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ABSTRACT

Aim: Our goal was to describe a precision medicine program in a regional academic hospital, charac-
terize features of included patients and present early data on clinical impact.

Materials and methods: We prospectively included 163 eligible patients with late-stage cancer of any
diagnosis from June 2020 to May 2022 in the Proseq Cancer trial. Molecular profiling of new or fresh
frozen tumor biopsies was done by WES and RNAseq with parallel sequencing of non-tumoral DNA as
individual reference. Cases were presented at a National Molecular Tumor Board (NMTB) for discussion
of targeted treatment. Subsequently, patients were followed for at least 7 months.

Results: 80% (N =131) of patients had a successful analysis done, disclosing at least one pathogenic
or likely pathogenic variant in 96%. A strongly or potentially druggable variant was found in 19%
and 73% of patients, respectively. A germline variant was identified in 2.5%. Median time from trial
inclusion to NMTB decision was one month. One third (N =44) of patients who underwent molecu-
larly profiling were matched with a targeted treatment, however, only 16% were either treated
(N=16) or are waiting for treatment (N=15), deteriorating performance status being the primary
cause of failure. A history of cancer among 1st degree relatives, and a diagnosis of lung or prostate
cancer correlated with greater chance of targeted treatment being available. The response rate of tar-
geted treatments was 40%, the clinical benefit rate 53%, and the median time on treatment was
3.8 months. 23% of patients presented at NMTB were recommended clinical trial participation, not
dependent on biomarkers.

Conclusions: Precision medicine in end-stage cancer patients is feasible in a regional academic hos-
pital but should continue within the frame of clinical protocols as few patients benefit. Close collabor-
ation with comprehensive cancer centers ensures expert evaluations and equality in access to early
clinical trials and modern treatment.
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Introduction personalized medicine [2,3]. With an increasing number of
druggable variants of low frequency, new predictive markers,
lower costs, and higher speed of processing, extensive gen-

omic tumor analysis is becoming cost-efficient and may in

Treatment guidance based on genomic analysis has the
potential to improve the outcome of cancer patients with

limited treatment options. By molecular profiling, mutations
or mutational signatures may be detected in tumor cells, in
the tumor microenvironment, or in normal tissue, that are
biomarkers of the effect of or resistance to specific treat-
ments [1]. This concept is usually named precision or

the near future become part of the routine work-up of most
cancer patients [4].

Genomic analysis is sparing valuable tissue compared to
multiple sequential assays, enables the design of a personal-
ized plan for treatment, improves recruitment of patients to
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trials, discloses codrivers and predictors of resistance, identi-
fies germline variants, and may contribute to the diagnosis
[4,5]. The analyses can furthermore lead to the disclosure of
rare, but potentially druggable variants across many tumor
types [1]. The tissue agnostic approach has recently been
approved for drugs targeting neurotrophic tyrosine receptor
kinase (NTRK) fusions, and for the treatment of microsatellite
instability (MSI)-high or tumor mutational burden (TMB)-high
tumors [6]. However, the principle is not universally applic-
able [7]. Therefore, most trials in precision medicine investi-
gate drug efficacy in diagnosis-specific cohorts, demanding
multicenter and international collaboration to obtain a suffi-
cient sample size [8].

The feasibility of precision medicine for patients’ refrac-
tory to standard oncological treatment has been demon-
strated in several studies [9]. Although unambiguous benefit
has been observed casuistically [10,11], high-level scientific
evidence is lacking [12,13], as well as new molecular predict-
ive factors and new targeted drugs are constantly evolving
making previous reports obsolete. More patients on targeted
treatment have longer progression-free survival (PFS) as com-
pared to prior, non-targeted treatment [14,15], they achieve
higher response rates (RR) [16], and a much larger difference
in median overall survival (OS) has been observed for res-
ponders compared to non-responders [17]. Additionally,
meta-analyses of early-phase clinical studies showed that
patients who received targeted treatment had better out-
comes than those who received unspecific treatment, and
the treatment-related mortality was lower [9, 18].

