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High-throughput genomic analyses are being implemented in clinical prac-

tice. MODIFY is a retrospective study of the first introduction of genomic

profiling and molecular tumor boards in the country of Luxembourg. The

primary objective was to assess whether patients derived a clinical benefit

by measuring the percentage of patients who presented a progression-free

survival (PFS) on matched therapy (PFS2) 1.3-fold longer than PFS on

previous therapy (PFS1). A total of 94 patients were included. In total, 45

patients (53.57% of patients with successful next-generation sequencing

[NGS] analysis) were found to have an actionable mutation. Of these, 11

patients received the treatment recommended by the molecular tumor

board, another 12 received best-supportive care, and 20 were treated with

conventional therapy. PFS2 and PFS1 data were available for eight

patients. The PFS2/PFS1 ratio was ≥ �1.3 in 62.5% (n = 5/8; CI [30.38,

86.51]) of patients; three patients showed a partial response, and median

overall survival (OS) was 7.3 months. Although the examined population

was small, this study further supports evidence indicating that patients with

advanced cancer benefit from molecular profiling and targeted therapy.

1. Introduction

The use of molecular profiling to target oncogenic

drivers has already had a profound effect on cancer ther-

apy and patient outcomes even though implementation

in daily practice has been an ongoing challenge. Tar-

geted therapy of select molecular alterations has been

recognized as improving outcomes in several entities

[1–3] and has been established as standard-of-care, with

an increasing number of emerging targetable tumor

agnostic molecular biomarkers [4,5]. However, as tumor

characterization potential grows and the number of

potential targets and biomarkers of resistance expands,

translation into clinical practice requires a new precision

oncology specific workflow. The establishment of

evidence-based hierarchical ranking scales of molecular

alteration [6], clinical knowledgebases [7–9] to classify

known genomic aberrations and dedicated molecular

tumor boards to assess relevance of a given therapeutic

option for individual patients, have allowed to facilitate

this process of daily practice implementation. Guidelines

and recommendations [10] based on growing experience
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have also emerged to help establish or improve dedi-

cated workflow processes in this field.

Nevertheless, efficacy of precision oncology has also

been hampered by an incomplete knowledge of biolog-

ical resistance mechanisms [11,12] such as activation of

compensatory pathways for cell survival, drug

target alteration [13], tumor microenvironment regula-

tion [14], and intrinsic cancer heterogeneity [15]. As

such, molecular tumor boards are needed to translate

the existing preclinical and often early-phase trial

extracted knowledge into therapeutic recommenda-

tions, which have a potential benefit for patients with

advanced solid tumors who have often undergone mul-

tiple therapy lines.

It is against this backdrop that several studies

[16–19] have aimed to clarify the benefit of molecular

profiling and subsequent targeted therapy, with vari-

able results owing in part to the heterogeneity in clini-

cal implementation of precision oncology. Here, we

report the results of a retrospective study conducted

on a Luxembourgish cohort of patients at a Molecular

Tumor Board (MTB) with the aim of providing molec-

ular diagnostics and targeted cancer therapy guidance.

2. Materials and methods

2.1. Patient selection

This study is a monocentric retrospective analysis of

94 patients affected by cancer who have undergone

treatment at the Centre Hospitalier de Luxembourg

(CHL). Molecular profiling with subsequent discussion

in a specialized tumor board took place from 1 Janu-

ary 2018 to 31 December 2022. Eligible patients for

the program were ≥18 years old with advanced solid

tumors. All patients gave informed written consent for

the use of their data for study and research purposes.

Data extraction was performed anonymously through

the CHL electronic patient medical record. Analysis

time frame was set between July 2019 and March 2022

with a follow-up cut-off on 31 December 2022. This

study received approval from the national research

ethics committee (CNER) in accordance with the Dec-

laration of Helsinki (license number 202207/06).

2.2. Targeted sequencing and molecular

tumor board

Formalin-fixed paraffin-embedded (FFPE) tumor sam-

ples were sent to OncoDNA in Belgium for sequencing.

