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Recentresearch showed that precision medicine canidentify new treatment
strategies for patients with childhood cancers. However, it is unclear
which patients will benefit most from precision-guided treatment (PGT).

Here we report consecutive data from 384 patients with high-risk pediatric
cancer (with an expected cure rate of less than 30%) who had at least

18 months of follow-up on the ZERO Childhood Cancer Precision Medicine
Program PReclSion Medicine for Children with Cancer (PRISM) trial.
Atotal of 256 (67%) patients received PGT recommendations and 110
(29%) received arecommended treatment. PGT resulted in a36% objective
response rate and improved 2-year progression-free survival compared
with standard of care (26% versus 12%; P= 0.049) or targeted agents not
guided by molecular findings (26% versus 5.2%; P=0.003). PGT based
ontier levidence, PGT targeting fusions or commenced before disease
progression had the greatest clinical benefit. Our data show that PGT
informed by comprehensive molecular profiling significantly improves
outcomes for children with high-risk cancers. ClinicalTrials.gov
registration: NCT03336931

The development of next-generation sequencing (NGS) in conjunc-
tion with targeted anticancer therapies has allowed the delivery of
precision medicine, selecting for the molecular drivers of a patient’s
cancer. Pediatric precision oncology studies have identified potentially
targetable molecular findings in over 65% of children with high-risk
cancers'”. However, clinical uptake of matched targeted therapiesin
these studies was generally low, ranging from 10% to 33%. One reason
for low clinical uptake is physician uncertainty regarding the efficacy
and benefit-risk balance of precision-guided treatment (PGT).

Itis unclear which children with high-risk cancers are most likely
to benefit from PGT and whether PGT improves survival. Early stud-
ies described the potential for the clinical benefit of PGT, but with-
out objective response (OR) assessments or long follow-up® . More
recently, the INFORM study showed improved survival outcomes lim-
ited to patients with high-evidence targets’. The GAIN study suggested
that responses may be restricted to treatments targeting activating
fusions®. Similarly, the MAPPYACTS study showed that treatments
directed at higher-tier evidence led toimproved response rates but did
notreportsurvival outcomes*. Thus, to our knowledge, no studies have

evaluated both OR and survival outcomes, and there are limited data
to determine which patients should receive PGT and when.

The ZERO Childhood Cancer Precision Medicine Program
PReclSion Medicine for Children with Cancer (PRISM) trial used
whole-genome sequencing (WGS) (paired tumor-germline), and tran-
scriptomic sequencing and DNA methylation, to identify molecular
targets in high-risk cancers. Therapeutic options for potentially action-
ableaberrations for each patient were discussed in a national molecular
tumor board (MTB). Inthisarticle, we report acomprehensive outcome
analysisincludingbothresponse and survival for the first 384 high-risk
patients with at least 18 months of follow-up and identify prognostic
factorsto help determine the most effective PGT strategies.

Results

Patients and baseline characteristics

Four hundred and seventy consecutively enrolled patients with
high-risk cancers (expected cure rate lower than 30% assessed by both
referring oncologist and central review) were consented for the PRISM
study between 14 September 2017 and 31 December 2020. Eighty-six
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patients were ineligible because of a non-high-risk cancer diagnosis
on central review, lack of appropriate sample or death before MTB
presentation (Extended Data Fig.1). Hence, 384 patients discussed at
the MTB were included in this analysis. The molecular profile of 181
of these patients has been described previously’. At the time of data
cutoff on 30 June 2022, 244 patients were deceased, two were lost to
follow-up and the remaining 138 had at least an 18-month follow-up
fromenrollment (median = 33.7; range: 18.2-56.9 months). The 3-year
overall survival (OS) of the 384-patient cohort was 34% (95% confidence
interval (CI) =29-40%) (Fig. 1a).

Of the 384 eligible patients, 160 patients were enrolled at first
cancer diagnosis, 184 patients at first relapse and 40 patients after two
or more previous relapses (Extended Data Table1and Supplementary
Data1). The cohort consisted of 146 central nervous system (CNS)
tumors, 183 solid tumors and 56 hematologic malignancies (HMs). One
patient with agermline mutationin the TP53 gene had two synchronous
tumors analyzed (medulloblastoma (MB) and osteosarcoma (OST)).
Median age at enrollment was 10.9 years (range 0.1-46 years), includ-
ing 14 adults (aged older than 21 years) with pediatric-type cancers.

All patients had at least one somatic NGS assay performed. Both
WGS and whole-transcriptome sequencing (WTS) were successfully
conducted on 319 of 385 samples (83%). WGS alone was performed
on 54 samples, targeted panel on ten and targeted panel plus WTS on
two cases either because of insufficient DNA or RNA or because only
formalin-fixed paraffin-embedded tissue was available (Extended Data
Table 1). DNA methylation profiling was performed in 298 of 329 CNS
tumors or sarcomas. Germline WGS was performed on 374 patients
and germline targeted panel onten patients.

Identification of therapeutic targets

Molecular findings were classified as reportable or actionable as
described previously' and discussed in the national MTB. A five-tier
system was used to assign the strength of the PGT recommendation
(Methods and Supplementary Data 2). PGT was recommended only if
age-specific drug safety datawere available and there was a possibility
of drugaccessin Australia viaregistered indication, clinical trials, com-
passionate access or off-label use. Two hundred and fifty-six patients
(67%) received at least one PGT recommendation, with a total of 510
PGT recommendations made (Fig. 1b). The recommendation rate was
significantly higher for CNS tumors than solid tumors (73% versus 62%;
P=0.048) (Fig. 1c). While 53% of the recommendations had support-
ing clinical evidence (tiers 1and 2), 43% were derived from preclinical
evidence (tiers 3 and 4) (Fig. 1d). CNS tumors had significantly fewer
tier 1 recommendations compared with solid tumors (14% versus 25%;
P=0.007) and HMs (14% versus 36%; P < 0.0001) (Fig.1e). The 510 PGT
recommendations consisted of 74% targeted monotherapy, 12% tar-
geted dual therapy, 13% targeted and chemotherapy combination, and
1% chemotherapy alone. Therapies targeting the phosphoinositide
3-kinase (PI3K)/mammalian target of rapamycin (mTOR) (20%) and
mitogen-activated protein kinase (MAPK) (15%) pathways were most
frequently recommended, followed by poly(ADP-ribose) polymerase
(PARP) (10%) and cyclin-dependent kinase 4 (CDK4) and CDK6 inhibi-
tors (8%) (Fig. 1f). Of the receptor tyrosine kinases (RTKSs), fibroblast
growth factor receptor (FGFR) (28%) was the most common target fol-
lowed by vascular endothelial growth factor (VEGF)/vascular endothe-
lial growth factor receptor (VEGFR) (20%) and epidermal growth factor
receptor (EGFR)/ERBB (16%).

Clinical uptake and drug access for PGT

Ofthe 256 patients with a PGT recommendation, 110 (43%) were subse-
quently treated with a PGT, with a median time of returning results at
6.6 weeks. Seventy percent of PGTs were commenced within 3 months
ofthe MTB, with amedian start time of 9 weeks (1day-2.5years). Three
patients started treatment before MTB after rapid communication of
results to the treating clinician. In total, 117 PGTs were administered

to 110 patients, with six patients receiving two or more consecutive
PGTs. The early clinical responses to 37 of these PGTs were reported
previously'. Of note, clinical testing for the specific PGT target was
only available for 13 targets and was performed in ten. For these ten
patients, only six returned a positive test, with four returning a nega-
tive or equivocal result. Thus, for 95% of patients receiving PGT, their
driver either could not be or was not detected through locally available
testing (Supplementary Table1).

