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ABSTRACT

Background: Precision cancer medicine (PCM) is key to advancing cancer treatment beyond the standard
of care. We performed an explorative clinical trial, MEGALIT, to investigate the feasibility, safety, and clinical
benefit of genomics-based PCM in advanced cancer.

Methods: MEGALIT recruited adult patients with advanced solid tumors refractory to standard treatment.
Tumor DNA from newly acquired biopsies or ctDNA were analyzed for alterations targetable with the
PD-L1 inhibitor atezolizumab, the MEK inhibitor cobimetinib, the mTOR inhibitor everolimus, or the PARP-
inhibitor niraparib. Any other‘in study’ treatment was left to the discretion of the physician.

Results: Outcome data are reported for 153 patients. The median age was 65 years and the most com-
mon diagnoses were colorectal, prostate, and ovarian cancer. The median time from study inclusion to
the Molecular Tumor Board was 35 days for tumor sampling by biopsy and 21 days by ctDNA. Of the
44 patients allocated to a study drug, 38 started treatment. The median follow-up was 1.9 years. Of the
patients on a study drug and evaluable for tumor response, 6% (2/32) had partial remission, and 25%
(8/32) had disease control at 16 weeks. Median overall survival for patients starting a study drug was
longer, 7.4 months, compared to 2.7 months for the 61 untreated patients (HR 0.43; log-rank p < 0.0001),
but shorter than for the 50 patients receiving treatment of physician’s choice, 11.8 months (HR 0.55; log-
rank p = 0.012). No significant procedure- or drug-related severe adverse events were observed.
Interpretation: Genomics-guided treatment selection in advanced cancer is feasible and safe. However,
evidence of patient benefit warrants further investigation.
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Introduction targeted therapy. ESCAT tier | or Il indicate clinical relevance and
tiers IlI-V potential clinical relevance or preclinical evidence
only.

The number of gene biomarkers—drug relationships
established has fueled a hope that biomarker driven therapies
could improve cancer treatment when anti-cancer drug

selection is mainly based on the genomic biomarker status.

Rapid advances in cancer biology and analytical methods have
enabled the development of an arsenal of ‘targeted’ anti-cancer
drugs. Genome-driven cancer treatment involves the stratified
use of targeted drugs to exploit specific tumor gene biomarkers
[1], aiming to maximize efficacy and treatment benefits for
patients through the concept of precision cancer medicine

(PCM) [2].

Nevertheless, gene biomarker-drug activity relationships are
context-dependent and vary between tumor diagnoses [1].
Thus, the utility of a genomic biomarker needs to be established
based on clinical outcomes data and the extent to which such
data allow for hierarchy classifications. The ESMO Scale for
Classification of Actionability of molecular Targets (ESCAT) [2] is
used to prioritize gene biomarkers in patient selection for

This approach has been evaluated in several clinical trials,
typically recruiting patients with advanced cancer progressing
while on standard treatment [3-13]. The fraction of patients
included starting genomics guided treatment varies widely
(6-56%) as does tumor response rates among those starting
such treatment (11-50%), depending on molecular targets
and drug access [4, 6, 8-13]. Randomized trials comparing
this concept with the standard of care have not shown
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significantly improved outcomes [14-16]. However, a recent
preliminary report of a randomized trial in an earlier line of
treatment indicates superiority of genomics-guided
treatment [17].

With this background, the aims of MEGALIT, A MolEcularly
Guided Anti-cancer drug off-Label Trial, were to acquire
experience from genomics-based PCM with respect to the
feasibility of the analytical part and assess evidence of the
potential patient benefits from the concept.

Methods
Study overview

MEGALIT (NCT04185831) was a prospective open-label, non-
randomized, combined basket and umbrella explorative clinical
(phase 2) trial conducted at two centers, Uppsala University
Hospital and Sahlgrenska University Hospital, Sweden. It investi-
gated the efficacy and safety of genomics-guided therapy with
commercially available targeted anti-cancer drugs in patients
with advanced solid tumors refractory to standard therapy. The
trial had four parallel drug baskets: the mitogen-activated pro-
tein kinase (MEK) inhibitor cobimetinib, the poly (ADP-ribose)
polymerase (PARP) inhibitor niraparib, the mammalian target of
rapamycin (mTOR) inhibitor everolimus, and the programmed
death-ligand 1 (PD-L1) blocking antibody atezolizumab.
Individual patient treatment allocation was based on results
from the genomic analysis discussed at the study Molecular
Tumor Board (MTB). The study was planned to include 154
patients, which was estimated to result in the allocation of eight
patients per drug basket.

Patients

Patients = 18 years old with metastatic or advanced solid tumors
who had progression on the last line of established therapy
were eligible to participate if they had normal major organ
function, a WHO performance status of 0-2, and expected to be
clinically stable for at least 4 weeks. Patients were required to
have a tumor lesion suitable for sampling by biopsy and/or
archived tumor material available for molecular analysis.

Study objectives

The primary objective was to assess the objective response
rate (ORR) and tumor control rate of genomics-guided therapy
using objective tumor response rate and stable disease as
endpoints. The secondary objectives were: (1) clinical feasibil-
ity of genomics guided therapy selection, defined as the pro-
portion of patients included with actionable genomic analysis
results within 28 days from inclusion; (2) the anti-tumor activ-
ity of the study drug compared with the line of therapy before
study start; (3) drug and procedure related safety; and (4) to
compare the outcome of patients starting study drug
treatment with that of patients included but not treated with
a study drug.