The first six patients were analyzed through a 75 gene

NGS panel while the following (88 patients) were evalu-

ated through a broader 313 OncoDEEP gene panel after

verification of adequate tumor cellularity of at least

10% by a qualified pathologist. OncoDEEP also pro-

vided data on Microsatellite Instability (MSI) and

Homologous Recombination Deficiency (HRD) status

as well as Tumor Mutational Burden (TMB). Onco-

DEEP is an ISO 15189 (Medical Laboratories-

Requirements for quality and competence), CE-IVD (In

vitro diagnostic devices complied to be sold in Europe),

ISO 27001 (Information security management), and ISO

13485:2016 (Quality Management System) certified test,

which is commercially available. Results were provided

to the referring physician and the Institut National du

Cancer (INC) for Molecular Tumor Board evaluation.

The dedicated MTB was organized by the INC as

part of the first program for molecular diagnostics in

Luxemburg (MDLUX2) and participants included an

expert in medical and molecular oncology, a patholo-

gist, a geneticist, and medical oncologists. The fre-

quency of MTBs was approximately every 8 weeks

and took place as a virtual meeting. The referring phy-

sician presented a brief patient history with past and

present therapy lines, following which histological

and genomic results were presented and discussed. A

formalized report summarizing tumor cell percentage

in the sample, found genomic alterations and therapy

recommendations with OnkoKb actionability levels

was established and provided to the referring physician

after the MTB. Therapy recommendations had no pre-

scriptive value and therapeutic decisions were left to

the referring physician.

2.3. Statistical analysis

For the descriptive analysis, differences between

matched and unmatched therapy patients was tested

using Mann–Whitney-U-test for continuous or

chi-squared test for categorical data.

Patient characteristics have been described according

to variable type, continuous variables with mean

values, and qualitative variables with frequencies and

percentages.

Progression-free survival (PFS) of patients during a

targeted therapy approach (PFS2) was compared with

PFS of the previous treatment line of the same

patients (PFS1). As such, patients were used as their

own control for the main objective of this study.

Besides PFS, overall survival (OS) and response varia-

tions (e.g., stable disease, complete response [CR] and

partial response [PR]) are investigated. A PFS2/PFS1

ratio ≥1.3 was chosen as defining a benefit from

targeted therapy in keeping with previous

molecular-matched treatment studies. Thus, the

primary end point for this study was to establish the
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percentage of patients under targeted treatment with a

PFS2/PFS1 ratio ≥1.3. As established in previous stud-

ies [17,20], if the percentage of patients fulfilling that

criterion exceeded 15%, molecularly guided therapy is

to be considered as effective. Treatment response was

assessed according to RECIST 1.1 criteria applied to

patient imaging reports. Only patients who had a prior

treatment line and were treated for at least 3 weeks

were eligible for statistical analysis.

An exact binomial test was applied to investigate, if

the percentage of patients with a PFS2/PFS1

ratio ≥1.3 was ≥15% using a one-sided significance

level of 5%. The Agresti–Coull 95% confidence inter-

val for proportions was used for the probability of

success.

A patient-by-patient bar plot is provided, showing

PFS1 and PFS2 as bars for each patient in the targeted

treatment group, ordered by descending PFS2/PFS1

ratio and including a horizontal line at ratio 1.3.

Additionally, Kaplan–Meier (KM) curves and risk

tables were provided for PFS2/PFS1 ratio and OS for

the matched treatment group with each a strata

for targeted and non-targeted patients and a KM plot

of patients in the targeted treatment group with strata

for PFS1 and PFS2. Comparisons between PFS1 and

PFS2 Kaplan–Meier curves was assessed by applying a

log-rank test.

3. Results

3.1. Patient characteristics

A total of 94 patients were referred for a NGS panel

test,10 patients were subsequently excluded because

NGS could not be performed on the provided tumor

sample. The results of the remaining 84 patients were

then discussed at the MTB. Patient characteristics are

summarized in Table 1. The most frequent tumor

types were colorectal (n = 10), breast (n = 9), sarcoma

(n = 8), pancreatic (n = 6), and uterine (n = 6). Patient

characteristics were similar in the matched treatment

and unmatched treatment group. Mean age was

54 years with a slight predominance of female patients

(56%). The median number of previous therapies was

2, with 32% of patients having received more than

two previous lines of therapy.