The mechanism according to which patients gained access to the
117 PGTs included compassionate access in 42 (36%), funding via the
local clinicalinstitutionin 39 (33%), clinical trial enrollment in19 (16%),
funding from the government Pharmaceutical Benefit Scheme in ten
(9%), cost sharing arrangement between hospital and drug company
infive (4%) and self-funded in two (2%) (Supplementary Data 3).

Clinical benefit of PGT

Ofthe 117 administered PGTs, 99 (received by 93 patients) were eligible
for outcome analysis (Supplementary Data 3). Eighteen PGTs were
excluded from the analysis, including 14 patients whose treatment
durationwas less than 4 weeks (Extended DataFig.1). Disease responses
were evaluated using the Response Evaluation Criteriain Solid Tumors
(RECIST), Response Assessment in Neuro-Oncology (RANO) or Positron
Emission Tomography Response Criteria in Solid Tumors (PERCIST)
criteria. Measurable disease was present at the start of 70 PGTs, with
completeresponses (CRs) observedinsix (9%), partial responses (PRs)
in19(27%), stable disease (SD) in 24 (34%) and progressive disease (PD)
in21(30%) (Fig.2a-c). The OR rate (ORR) (CR or PR) was similar for CNS
and solid tumors (35% versus 34%). In addition, 20 PGTs (19 patients)
were commenced for evaluable but non-measurable disease, with two
CRs, tenSDs and eight PDs. Thus, the outcome for 90 evaluable PGTs (70
measurable and 20 non-measurable, excluding nine with no evidence
of disease at the start of PGT) was CR in 9%, PR in 21%, SD in 38% and
PDin 32% (Fig. 2d).

The duration of disease control can be meaningful for patients with
high-risk cancers receiving new therapies; objective clinical benefit
(OCB) (CR, PRand sustained SD for 24 weeks or longer) has been used
as an endpoint in clinical trials of targeted agents'*". Therefore, we
evaluated OCB for 97 PGTs, including nine PGTs commenced with no
evidence of disease (Extended Data Fig. 1). OCB was observed in 55%
(53 0f 97) of PGTs and was similar across tumor types (Fig. 2e).

The intra-patient progression-free survival (PFS) ratio has been
used to compare the efficacy of PGT with previous treatments for the
same patient, with clinical benefit defined as a PFS ratio greater than
1.3 (refs.12,13). Thirty-one patients treated with PGT were assessable
for PFS ratio and 42% (95% ClI = 25-61%) had aPFSratio greater than1.3
(Fig. 2f). To determine whether a prolonged PFS ratio correlated with
improved survival, we compared patients witha PFSratio greater than
1.3 withthose with aratio of 1.3 or lower and found that they had a sig-
nificantlyimproved PFS (2-year PFS 36% versus 0%; P= 0.02) (Fig. 2g).
There was a similar difference in OS that did not reach statistical sig-
nificance (2-year OS 46% versus 8.3%; P= 0.10) (Fig. 2h).

PGT improved outcomes compared to other treatments

Tounderstand whether PGT improved outcomes compared with other
therapies, we next compared the outcomes for patients who received
PGT versus non-PGT, thatis, other therapies not recommended by the
MTB, including standard of care (SOC) treatment and new or targeted
therapies not guided by molecular findings and not recommended by
the MTB, termed unguided therapy (UGT) in this study. One hundred
and seventy-three patients whose treatment commenced after MTB and
were evaluable for disease progression (treatment duration 4 weeks
or longer and progression-free for 4 weeks or longer) were included
inthe survival analysis. Eighty-nine and 84 patients received aPGT or
non-PGT as first treatment after MTB, respectively, and were compared
for OS. For the PFS analysis, 99 PGTs were compared with132 non-PGTs
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Fig.1| Clinical uptake of PGT. a, OS of 384 patients with high-risk

cancers. b, Number of PGT recommendations per patient. ¢, Frequency

of PGT recommendations according to cancer type. d, Number of PGT
recommendations from the highest level of supporting evidence to the lowest
(tier 1, clinical evidence in the same cancer; tier 2, clinical evidence in a different
cancer; tier 3, preclinical evidence in the same cancer; tier 4, preclinical
evidencein adifferent cancer; tier 5, consensus opinion). e, Distribution of PGT

Drug target

recommendation tier according to cancer type. f, Types of targeted therapy
inrelation to the drug target. Targeted therapy was categorized into targeted
monotherapy, targeted dual therapy and targeted agent in combination with
chemotherapy. The corresponding molecular pathway for each of the drug
targetsis shown. ¢, Pvalues for comparison of proportions using a two-sided
chi-squared test.

(75S0C, 45 UGT and 12 other experimental treatments). Treatment
with PGT resulted in significantly improved PFS when compared with
non-PGT (2-year PFS 27% versus 11%; P= 0.01) (Fig. 3a), whereas the
differencein OS did not achieve statistical significance (2-year 0S 38%
versus 24%; P=0.08) (Fig. 3b), perhaps because of different salvage
therapies (Supplementary Table 2).

We asked whether disease status could impact treatment. Of 99
PGTs, 49 were given before disease progression since study enroll-
ment, 42 after one disease progression and eight after two or more
episodes. Of 132 non-PGTs, 22 were given before disease progression
since study enrollment, 76 after one disease progression and 34 after
two or more episodes. For treatments given after no or one episode
of progression, the 2-year PFS was 28% for PGT and 14% for non-PGT

(P=0.07).Fortreatments received after two or more disease progres-
sions, there was no differencein PFS (2-year PFS 0% versus 3%; P = 0.47)
(Extended DataFig. 2).

It is possible that PGT was superior to the other therapies as
these patients received new agents rather than standard cytotoxic
therapies. Therefore, we compared the outcomes for PGT with UGT.
Instances of patients receiving UGT included those enrolled on phase
I trials of agents not requiring biomarkers, or treatments based on
previous clinical trial data, for example, pazopanib for sarcoma
and venetoclax for leukemia. A total of 45 UGTs were commenced
after MTB in 36 patients (Extended Data Table 2 and Supplementary
Data 4). Two UGTs were excluded from the response evaluation
because the patients were disease-free at the start of treatment.
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Fig.2|Patients receiving PGT experienced a clinical response. a, Waterfall
plot for 31 CNS tumors with measurable disease at the start of a PGT. Treatment
response was evaluated using the RANO criteria. The dotted lines at 25% and
-50% delineate the category of response (>25%, PD; 25 to —50%, SD; =50% or lower
t0-99%, PR; -100%, CR). b, Waterfall plot for 35 solid tumors with measurable
disease at the start of a PGT. Treatment response was evaluated using the RECIST
or PERCIST criteria. The dotted lines at 25% and -30% delineate the category of
response (>25%, PD;25to-30%, SD; -30% or lower to —-99%, PR; -100%, CR).

¢, Response according to cancer type to 70 PGTs given with measurable disease.

d, Response according to cancer type to 90 PGTs with evaluable disease

(70 measurable and 20 non-measurable). e, OCB rate in 97 PGTs. OCB was defined
as CR, PRand SD of 24 weeks’ duration or longer. f, PFS ratio for 31 PGTs. The PFS
ratio was defined as the PFS duration of the PGT to that of a previous treatment in
the same patient. A PFSratio greater than 1.3 (above the dotted line) represents
prolongation of the progression-free period for more than 30% by the PGT
compared to a previous treatment. The color of the dots denotes the clinical
course. g h, PFS (g) and OS (h) stratified according to PFS ratio. A two-sided
log-rank test was used to compare the Kaplan-Meier survival curves.