Many comprehensive cancer centers offer patients with
incurable cancer extensive genomic sequencing in search for
druggable variants [19]. The implementation of precision
medicine in daily routine is, however, not trivial and rarely
described in less exclusive environments [20]. The disparity
in the outcome of cancer patients may result from the
delayed introduction of new treatments with higher efficacy
at smaller hospital units [21]. From a national health perspec-
tive, it is important to ensure equality in access to new diag-
nostics and modern treatment, independently of geography,
ethnicity, and socioeconomical factors [3, 22].

The aims of the current study are to describe the interdis-
ciplinary workflow of a precision medicine program estab-
lished in the setting of a regional public academic hospital,
to characterize the genomic, pathological, and clinical fea-
tures of included patients, as well as to present early data on
the clinical impact in the first two years of the program.

Materials and methods

Patients were recruited from the North Denmark Region with
590,000 inhabitants, constituting 1/10 of the Danish popula-
tion [23]. Cancer patients from the region, who are candi-
dates for oncological treatment, are all referred to the
Department of Oncology at Aalborg University Hospital.
Exceptions include patients with uncommon cancer diagno-
ses and patients in demand of specific treatment of high
complexity. The number of new patients referred annually to

the Department is approximately 3300. All costs for Danish
patients are covered by the public health care system.

In 2020 a precision medicine program based on in-house
whole exome sequencing (WES) and RNA sequencing
(RNAseq) was initiated. All eligible patients are offered enroll-
ment in the Proseq Cancer trial (NCT05695638), which allows
for biobanking, registration of clinical and laboratory data,
and sharing of genomic data with the purpose of research
while fulfilling the Danish General Data Protection Regulation
(GDPR) requirements. The trial was approved by the Ethics
Committee of Northern Jutland, Denmark (N-20200018).

Inclusion criteria and study endpoints

Patients included are at least 18years of age, eligible for
treatment, and have incurable, progressing, and/or life-
threatening cancer (of any diagnosis) with an expected
residual survival of at least 3 months and no efficient remain-
ing standard treatment options. All candidate patients are
identified by specialist oncologists and are reviewed by the
primary investigator (Professor Morten Ladekarl) for eligibility
prior to inclusion. Patients with hematological malignancies
are included as well but not assessed in the current analysis.
All patients signed informed consent.

The primary endpoint per protocol is the fraction of patients,
for whom a molecular variant can be identified that potentially
can be matched with a targeted drug, labeled for use in cancer,
ie, a 'druggable’ variant [24], among patients with no further
efficient standard treatment options who had a tumor molecu-
lar profiling done. A positive outcome is defined as 10% the
first year linearly rising to 25% after 10 years.

Clinical-pathological data

After informed consent, clinical-pathological baseline data is
registered in REDCap [25] by oncological investigators.
Results of new pathological and molecular assessments are
prospectively registered as well as decisions made at the
National Molecular Tumor Board (NMTB) (Supplementary
Table A.1). For the present analysis, the outcome of all
patients was registered at the time of data cutoff (January
3rd, 2023) and no patients were lost to follow-up.

Biological samples

New 1.2 mm core needle biopsies are taken from the most eas-
ily accessible, preferably progressing tumor lesion that has not
been irradiated, usually guided by ultrasound. Biopsies from
centrally located lung lesions or other sites with increased risk
of complications, or procedures requiring general anesthesia
are generally avoided. In each case, one biopsy is fixed in neu-
tral-buffered formalin and allocated to histopathological assess-
ment. Another, adjacent 1-2 biopsies are kept in RNAlater until
processing for molecular analysis within 5d. Patients with intra-
cranial tumors are biopsied at the time of diagnostic surgery or
if surgery is otherwise required, and tissue is kept frozen at
—80°C until the clinical course indicates that patients are
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eligible for the protocol. In parallel, a 10 ml EDTA blood sample
is drawn for analysis of non-tumoral DNA.

Unfixed or fresh frozen tissue material is preferred.
However, in selected patients for whom a new biopsy is
unobtainable and no fresh frozen tissue is available, DNA is
extracted from the most recent FFPE archival sample of
tumor tissue. Cell-free tumor-DNA (ctDNA) from peripheral
blood samples is used in cases with insufficient tissue for
analysis. Samples for ctDNA analysis are collected in cell-free
DNA blood collection tubes (Streck).

