. In 54.7%, metastases were analyzed. In 77 
cases (8.4%), liquid biopsies taken from blood, cerebral spi-
nal fluid or ascites were used. 85% of CGP was performed at 
the local pathology department. 11.6% were either discussed 
based on CGP or tested externally. 1.4% of the patients were 
referred to the NCT MASTER program. On average, patients 
underwent CGP 36 months after they were first diagnosed. 
Median time from initial diagnosis to extended molecular 
testing was 18 months (range 0–490 months) and differed 
between primary diagnosis of the patients (see Supplemen-
tary Table S1).

Outcome

Of the 914 patients that underwent CGP, 6 died before the 
analysis was finalized or their case could be presented in 
the MTB. In 107 cases (11.7%), CGP was not successful 
due to technical reasons. Main reasons for technical failure 
of analysis were insufficient material or insufficient qual-
ity of the sample used. In 41.1% of patients (n = 376), a 
therapeutic recommendation was given. An alteration that 
could not be therapeutically addressed was found in 28.1% 
(n = 257). A total of 18.4% (n = 168) presented with no 
alteration in the genes tested (Fig. 1 and Table 2).

In the subset of patients (n = 45) that were diagnosed 
from liquid biopsies, testing was technically successful in 
roughly 90%, and 35% of those patients received a recom-
mendation from the tumor board, thus demonstrating the 
feasibility of this approach in this exploratory subgroup.

Therapeutic recommendations

There are different types of recommendations the MTB 
could offer (see Table 3). Most of the recommendations 
included the use of targeted therapies such as tyrosine 
kinase inhibitors (25.3%) or mTOR-Inhibitors (19.7%). In 
10.6%, use of immune checkpoint inhibitors was recom-
mended. Further diagnostic steps or a referral for genetic 
counseling were recommended in 10% of patients. Other 
possible recommendations were the inclusion in a clinical 
trial (8.5%) or a change in treatment management (0.8%) 
if CGP led to a change in diagnosis. In some cases, addi-
tional diagnostics (3.8%) or genetic counseling (7.2%) was 
recommended. Sometimes, recommendations overlapped, 
especially when off-label use or participation in clinical 
trials was an option. A significant number of cancers 
showed alterations that were not actionable at the time of 
MTB discussion. Among the found alterations that led to 
no therapeutic recommendation, the most frequent were 
TMB low (61.1%), KRAS (37.8%) and TP53 (33.5%) 
(see Table 4). In most cancers, more than one pathogenic 
alteration was found. The recommendation rate In between 
2017 and 2019, the percentage of therapeutic recommen-
dations remained relatively stable (40.2%). For the first 
51 patients in 2020, the rate of recommendations rose to 
45.1% and has remained relatively stable in that range until 
today (data not shown).

Tumor mutational burden

In 233 patients, analysis of tumor mutational burden (TMB) 
was performed. Results are presented in Table 5.

Table 1  Baseline characteristics of the first 1000 patients

Baseline characteristics (n = 1000)
Age Median: 

56 years; 
range 
14–86 years

Gender 383 (42.0%) 
male, 534 
(58.0%) 
female

Diagnosis (selected); n (%)
 Breast cancer 148 (16.2)
 Biliary tract cancer 56 (6.1)
 Cervical cancer 15 (1.6)
 Colorectal cancer 100 (10.9)
 Cancer of unknown primary 42 (4.6)
 Gastric cancer 14 (1.5)
 Glioblastoma 15 (1.6)
 Head and neck cancer 11 (1.2)
 Melanoma 15 (1.6)
 Neuroendocrine malignancies 23 (2.5)
 NSCLC 61 (6.7)
 Ovarian cancer 37 (4.0)
 Pancreatic cancer 71 (7.8)
 Prostate cancer 10 (1.1)
 Sarcoma 54 (5.9)
 Thyroid cancer 46 (5.0)
 Urinary tract cancer 24 (2.7)
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Outcome of CGP depending on primary diagnosis

Differences between entities were observed when looking 
at the frequency of therapy recommendations (as sum-
marized in Fig. 2). In patients with biliary tract cancer, 
molecular profiling led to a therapeutic recommendation 
in almost 60% of cases. In patients with pancreatic can-
cer, an alteration was found in around 90% (mostly Kras 
mutations) but in only 28% did this alteration lead to a 
therapeutic recommendation. As testing success was com-
parable in between groups (83% in breast cancer vs 92% 
in PDAC) and the frequency of any alteration was similar 
between breast and pancreatic cancer (85% vs 92%), these 
differences are based on the molecular and therapeutic 
landscape of each disease.