PGT resulted in significantly improved PFS compared with UGT
(2-year PFS 26% versus 5.2%; P=0.003) (Fig. 3c), whereas the differ-
encein OSdid notachieve statistical significance (2-year OS 38% versus
20%; P=0.15) (Fig. 3d). The response rate (CR/PR) was significantly
higher after PGT compared with UGT (30% versus 2.3%; P< 0.0001)
(Fig.3e).Similarly, a higher OCB rate was observed with PGT versus UGT
(55% versus 23%; P=0.0003) (Fig. 3f).

SOC treatment was commenced after MTB discussion in
65 patients. SOC was defined as treatment routinely used in a tumor
type or treatment reported to have proven clinical activity, for exam-
ple, irinotecan (IRN) or temozolomide (TMZ) for relapsed Ewing’s
sarcoma (EWS) and FLAG-Ida (fludarabine, cytarabine, idarubicin,
granulocyte-colony stimulating factor) for relapsed acute leukemia.
Fifty-five of these patients received SOC as first treatment after MTB
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Fig.3|Superior clinical outcome of PGT. a,b, PFS (a) and OS (b) stratified
according to PGT and non-PGT commenced at any point after MTB discussion.
c,d, PFS (c) and OS (d) stratified according to PGT and UGT, that is, new
therapy not molecularly guided. e, Response to PGT and UGT in patients with
evaluable disease. f, OCB rate in PGT and UGT. OCB was defined as CR, PRand
SD of 24 weeks’ duration or longer, and ongoing CR of 24 weeks or longer for

patients who were in CR at the start of treatment. A two-sided chi-squared

test was used to compare the CRand PRrateineand OCBrateinf.g,h, PFS (g)
and OS (h) stratified according to PGT and SOC. For OS comparison, a patient
was categorized according to the first treatment that was initiated after MTB
discussion. The Kaplan-Meier survival curves were compared using a two-sided
log-rank test.

and were included in the SOC group for OS comparison. A total of
75 SOC regimens were evaluated for PFS. We found that PGT led to
significantly improved PFS compared to SOC (2-year PFS 26% versus
12%; P=0.049) (Fig. 3g), whereas the difference in OS did not achieve
significance (2-year OS 38% versus 23%; P=0.11) (Fig. 3h).

Three patients with pilocytic astrocytomas with atypical aggres-
sive clinical courses and multiple previous disease progressions were
treated with PGT. Targetable molecular findings included two with
proteintyrosine phosphatase non-receptor type 11 (PTPNI1) and FGFR1
mutation and a phosphotyrosine interaction domain-containing pro-
tein 1-BRAF fusion (Supplementary Data 5). Because pilocytic astro-
cytoma could have prolonged PFS compared to other tumor types
in the cohort, we repeated the analysis excluding these three cases.
We found that the improvement in PFS, OR and OCB remained sta-
tistically significant when comparing PGT with all other treatments
(Extended DataFig. 3).

Factors predicting response to PGT

To better understand the characteristics of patients who received a
PGT, we examined the target genes, category of molecular aberra-
tions, strength of evidence, tumor type and type of response for each
individual patient. We observed responses or prolonged SD across all
different scenarios (Fig. 4a,b). Details of CNS tumors with OCBto PGT
areprovidedin Supplementary Table 3. Patients for whom PGT did not
leadto OCB areshownin Extended DataFig. 4. We found that every tier
was associated with clinical responses, with response rates highest
for tier 1(39%), but not significantly different to tier 2 (18%; P= 0.07)
or tiers 3-5 (31%; P= 0.49) (Table 1 and Extended Data Fig. 5a). Only
one of three patients benefited from tier 5 PGT: a patient with epend-
ymoma (EPN) with high vascular endothelial growth factor A (VEGFA)
RNA expression with PR to bevacizumab. The remaining two patients
progressed rapidly—an H3K27M mutant diffuse midline glioma with
PDGFRA mutation treated with ponatinib and then regorafenib, and

an MB with FGFR3 mutation given pazopanib, ifosfamide and doxo-
rubicin. Similarly, OCB was also highest for tier 1(74%) compared with
either tier2 (41%; P=0.008) or tier 3-5(44%; P= 0.01) (Extended Data
Fig.5a). These results translated to improved survival, with tier 1PGT
resulting in longer PFS (tier 1 versus 2; P=0.07 and tier 1 versus tiers
3-5; P=0.001), and OS (tier 1 versus 2; P=0.03 and tier 1 versus tiers
3-5; P=0.0003) when compared to other tiers (Fig. 5a and Table 1),
and longer PFS compared to non-PGT (P=0.0002).

We next assessed response and survival based on the PGT tar-
get. Patients whose treatment targeted a fusion or SV had the high-
est response rate (CR/PR) of 60%, compared with single-nucleotide
variants (SNVs) (32%; P=0.07), high RNA target expression only
(15%; P=0.006) and copy number variation (CNV) (14%; P=0.01)
(Extended DataFig.5band Table1). Asimilar trend was observed for the
OCB. Theseresults correlated with survival outcomes. The 2-year PFS
was superior for PGT targeting a fusion/SV (68%), compared with SNV
(30%; P=10.057), high RNA expression alone (5.9%; P=0.002) or CNV
(7.7%; P=0.003) (Fig. 5b and Table 1). Evaluation of OS demonstrated
a similar trend with PGT targeting a fusion/SV leading to a 2-year OS
of 69%. PGT targeting a fusion/SV and SNV also led to improved PFS
when compared withnon-PGT (P=0.001and P=0.02, respectively).

Of note, 46% (11 of 24) of PGTs targeting high RNA expression
alone (not associated with SV, SNV or CNV) led to OCB (Extended Data
Table 3), including three ORs. This included a solid pseudopapillary
neoplasm of pancreas (everolimus for high Ras homolog enriched in
brain (RHEB)), EPN (bevacizumab for high VEGFA) and rhabdomyosar-
coma (temsirolimus/vinorelbine/cyclophosphamide for high AKT2).
Genes within the AKT/mTOR, VEGF/VEGFR and FGF/FGFR pathways
were most frequently targeted for high RNA expression (Extended Data
Table 3 and Fig. 5c), with a similar OCB rate (50-60%).

Of the 99 PGTs administered, 57 were administered as targeted
monotherapy, 18 as dual targeted therapy, 21 as combination tar-
geted and chemotherapy and three as chemotherapy. There was no
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HGG BRCA2 biallelic loss 4 Veliparib/TMZ
GO PTPN11 D61N, FGFR1 N546K * Trametinib
NB ALK R1275L Lorlatinib/IRN/TMZ/anti-GD2
DSRCT High FGFR4 RNA ¢ E Pazopanib/chemotherapy
osT High VEGFR3 RNA Regorafenib
DMG PIK3R1 N564D T} * [ Everolimus/ONC-201
AS VEGFR2 T771R [l Pazopanib/chemotherapy
HGG High TMB, PMS2 E705K 2 Nivolumab
us SMARCB1 SV Tazemetostat
T-ALL NUP214-ABL1 D+ Dasatinib/chemotherapy
| | | |
12 24 36 48
Treatment duration (months)
b |
GO BRAF-KIAA1549 Lo | | | Trametinib
HGG FGFR1-FGFR1 Ponatinib
HGG PDGFRA C235Y @’ Dasatinib
NB ALK F1245I Lorlatinib
GIST High BCL2 Venetoclax )
MPNST NF1 and SUZ12 biallelic loss Trametinib O T{er 3
EPN High VEGFA RNA Bevacizumab [ Tier 4
EWS PIK3CA H1047R Temsirolimus/IRN/TMZ 0 Tier 5
DMG PIK3CA E545A, PTEN loss, high VEGFA |[_@ Wl Bevacizumab/sirolimus
CCM High ABL1 & M Dasatinib
NB ALK 66 copies Crizotinib/cyclophosphamide/topotecan
WT HRD mutational signature Talazoparib/IRN
B-ALL NR3C1 1 copy loss * Venetoclax/navitoclax