Pathological analysis

The FFPE tumor biopsies are cut into four sections of 4 um
and one of 1pum. One 4um section is stained with hema-
toxylin and eosin and another with HER2-antibody. Cancer
and histological subtype are diagnosed by senior consultant
pathologists. Additional pathological analyses, including
immunohistochemistry or targeted NGS, are done on FFPE
tissue at the initiative of the pathologist, or if requested by
investigators or the tumor board.

Molecular profiling

The molecular profiling is performed in-house at the
Department of Molecular Diagnostics. Tissue biopsies in
RNAlater or fresh frozen tissue are homogenized, and RNA
and DNA is extracted using Qiagen AllPrep®. Non-tumoral
DNA for profiling is extracted from peripheral blood leuko-
cytes using the QiaSymphony DSP DNA midi kit (Qiagen).
WES library preparation is performed using the Sureselect XT
HS Library Prep Kits (Agilent). Exome capture is performed
using the SureSelect XT HS Clinical Research Exome V2
(Agilent), while RNAseq library preparation is done using the
TruSeq Stranded mRNA Library Prep Kit (lllumina).
Sequencing is carried out as 2 x 150bp paired-end on a
NovaSeq 6000 (lllumina), producing a minimum 26 Gb, 18 Gb,
or 33 million reads of raw sequence data for tumor DNA,
non-tumoral DNA, or tumor RNA samples, respectively.

For molecular profiling, the tumor DNA is subjected to
somatic short variant detection using tumor/normal WES
analysis, detection of copy number alterations, TMB and MSI
status, and mutational signature analysis. Tumor RNA is used
for the generation of an expression profile used as input for
tissue classification [26]. Moreover, RNAseq enables the
detection of fusion transcripts for the identification of larger
chromosomal abbreviations.

ctDNA is extracted from 10 ml blood samples or, in a few
cases, from peritoneal fluid in cell-free DNA blood collection
tubes (Streck) using QiaSymphony Virus/pathogen Midi Kit
(Qiagen). TruSight Oncology 500 assay (lllumina) is used for
library preparation. 2 x 150 bp paired-end sequencing is per-
formed on a NovaSeq 6000 (lllumina) producing minimum
1500x coverage of the targeted regions.

Using the non-tumoral DNA, clinically relevant pathogenic
variants are detected in a small set of genes (BRCAT, BRCA2,
ATM, MLH1, MSH2, MSH3, PMS1, MLH3, MSH6, PMS2, PALB2,
RAD51C, RAD51D, MBD4, ANKRD26, CEBPA, DDX41, ETV6,
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GATA3, RUNX1, TERC, TERT, and TP53). Germline variants in
other genes are not analyzed unless specifically requested by
clinical geneticists and consented by the patient.

Raw sequencing data are processed and stored under the
regional IT-system. Sequencing data and supplementary
metadata are submitted to the Danish National Genome
Center.

Bioinformatics

The bioinformatic procedure used in this study has previ-
ously been described [27]. Using the Genome Analysis Tool
Kit (GATK) the process largely follows the GATK-recommen-
dations [28]. The filtered variant file (VCF) is uploaded
together with information on sex, age, diagnosis, and
detected fusion transcripts, gene losses or gains, to Qiagen
Clinical Insight Interpret (QCI) for automatic classification of
variants [29]. All variants of clinical significance are manually
verified by visual inspection of the DNA and RNAseq data.
Variants are classified as pathogenic, likely pathogenic, var-
iants of unknown significance (VUS), or benign/likely benign
[30]. QCI is also used prospectively to link variants and
approved treatments or clinical trials into tiers [31]: Tier 1 -
variants of strong clinical significance and tier 2 — variants of
potential clinical significance. Tier 3 - variants of unknown
significance - is in the present analysis merged with variants
with no QCl-annotation.

Non-tumoral variants are classified according to the 2015
ACMG/AMP guidelines [32] and are, together with the history
of patients, reviewed by an MD specialized in clinical genet-
ics. If a germline variant with a likely consequence for the
health of the patient or a relative is identified, patients who
had requested this information at protocol consent are
offered referral to the Department of Clinical Genetics.