3.2. NGS results and MTB recommendations

The study flow is reported in Fig. 1. We recorded a

NGS analysis failure rate of 10,6% with a median time

from biopsy to molecular tumor board of

12.5 months. 45 (54%) patients were determined to

have actionable alterations. Mutations in TP53 (30%),

KRAS (19%), and APC (10%) were the most fre-

quently observed. The most commonly altered genes

that were deemed actionable were KRAS (mostly

Table 1. Patient characteristics.

Matched

treatment

N = 45

Unmatched

N = 39 treatment

group

Mean age at inclusion 53.38 years 54.54 years

Gender

Female 28 (62.22%) 19 (48.72%)

Male 17 (37.78%) 20 (51.28%)

Tumor type

Adrenal 0 (0%) 1 (2.56%)

Anal carcinoma 0 (0%) 1 (2.56%)

Breast 6 (13.33%) 3 (7.69%)

Cholangiocarcinoma 2 (4.44%) 3 (7.69%)

CRC 7 (15.56%) 3 (7.69%)

CUP 2 (4.44%) 1 (2.56%)

Gastric 3 (6.67%) 2 (5.13%)

Glioblastoma 3 (6.67%) 0 (0%)

H&N 0 (0%) 1 (2.56%)

Kidney 1 (2.22%) 1 (2.56%)

Kidney (bellini) 0 (0%) 2 (5.13%)

Liver 0 (0%) 2 (5.13%)

Lung 4 (8.89%) 0 (0%)

Melanoma 2 (4.44%) 1 (2.56%)

Merkel cell 0 (0%) 1 (2.56%)

Mucin rich appendix adc 0 (0%) 1 (2.56%)

Neuroendocrine 3 (6.67%) 0 (0%)

Ovarial 1 (2.22%) 0 (0%)

Pancreatic 3 (6.67%) 3 (7.69%)

Peritoneal PseudoMyxoma 1 (2.22%) 0 (0%)

Prostate 0 (0%) 2 (5.13%)

Renal 0 (0%) 0 (0%)

Sarcoma 2 (4.44%) 6 (15.38%)

Thyroid 0 (0%) 1 (2.56%)

Urological 2 (4.44%) 1 (2.56%)

Uterine cancer 3 (6.67%) 3 (7.69%)

Metastasis at time of inclusion

No 6 (13.33%) 9 (23.08%)

Yes 36 (80%) 30 (76.92%)

Number of metastatic sides

0 5 (11.11%) 1 (2.56%)

1 16 (35.56%) 16 (41.03%)

2 11 (24.44%) 12 (30.77%)

3 10 (22.22%) 6 (15.38%)

4 3 (6.67%) 3 (7.69%)

Previous therapy lines

0 2 (4.44%) 6 (15.38%)

1 8 (17.78%) 11 (28.21%)

2 14 (31.11%) 13 (33.33%)

3 7 (15.56%) 4 (10.26%)

4 6 (13.33%) 2 (5.13%)

5 3 (6.67%) 0 (0%)

>5 3 (6.66%) 2 (5.13%)
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G12D), PIK3CA, RAD51, and PTEN (Fig. 2).

Accordingly, the most recommended targeted treat-

ments were MEK, PI3K, and PARP Inhibitors.

Co-occurring mutations that have been associated with

therapeutic resistance (e.g., KRAS, TP53) did not pre-

clude from targeted therapy assignment. OnkoKb lvl 4

(compelling biological evidence) was the most frequent

evidence level for MTB recommendations. Regarding

targets of patients for which targeted treatment recom-

mendations were followed, six were evaluated as

OnkoKb evidence level IV, two OnkoKb evidence level

III, and three OnkoKb evidence level I.

Fig. 1. Study flow chart. In order to analyze the data patients were ordered into groups according to NGS results and whether they were

treated with a targeted treatment or conventional treatment. NGS analysis was unsuccessful in 10 of 94 Patients. Actionable mutations

were found in 45 of 94 patients. Eleven patients received targeted therapy with a possibility to calculate the PFS ratio for eight patients.

BSC, Best supportive care; NGS, Next generation sequencing; PFS, Progression-free survival.
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In 11 out of 45 (24%) patients with actionable

mutations, the MTB therapeutic recommendation was

followed by the referring physician. Instead, 20 (44%)

received conventional treatment and 12 (27%) received

best supportive care. As a result, of all 94 patients that

were initially included, ultimately 12% were treated

with molecularly guided therapy.