Fig.4|PGT leads to OCB. a,b, Swimmer plot of 53 PGTs (51 patients) leading
to OCB. OCBincludes CR, PR and SD for aduration of 24 weeks or longer and

ongoing CR of 24 weeks or longer for patients who were in CR at the start

treatment. Forty-one PGTs with tier 1and 2 recommendations are showinaand
12 with tier 3-5recommendations are shown inb. The color of the bars indicates

the tier of a PGT recommendation. The symbols indicate the responses a
treatment status. The diagnosis and molecular targets for each patienta
shown. The types of molecular aberration are denoted by different color:

text. The fusion or structural variant (SV) is shown in blue, SNVsin red, high RNA

| | | |
12 24 36 48

Treatment duration (months)

AS, angiosarcoma; B-ALL, B cell acute lymphoblastic leukemia; CCM, clear cell
meningioma; CET, CNS embryonal tumor not otherwise specified; DMG, diffuse
midline glioma H3K27M-altered; DSRCT, desmoplastic small round cell tumor;
ERMS, embryonal rhabdomyosarcoma; GIST, gastrointestinal stromal tumor;
GO, glioma other; HCC, hepatocellular carcinoma; HGG, high-grade glioma; IFS,
infantile fibrosarcoma; MPNST, malignant peripheral nerve sheath tumor; MTV,
medullary thyroid carcinoma; NB, neuroblastoma; SPNP, solid pseudopapillary
neoplasm of the pancreas; T-ALL, T cell acute lymphoblastic leukemia; US,
undifferentiated sarcoma; WT, Wilms tumor.
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Table 1] Clinical outcome for patients receiving PGT

2-year PFS? 2-year OS® Evaluable response® OCB
n % 95%Cl P n % 95%Cl P n % P n % P

All 99 27 18-36 — 93 37 27-48 - 90 30 - 97 55 -
Tier

1 38 42 25-59 ref. 36 59 42-76 ref 33 39 ref 38 74 ref.

2 29 22 6-37 0.066 28 31 14-49 0.034 28 18 0.07 27 4 0.008

3-5 32 13 1-25 0.001 29 21 6-35 0.0003 29 31 0.49 32 44 0.01
Molecular alteration

Fusion/SV 16 68 45-91 ref. 16 69 46-92  ref. 15 60 ref. 16 75 ref

SNV 39 29 14-43 0.052 37 35 19-51 0.049 37 32 0.07 37 62 0.36

High RNA 24 5.9 0-17 0.002 21 36 14-57 0.14 20 15 0.006 24 46 0.07

CNV 14 77 0-22 0.003 13 15 0-35 0.009 14 14 0.01 14 29 0.01
Disease status at the start of treatment

No PD 49 4 27-56 - 49 53 39-68 - 45 40 - 47 74 -

PD 50 12 2-22 0.00002 44 29 18-41 0.0001 45 20 0.04 50 36 0.0001
Treatment type

Targeted monotherapy/ 75 32 21-43 - 70 42 30-55 - 72 29 - 73 55 -
dual therapy

Targeted agent + chemotherapy 21 0 - 0.03 20 15 0-33 0.048 16 31 0.87 21 52 0.84
Cancer type

DMG/HGG 31 27 1-43 ref. 28 28 10-46 ref. 30 27 ref. 28 43 ref.

Other CNS 20 44 22-66 014 20 65 44-86 0.018 17 24 0.81 21 67 0.10

Solid 43 18 6-31 0.57 40 32 16-47  0.80 38 34 0.50 43 56  0.29

Hematological 5 (0] - 0.02 5 20 0-55 0.27 5 40 0.54 5 40 0.84
Number of favorable factors®

o] 30 6.7 0-16 ref. 26 12 0-24 ref. 28 18 ref. 30 30 ref.

1 43 21 8-35 0.03 /1 35 20-50 0.04 39 26 0.45 | 51 0.07

2 18 43 18-68  0.0001 18 65 42-88  0.00002 15 40 omn 18 83  0.0003

3 8 88 65-100 0.0004 8 88 65-100 0.001 8 75 0.002 8 100 0.0004

?PFS is treatment-based and calculated from the start of a PGT to the first disease progression or death. °OS is patient-based and calculated from the start of a PGT to death. For patients who
have received more than 1 PGT, the start time is the start of the first PGT. °Evaluable response includes CR and PR for measurable disease and CR for evaluable but nonmeasurable disease.
9Favorable factors included tier 1 recommendations, fusion and no PD since enrollment. n refers to the number of PGT analyzed in that group for PFS, evaluable response and OCB analysis.
For the OS analysis, n refers to the number of patients. For the analysis involving more than two subgroups, each subgroup was compared with the reference group (ref.) and the P value refers
to the comparison between the reference group and the specific group. A two-sided log-rank test was used to compare PFS and OS and a two-sided chi-squared test was used to compare

proportions for evaluable response and OCB.

differencein2-year PFSbetweentargeted monotherapyanddual therapy
(32% versus 31%; P=0.6) (Extended Data Fig. 6a). Similar response
rates (31% versus 29%; P=0.75) and OCB rates (52% versus 55%; P = 0.84)
were observed for targeted agents administered in combination with
chemotherapy and targeted monotherapy and dual therapy (Extended
DataFig. 6b); however, targeted chemotherapy was associated with sig-
nificantly inferior survival when compared with targeted monotherapy
and dual therapy (2-year PFS 0% versus 32%; P=0.03 and 2-year OS
15% versus 42%; P=0.048) (Table 1and Extended DataFig. 6¢).

To evaluate the optimal time toinitiate PGT, we assessed patients’
disease status at the start of treatment and found a significant cor-
relation with clinical outcome. From enrollment, patients receiv-
ing PGT before relapse or progression had a significantly higher
response (40% versus 20%; P=0.04) and OCB rates (74% versus 36%;
P=0.0001) (Extended Data Fig. 5d). This translated to better survival
compared to patients receiving PGT after subsequent disease progres-
sion (2-year PFS 42% versus 12%; P < 0.0001 and 2-year OS 53% versus
29%; P=0.0002) (Fig. 5c and Table 1) and patients receiving non-PGT
(2-year PFS12%; P< 0.0001).

There was no significant difference in outcome between tumor
types treated with PGT except for a significantly poorer outcome for

patients with HM (P = 0.02) (Extended DataFig. 6d,e). As expected, the
uptake of PGT in HM was low (22%), and PGT was given to heavily pre-
treated patients because of the availability of effective previous salvage
therapies. Ofthe eight patients with HMwho received aPGT, three were
notevaluable as they were treated for fewer than 4 weeks. Three evalu-
able patients progressed rapidly and two patients (NUP214-ABL1fusion
and NR3CI monoallelicloss) responded (to dasatinib and venetoclax/
navitoclax, respectively) and proceeded to transplant.

Finally, we conducted a multivariate analysis of prognostic factors.
Tierlevidence, fusion/SV, PGT given before relapse or disease progres-
sion, and non-hematological malignancy had independent prognostic
significance for PFS, with hazard ratios of 0.43, 0.42, 0.50 and 0.21,
respectively (Extended Data Table 4). We next asked whether com-
binations of independent favorable factors impacted the outcomes
for PGT. We identified whether each patient had 0, 1, 2 or 3 of each of
the following: tier 1 evidence; fusion/SV; and PGT given before PD.
HMs were excluded because of very small numbers. We found that the
number of favorable factors was significantly associated withimproved
response rate, OCB, PFS and OS (Fig. 5d, Extended Data Fig. 5e and
Table1). Patients with three favorable factors demonstrated the high-
est response rates and OCB of 75% and 100%, respectively. The 2-year
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Fig. 5| Factors influencing the clinical outcome of PGT. a-d, PFS and OS
stratified according to the tier of PGT (a), the types of molecular aberration
(b), PD from enrollment to the start of PGT (c) and the number of favorable

prognostic factors (d). A two-sided log-rank test was used to compare the
Kaplan-Meier survival curves of two groups; the reference subgroup is indicated
by adash.