Follow‑up

Retrospective follow-up showed that only around 19% of 
therapeutic recommendations were put into practice. In 
63%, a realization of the recommendation was planned 
or the process of implementing the recommendation was 
unknown. Those 63% comprise patients that were pre-
sented to the MTB in earlier treatment lines and who were 
still under active tumor therapy. Furthermore, in some 
cases, approval of off-label use by the health insurance 

company was pending. Patients, where implementation 
of recommendation is unclear, are mostly patients from 
external partners who are lost to follow-up.

Discussion

Here, we report data of the first 1000 patients of our Preci-
sion Oncology Program between 2016 and 03/2020. One 
of the main and most sobering findings is the low rate 
of realized treatment recommendations. 41.4% of tested 
patients received a therapeutic recommendation but only 
17% of those recommendations were put into practice. 
These rates are in line with previous published retrospec-
tive results by Tannock et al., stating that “for or every 
1000 patients […] about 400 will have a targetable muta-
tion, about 120 will receive a matched drug” (Tannock and 
Hickman 2019). There are various reasons that contribute 
to this result within our program. One reason is that, espe-
cially in the beginning of the program, patients were often 
presented to the MTB at a very advanced stage so that they 
did not receive experimental treatment due to rapid clini-
cal deterioration. Furthermore, access to targeted treat-
ments proved difficult in the beginning of the program for 
both off-label treatments and clinical trials.

Fig. 1  Consort diagram of the first 1000 patients
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The fact that inclusion in a clinical trial was recom-
mended in only 8% shows that a closer cooperation with 
an early clinical trial program is imperative to increase the 
potential benefit for patients undergoing CGP (Dienstmann 
et al. 2020). Six years into the program, we feel that we 
have the obligation to share our early experiences with the 
scientific community to underscore the need to push for a 
more integrative precision oncology approach where diag-
nostic and therapeutic interventions, access to treatment, 
and meticulous follow-up are tightly interwoven. We see 
that in smaller subgroups, such as gynecological cancers, 
a dedicated, structured follow-up, including survival and 
efficacy endpoints, is feasible within our program (Sultova 
et al. 2021a, b). Other programs have shown that struc-
tured follow-ups regarding outcomes are possible in the 
setting of clinical trials (Horak et al. 2021) as well as in 
structured programs (Bitzer et al. 2020). Based on our 
experiences, we have implemented comprehensive meas-
ures to improve the shortcomings demonstrated in the 
early days of our program. A clinical registry was started 
to evaluate efficacy and survival in patients enrolled in the 
MTB. All patients undergoing CGP should be included 
in this registry to ensure a structured evaluation and col-
lection of clinical data, especially regarding response and 
survival.

This professionalization and process optimization was 
accompanied by a rapid growth in case numbers, show-
ing the need and broad usage of CGP in clinical routine 
at a large academic center. Due to the increase of case 

Table 2  Outcome in regard to the respective panel

Panel Total number Actionable/Recom-
mendation for therapy

Alteration, not 
druggable

No alteration Testing not successful

In-house 337 122 (36.2%) 57 (16.9%) 99 (29.4%) 59 (17.5%)
In-house (after application of the com-

prehensive (OCAv3) and TMB panel)
434 173 (40.0%) 163 (37.6%) 61 (14.1%) 37 (8.5%)

Commercial 94 51 (54.3%) 32 (34.0%) 2 (2.1%) 9 (9.6%)

Table 3  Therapeutic recommendations of the first 1000 patients

TKI tyrosine kinase inhibitor, mTOR mechanistic target of rapamycin, 
PARP poly-[ADP-ribose-]polymerase, IDH isocitrat-dehydrogenase; 
CDK cyclin-dependent kinase

Therapeutic recommendation n Frequency (%)

TKI 95 25.3
mTOR inhibitor 74 19.7
Immune-checkpoint-inhibitor 40 10.6
PARP inhibitor 34 9.0
Clinical trial 32 8.5
BRAF/MEK inhibition 27 7.2
Genetic counselling 27 7.2
Monoclonal antibody 23 6.1
IDH1/2 inhibitor 17 4.5
Additional diagnostics 14 3.8
Alpelisib 10 2.7
Trametinib/hydroxychloroquine 10 2.7
Androgen-receptor blockade 9 2.4
CDK4/6 inhibitor 9 2.4
Change in management 3 0.8

Table 4  Not actionable alterations

Alteration n Frequency (%)

TMB LOW 157 61.1
KRAS 97 37.8
TP53 86 33.5
PIK3CA 17 6.6
MYC 14 5.4
ARID1A/2 10 2.8
CDKN2A 10 2.8
NRAS 9 3.5
SMAD 4 8 3.1
APC 7 2.7
CTNNB1 5 2.9
BRAF (non V600E) 3 1.2
PTEN 3 1.2