Outcome assessments

Tumor treatment response was assessed radiologically by
contrast-enhanced computed tomography (CT) every 2nd month
or, for prostate cancer, by serial measurement of prostate-specific
antigen (PSA). Disease control at 16 weeks included patients with
stable disease or tumor response up until this time point.
Progression-free survival (PFS) was defined as the time from
the start of treatment until radiological progression according
to RECIST 1.1 or iRECIST if applicable, a PSA elevation of > 25%,
obvious clinical disease progression, or death. Efficacy data on
tumor response and PFS on the treatment just prior to study
inclusion and for any treatment after the one given in association
with the trial was retrieved from electronic medical records.
Overall survival (OS) was defined as the time from study inclusion
to death from any cause. Drug-related safety and adverse events
were graded according to the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events (CTCAE) v4.03.

Molecular tumor analysis, MTB, criteria for treatment
allocation, and treatment

The trial was initially planned to exclusively use newly acquired
tumor tissue obtained through ultrasound-guided biopsy for
centralized genomic analysis on the Foundation Medicine plat-
form (F1CDx; Penzberg, DE). A feasibility assessment performed
midway through the study indicated frequent failure to obtain
representative tumor material by biopsy and limited capacity for
the biopsy procedure. Based on these considerations, it was
decided to allow the use of blood sampling for circulating tumor
DNA (ctDNA) analysis using the FoundationOne Liquid CDx
(F1LCDx). Thus, ctDNA became the dominating sampling tech-
nique in the second half of the trial. In patients where the cen-
tralized analysis did not fulfill FICDx quality criteria or when
ctDNA analysis was considered not conclusive, a local analysis of
tumor tissue on the TSO500 [18] or, subsequently, the GMS560
platform (300-600 genes) [19] was used.

Genomics reports were discussed at the study MTB convening
every 2 weeks. The MTB was attended by oncologists,
pathologists, molecular pathologists and study nurses. The
results were interpreted with respect to criteria for treatment
allocation within the trial as follows. In general, a potentially
actionable predictive biomarker for treatment allocation was
defined (1) as a molecular alteration known to promote tumor
growth or progression, (2) as the target of a drug, (3) a specific
eligibility criterion for enrollment on a clinical trial, or (4) its
known ability to confer sensitivity to a drug.

In the first half of the trial, treatment allocation was based
strictly on the presence of an oncogenic germline or somatic
mutation in ATM, BRCAT or BRCA2 for the PARP inhibitor
niraparib;in NF1 or MAP2KT for the MEK inhibitor cobimetinib; in
MTOR, TSC1 or TSC2 for the mTOR inhibitor everolimus; and
> 7 non-synonymous somatic mutations per megabase for the
PD-L1 antibody atezolizumab.

The interim feasibility assessment indicated that fewer
patients than expected were allocated to a study drug using the



above criteria. Pathway core consensus components were then
revised and widened for everolimus, cobimetinib, and niraparib.
A consolidated list of candidate genes for each pathway created
by taking the union of pathway members across multiple TCGA
studies and then further curating them based on updated
literature, public pathway databases, and expert opinion [20].
For atezolizumab, the criterion was unchanged, i.e. > 7 non-
synonymous somatic mutations per megabase. Details on the
revised treatment criteria are provided in Supplementary Table
1.

Patients with tumors lacking genomic alterations targetable
by any of the study drugs were cared for by the physician in
charge of the patient without guidance from the study protocol
or study management team and were followed for survival and,
as applicable, effect of physician’s choice of treatment, labeled
treatment‘while in study’.

The conclusion from the MTB was either a recommendation
to start treatment with a study drug or that there was no suitable
study drug. The genomics reports were available for the
physician in charge of the patient.

Patients were evaluated for treatment response every
2 months, and treatment was continued until objective disease
progression, clinical deterioration, serious adverse events, or
patient withdrawal of consent. Dose reductions and treatment
interruptions due to adverse events followed principles detailed
in the labeling for each drug.

Statistics

Patients’ characteristics are presented with descriptive statistics.
Comparisons between groups were made with Fisher’s exact test
or the Kruskal-Wallis test. Treatment outcome is reported for all
patients starting treatment irrespective of time on treatment.
Survival data were presented according to Kaplan-Meier and ana-
lyzed using a log-rank test with hazard ratios with 95% confidence
intervals. Statistical inference was two-sided throughout and
p <0.05 was considered statistically significant.

Ethics

The study was conducted in accordance with the international
standards of ICH-GCP (Good Clinical Practice) guidelines, includ-
ing study monitoring and study drug accountability, and the
Declaration of Helsinki (2013 version available at the study
start). Each patient provided informed consent for all study pro-
cedures. The study was approved by the Swedish ethics review
authority (Dnr 2019-04236).

Results

From November 2020 to August 2023, 148 unique patients were
included: 81 in Uppsala and 67 in Gothenburg. In accordance
with the protocol, five patients were included twice based on
two different tumor samplings, with treatment until progression
in between. These patients were regarded as unique patients
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at each inclusion but were censored for OS at the time of the
second inclusion. Thus, the study outcome is reported for
153 patients.

The median patient age was 65 years (range 21-84), and 86
(56%) of patients were female (Table 1). At the time of inclusion,
the majority of patients had a WHO performance status of 0 or 1
and a median of four lines of prior treatment for advanced
disease (range 0-14). Two patients had no prior systemic
treatment: one patient with cervical carcinoma and Fanconi
syndrome and one with atypical meningioma progressing after
radiotherapy. The three most common cancer diagnoses among
included patients were colorectal (18%), prostate (15%) and
ovarian cancer (12%).