PFS was 6.7% for patients with no favorable factors, 21% for patients
with one factor (P=0.03), 43% for those with two factors (P < 0.0001)
and 88% for those with three favorable factors (P=0.0004). The same
trend was observed for OS.

Discussion
Itis unclear which children with high-risk cancer benefit from PGT.
This study reports a comprehensive outcome analysis of PGT in one
of the largest patient cohorts evaluating both response rates and sur-
vival outcomes with extended follow-up on a precision medicine trial.
Most pediatric precision medicine studies have reported on actionable
alterations and patients receiving targeted therapies without objec-
tive outcome measurements>” **%, Three studies (ZERO, GAINS and
MAPPYACTS) have reported objective imaging responses** and one
study (INFORM) reported survival outcomes?. The lack of compre-
hensive outcome reportingis a major limitation of pediatric precision
medicine studies as discussed in a recent commentary by leaders in
the field". Inthis article, we report both response rates and long-term
survival rates, comparing PGT versus non-PGT, showing that response
to PGT translates into improved survival; that targeting fusions leads
toimproved outcomes over other drivers; that early therapy should be
considered, particularly for high-priority targets; and that new agents
selected based on genomic driver lead to improved outcomes. The
clinical uptake for those who received a PGT recommendation (43%)
is the highest among pediatric precision oncology studies* >, with
some enrolling relapsed and refractory tumors only***'; others, like
ours, include high-risk cancers at diagnosis>**. In this study, we have
been able to delineate the clinical benefit of PGT more precisely in
subgroups of children with high-risk cancer with important implica-
tions for treatment.

Our results demonstrate that patients derived clinical benefit
from PGT, supported by multiple complementary assessments of

clinical outcome, including validating the PFS ratio for the first time
as an outcome measure in pediatric precision medicine. We found
a significant improvement in PFS for PGT versus non-PGT, UGT or
SOC treatment. The INFORM study only observed a difference in PFS
between matched targeted treatment and other treatments for those
with the highest level of clinical evidence’. This could relate to differ-
ences between the two studies. In the INFORM study, 9.6% of patients
were enrolled at the time of initial diagnosis compared with 42% in
this study. INFORM'’s approach is to identify therapeutic targets but
refrain from making recommendations. In this trial, treatments were
recommended after extensive MTB discussion with participation of
the treating clinician, potentially contributing to the high uptake. The
weekly MTBs have 50-60 attendees, including scientists, clinicians and
subject matter experts, with a 10-15 min discussion per patient. We
adopted arelatively conservative approach to treatment recommenda-
tionwitharigorousliterature review and considered recommendations
only if there was a reasonable likelihood of drug access. It is possible
that these differing approaches impacted treatment decisions and
patient responses.

Our comparison of PGT with UGT found a significantly inferior
outcome for UGT, which emphasizes the critical role of molecular
analysis in guiding therapeutic decision-making. Importantly, 57% of
patients treated with an unmatched new therapy had an alternative
PGT recommendation. This may be because of easier drug access, or
physician or patient preference. Irrespective of the reason for opting
foraUGT, our datashow clear benefit from PGT, withastrikingimprove-
ment in response rates (30% versus 2.3%) and 2-year PFS (26% versus
5.2%). This is consistent with the adult literature'**°, These observa-
tions highlight theimportance of identifying biomarkers and support
the integration of precision medicine into SOC for pediatric patients.
Thisalso strongly suggests that clinical trials of new targeted therapies
should be biomarker-driven, where possible.

Nature Medicine | Volume 30 | July 2024 | 1913-1922

1920


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-024-03044-0

While we showed that PGT significantly improves PFS compared
to other treatments, its impact on OS is less clear. The difference in
2-year OS of 38% in PGT did not reach statistical significance when
compared with the 2-year OS of non-PGT (24%), UGT (20%) and SOC
(23%). This may have been impacted by patients receiving multiple
lines of therapy and different salvage therapies; longer follow-up may
be required to further assess the impact on OS. In addition, other
endpoints, including patient-reported outcomes®, quality of life and
toxicity measures, should be explored to evaluate the clinical benefits
of PGT. More research needs to be undertaken to understand clinician’s
decisions not to act on molecular results. There were no obvious dif-
ferencesindiagnoses or targets between the group whoreceived PGT
and the group who did not in this study.

Our results help define which treatment strategies provide the
greatest clinical benefit for patients. We found that high-level clinical
evidence, fusion, non-hematological malignancy and PGT given before
relapse or progression, were independent favorable prognostic factors.
Importantly, many patients without any of these prognostic factors
also derived clinical benefit. However, the differing impact may help
clinicians prioritize treatment strategies, especially if multiple targets
areidentified. Moreover, an 88% 2-year PFS for the eight patients with
three prognostic factors (tier 1, fusion and early therapy) are remark-
able. This suggests that patients with targetable fusions or treatments
supported by high-level clinical evidence should be treated with PGT
early, ideally before disease progression. Children with very high-risk
cancers should be considered for upfront PGT as part of anticancer
treatment at diagnosis.

Limitations to our study include the nonrandomized design,
potential influence of clinician bias, challenges with drug access and
relatively small numbers of patients for the subgroup analyses. While a
randomized trial could reduce some bias, it is not clear that this would
ever be feasiblein this patient population. Large international collabo-
rations may add further power to allow analyses of smaller subgroups.
Lack of availability of drugs and access to appropriate clinical trials also
pose amajor barrier. Testing these agents through companion basket
trials will help with drug access and assessing activity inuniform patient
populations. While most patients receiving PGT achieved clinical ben-
efit, most ultimately had disease progression, indicating that further
improvements are needed. Future studies could test combination
therapies and optimize the timing of PGT. Further effort is required
toimprove outcomes for children with no targetable findings, or only
low-evidence targets. Weidentified genomicdriversin more than 90%
of cases; pharmaceutical companies should be encouraged to develop
new therapies that specifically target pediatric tumor drivers.

In conclusion, this study demonstrates that children with high-risk
cancers benefit from PGT identified by comprehensive molecular
profiling. Treatment with PGT led to improved antitumor activity and
survivaloutcomes, compared to UGT and standard cytotoxic therapies.
Treatment strategies should focus on the identification of drivers and
early treatment of patients with highly targetable molecular drivers.
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Methods

Study design and objectives

The PRISM trial (ClinicalTrials.gov registration: NCT03336931) was a
multicenter prospective observational cohort study conducted by the
Australian ZERO Childhood Cancer Precision Medicine Program and
was opened from September 2017. Patients were recruited between
September 2017 and December 2020, with data collected prospectively
between September 2017 and June 2022. All clinical datawere collected
by designated clinical research associates and clinicians based at each
ofthe eight pediatric oncology centersin Australia (Sydney Children’s
Hospital, The Children’s Hospital at Westmead, John Hunter Children’s
Hospital, Queensland Children’s Hospital, Royal Children’s Hospital,
Monash Children’s Hospital, Adelaide Women'’s & Children’s Hospital
and Perth Children’s Hospital) participated in the study. The primary
objective was to determine the proportion of patients for whom PGT
could be recommended to the treating physician using acomprehen-
sive precision medicine platform within a clinically relevant time frame.
Secondary and tertiary objectives included evaluating the treatment
response in patients who had received a PGT and the difference in
survival between patients receiving PGT and non-PGT.