Reports are generated using a dedicated platform
(PrOnco) from clinical data stored in REDCap and variants
data. The platform follows the ‘FAIR" principles in data stew-
ardship [33] and enables a tumor board report to be gener-
ated on demand or made accessible through an interactive
interface. PrOnco also includes custom reporting tools to
monitor the inclusion of patients live, integrates a variant
search functionality, and can be used to implement valid-
ation tools and utilities to ensure the quality of the data col-
lected [34].

Tumor board

Cases are presented at a weekly web-based multidisciplinary
NMTB, directed by the phase | unit at Rigshospitalet,
Copenhagen. The NMTB has participants from all eight
Danish oncological centers engaged in clinical precision can-
cer medicine. Besides medical oncologists, the participation
of pathologists, clinical genetics, and molecular biologists is
mandatory. Based on patients’ history and characteristics, dis-
closed molecular variants, gene signatures, or other tumor
characteristics, and available trials or drugs, matched treat-
ments, and early-phase clinical trials are suggested.
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Treatment suggestions are not influenced by geography, as
patients can be referred to any center.

Targeted treatment

Treatment can be offered on-site if a targeted drug of a
nationally approved indication is suggested by the NMTB. If
not, the patient may be treated in an available clinical proto-
col. This especially includes the ProTarget trial - a nation-
wide, investigator-initiated basket trial of targeted treatment,
studying the efficacy of approved drugs used ‘off label in
cohorts of patients with a similar target, similar drug, and
similar diagnosis (NCT04341181) [35]. The trial was initiated
at the local site January 2022.

If no approved drug or relevant protocol is available or
feasible, treatment with a targeted drug used outside a clin-
ical protocol is pursued. This includes treatment with a drug
that is labeled but not approved by the Danish authorities,
however, may be used after individual permission. It also
includes ‘off-label’ treatment after individual permission, or
‘compassionate use’ with an unapproved drug in a ‘named
user program’. Supplementary advises for individual cases
can be sought from the Danish National Board of Health
Committee for Experimental Treatment. Patients treated with
matched targeted drugs outside a clinical drug trial are eval-
uated by CT- or MR-scans and biomarkers at baseline and
every 8th or 9th week until progression. Blood samples for
research are drawn and stored in Bio-and Genome Bank
Denmark, while treatment data is registered prospectively as
shown in Supplementary Table A.2.

Results

The total number of patients included in the protocol from
June 1st 2020 to May 31st 2022 was 164, corresponding to
an average monthly inclusion rate of 6.8 patients. One
patient withdrew consent. The protocol did not allow for the
registration of eligible patients that were not asked or
declined trial participation. The patients included in the
study were not selected at random. Baseline clinical charac-
teristics for the ‘intention-to-treat’ (ITT) population, the sub-
population  with tumor WES performed and the
subpopulation recommended a matched targeted treatment
at the NMTB are shown in Table 1. Most patients were heav-
ily pretreated, two-thirds having received at least 3 prior
lines of systemic treatment, and most had metastatic disease.
A high fraction of patients had a history of asbestos expos-
ure, which was expected from demography [31], whereas
17% had a prior or concurrent other malignancy diagnosed.
The most common primary tumor sites were breast, ovary,
and lung, totaling 44%. Those, who had a history of 1st-
degree relatives with cancer or a diagnosis of lung or pros-
tate cancer, were overrepresented in the group of patients
with the recommendation of a matched targeted treatment.
The most frequent sites of new biopsies were the liver
(23%), abdominal cavity (17%), lung (10%), and brain (9%). In
28 patients more than one biopsy procedure was required.
Excluding procedures performed on archived samples or

ctDNA, the median time from protocol consent to the pres-
entation of results at NMTB was 31d (lower quartile (LQ):
25d; upper quartile (UQ): 42d), including a median of 12d
(LQ: 7d; UQ: 18d) spend from consent to decisive biopsy,
15d (LQ: 14d; UQ: 20d) spend from biopsy to molecular
analysis done, and 2d (LQ: 1d; UQ: 2d) spend from molecu-
lar analysis done to NMTB presentation. Archived samples
including fresh frozen tumor tissue was used as a source of
molecular tumor profiling in 21 patients and ctDNA in seven
patients. In all cases where tumor sequencing was attempted
leucocyte DNA could be analyzed for non-tumoral variants.