3.3. Clinical outcomes

The primary end point could be evaluated in eight of

94 patients (one patient did not have an available

PFS1, one patient was lost to follow up, and one

patient was no longer fit to undergo treatment less

than 2 weeks after therapy initiation). Patients who

received a targeted treatment had a median PFS1 of

13 [9; NA] weeks and a median PFS2 of 21 [20; NA]

weeks (Fig. 3). Patients who did not receive their pro-

posed matched treatment had a median PFS1 of 25

[16; 76] weeks and a median PFS2 of 8 [4; NA] weeks.

In the targeted treatment group, five patients of eight

(62.5%), (Agresti–Coull 95% confidence interval

[30.38; 86.51]) had a PFS2/PFS1 ratio >1.3 which is

significantly higher than the assumed rate of 15% (P-

value: 0.0029) (Fig. 4). When the power calculation

was performed, a PFS2/PFS1 ≥ 1.3 rate of 30% (alter-

native proportion) was assumed, which resulted in a

power of 79.4% for a sample size of 47 patients.

Reducing the sample size to n = 8 patients, the power

of the test would be 19.41%, but as the estimated rate

was higher than the assumed rate (62.5%), the sample

size of eight patients has a power of 86.26% to show a

significant difference to a rate of 15%. The null

hypothesis of ≤15% of the patient population having a

PFS ratio of ≥1.3 could therefore be rejected by our

results, leading to our conclusion that patient outcome

was improved by targeted therapy.

Interestingly, median PFS1 was shorter than median

PFS2 in the targeted treatment group while

median PFS2 was shorter than median PFS1 in the

conventional therapy group (Fig. 3). According to

RECIST 1.1 criteria, following targeted therapy, three

patients showed a partial response (n = 2 BRAF inhib-

itor and MEK inhibitor association, n = 1 MEK

inhibitor), four patients showed stable disease (n = 1

PARP inhibitor, n = 2 MEK Inhibitor, n = 1 immune

checkpoint inhibitor), and one patient progressive dis-

ease (n = 1 mTOR inhibitor) at follow-up (Table 2).

4. Discussion

The chosen primary end point of PFS2/PFS1 ratio as

first proposed by Van Hoff [20], underpinned by the

observation that PFS decreases as the number of lines

of therapy progresses and widely used to the present

purpose of determining treatment benefit, allowed us

to further demonstrate the benefit of implementing tar-

geted treatment by way of NGS and guidance of a

dedicated MTB. As such, despite the limited number

of patients included, this study of the implementation

of molecular profile guided cancer therapy in Luxem-

bourg adds to the growing evidence of the beneficial

impact of targeted therapy on patient outcomes.

We noted that 27% of patients with actionable

mutations received best supportive care instead of the

MTB recommended targeted therapy suggesting that a

non-negligible proportion were no longer fit for treat-

ment at the time of the MTB. Furthermore, median
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Fig. 2. Genes with actionable

mutations found in the study

population. KRAS and PIK3CA

Mutations were significantly more

frequently found than other

actionable mutations. Various gene
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were identified. The cross-entity
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Fig. 3. Kaplan–Meier curve of PFS1 and PFS2 for targeted treatment group and P-value of log-rank test. P-value calculated by chi-squared

test. The Kaplan–Meier curves show a longer progression-free survival with targeted therapy (PFS2) than with the previous conventional

therapy (PFS1) among treated patients.

Fig. 4. Individual PFS1 and PFS2 duration of targeted treatment patients, ordered by descending PFS2/PFS1 (n = 8). Patients above the

blue horizontal line have PFS2/PFS1 > 1.3. Five of eight Patients had a progression-free survival with targeted therapy (PFS2) which was

more than 1.3 times longer than their previous conventional therapy (PFS1).
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PFS1 before targeted treatment was remarkably short.

As such we need to consider whether earlier molecular

profiling might have benefited these patients since

oncogenic driver targeting might have ameliorated

clinical outcomes and allowed subsequent conventional

therapies. In other words, the benefit shown by molec-

ular guided therapy as applied in this Luxemburgish

cohort might have been greater if molecular profiling

was performed earlier in disease progression.