Tumor sampling was performed from a newly acquired
biopsy in 66 cases, from archived biopsy material, mostly
obtained prior to systemic therapy, in 11 cases, and by ctDNA in
76 cases. Results for the MTB were available in 132 cases (86%).
Biopsies failed in 10 cases due to the tumor cell fractions being
too low or not providing representative material,and in 11 cases
planned biopsies were not performed for safety reasons. Fifteen
biopsies not fulfilling quality criteria in the centralized analysis
were successfully analyzed locally. All analyses based on ctDNA
were reported back for assessment at the MTB. However, in
17 cases (22%), the genomics results were not considered for
treatment allocation due to low tumor fraction or allele
frequencies; in 12 of these cases, analysis was then performed
on archived tumor tissue.

The median time from study inclusion to MTB was 28 days
(range 11-168). For tumor sampling by biopsy, the median time
was 35 days (range 14-168), with 32% having results available to
the MTB within 28 days. For sampling by ctDNA, the corresponding
values were 21 days (range 11-64) and 75%, respectively.

Based on the MTB assessment of the gene analysis results,
44 patients (29% of those included) were allocated to a study
drug within the trial and 38 (25%) started treatment (Figure 1
and Table 1). Six patients allocated to a study drug did not
start treatment due to clinical deterioration. Of the 109
patients not allocated to a study drug, 50 received treatment
of physician’s choice during the study, whereas 61 patients
had no further treatment after study inclusion. Patients
allocated to a study drug treatment or treatment of physician’s
choice had better performance status and a greater number of
treatment lines prior to study inclusion compared with those
not treated and tumor diagnoses also differed between the
groups (Table 1).

Eight patients started study drug treatment based on tumor
sampling by biopsy and the original criteria for treatment
allocation and 30 started based on sampling by ctDNA and the
revised criteria. Ovarian, colorectal, or uterine cervical cancer
were the most common diagnoses treated with a study drug.
Atezolizumab was the most common drug allocated to
22 patients, of whom 18 started treatment, followed by
cobimetinib (15/13), niraparib (5/5), and everolimus (2/2).
Allocation and treatment start per diagnosis are detailed in
Table 2. The median time from the MTB to the start of study drug
treatment was 26 days (range 3-125).
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Table 1. Number of patient inclusions, patient characteristics and cancer diagnosis; total and divided into subgroups analyzed.

Characteristic Allinclusions Allocated to study Not allocated Not allocated to Not treated Comparison of
(n=153) drug, treated* tostudydrug  studydrug, treated  whilein study characteristics
(n=38) (n=109) while in study (n=61)*** between groups
(n=50)**

Age; Not significant
Median 65 64 65 65 66
Range (years) (21-84) (21-83) (26-84) (26-84) (28-81)

Sex; n (%) Not significant
Females 86 (56) 25 (66) 56 (51) 29 (58) 30 (49)

Males 67 (44) 13 (34) 53 (49) 21 (42) 31(51)

WHO performance status at inclusion; n (%) p =0.0063 allocated,
0 57 (37) 18 (47) 38(35) 21(42) 15 (25) treated vs not treated
1 49 (32) 15 (40) 29 (26) 11(22) 23(38) p=0.0393 not
) 17(11) 0(0) 17 (16) 5(10) 12 (20) allocated, treated vs
3 30 00 309 1) 203) nottreated
No data available 27 (18) 5(13) 22 (20) 12 (24) 9 (15)

Lines of treatment prior to inclusion; n (%) p =0.0255 allocated,
0 2(1) 0(0) 2(2) 2 (4) 0(0) treated vs not treated
1 7(5) 1(3) 6(5) 5(10) 1(1) p=0.0501 not
2 28(18) 4(11) 2121) 6(12) 7@  CloEEehieEee
3 33(22) 7(18) 25 (22) 5(10) 2033 ~ nottreated
>4 83 (54) 26 (68) 55 (50) 32 (64) 23(38)

Median (range) 4(0-14) 4(1-14) 3(0-13) 4(0-13) 3(1-7)

Cancer diagnosis (n)

Colorectal 27 6 19 4 17
Prostate 23 3 20 12 7
Ovarian 18 8 10 9 1
Pancreatic 17 0 16 3 13
CcC 10 1 8 2 6
Uterine cervix 9 4 5 4 1
NET 7 2 5 2 3
Melanoma 4 1 2 1 2
Breast 6 2 3 3 1
Uterine body 3 2 1 1 0
Salivary gland 2 1 1 1 0
Glioblastoma 4 0 4 0 4
Low grade brain tumor 2 0 2 1 1
Ccup 3 0 3 1 2
Endocrine cancer 3 1 2 1 1
Gl-cancer except colorectal 5 4 1 1 0
Other 10 3 7 4 2

*Six patients were allocated to a study drug but did not start any treatment.

**In four patients not allocated to a study drug, treatment status while in study is unknown.

***|ncludes six patients allocated to a study drug but did not start any treatment, and excludes four patients not allocated to a study drug with treatment

status while in study unknown.

CC: cholangiocarcinoma; NET: neuroendocrine tumor; CUP: cancer of unknown primary; Gl: gastrointestinal.

Among patients not allocated to a study drug but starting
treatment of physician’s choice, the majority were treated with
targeted drugs or combinations thereof (Supplementary
Table 2). The selection of the targeted drug was seemingly
influenced by the genomics analysis in about half of the cases,
as judged from the physicians’ treatment considerations in the
patient records at the time of treatment start.

Molecular biomarkers were ESCAT tier 1 in 47% in the study
drug group, all for atezolizumab and the predefined cut-off of
> 7 non-synonymous somatic mutations per megabase, and
tiers IlI-V in 53%, all for cobimetinib, niraparib and everolimus.

Applying the more conservative cut-off of = 16 mutations per
megabase for atezolizumab [21], tier 1 in the study drug group
was reduced to 13%. Molecular biomarkers used for study drugs
selected in patients starting treatment are detailed in
Supplementary Table 3. Molecular biomarkers in patients
treated according to physician’s choice were tier | in 8% and the
remaining unclassified.