At this interim analysis, the fraction of patients with
molecular tumor profiling, who were recommended a
matched targeted treatment, was 34% (27% in ITT-analysis).
A chart demonstrating the flow of patients is shown in
Figure 1(a). 20% of patients included had no tumor sequenc-
ing performed due to biopsy not possible, failed or refused
(N=22), or deteriorating general condition (N=10). The QCl
tier-level of actionability was highly correlated with having a
matched targeted treatment recommended at NMTB vs no
targeted treatment recommended; 60% vs 40% for tier 1 (in
40 patients), 24% vs 76% for tier 2 (in 82 patients), and 0%
vs 100% for tiers >2 (in 9 patients) (p<.001 by a Chi-
squared test). 44 patients had a total of 62 druggable targets
as determined by the NMTB. The pathological and molecular
characteristics of these patients and the corresponding rec-
ommended targeted treatments are shown in Supplementary
Table B. Most of the alterations (42%) were matched with
immune check point inhibitors, while 18% were ERBB2-altera-
tions, and 11% HRD-associated alterations. More rarely, drug-
gable alterations were found in PIK3CA, BRAFY®°%, FGFR,
KRAS®'?, MET, EGFR, CDKN2A, NTRK3, AKT1, and KDR.

The outcomes of NMTB recommendations of a matched
targeted treatment are illustrated in Figure 1(b). At the time
of data cutoff, 21 patients were eligible of the 44 patients,
who had been recommended a matched targeted treatment,
and 16 of these had started the suggested treatment indicat-
ing that benefit rate is low. Approximately half of the
patients were ineligible, most frequently due to deteriorating
performance status. 33 patients (23% of the ITT population)
were recommended a non-targeted clinical trial (Figure 1(c)).
Of these, five have started treatment in trials, while four
patients are on a waiting list. Overall, the median OS from
study inclusion in the ITT-cohort was 7.3 months (95%
Confidence Interval (Cl): 6.1-9.4 months) and the estimated
1-year survival was 33% (Cl: 26-42%).

The pathogenic or likely pathogenic variants found and
their QCl-annotated ‘actionability’ are shown in Figure 2. A
total of 42 QCl-tier 1 and 305 QCl-tier 2 variants were dis-
closed, distributed in 120 patients (92% of patients having a
tumor WES successfully done). In only 3.8% of molecularly
profiled tumors, no pathogenic or likely pathogenic variants
were disclosed. Within the limited panel of genes screened,
pathogenic germline variants were found in 4 patients (2.5%
of the ITT-population), in BRCAT, BRCA2, DDX41, and PALB2.

16 patients started on a matched targeted treatment; one
patient was treated twice against the same target and
another twice against the same and once against a different
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Table 1. Baseline characteristics of all ‘intention-to-treat’ (ITT) patients, patients with a tumor WES performed and patients with a tumor WES performed and a
matched targeted treatment recommended at the National Molecular Tumor Board.