As expected, OnkoKb level I recommendations pre-

sented the best responses, with two of three OnkoKb

level I treatments leading to partial responses. Compa-

rable studies have found similar results [17,21]

although comparison is hampered by the use of diver-

gent actionability scales. Discussions about how to

best classify mutations according to therapeutical value

are ongoing [22], with efforts to establish a common

scale on an international level to guide clinical deci-

sions leading to the proposal of the ESCAT frame-

work [6], but national and regional regulatory

approval processes have hampered such enterprises.

It must be noted that as evidence grows, MTB rec-

ommendations over these last few years have evolved

accordingly. In this instance to illustrate this point,

our study has found that most patients had treatment

recommendations, which were graded as OnkoKb level

IV and one of the most frequently recommended treat-

ments was MEK inhibition for KRAS nonG12C

mutations, both elements in all probability might not

be representative of most current MTB recommenda-

tions in light of more recent evidence [23,24]. As such,

there is a constant need to update therapeutical pro-

posals to keep up with nascent evidence.

Although precision medicine has been recognized as a

valuable strategy in solid tumor therapy, divergent

responses to known targeting oncogenic drivers point to

an as of yet incomplete knowledge of molecular cancer

processes. Consequently, broader molecular profiling pro-

grams, which include whole genome sequencing [25,26],

proteomics [27], transcriptomics [28], and more to charac-

terize individual oncogenic processes, are establishing

themselves to improve our understanding through expan-

sive data collection, with promising results regarding

patient outcomes. Another inevitable consequence of the

growing amount of data available in this field is the neces-

sity of a MTB composed by experts in the field of clinical

oncology, genetics, and molecular biology to give thera-

peutic recommendations, which take into account com-

plexities such as allele frequency [29], concomitant

mutations [11], resistance mechanisms, and variant patho-

genicity [30], and thus improve patient outcomes.

This study was limited mainly by its retrospective

nature and by the small number of patients who

underwent targeted treatment. Distinguishing the ther-

apeutic value of individual genomic targets would have

benefitted from a prospective study of clinical out-

comes in a larger patient cohort, accordingly this study

limited itself to evaluating the benefit of molecular

profiling as implemented in Luxembourg at the CHL.

5. Conclusions

From these observations, we predict that at the current

rate of development, targeted cancer therapy will rap-

idly take an ever-greater role in cancer therapy, which

further underlines the necessity of establishing ade-

quate clinical implementation standards and processes

in such a manner that patients continue to benefit

from present and future advancements.

Acknowledgements

The authors wish to acknowledge the University of Lux-

embourg (Uni.lu) for their support. This research did

not receive any specific grant from funding agencies in

the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare no conflict of interest.

Author contributions

GB and MD conceived and designed the project; NG

and MD acquired the data; AS and MD analyzed and

interpreted the data, MD wrote the paper.

Peer review

The peer review history for this article is available at

https://www.webofscience.com/api/gateway/wos/peer-

review/10.1002/1878-0261.13785.

Table 2. Mutations, targeted treatment and best responses of the

8 patients with evaluable PFS1/PFS2 ratio. PD, progressive

disease; PR, Partial response; SD, stable disease.

Mutation Targeted treatment Best response

BRAF V600E BRAF inh. + MEK inh. PR

BRAF V600K BRAF inh. + MEK inh. PR

KRAS G12V MEK inh. PR

RAD51 LOH PARP inh. SD

MSH2 (MSS) Immune checkpoint inh. SD

NF1 MEK inh. SD

KRAS G12D MEK inh. PD

PIK3CA PI3K inh. PD

1514 Molecular Oncology 19 (2025) 1508–1516 ª 2024 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

NGS and targeted therapy clinical benefit study M. Dang et al.

https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/1878-0261.13785


Data accessibility

The data that support the findings of this study are

available from the corresponding author (dangphuoc.

michael@chl.lu) upon reasonable request.

References

1 Yun J, Nakagawa R, Tham K. KRAS-targeted therapy

in the treatment of non-small cell lung cancer. J Oncol

Pharm Pract. 2023;29(2):422–30.
2 de Bono J, Mateo J, Fizazi K, Saad F, Shore N,

Sandhu S, et al. Olaparib for metastatic

castration-resistant prostate cancer. N Engl J Med.