Tumor response on study drug treatment was evaluable in
32 patients, whereas six patients were not evaluable or data
were missing (Table 3, detailed in Supplementary Table 4). Two
patients (6%) had partial response: one with uterine cervical


https://doi.org/10.2340/1651-226X.2025.43366
https://doi.org/10.2340/1651-226X.2025.43366
https://doi.org/10.2340/1651-226X.2025.43366
https://doi.org/10.2340/1651-226X.2025.43366

ACTA ONCOLOGICA 746

Number of patient inclusions, n = 153
(148 unique patients and 5 reinclusions)

/\

Allocated study drug, n = 44

Not allocated study drug, n = 109 —>| Treatment status unknown, n = 4

—| Never started treatment, n = 6

Never started treatment, n =55

Not allocated but treated, n = 50

|

Started allocated study drug, n = 38

Not treated, n = 61

v A

Available for outcome assessment, n = 38

Available for outcome assessment, n = 61

Available for outcome assessment, n = 50

Figure 1. Overview of patient treatment status while in study.

cancer on atezolizumab based on TMB 12 mutations/Mb, and
one with ovarian cancer on cobimetinib based on a BRAF V600E
mutation. Seven patients (22%; one on atezolizumab, four on
cobimetinib, and two on niraparib) had stable disease as
the best response, and 23 (72%) had progressive disease.
The disease control rate at 16 weeks from treatment start was
25% (eight patients). For treatments of physician’s choice, these

Table 2. Number of patients allocated/starting treatment within trial in
total and divided on diagnosis and basket.

Number allocated/ Atezolizumab Cobimetinib Niraparib Everolimus
treated and as per
diagnosis and

basket

Total: 44/38 22/18 15/13 5/5 2/2
CRC 6/4 3/3 0/0 0
Cervix 3/3 0 0 11
Prostate 1/1 2/2 0 0
Ovarian 4/4 4/4 0 0
Uterine body 2/2 0 0 0
Breast 1/0 11 11 0
Cholangiocarcinoma 1/0 0 11 0
Pancreatic 0/0 1/0 0 0
Esophagus 11 0 0 0
Gastric 1/1 0 0 0
Glioma 0 0 11 0
Pancreatic NET 11 0 0 11
NEC 1/1 0 0 0
Mesothelioma 0 0 11 0
Melanoma 0 2/1 0 0
NSCLC 0 0 11 0
Salivary 0 11 0 0
Vaginal 0 1/1 0 0

Patient diagnosis in total and as per drug basket; numbers allocated/started.

CRC: colorectal cancer; NET: neuroendocrine tumor; NEC: neuroendocrine
cancer; NSCLC: non-small cell lung cancer.

figures were somewhat although not statistically significantly
better (p = 0.3442, comparing PR + SD vs. PD); 6% had PR, 33%
had stable disease, and 61% had progressive disease as the best
response. The disease control rate at 16 weeks was 28%.

Response rates for the treatment immediately prior to study
inclusion varied between groups (p < 0.0001), with inferior results
for patients not treated while in study (Table 3). A few patients
had a subsequent line treatment after progression on the study
drug or the treatment of physician’s choice, with no significant
difference in the best response between groups (p > 0.9999).

Median follow-up was 1.9 years (range 1.1-3.9). Median OS
for all patients included was 5.6 months (95% Cl 4.3-7.3; Figure
2A). Median OS for patients allocated to a study drug and treated
was longer than for patients not allocated to a study drug, but
not statistically significantly so; 7.4 months (95% Cl 6.8-9.6)
compared with 4.5 months (95% Cl 3.4-6.1; log-rank HR 0.84;
95% Cl 0.58-1.23, p = 0.399; Figure 2B). Median OS for patients
not allocated to a study drug but treated based on physician’s
choice was 11.8 months (95% Cl 8.2-17.4), significantly longer
than for patients allocated and treated with a study drug (log-
rank HR 0.55; 95% Cl 0.33-0.90, p = 0.012) and patients not
treated (median OS 2.7 months; 95% Cl 2.1-3.3: log-rank HR
0.29; 95% Cl 0.19-0.45, p < 0.0001; Figure 2C). Compared with
patients not treated, OS was also significantly longer for patients
treated with a study drug (log-rank HR 0.43; 95% Cl 0.28-0.65,
p < 0.0001; Figure 2C).

Median PFS on treatment prior to study inclusion in patients
allocated to a study drug was 5.2 months (95% Cl 2.5-6.1) and
essentially identical in patients not allocated but treated (5.3
months; 95% Cl 3.4-7.0; log-rank HR 1.04; 95% Cl 0.67-1.62,
p = 0.841; Figure 3A). It was shorter in patients not treated
(median 2.4 months; 95% Cl 1.8-3.0) compared with patients
allocated and treated (log-rank HR 1.8;95% Cl 1.2-2.7, p = 0.0044;
Figure 3A).
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Table 3. Best overall response rate and DC16w per treatment line and study subgroup.