ITT population Tumor WES performed Targeted treatment recommended
(N=163) (N=131) (N=44) p-value*
Gender
Male 43% 43% 50% p=.31
Female 57% 57% 50%
Age (years)
Median (range) 64 (31-81) 64 (31-81) 64 (32-76) p=.69
BMI (kg/m?)
Missing values (N) 3 2 0
Underweight (<18.5) 1% 2% 2% p=.88
Normal (18.5-24.9) 52% 50% 48%
Overweight (25-29.9) 31% 33% 32%
Obese (>30) 15% 16% 18%
Primary tumor site
Breast 17% 16% 16% p=.02
Ovaries 14% 14% 9%
Lungs 13% 13% 25%
Brain 10% 11% 9%
Prostate 9% 10% 16%
Other 36% 36% 25%
WHO performance status
0 45% 49% 48% p=.40
1 49% 46% 43%
2 6% 5% 9%
Clinical stage
Metastatic 84% 85% 91% p=.09
Locally advanced 13% 12% 5%
Localized 2% 3% 5%
Interval from diagnosis to inclusion (years)
Mean (standard deviation) 3.67 (5.05) 3.47 (4.89) 4.50 (6.41) p=.09
Number of prior systemic treatment lines
0 3% 3% 5% p=.18
1 17% 18% 16%
2 19% 21% 32%
3 27% 27% 18%
+4 34% 31% 30%
Prior high-dose radiotherapy
Yes 22% 23% 20% p=.44
No 76% 75% 75%
Smoking status
Missing values (N) 26 20 6
Never 37% 40% 37% p=0.89
Former 48% 47% 50%
Current 15% 14% 13%
Alcohol abuse
Missing values (N) 31 26 7
No abuse 89% 90% 95% p=.74
Former abuse 7% 7% 5%
Current heavy drinker 4% 3% 0%
Occupational exposure
Missing values (N) 45 39 13
None 81% 82% 87% p=.74
Asbestos 14% 14% 10%
Other 5% 4% 3%
1st degree relatives diagnosed with cancer
Missing values (N) 43 34 1
0 28% 28% 15% p=.03
1 42% 40% 36%
2+ 31% 32% 48%
Prior or concurrent other cancer
Yes 17% 17% 18% p=.96
No 83% 83% 82%
Histology
Adenocarcinoma 61% 60% 61% p=.47
Malignant glioma 9% 1% 9%
Squamous cell carcinoma 7% 7% 2%
Other 22% 23% 27%

N: number of patients; WES: whole exome sequencing; BMI: body mass index.

*Comparisons between patients with tumor WES successfully performed and patients with tumor WES successfully performed and a targeted treatment recom-
mended at the National Molecular Tumor Board were done using a Mann-Whitney U-test for continuous variables and a Chi-squared test for categorical varia-
bles. For categorical variables with cell count <5, a Fisher's Exact test was used.
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(@)

. No treatment available
Patient died

. Patient declined

. Poor performance status

. Prior treatment against target

. Still on standard treatment

. Suggested treatment initiated

( Non-targeted clinical trial suggested n=33 ]

QCl tier 2 n=82

. On waiting list
Patient died
. Patient declined
. Patient not eligible
. Poor performance status
. Suggested treatment initiated

Figure 1. (a) A chart demonstrating the flow of patients from trial inclusion to treatment recommendation at the National Molecular Tumor Board. If several QCl
tier variants were found in samples from a patient, the highest tier was used. QCl tier >2 includes tier 3 and non-annotated pathogenic or likely pathogenic var-
iants. ITT: ‘intention-to-treat’; WES: whole exome sequencing; QCl: Qiagen Clinical Insight Interpret [29]; NA: not assessed; NMTB: National Molecular Tumor Board.
(b) Outcome of National Molecular Tumor Board recommendations of a matched targeted treatment in 44 patients. (c) Outcome of National Molecular Tumor

Board recommendations of a non-targeted trial in 33 patients.

target. A plot of treatment duration and efficacy of these 19
targeted treatments is shown in Figure 3. 15 targeted treat-
ments were given in 13 patients with measurable disease
resulting in five partial responses (PR) and one complete
response (CR), accounting to an overall RR of 40%. The clin-
ical benefit rate (CBR) [8] of 17 treatments was 53% in 15
patients with evaluable disease. Five patients are still on
treatment. The median treatment duration was 3.8 months.

Discussion

In this interim analysis, we found that one-third of patients
was recommended a matched targeted treatment based on
tumor molecular profiling. A huge variation in rates of pro-
filed patients matched to treatment in clinical trials has been
reported, ranging from 4% to 36% [36], mainly caused by dif-
ferent definitions of variants being ‘druggable’ [37,38]. In the
current study, we defined ‘druggable’ in a pragmatic way by
registering treatment recommendations at the NMTB, reflect-
ing an expert consensus on available targeted treatments,