2020;382(22):2091–102.
3 Goyal L, Meric-Bernstam F, Hollebecque A, Valle JW,

Morizane C, Karasic TB, et al. Futibatinib for

FGFR2-rearranged intrahepatic Cholangiocarcinoma. N

Engl J Med. 2023;388(3):228–39.
4 Marcus L, Donoghue M, Aungst S, Myers CE, Helms

WS, Shen G, et al. FDA approval summary:

Entrectinib for the treatment of NTRK gene fusion

solid tumors. Clin Cancer Res. 2021;27(4):928–32.
5 Desilets A, Repetto M, Yang SR, Sherman EJ, Drilon

A. RET-altered cancers—a tumor-agnostic review of

biology, diagnosis and targeted therapy activity.

Cancers. 2023;15(16):4146.

6 Mateo J, Chakravarty D, Dienstmann R, Jezdic S,

Gonzalez-Perez A, Lopez-Bigas N, et al. A framework

to rank genomic alterations as targets for cancer

precision medicine: the ESMO scale for clinical

Actionability of molecular targets (ESCAT). Ann Oncol.

2018;29(9):1895–902.
7 Patterson SE, Statz CM, Yin T, Mockus SM. Utility of

the JAX clinical knowledgebase in capture and

assessment of complex genomic cancer data. NPJ Precis

Oncologia. 2019;3:2.

8 Chakravarty D, Gao J, Phillips SM, Kundra R, Zhang

H, Wang J, et al. OncoKB: a precision oncology

Knowledge Base. JCO Precis Oncol. 2017;2017:1–16.
9 Borchert F, Mock A, Tomczak A, H€ugel J,

Alkarkoukly S, Knurr A, et al. Knowledge bases and

software support for variant interpretation in precision

oncology. Brief Bioinform. 2021;22(6):bbab134.

10 Mock A, Teleanu MV, Kreutzfeldt S, Heilig CE,

H€ullein J, M€ohrmann L, et al. NCT/DKFZ MASTER

handbook of interpreting whole-genome, transcriptome,

and methylome data for precision oncology. NPJ Precis

Oncol. 2023;7:109.

11 Candido S, Salemi R, Piccinin S, Falzone L, Libra M.

The PIK3CA H1047R mutation confers resistance to

BRAF and MEK inhibitors in A375 melanoma cells

through the cross-activation of MAPK and PI3K-Akt

pathways. Pharmaceutics. 2022;14(3):590.

12 Xavier CPR, Belisario DC, Rebelo R, Assaraf YG,

Giovannetti E, Kopecka J, et al. The role of

extracellular vesicles in the transfer of drug resistance

competences to cancer cells. Drug Resist Updat.

2022;62:100833.

13 Ye J, Wu J, Liu B. Therapeutic strategies of dual-target

small molecules to overcome drug resistance in cancer

therapy. Biochim Biophys Acta Rev Cancer.

2023;3:188866.

14 Yofe I, Dahan R, Amit I. Single-cell genomic

approaches for developing the next generation of

immunotherapies. Nat Med. 2020;26(2):171–7.
15 McGranahan N, Swanton C. Biological and therapeutic

impact of intratumor heterogeneity in cancer evolution.

Cancer Cell. 2015;28(1):141.

16 Gambardella V, Lombardi P, Carbonell-Asins JA,

Tarazona N, Cejalvo JM, Gonz�alez-Barrallo I, et al.

Molecular profiling of advanced solid tumours. The

impact of experimental molecular-matched therapies on

cancer patient outcomes in early-phase trials: the

MAST study. Br J Cancer. 2021;125(9):1261–76.
17 Repetto M, Crimini E, Boscolo Bielo L, Guerini-Rocco

E, Ascione L, Bonfanti A, et al. Molecular tumour

board at European Institute of Oncology: report of the

first three year activity of an Italian precision oncology

experience. Eur J Cancer. 2023;183:79–89.
18 Le Tourneau C, Delord JP, Gonc�alves A, Gavoille C,

Dubot C, Isambert N, et al. Molecularly targeted

therapy based on tumour molecular profiling versus

conventional therapy for advanced cancer (SHIVA): a

multicentre, open-label, proof-of-concept, randomised,

controlled phase 2 trial. Lancet. 2015;16:1324–34.
19 Massard C, Michiels S, Fert�e C, le Deley MC, Lacroix

L, Hollebecque A, et al. High-throughput genomics and

clinical outcome in hard-to-treat advanced cancers:

results of the MOSCATO 01 trial. Cancer Discov.