Study oversight

The study was conducted in accordance with Good Clinical Prac-
tice guidelines and the Declaration of Helsinki and approved by the
Hunter New England Human Research Ethics Committee of the Hunter
New England Local Health District in Australia (reference no. 2019/
ETHOO0701). Writteninformed consent for all patientsin this study were
provided either by the parent or legal guardian for patients younger
than 18 years or by patients older than 18 years. There was no partici-
pant compensation.

Patients and tumor samples

Patients younger than 21 years with suspected or confirmed diagnosis
ofahigh-risk malignancy at diagnosis or relapse or refractory, defined
asanestimated probability of cure lower than 30%, could be consented
andregistered onthe study. Patients older than 22 years with high-risk
pediatric-type cancers could also be registered on approval from the
study chair. Patients of any gender or sex were eligible. The sex of a
patient was either reported by the guardian or parent or self-reported.
No gender information was collected. Sex was not considered in the
study design. After trial registration, patient samples were delivered to
the central laboratory at the Children’s Cancer Institute (CCI) (Sydney)
for processing. A patient was deemed eligible for enrollment when
all criteria were satisfied: confirmed high-risk cancer; both tumor
and germline sample received at CCI; and sufficient DNA could be
extracted for sequencing. High-risk cancer (estimated cure rate of less
than30%based on the published literature) was confirmed by central
review of clinical history, histopathology and imaging. Tumor tissue
was fresh, snap-frozen or cryopreserved on receipt. A formalin-fixed
paraffin-embedded (FFPE) tumor sample was accepted with previous
approval from the study chair if this was the only sample available. In
those patients who had undergone an allogeneic stem cell transplant
(SCT), both the patient germline (usually a skin punch biopsy or a
remission sample from a previous clinical time point before SCT) and
the surrogate donor germline sample (usually remission blood or
bone marrow from the patient after SCT) were sequenced specifi-
cally to distinguish tumor-derived somatic variants from patient and
donor germline variants. Clinicaland demographic data at registration
and follow-up were entered into the Labmatrix by Biofortis v.R7 3.2.0
laboratory information management system.

Molecular profiling

WGS (paired tumor-germline) was conducted for all patients, except
when there was insufficient tumor DNA for WGS or only an FFPE tumor
sample was available. Targeted panel DNA sequencing was performed

for these patients. WTS was conducted in non-FFPE tumor samples
whenever RNA of adequate quantity and quality was available. DNA
methylation analysis was performed in tumor samples from CNS
tumors and appropriate solid tumors. The analytical pipelines for
molecular profiling and variant curation for WGS, WTS and methyla-
tion', and targeted panel sequencing®, have been described previously.

MTB and PGT recommendations

Patients with molecular alterations that were potentially targetable or
could lead to a change or refinement of diagnosis, and patients with
reportable germline variants, were presented in the national MTB meet-
ing held fortnightly. The MTB meetings were attended by oncologists,
pathologists, clinical geneticists, genetic counselors, basicscientists,
bioinformaticians and study managers. The treating oncologist for the
patient being discussed was invited to attend and provide a clinical
update to facilitate MTB discussion.

Cases for MTB presentation were prepared jointly by the clinical
team (consisting of two molecular oncologists and oncology fellows)
and the curation scientist team. The clinical team researched and
reviewed evidence to support therapeutic options and presented
reportable molecular findings and therapeutic options at the MTB.
A five-tier system was used to assign the strength of PGT recommen-
dations. Tier 1 referred to evidence from clinical studies of the same
cancer type and tier 2 from clinical studies of different cancer types.
Patients from these clinical studies can be molecularly selected or
unselected. The evidence from tiers 3 and 4 was based on preclinical
evidenceinthe same and different cancer type, respectively. Preclini-
calmodelsinthese studies can be molecularly selected or unselected.
Tier 5was based on the consensus opinion of the MTB. Furthermore,
a PGT would only be recommended if there was a possibility of drug
access within Australia and pediatric dosing or safety data were avail-
able for patients younger than 12 years, for example, at least from a
pediatric phase I trial. A weight-adjusted adult dose is acceptable for
patientsolder than12years. The final MTB report was generated after
the meeting. The treating oncologist made the final treatment decision,
inconsultation with the family and patient, including consideration for
treatments other than the MTB recommendations.

Treatment and outcome data analysis

Patients who died between registration and MTB presentation were
excluded from the outcome analyses. All treatments (including
SOC and experimental treatments) and response to treatment were
recorded prospectively in Labmatrix. Receipt of a PGT was defined
as the patient having received at least one dose of a drug in the same
therapeutic class as the PGT recommendation. Drug access route and
the treating oncologist’s opinion of clinical benefit of a PGT were also
recorded. Data cutoff was set at 30 June 2022.

A treatment was included for the treatment outcome analysis
when all three criteria were met: treatment duration lasting 4 weeks
or longer; no disease progression within the first 4 weeks of treat-
ment; and treatment response evaluation being available. Treatment
response was evaluated using the revised RECIST (v.1.1)** or PERCIST*
for solid tumors if positron emission tomography (PET) was the only
available imaging study, RANO criteria* for CNS tumors and National
Comprehensive Cancer Network guidelines for acute leukemia. To
meet the criteria for SD, measurements must have met the SD criteria
ataminimuminterval of 6 weeks after commencingatreatment. Treat-
ment response evaluation was conducted by central review ofimaging
reports and, when required, the images.

Measurable diseases were evaluated for CR, PR, SD and PD as
defined by the RECIST?, RANO** and PERCIST criteria®>. Measurable
disease refers to lesions 10 mm or larger by computed tomography
or magnetic resonance imaging and can be accurately measured.
Evaluable but non-measurable disease refers to lesions smaller than
10 mmor other sites of disease that cannot be accurately measured, for
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example, leptomeningeal disease, ascites, pleural or pericardial effu-
sion. The OR for measurable disease was defined as CR or PRas the best
response. Evaluable but non-measurable diseases were evaluated for
CR, non-CRand non-PD, and PD. CR was defined as disappearance of all
non-measurable disease, PD as unequivocal progression of nonmeasur-
able disease or appearance of new lesion(s) and non-CR/non-PD as per-
sistence of nonmeasurable disease that did not qualify for CR or PD.PR
could notbe determined for nonmeasurable disease. For the purpose
of evaluable response assessment, which included both measurable
and non-measurable diseases, SD in measurable disease, and non-CR
and non-PD in non-measurable disease, were grouped together as SD.
Leukemia response was determined according to blast percentage. CR
was defined as less than 5% blasts in bone marrow with no circulating
blasts or extramedullary disease, PR as 5% or more and 25% or less blasts
or more than 50% relative reduction (witha minimum of 10% absolute
reduction) from baseline bone marrow blast count in bone marrow
with nocirculating blasts or extramedullary disease, and SD as failure
to qualify for CR, PR or PD. PD was defined as more thana 25% increase
inabsolute circulating blast numbers, morethana25%increaseinbone
marrow blasts after achieving PR or more than a 5% increase in bone
marrow blasts after achieving CR. OCB was evaluated in both measur-
able and non-measurable disease, and in patients whowerein CRat the
start of atreatment. OCB was defined as (1) CR, PR or SD lasting for 24
weeks or longer in measurable disease or (2) CR or non-CR and non-PD
lasting 24 weeks or longer in non-measurable disease or (3) disease-free
duration lasting 24 weeks or longer in patients who were in CR at the
start of atreatment. Patients whose best response was SD but stopped
or changed treatment before 24 weeks while remaining in SD could not
be assessed for OCB and were excluded from the OCB analysis.