guidelines, and clinical trials in the country [39]. The ESCAT
classifier may be used as a manual tool for a listing of
molecular variants based on the evidence available and
based on consensus [40]. However, one study found that
ESCAT tier levels were not well correlated with PFS in
patients treated [41]. Several tools providing automatic anno-
tations of ‘druggability’ are available [42,43], but large incon-
sistencies among different classifiers have been reported [37,
44]. The QCI classifier, used to generate the molecular
reports in our study but not used for clinical decisions, is
indeed not systematically pertinent. For example, it does not
consider coalterations, annotates some alterations typically
regarded as non-actionable as ‘druggable’ and match various
chemotherapy to alterations [38]. Despite these limitations,
we found a strong association between QCI tier-levels and
the chance of having a matched treatment recommended.
The development of artificial intelligence models for the allo-
cation of targeted agents to patients, integrating molecular
profiling information as well as extensive clinical data includ-
ing detailed patient trajectory, exposures, and comorbidities
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Figure 2. Genes with clinically relevant alterations and mutational signatures distributed according to diagnoses. Each row represents a patient and is grouped by
primary tumor site. Columns represent genes with relevant short nucleotide variants, fusions, and CNV's and these are sorted by frequency. Signatures of MSI-high
(cut-point 3.5%) and TMB-high (cut-point 10 mut./Mb) [27] are shown in the right columns. Variants were merged for five patients who had their analysis repeated.
The color of the squares indicates the actionability of the variant classified prospectively according to Qiagen Clinical Insight Interpret (QCl) [29]. QCI tier 1A
includes variants with an FDA-approved therapy and can be found in professional guidelines, tier 1B includes variants with strong evidence for sensitivity to ther-
apy from well-powered studies supported by consensus from experts, tier 2C includes variants with FDA-approved therapies for a different tumor type, and tier 2D
includes variants with a plausible sensitivity to therapy indicated by a few case reports or preclinical trials [30]. mut.: mutations; Mb: megabases; HC: head and
neck cancer; CRC: colorectal cancer; MM: malignant melanoma.

could be of great interest [45]. A ‘patients like me’ tool may Another explanation to the variation in rates of patients
also be developed to facilitate decision-making by clinicians matched to treatment may be different access to relevant
and communication to patients [46]. drugs. Sometimes even marketed drugs may not be available
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Figure 3. Treatment duration and response for 19 molecularly matched tar-
geted treatments in 16 patients. Each treatment is shown as bars. The time
from treatments start to end is indicated on the x-axis. Complete response (tri-
angle) or partial response (dots) is indicated at the time of response for patients
evaluable by RECIST. # Stable disease lasting >16 weeks as the best response
(for patients evaluable for Clinical Benefit Rate). * Clinically progressive disease.
All other treatments aborted were caused by progression according to RECIST.
-> Treatment continues.

to the treating physician due to reimbursement issues, or -
in public health care funded systems - lack of national
approval [47]. In our setup, patients could be referred to
treatment at any center in the country and marketed drugs
were available inhouse through a multidrug basket trial or
by permission from local authorities. However, the basket
trial was first initiated locally on January 2022 and clinical tri-
als of targeted drugs were before that restricted mainly to
those offered at a distant phase | trial unit. Logistics might
have reduced the referral of patients to such trials [48].

Finally, heterogeneous inclusion criteria and biological dif-
ferences among populations may contribute to variations in
the fraction of patients eligible [49,50]. For example, it is
known that the prevalence of ‘druggable’ variants is depend-
ent on the histology and anatomical site of the primary
tumor [51,52]. Moreover, many patients in studies of late-
stage cancer have been treated by targeted agents earlier in
their disease, rendering some targets clinically un-drug-
gable [53].