2017;7(6):586–95.
20 von D, Stephenson JJ Jr, Rosen P, Loesch D, Borad

M, Anthony S, et al. Pilot study using molecular

profiling of patients’ tumors to find potential targets

and select treatments for their refractory cancers. J Clin

Oncol. 2010;28(33):4877–83.
21 Vashistha V, Katsoulakis E, Guo A, Price M, Ahmed

S, Kelley MJ. Molecular-guided off-label targeted

therapy in a large-scale precision oncology program.

JCO Precis Oncol. 2023;7:e2200518.

22 Katsoulakis E, Duffy JE, Hintze B, Spector NL, Kelley

MJ. Comparison of annotation Services for

Next-Generation Sequencing in a large-scale precision

oncology program. JCO Precis Oncol. 2020;4:212–21.
23 Nusrat M, Yaeger R. KRAS inhibition in metastatic

colorectal cancer: an update. Curr Opin Pharmacol.

2023;68:102343.

24 Farnsworth DA, Inoue Y, Johnson FD, de

Rappard-Yuswack G, Lu D, Shi R, et al. MEK

Molecular Oncology 19 (2025) 1508–1516 ª 2024 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

1515

M. Dang et al. NGS and targeted therapy clinical benefit study

mailto:dangphuoc.michael@chl.lu
mailto:dangphuoc.michael@chl.lu


inhibitor resistance in lung adenocarcinoma is

associated with addiction to sustained ERK

suppression. NPJ Precis Oncol. 2022;6(1):88.

25 H€ubschmann D, Jopp-Saile L, Andresen C, Kr€amer S,

Gu Z, Heilig CE, et al. Analysis of mutational signatures

with yet another package for signature analysis. Genes

Chromosomes Cancer. 2021;60(5):314–31.
26 Nakauma-Gonz�alez JA, Rijnders M, van Riet J, van

der Heijden MS, Voortman J, Cuppen E, et al.

Comprehensive molecular characterization reveals

genomic and transcriptomic subtypes of metastatic

urothelial carcinoma. Eur Urol. 2022;81(4):331–6.
27 Wahjudi LW, Bernhardt S, Abnaof K, Horak P,

Kreutzfeldt S, Heining C, et al. Integrating proteomics into

precision oncology. Int J Cancer. 2021;148(6):1438–51.

28 Wang R, Li J, Zhou X, Mao Y, Wang W, Gao S, et al.

Single-cell genomic and transcriptomic landscapes of

primary and metastatic colorectal cancer tumors.

Genome Med. 2022;14(1):93.

29 Friedlaender A, Tsantoulis P, Chevallier M, De Vito C,

Addeo A. The impact of variant allele frequency in

EGFR mutated NSCLC patients on targeted therapy.

Front Oncol. 2021;11:644472.

30 Horak P, Griffith M, Danos AM, Pitel BA, Madhavan

S, Liu X, et al. Standards for the classification of

pathogenicity of somatic variants in cancer

(oncogenicity): joint recommendations of clinical

genome resource (ClinGen), cancer genomics

consortium (CGC), and variant interpretation for

cancer consortium. Genet Med. 2022;24(5):986–98.

1516 Molecular Oncology 19 (2025) 1508–1516 ª 2024 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

NGS and targeted therapy clinical benefit study M. Dang et al.


	Outline placeholder
	1. Introduction
	2. Materials and methods
	2.1. Patient selection
	2.2. Targeted sequencing and molecular tumor board
	2.3. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. NGS results and MTB recommendations
	3.3. Clinical outcomes

	4. Discussion
	5. Conclusions
	 Acknowledgements
	 Conflict of interest
	 Author contributions
	 Peer review
	 Data accessibility
	 References