Eacheligible treatment was evaluated for PFS, defined as the time
fromthestart of that specific treatment to disease progressionor recur-
rence for that treatment, or death fromany cause, whichever occurred
first. PGTs were analyzed for PFS ratio, which compared PFS achieved
by a PGT (PFS2) to the PFS of the most recent previous treatment on
which the patient had experienced progression (PFS1). The clinical
benefitof aPGT was defined as a PFS ratio (PFS2:PFS1) greater than1.3
and (PFS2-PFS1) lasting 4 weeks or longer, that is, prolongation of PFS
by more than30% and lasting 4 weeks or longer. APGT was included for
the PFSratio analysis whenall criteria were met: (1) no PD within the first
4 weeksofaPGT; (2) ifno PD at the data cutoff, the duration of the PGT
must be equal or longer than the preceding comparative treatment; (3)
the patient had received a treatment before the PGT and experienced
PD; (4) the comparative treatment could be PGT or non-PGT but must
begivenforrelapse andrefractory disease; and (5) treatment duration
lasting 4 weeks or longer for both treatments.

OS for individual patients in the entire cohort was defined as the
time from enrollment to death from any cause. For OS comparison
between PGT and non-PGT, patients were categorized according to the
firsttreatmentinitiated after the MTB and was defined as the time from
the start of that specific treatment to death fromany cause. Therefore,
patients who continued on existing treatment after the MTB and never
received a new treatment (PGT or non-PGT) after the MTB were not
included in the analysis. For OS comparison between PGT and UGT,
only patients who had received a PGT or UGT as the first treatment
initiated after the MTB were included. For OS comparison between
PGT and SOC, only patients who had received aPGT or SOC as the first
treatment initiated after the MTB were included. For OS comparison
between PGT subgroups, patients who received more than one PGT
were categorized according the first PGT and OS was defined as time
fromthe start of the first PGT to death from any cause.

Statistical methods

The Kaplan-Meier method was used to analyze survival (OS and PFS)
while comparisons were performed using the log-rank test. Multivari-
ate survival analysis was performed using Cox proportional hazards

regression analysis. Proportions were compared using a chi-squared
test. A two-tailed P< 0.5 was considered statistically significant. Sta-
tistical analyses were performed using SPSS v.26 (IBM Corporation) or
PRISM 9 (GraphPad Software).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The WGS, RNA-seq and DNA methylation data generated by this study
are available from the European Genome-phenome Archive under
accession nos. EGAS00001004572 and EGAS00001007029. The
Supplementary Data 1 file contains individual patient demographic
data (S1), PGT tiers of recommendation (S2), details of PGT (S3) and
UGT (S4), details of CNS tumors with PGT benefit (S5) and reportable
molecular aberrations detected using panel sequencing (S6).

Code availability
The code used for the molecular analysis has been previously reported'
andisavailable at https://github.com/CCICB/2020-hrPC-landscape.
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Extended Data Fig.1| CONSORT diagram. Consort diagram of 470 patients
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consented in the PRISM study between Sep 2017 and Dec 2020. 384 patients were absence of disease progression where stable disease was best response.
eligible for outcome analysis. *ineligible due to non-high-risk cancer diagnosis, CR, complete remission; OCB, objective clinical benefit; OR, objective

lack of appropriate sample or death prior to presentation at the molecular
tumour board. ** ineligible due to treatment duration <4 weeks, disease

response of measurable disease; PGT, precision-guided treatment; PFS,
progression-free survival.

progression within the first 4 weeks of treatment or no response evaluation.
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Extended Data Fig. 2| Progression-free survival of precision-guided orone PD only since study enrolment and (b) treatment received at >2 PD
treatment (PGT) and non-PGT by disease status. Progression-free survival since study enrolment. Log rank test is used to compare the Kaplan Meier
(PFS) of PGT and non-PGT for (a) treatment given at no disease progression (PD) survival curves.
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Extended Data Fig. 6 | Clinical outcome of precision-guided targeted therapy
by treatment and cancer types. a, Progression-free survival (PFS) for targeted
monotherapy (mono) and targeted dual therapy. b, Evaluable response and
objective clinical benefit (OCB) rate by type of targeted therapy. ¢, PFS and OS by
types of treatment. d, Evaluable response and OCB by cancer types. e, PFS and

OS by cancer types. Two-sided log rank test is used to compare the Kaplan Meier

survival curves of 2 groups, with the reference subgroup indicated by adash and
P value next to the group for comparison. Two-sided chi-square test is used to
compare evaluable response and OCB rate between 2 groups and the P values
are presented in Table 1. CR, complete response; DMG, diffuse midline glioma
H3K27M-altered; HGG, high grade glioma; HM, hematologic malignancy;

PR, partial response; PD, progressive disease; SD, stable disease.
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Extended Data Table 1| Baseline characteristics and sequencing method

Variable
No. of patients 384 *
Median age (y) (range) 10.9 (0.1 - 46)
Sex, n (%)
Female 172 (45)
Male 212 (55)
Disease status, n (%)
Diagnosis 160 (42)
Relapse 1 184 (48)
Relapse 22 40 (10)
Cancer type, n (%)
No. of samples analysed 385
CNS tumor 146 (38)
DMG, H3 K27 altered 38 (9.9)
High grade glioma 36 (9.4)
Ependymoma 22 (5.5)
Medulloblastoma 10 (2.6)
Other glioma 14 (3.6)
Other 28 (7.3)
Solid tumor 183 (47)
Neuroblastoma 30 (7.8)
Ewing sarcoma 31 (8.1)
Rhabdomyosarcoma 29 (7.5)
Osteosarcoma 23 (6.0)
Wilms tumor 10 (2.6)
Other sarcoma 37 (9.6)
Other solid 23 (6.0)
Hematologic malignancy 56 (15)
Acute myeloid leukemia 22 (5.7)
Acute lymphoblastic leukemia 18 4.7)
Lymphoma 13 (3.4)
Other 3(0.8)
Sequencing method, n (%)
WGS + WTS 319 (82.9)
WGS 54 (14.0)
Targeted panel 10 (2.6)
Targeted panel + WTS 2 (0.5)

DMG, diffuse midline glioma; WGS, whole genome
sequencing; WTS, whole transcriptomic sequencing. * One
patient had two tumors analyzed (synchronous
medulloblastoma and osteosarcoma)
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Extended Data Table 2 | Tumor types within the PGT and UGT groups

PGT UGT
N N
All 99 45
CNS tumor
DMG/HGG 31 11
Other CNS 11
Other glioma 9
Solid tumor
Osteosarcoma
EWS/RMS 6 9
Neuroblastoma 8 3
Other solid 24 12
Hematologic malignancy
Leukaemia 5 0
Lymphoma 1 1

DMG, diffuse midline glioma H3 K27 altered; HGG, high grade
glioma; EWS, Ewing sarcoma; RMS, rhabdomyosarcoma

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-024-03044-0

Extended Data Table 3 | Details and responses of 24 PGTs targeting high RNA expression