Treatment line Allocated to study drug,

Not allocated to study drug,

Not treated while Between group

treated; n (%) treated while in study; n (%) in study; n (%) comparison
Treatment while in study CR:0 CR:0(0) Not applicable p=0.3442

PR: 2 (6) PR:3 (6)

SD: 7 (22) SD: 15 (33)

PD: 23 (72) PD: 28 (61)

DC16w: 8 (25) DC16w: 13 (28)

Not evaluable/no data available: 6 Not evaluable/no data available: 4
Treatment immediately ~ CR:0 CR:0 CR: 0(0) p <0.0001
prior to study inclusion  pR: 9 (24) PR:8(17) PR: 4 (8)

SD: 14 (38) SD: 23 (52) SD: 10 (19)

PD: 14 (38) PD: 13 (30) PD: 38 (73)

DC16w: 21 (57) DC16w: 25 (57) DC16w: 10 (19)

No data available: 1 No data available: 4 No data available: 9
Treatment immediately CRO(0) CR: 0 (0) No data available: 1 p > 0.9999
after that while in study  pR: 0 (0) PR: 1 (8)

SD: 5 (42) SD: 3 (25)

PD:7 (58) PD: 8 (67)

DC16w: 5 (42)
No data available: 4

DC16w: 4 (33)
No data available: 2

CR: complete response; PD: progressive disease; PR: partial response; SD: stable disease; DC16w: disease control at 16 weeks (includes CR, PR, and SD).

While in study, PFS was longer in patients not allocated
but treated based on physician’s choice compared with
patients allocated and treated with a study drug; median PFS
2.3 months (95% Cl 1.8-3.5) compared with 1.9 months (95%
Cl 1.4-2.4; log-rank HR 0.59; 95% Cl 0.37-0.96, p = 0.0346;
Figure 3B). Afew patients from these groups had a subsequent
line of treatment while in the study with median PFS of 2.4
months (95% ClI 1.2-4.8) and 1.8 months (95% Cl 1.3-4.6; log-
rank HR 0.71; 95% CI 0.31-1.64, p = 0.3831; Figure 3C) for
patients in the study drug and physician’s choice of treatment
groups, respectively.

Among patients allocated and treated, two out of 33
patients (6%) with data available had a ratio of PFS within/
PFS prior to the study of > 1.3, compared with 13 out of 42
patients (31%) on physician’s choice of treatment (p = 0.0087;
Figure 3D).

There were no grade > 3 AEs considered at least possibly
related to tumor sampling by biopsy or ctDNA (Table 4). There
were 10 grade > 3 AEs in 10 patients considered at least possibly
related to trial drug treatment, six for atezolizumab and four for
cobimetinib; none were considered serious or unexpected.

Discussion

Genomics-guided selection of treatment with everolimus, cobi-
metinib, niraparib or atezolizumab outside of their approved
labeling was found feasible and safe in patients with therapy
refractory advanced solid tumors. Treatment with a study drug
was associated with improved OS compared with patients not
treated while in study. However, the tumor response rate was
low and PFS as well as OS were shorter in patients treated with a
study drug than in patients treated based on physician’s choice
while in study.

In the first half of the trial when tumor sampling was based
on biopsy, only 32% of patients had results available to the
MTB within 28 days from inclusion. This proportion improved
considerably to 75% in the second half of the trial with
sampling by ctDNA. Expediting this step, e.g. by tumor
sampling and analysis in parallel with start of last line therapy,
is central to minimizing the risk of disease progression beyond
the treatment window while waiting for genomics analysis
results. Since ctDNA analysis has been validated for analysis of
tumor genomics [22] it is suggested to be a promising
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and treatment after the study (C). Panel D shows number of patients with a PFS within study/PFS prior to study inclusion ratio of = and < 1.3.

approach for genomics-guided PCM [23] although our
observation that 22% of the analyses were considered
inconclusive is a caveat.

Regarding the modest activity of the genomics-guided
treatment selection, one explanation is that most patients
recruited were heavily pretreated and, thus, at increased risk of
being multidrug resistant. Another probable explanation is the
revised and broader criteria for study drug allocation in the
second half of the study. Although the expanded criteria were
based on the current understanding of the cancer genome and

Table 4. Grade > 3 adverse events considered possibly related or related to
study procedures and specific to study drug treatment.

Type of event Grades 3-4
Procedure related
Tumor biopsy (n = 77) None
ctDNA (n =76) None
Drug related

Atezolizumab (n =17) Autoimmune hepatitis 1
Myositis 1

Elevated liver enzymes 2
Abdominal pain 1
Fatigue 1

Cobimetinib (n=12) Stop in stoma 1
Nausea/vomiting 1
Anemia 1

Bullous pemphigoid 1
Niraparib (n =5)
Everolimus (n=1)

ctDNA: circulating tumor DNA.

None
None

drug pharmacodynamics [20], moving further down in the
hierarchy of actionable targets according to the ESCAT tiers [2]
will increase the risk of lack of drug effect [24, 25]. From these
perspectives, the genomics-guided non-comparative PCM trials
recruiting last line patients ongoing or about to start [26, 27]
might need consideration.

An evident limitation in MEGALIT was the low number of
targeted drug available within the trial. A considerably greater
armamentarium of targeted drugs had opened for more patients
getting access to a matched treatment and could also provide
benefit from mechanistically based drug combinations as
illustrated by the efficacy of cobimetinib combined with
vemurafenib in BRAF mutated colorectal cancer [28].

As the study recruited patients after their last line of standard
therapy, it was unexpected that almost half of the patients who
were not allocated a study drug were treated. These patients
had significantly longer PFS and OS while receiving treatment of
physician’s choice in study, and a greater fraction had a PFS ratio
of > 1.3 compared with patients treated with a study drug,
suggesting that the physician’s choice of treatment was better
than genomics-guided treatment selection. However, although
the two groups of patients were similar at baseline they differed
with respect to cancer diagnosis and patients treated with
physician’s choice may have had prognostic features associated
with a better outcome at start of treatment. Furthermore, in
these patients the interval between radiological assessments of
tumor response may have been longer than for patients on a
study drug, resulting in PFS inflation. Another study limitation
for this group of patients was that data on treatment and
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outcome were collected from patient files without renewed
formal monitoring.