Table 5  Results of analysis of tumor mutational burden in 233 
patients

*Definition according to Riviere et al. (2020)

TMB N %

Low* (≤ 5 mutations/Mb) 157 67.38
Intermediate* (> 5/ < 20 mutations/Mb) 65 27.90
High* (≥ 20/ < 50 mutations/Mb) 9 3.86
Very high* (≥ 50 mutations/Mb) 2 0.86
 < 10 Mutations/Mb 208 89.27
 ≥ 10 Mutations/Mb 25 10.73
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numbers, the MTB changed from being held every other 
week to weekly board discussions. The expansion of the 
program was mainly driven by the implementation of a 
network of internal and external partners. A key charac-
teristic of the CCC  MunichLMU MTB is the interdiscipli-
nary nature of the platform. Patients were referred from 
19 different clinical departments (excluding external refer-
rals) and experts from more than 10 medical specialties 
regularly attend the meeting and contribute to shaping the 
program. This has resulted in several scientific collabora-
tions that underscore the potential of a dedicated Preci-
sion Oncology Program to serve as an interdisciplinary 
platform to foster academic innovation (Rohrmoser et al. 
2020; von Baumgarten et al. 2020; Rodler et al. 2021; 
Sultova et al. 2021a, b). To facilitate cooperation with 
external partners, plans for a virtual MTB were made as 
early as 2018.

With the advent of the COVID-19 pandemic, the MTB 
was changed to a virtual format. Importantly, changing the 
format of the MTB did not impact growth of the program. 
On the contrary, while in the 12 months before the first 
lockdown in Germany, only 493 patients were presented 
to the program, in the 12 months following the lockdown, 

numbers increased to 617 patients. This growth under-
scores the clinical need for the platform. Owing to the 
virtual format, onboarding of external partners became 
more feasible and referrals increased significantly. To sus-
tain the growth of the program and foster trans-sectoral 
collaboration, the MTB will remain in its virtual format.

Previously published analyses suggested that personal-
ized treatment leads to improved outcomes and fewer toxic 
deaths (Schwaederle et al. 2015). Nevertheless, the reality 
of the situation seems to be that only a small number of 
patients screened in precision oncology trials receive tar-
geted agents, and only a minority of treated patients ben-
efit from treatment (Moscow et al. 2018). This is in line 
with our experiences since clinical utility of CGP seems 
to depend heavily on the primary diagnosis of a given 
patient and the availability of viable therapeutic options. 
While 59% of patients presenting with biliary tract cancer 
received a recommendation by the tumor board, patients 
suffering from PDAC received a recommendation in 25% 
of cases. This is in line with subgroup analysis from the 
MOSCATO01 trial (Verlingue et al. 2017) and another 
important aspect to consider for future patients of the 
program.

Fig. 2  Outcome of NGS regarding diagnosis; alphabetical order; Absolute numbers for respective category in bars
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Conclusion

The present analysis shows that a Precision Oncology Pro-
gram with an interdisciplinary MTB is feasible at a large 
university hospital. There are several limitations to this 
analysis. First, this is a single-center experience. Second, 
the decision to include patients into the program was up to 
the treating physician, which might have led to a selection 
bias not only regarding primary diagnosis but also regard-
ing the timing of testing. Third, due to the interdisciplinary 
management of patients from various department, follow-up 
has been challenging during the implementation phase of 
the program but has already been conducted within smaller 
subgroups (Sultova et al. 2021a, b). To provide high-quality, 
real world evidence, a dedicated follow-up program, includ-
ing a prospective and retrospective registry, has been imple-
mented, which will allow us to further evaluate the benefit 
to patients of such a program.

Even though the sobering realization of only 17% of rec-
ommendations is in line with previously published results 
(Tannock and Hickman 2019), a careful selection of the 
right point in time, the right patient and the right diagnos-
tic tool, as described by Subbiah and Kurzrock to improve 
outcomes, seems to be the most important lesson from the 
first 1000 cases (2018). The identification of patients who 
might benefit from GCP is crucial. So too is testing in ear-
lier treatment lines to ensure that patients are in a condition 
of undergoing an experimental treatment when receiving a 
therapeutic recommendation (Subbiah and Kurzrock 2018). 
When cooperating with a department containing an early 
clinical trial unit, MTB can serve as a screening tool for 
early, biomarker-guided clinical trials (Dienstmann et al. 
2020). As mentioned before, even though we lack structured 
follow-up and survival data, we feel responsible to share our 
experiences with the scientific community to promote an 
integrative approach to precision oncology.
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