ZCCID Diagnosis High RNA expression PGT ocCB rBeessptonse
AKT/MTOR

zcc181 SPNP RHEB Everolimus Yes CR

zcc328 Posterior fossa A ependymoma MTOR Everolimus/etoposide Yes DF 224 wk *

zcc170 Rhabdomyosarcoma FOXO1 FP AKT2 Temsirolimus/VC Yes PR

zcc198 T-lymphoblastic leukaemia AKT1 Everolimus/chemo No PD

zcc190 Pineoblastoma MTOR Temsirolimus/IRN/TMZ ~ No PD

zcc312 Rhabdomyosarcoma FOXO1 FN RPTOR Everolimus/TMZ No PD
VEGFIVEGFR

zcc403 Osteosarcoma VEGFR3 Regorafenib Yes DF 224 wk *

zcc297 Posterior fossa A ependymoma VEGFA Bevacizumab Yes PR

zcc94 Hepatocellular carcinoma VEGFA Lenvatinib/gemcitabine Yes SD 224 wk

zcc422 DMG, H3 K27-altered VEGFA Bevacizumab No PD

zcc339 DMG, H3 K27-altered VEGFA Bevacizumab/TMZ No PD

zcc100 DMG, H3 K27-altered VEGFA Bevacizumab/CARBO No SD6 - 24 wk
FGFIFGFR

zcc87 Desmoplastic smallround cell tumor  FGFR4 Pazopanib/chemo Yes SD =224 wk

zcc15 Gastrointestinal stromal tumour FGF3, FGF4, FGFR1, KIT  Regorafenib Yes SD =224 wk

zcc419 Gastrointestinal stromal tumour FGFR4, FGFR1, KIT Regorafenib Yes SD 224 wk

zcc452 Liposarcoma FGFR1 Pazopanib No PD

zcc87 Desmoplastic small round cell tumor  FGFR4 Lenvatinib No SD6 - 24 wk
Other

zcc1b Gastrointestinal stromal tumour BCL2 Venetoclax Yes SD 224 wk

zcch0 Clear cell meningioma ABL1 Dasatinib Yes SD 224 wk

zcc433 Supratentorial ependymoma ABL1, VEGFB Ponatinib No SD 6 - 24 wk

zcc28 Malignant rhabdoid tumour AURKA Alisertib No PD

zcc36 Malignant rhabdoid tumour CTLA4 Nivolumab/ipilumumab No PD

zcc68 ETMR DNMT3B Azacitidine/carboplatin No PD

zccb4 Atypical teratoid rhabdoid tumour HDAC1 Panobinostat No PD

CARBO, carboplatin; DMG, diffuse midline glioma; ETMR, embryonal tumour with multilayered rosettes; FN, fusion negative; FP;
fusion positive; IRN, irintotecan; OCB, objective clinical benefit; SPNP, solid pseudopapillary neoplasm of pancreas; TMZ,

temozolomide; VC, vinorelbine/cyclophosphamide
*Disease-free (DF) at start of PGT
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Extended Data Table 4 | Multivariate Cox regression analysis of factors influencing PFS

Variables Hazard ratio 95% ClI P*
Tier 1 evidence 0.43 0.24 -0.77 0.005
Fusion/SV 0.42 0.18 - 0.98 0.045
No PD since enrolment 0.50 0.31-0.82 0.006
Non-hematologic malignancy 0.21 0.06 - 0.79 0.02
Targeted mono/dual therapy 0.62 0.34-1.11 0.11

* Two-sided
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Recruitment This is an observational study where pediatric participants, who were eligible as per study criteria, were identified by the
treating clinician. While a small number of patients were excluded from tumor analysis because of lack of suitable tumor
material, this is unlikely to impact on the results. It is possible that investigators had a bias to enrol patients whose tumors
they considered more likely to harbor targetable lesions. However, there was a broad spectrum of tumor types included, and
the number and types of patients enrolled were in keeping with the anticipated national annual incidence of high-risk tumor
types.

Ethics oversight The study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki and approved
by the Hunter New England Human Research Ethics Committee of the Hunter New England Local Health District in Australia
(reference no. 2019/ETH00701). Written informed consent for all patients in this study were provided either by the parent/
legal guardian for patients aged <18 years or by patients aged >18 years. There was no participant compensation.
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Sample size This is a prospective observational cohort study. Sample size determination was performed for precision-guided therapy recommendation
rate. At the time of study design the literature indicated that 90% of the enrolled patients should have adequate tumour tissue for molecular
analysis (Harris, JAMA Oncology 2016; Parsons, JAMA Oncology 2026), up to 45% of relapsed/refractory tumour samples would have
actionable mutations (Mody, JAMA 2015; Chang, Clinical Cancer Research 2016).

We therefore hypothesised that:

« 10% of the tumours from enrolled patients cannot be profiled using any of the methods because the quantity and/or quality of the
submitted tumour tissue would be inadequate for analysis, i.e., 90% of the patients would have adequate tumour tissue

* 50% of the patients with adequate tumour tissue would have a targetable alteration detected by molecular profiling

* 60% of the above patients would receive a precision-guided therapy recommendation

* 75% of the recommendations would be made within a clinically relevant timeframe

Hence the predicted proportion of enrolled patients who would receive a recommendation within a clinically relevant timeframe was 20%.
Feasibility is therefore defined as 20% or more of the patients receiving a recommendation for personalised treatment within a clinically
relevant timeframe. A sample size of 246 would provide a 95% confidence interval of +/-5% for a 20% recommendation rate.

Data exclusions  The following data is excluded from outcome analyses:
1. Patients who died between study registration and molecular tumor board presentation were excluded, as these patients could not be
evaluated for the impact of molecular profiling on outcome.
2. Any treatment (both precision-guided therapy and other therapies) where treatment duration was less than 4 weeks, as the effectiveness
of these treatments could not be evaluated with such short treatment duration
3. Any treatment (both precision-guided therapy and other therapies) where disease progression occurred within the first 4 weeks of
treatment, as the patients had rapidly progressive disease and the effectiveness of a treatment could not be evaluated appropriately
The exclusion criteria were pre-established.

Replication This is a prospective observational cohort study where limited tumor samples, majority of which from biopsy, underwent whole genome and
transcriptomic sequencing, and DNA methylation, and replicating the molecular profiling on individual tumor samples was not feasible and
applicable. However, all samples underwent same sequencing, bioinfomatics and analysis pipelines.




Randomization  Thisis a study where tumor sample of enrolled patients underwent prospective and uniform sequencing and analysis to evaluate feasibility
and clinical utility. While patients received precision-guided treatment recommendations, treatment was at the discretion of the clinician. The
study design was therefore prospective observational and did not involve randomization.

Blinding This is a study where tumor sample of enrolled patients underwent prospective sequencing and analysis to evaluate feasibility and clinical
benefit. The study design was therefore prospective observational and did not involve blinding.
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Clinical trial registration  NCT03336931
Study protocol https://clinicaltrials.gov/ct2/show/NCT03336931

Data collection Patients were recruited between September 2017 and December 2020, with data collected prospectively between September 2017
and June 2022. All clinical data presented was collected by designated clinical research associates and clinicians based at each of the
8 clinical centres where the children with malignancy are managed in Australia; Sydney Children's Hospital (Sydney), Children’s
Hospital at Westmead (Sydney), Royal Children's Hospital (Melbourne), Monash Hospital for Children (Melbourne), Queensland
Children's Hospital (Brisbane), Women's and Children's Hospital (Adelaide), Perth Children's Hospital (Perth), John Hunter Children’s
Hospital (Newcastle).

QOutcomes The primary, secondary and tertiary clinical outcomes described in the manuscript were predefined in the protocol as below:
A. Primary outcome: Proportion of patients receiving a recommendation for personalised therapy within a clinically relevant
timeframe
B. Secondary outcomes:

1. Proportion of tumour samples found to have actionable molecular alterations

2. Proportion of patients who subsequently receive the recommended personalised therapy

3. Response rate to recommended personalised therapy

C. Tertiary outcomes:

Difference in outcome between patients receiving recommended personalised therapy and those who do not:

1. Difference in progression-free and overall survival between the two groups

2. Progression-free interval (PFl) compared with patient’s previous PFI for patients who had previous documented PFI prior to
commencing recommended personalised therapy, with in an increase in PFl by 30% considered to be effective
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