In addition, the genomics analysis results seemingly
influenced the physician’s choice of treatment in patients not
allocated study drug treatment. Thus, in practice, the MEGALIT
trial could be regarded as a genomics-guided treatment trial
with access, yet uncontrolled, to a broad panel of targeted
drugs beyond the last line of standard therapy. In this
perspective, it could be observed that PFS and OS in MEGALIT
for patients treated while in trial were similar or slightly inferior
to the outcomes in comparable trials [3, 7, 9, 10, 16, 17]. The
superior disease control rate, PFS and OS in the Drug
Rediscovery Protocol (DRUP), used as a template for the
MEGALIT trial, might be explained by its inclusion of a cohort
of patients with mismatch repair deficient tumors treated with
anti PD-1 monotherapy, fewer lines of treatment prior to
inclusion and access to a greater number of drugs [3].

In contrast, patients who were not treated within the trial
had poor prognostic features with respect to performance
status, fewer lines of treatment prior to inclusion, shorter PFS
on the treatment immediately prior to study inclusion, as well
as more difficult-to-treat cancer diagnoses with poor prognosis.
This underscores the impact of patient selection on the trial
outcome, limiting between group comparisons.

Overall, the experience so far from genomics-guided single
drug therapy beyond ESCAT tier 1 suggests that this approach
does not provide obvious patient benefits in heavily pretreated
patients, a conclusion also supported by the few randomized
controlled trials published [14-16]. A way forward might be to
target as many gene mutations as possible using drug
combinations based on the genomic analysis findings [9].
However, the treatment of patients with drug combinations
not yet investigated in phase 1 trials poses problems from
pharmacokinetic, safety, and regulatory perspectives [29].
Other suggestions to improve future clinical trials of the
genomics-guided PCM approach are to have broad access to
targeted drugs and to move the trials to patients in earlier lines
of treatment [30].

From a general perspective, the PCM concept would need
to consider not only genomics but also other biomarkers of
potential importance for treatment outcome. This includes
proteomics, transcriptomics, epigenomics, metabolomics,
tumor immune scores, patient microbiota, phenotypical drug
sensitivity testing, and therapeutic drug monitoring to
optimize drug dosing [31-33]. Such a multi-factorial concept
will pose a formidable challenge when it comes to data
collection, curation, analysis, and interpretation, and will
require advanced, artificial intelligence-driven bioinformatical
analysis.

In conclusion, we found genomics-guided PCM feasible and
safe in patients with advanced treatment-refractory solid
tumors, although it was difficult to evaluate patient benefits.
Access to a greater number of targeted drugs, use of drug
combinations, moving the concept to earlier lines of treatment,
and incorporation of information from additional types of
biomarkers could enhance the benefit of PCM.

Acknowledgments

This study was supported by grants from Testbed Sweden/
Vinnova, Lions Cancer Research Fund, The Uppsala Cancer
Research Fund, and Sjobergstiftelsen. Roche Sweden provided
financial support and atezolizumab and cobimetinib for the trial
as well as enabled gene analysis on the FoundationOne plat-
forms. Niraparib was provided by GlaxoSmithKline and Novartis
Sweden provided support for study-related manuals and
templates. Colleagues at Uppsala University Hospital and
Sahlgrenska University Hospital are acknowledged for help with
patient recruitment. We thank the staff at the Clinical Trial Units
and Pathology departments at the two study sites for opera-
tional and technical assistance and Dr Nesrin Vurgun for scien-
tific editing support.

Disclosures

The authors report no competing interests related to the
study.

Data availability

Data are available from the authors upon reasonable request.

Ethic declaration and trial registry information

The study was approved by the Swedish ethics review author-
ity (Dnr 2019-04236) and registered at ClinicalTrials.gov
(NCT04185831).

Authors’ contributions

Conception and design: LN, HF, JB, PA, HK, MH, JC, PN. Provision
of patients: LN, JA, EA, MH, JC, PN. Data collection: HF, JB, LM, JA,
PN. Data analysis, interpretation and manuscript revision: all
authors. Manuscript writing: PN. Final approval of the manu-
script: all authors.

References

[1 Tsimberidou AM, Fountzilas E, Nikanjam M, Kurzrock R. Review
of precision cancer medicine: evolution of the treatment para-
digm. Cancer Treat Rev. 2020;86:102019. https://doi.org/10.1016/j.
ctrv.2020.102019

[2] 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:
1895-902. https://doi.org/10.1093/annonc/mdy263

[3] Velden DL, Hoes LR, Wijngaart H, Henegouwen JMB, Werkhoven
E, Roepman P, et al. The drug rediscovery protocol facilitates the
expanded use of existing anticancer drugs. Nature. 2019;574:1-16.
https://doi.org/10.1038/541586-019-1600-x

[4] Trédan O, Wang Q, Pissaloux D, Cassier P, de la Fouchardiére A,
Fayette J, et al. Molecular screening program to select molecu-
lar-based recommended therapies for metastatic cancer patients:
analysis from the ProfiLER trial. Ann Oncol. 2019;30:757-65. https://
doi.org/10.1093/annonc/mdz080


https://doi.org/10.1016/j.ctrv.2020.102019
https://doi.org/10.1016/j.ctrv.2020.102019
https://doi.org/10.1093/annonc/mdy263
https://doi.org/10.1038/s41586-019-1600-x
https://doi.org/10.1093/annonc/mdz080
https://doi.org/10.1093/annonc/mdz080

[6]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Kopetz S, Shaw KRM, Lee JJ, Zhang J, Litzenburger B, Holla V, et al.
Use of a targeted exome next-generation sequencing panel offers
therapeutic opportunity and clinical benefit in a subset of patients
with advanced cancers. JCO Precis Oncol. 2019;3:1-14. https://doi.
org/10.1200/p0.18.00213