In agreement with others [54], our study points to
improvements in patient selection, methodology, and logis-
tics that could increase the feasibility of precision medicine.
The 20% of patients included in the ITT analysis that did not
have a molecular tumor profiling done, mainly due to issues
related to biopsies, is at least on par with similar reports
[54,55], and substantiates the problems of preferred use of
fresh histological biopsies [56]. Fine needle aspiration is less
risky, induces less discomfort, and may provide similar NGS-
results [57], however, generally exclusive of sufficient mater-
ial for the histopathological and immunohistochemical ana-
lysis. ctDNA is increasingly used, either complimentary to
biopsies or alone [56,58]. Liquid biopsies may be less

sensitive to heterogeneity and may provide early information
of progression and resistance [58,59]. The main limitations
are small amounts of tumor DNA, lack of tissue for patho-
logical diagnosis, and contamination by non-tumoral variants
[60]. The number of patients with immediately available tis-
sue could be increased by storing fresh frozen tissue at diag-
nosis of the incurable disease. Indeed, we used archived
fresh frozen tissue in patients with primary brain tumors and
obtained a successful molecular analysis in all cases (data
not shown). Using archival materials, temporal evolutions of
molecular alterations are missed [60], although a prior study
of changes in druggable variants over time showed very lim-
ited clinical impact [61].

Turnaround time is especially important for end-stage
patients [62]. In our study, the median time to the presenta-
tion at NMTB was approximately 1 month, but even so more
than half of those recommended a matched treatment did
not receive it, most often due to deteriorating performance
status. In another recent, single-institution study, only 16% of
591 patients recommended a targeted treatment at the
tumor board actually started on treatment at the institution
[14], and in patients with non-small-cell lung cancer, 65% of
those who were potentially eligible did not benefit from pre-
cision therapy for a number of reasons [54]. Our data indi-
cates that using ctDNA or frozen archival tissue, a decision of
treatment could be done within two weeks.

In this report with short follow-up, we found a high RR
and CBR of targeted treatments of 40% and 53%, respect-
ively, but a short median treatment duration of 3.8 months.
The small number of patients and the heterogeneous popu-
lations preclude a formal comparison, however, with increas-
ingly efficient drugs and more precise molecular predictors,
improved outcome of precision medicine can be expected.
For example, the CoPPO trial [63] showed a RR of only 15%,
whereas a more recent report of 215 patients in the DRUP
trial found a CBR of 34% with a median treatment duration
of 9 months [8].

Cancers of late-stage patients are often therapy resistant,
the tumor burden is high, and poor performance status or
late effects may preclude further treatment. Results of preci-
sion medicine in late-stage cancer patients have proved the
concept, but a significant impact on survival may require
that targeted treatment is used in earlier lines. Except for
highly druggable and truncal targets, it is debatable whether
the one target — one drug approach over different cancer
types will work [53], and drug combinations might be a way
forward [64]. Furthermore, precision medicine could benefit
further by knowledge in proteomics, cellomics, and metabo-
lomics [65] as well as by therapeutic drug monitoring to
allow appropriate dosing of drugs selected [66].

The discovery of pathogenic germline variants is an
important element of precision medicine. In a previous
report, pathogenic or likely pathogenic germline variants
associated with cancer could be detected by WES in 18% of
636 patients with advanced cancer, and in 4% these variants
had possible therapeutic consequences for the patient [67].
We found pathogenic germline variants in only 2.5% of
patients using a similar pipeline, however, germline variants



reported in our trial were intentionally restricted to a specific
panel of genes.

At our institution, experience in molecular tumor profiling
was acquired through clinical research [27]. It has been
reported, however, that outside comprehensive cancer cen-
ters, oncologists may have sparse access to experts for inter-
pretation of genomic test reports to guide decisions about
the optimal use of targeted agents [68], and access to trials
and new targeted agents may also be limited. Through
national collaboration, including discussion of patients at
NMTB, inhouse initiation of a multidrug basket trial, and local
access to labeled targeted drugs, we could allocate most eli-
gible patients to treatment locally.

Conclusions

Genomic profiling of cancers and matched targeted treat-
ment is feasible in a regional academic hospital setting.
Although one-third of patients having molecular profiling
done was matched with targeted treatment, the clinical bene-
fit was limited as only 13% of the ITT-population started on
treatment or are still eligible. Hence, precision medicine
should move toward the 1st or 2nd line setting. Rapid evolu-
tions in ‘omics’ require continuous awareness and adaption
to ensure the most modern and optimal diagnostics at all
facilities, not least the non-comprehensive cancer hospitals. In
smaller hospital units, close collaboration with comprehensive
cancer centers is necessary to ensure expert interpretation of
results and equality in access to the most modern treatment.
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