Massard C, Michiels S, Ferté C, Deley M-CL, Lacroix L, Hollebecque A,
etal. High-throughput genomics and clinical outcome in hard-to-treat
advanced cancers: results of the MOSCATO 01 trial. Cancer Discov.
2017;7:586-95. https://doi.org/10.1158/2159-8290.cd-16-1396
Nakamura Y, Ozaki H, Ueno M, Komatsu Y, Yuki S, Esaki T, et al.
Targeted therapy guided by circulating tumor DNA analysis in
advanced gastrointestinal tumors. Nat Med. 2025;31:165-75. https://
doi.org/10.1038/541591-024-03244-8

Viller Tuxen |, Staal Rohrberg K, Oestrup O, Barlebo Ahlborn L, Yde
Schmidt A, Spanggaard |, et al. Copenhagen prospective personal-
ized oncology (CoPPO) - clinical utility of using molecular profiling
to select patients to phase | trials. Clin Cancer Res. 2019;25:1-10.
https://doi.org/10.1158/1078-0432.ccr-18-1780

Sicklick JK, Kato S, Okamura R, Schwaederle M, Hahn ME, Williams
CB, et al. Molecular profiling of cancer patients enables personal-
ized combination therapy: the I-PREDICT study. Nat Med. 2019;15:
863-21. https://doi.org/10.1038/s41591-019-0407-5

Rodon J, Soria J-C, Berger R, Miller WH, Rubin E, Kugel A, et al.
Genomic and transcriptomic profiling expands precision cancer
medicine: the WINTHER trial. Nat Med. 2019;2:1452-10. https://doi.
org/10.1038/541591-019-0424-4

Rothwell DG, Ayub M, Cook N, Thistlethwaite F, Carter L, Dean E,
et al. Utility of ctDNA to support patient selection for early phase
clinical trials: the TARGET study. Nat Med. 2019;2:1-20. https://doi.
org/10.1038/541591-019-0380-z

Nakamura Y, Watanabe J, Akazawa N, Hirata K, Kataoka K, Yokota
M, et al. ctDNA-based molecular residual disease and survival in
resectable colorectal cancer. Nat Med. 2024;30:3272-83. https://doi.
org/10.1038/541591-024-03254-6

Puco K, Fagereng GL, Brabrand S, Niehusmann P, Blix ES, Steinskog
ESS, et al. IMPRESS-Norway: improving public cancer care by
implementing precision medicine in Norway; inclusion rates
and preliminary results. Acta Oncol. 2024;63:28322. https://doi.
org/10.2340/1651-226x.2024.28322

Schneider BP, Jiang G, Ballinger TJ, Shen F, Chitambar C, Nanda R,
et al. BRE12-158: a postneoadjuvant, randomized phase Il trial of
personalized therapy versus treatment of physician’s choice for
patients with residual triple-negative breast cancer. J Clin Oncol.
2022;40:345-55. https://doi.org/10.1200/jco.21.01657

Andre F, Filleron T, Kamal M, Mosele F, Arnedos M, Dalenc F, et al.
Genomics to select treatment for patients with metastatic breast cancer.
Nature. 2022;610:343-8. https://doi.org/10.1038/541586-022-05068-3
Tourneau CL, Delord J-P, Gongalves 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, con-
trolled phase 2 trial. Lancet Oncol. 2015;16:1324-34. https://doi.
org/10.1016/51470-2045(15)00188-6

Botticelli A, Scagnoli S, Conte P, Cremolini C, Ascierto PA, Cappuzzo
F, et al. LBA7. The Rome trial from histology to target: the road to
personalize targeted therapy and immunotherapy. Ann Oncol.
2024;35:51202. https://doi.org/10.1016/j.annonc.2024.08.2245
Kroeze LI, de Voer RM, Kamping EJ, von Rhein D, Jansen EAM,
Hermsen MJW, et al. Evaluation of a hybrid capture-based pan-
cancer panel for analysis of treatment stratifying oncogenic aber-
rations and processes. J Mol Diagn. 2020;22:757-69. https://doi.
org/10.1016/j.jmoldx.2020.02.009

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

ACTA ONCOLOGICA 750

GMS560_synopsis.pdf. Available from: https://genomicmedicine.se/
wpcontent/uploads/2023/11/GMS560_synopsis.pdf

Sanchez-Vega F, Mina M, Armenia J, Chatila WK, Luna A, La KC, et al.
Oncogenic signaling pathways in the cancer genome atlas. Cell.
2018;173:321-37.e10. https://doi.org/10.1016/j.cell.2018.03.035
Friedman CF, Hainsworth JD, Kurzrock R, Spigel DR, Burris HA,
Sweeney CJ, et al. Atezolizumab treatment of tumors with high
tumor mutational burden from my pathway, a multicenter, open-
label, phase 2a multiple basket study. Cancer Discov. 2021;12:
654-69. https://doi.org/10.1158/2159-8290.cd-21-0450

Woodhouse R, Li M, Hughes J, Delfosse D, Skoletsky J, Ma P, et al.
Clinical and analytical validation of FoundationOne Liquid CDx, a
novel 324-Gene cfDNA-based comprehensive genomic profiling
assay for cancers of solid tumor origin. PLoS One. 2020;15:€0237802.
https://doi.org/10.1371/journal.pone.0237802

Nakamura Y, Taniguchi H, Ikeda M, Bando H, Kato K, Morizane
C, et al. Clinical utility of circulating tumor DNA sequencing in
advanced gastrointestinal cancer: SCRUM-Japan GI-SCREEN and
GOZILA studies. Nat Med. 2020;26:1859-64. https://doi.org/10.1038/
s41591-020-1063-5

Verdaguer H, Sauri T, Acosta DA, Guardiola M, Sierra A, Hernando J,
et al. ESMO scale for clinical actionability of molecular targets driving
targeted treatment in patients with cholangiocarcinoma. Clin Cancer
Res. 2022;28:clincanres.2384.2021. https://doi.org/10.1158/1078-0432.
ccr-21-2384

Martin-Romano P, Mezquita L, Hollebecque A, Lacroix L, Rouleau E,
Gazzah A, et al. Implementing the European Society for Medical
Oncology Scale for clinical actionability of molecular targets in
a comprehensive profiling program: impact on precision med-
ical oncology. JCO Precis Oncol. 2022;6:e2100484. https://doi.
org/10.1200/P0.21.00484

Taskén K, Mohammad SFH, Fagereng GL, Falk RS, Helland A, Barjesteh
van Waalwijk van Doorn-Khosrovani S et al. Collaboration for imple-
mentation of precision cancer medicine in Europe. Acta Oncol.
2024;63:34791. https://doi.org/10.2340/1651-226x.2024.34791
Mohammad SFH, Timmer HJL, Zeverijn LJ, Geurts BS, Spiekman
IAC, Verkerk K, et al. The evolution of precision oncology: the ongo-
ing impact of the Drug Rediscovery Protocol (DRUP). Acta Oncol.
2024;63:34885. https://doi.org/10.2340/1651-226x.2024.34885
Klute KA, Rothe M, Garrett-Mayer E, Mangat PK, Nazemzadeh R, Yost
KJ, et al. Cobimetinib plus vemurafenib in patients with colorec-
tal cancer with BRAF mutations: results from the targeted agents
and profiling utilization registry (TAPUR) study. JCO Precis Oncol.
2022;6:220019. https://doi.org/10.1200/P0.22.00191

O’Dwyer PJ, Gray RJ, Flaherty KT, Chen AP, Li S, Wang V, et al. The
NCI-MATCH trial: lessons for precision oncology. Nat Med. 2023;29:
1349-57. https://doi.org/10.1038/541591-023-02379-4

Glimelius B, Lahn M. Window-of-opportunity trials to evaluate
clinical activity of new molecular entities in oncology. Ann Oncol.
2011;22:1717-25. https://doi.org/10.1093/annonc/mdq622

Andrei P, Battuello P, Grasso G, Rovera E, Tesio N, Bardelli A. Integrated
approaches for precision oncology in colorectal cancer: the more
you know, the better. Semin Cancer Biol. 2022;84:199-213. https://
doi.org/10.1016/j.semcancer.2021.04.007

Letai A, Bhola P, Welm AL. Functional precision oncology: test-
ing tumors with drugs to identify vulnerabilities and novel com-
binations. Cancer Cell. 2022;40:26-35. https://doi.org/10.1016/j.
ccell.2021.12.004

Beumer JH, Chu E, Salamone SJ. All optimal dosing roads lead
to therapeutic drug monitoring - why take the slow lane. JAMA
Oncol. 2022;8(12):1733-5. https://doi.org/10.1001/jamaoncol.
2022.4452


https://doi.org/10.1200/po.18.00213
https://doi.org/10.1200/po.18.00213
https://doi.org/10.1158/2159-8290.cd-16-1396
https://doi.org/10.1038/s41591-024-03244-8
https://doi.org/10.1038/s41591-024-03244-8
https://doi.org/10.1158/1078-0432.ccr-18-1780
https://doi.org/10.1038/s41591-019-0407-5
https://doi.org/10.1038/s41591-019-0424-4
https://doi.org/10.1038/s41591-019-0424-4
https://doi.org/10.1038/s41591-019-0380-z
https://doi.org/10.1038/s41591-019-0380-z
https://doi.org/10.1038/s41591-024-03254-6
https://doi.org/10.1038/s41591-024-03254-6
https://doi.org/10.2340/1651-226x.2024.28322
https://doi.org/10.2340/1651-226x.2024.28322
https://doi.org/10.1200/jco.21.01657
https://doi.org/10.1038/s41586-022-05068-3
https://doi.org/10.1016/s1470-2045(15)00188-6
https://doi.org/10.1016/s1470-2045(15)00188-6
https://doi.org/10.1016/j.annonc.2024.08.2245
https://doi.org/10.1016/j.jmoldx.2020.02.009
https://doi.org/10.1016/j.jmoldx.2020.02.009
https://genomicmedicine.se/wpcontent/uploads/2023/11/GMS560_synopsis.pdf
https://genomicmedicine.se/wpcontent/uploads/2023/11/GMS560_synopsis.pdf
https://doi.org/10.1016/j.cell.2018.03.035
https://doi.org/10.1158/2159-8290.cd-21-0450
https://doi.org/10.1371/journal.pone.0237802
https://doi.org/10.1038/s41591-020-1063-5
https://doi.org/10.1038/s41591-020-1063-5
https://doi.org/10.1158/1078-0432.ccr-21-2384
https://doi.org/10.1158/1078-0432.ccr-21-2384
https://doi.org/10.1200/PO.21.00484
https://doi.org/10.1200/PO.21.00484
https://doi.org/10.2340/1651-226x.2024.34791
https://doi.org/10.2340/1651-226x.2024.34885
https://doi.org/10.1200/PO.22.00191
https://doi.org/10.1038/s41591-023-02379-4
https://doi.org/10.1093/annonc/mdq622
https://doi.org/10.1016/j.semcancer.2021.04.007
https://doi.org/10.1016/j.semcancer.2021.04.007
https://doi.org/10.1016/j.ccell.2021.12.004
https://doi.org/10.1016/j.ccell.2021.12.004
https://doi.org/10.1001/jamaoncol.2022.4452
https://doi.org/10.1001/jamaoncol.2022.4452

