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TP53 mutation ~96% but few other genes 
recurrently point mutated in primary disease 

 

Molecular characteristics of HGSC 
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BRCA1/2 and homologous recombination DNA 
repair pathway dysfunction ~50% 

Copy number driven Gene expression subtypes 
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Molecular characteristics of HGSC 



Acquired resistance 

CA125 



•Recruited 2500 women presenting for surgery 
•Fresh frozen tumours ~1100 patients 
•BRCA status on ~1000 
•Detailed follow up (less than 5% lost) 

•~200 women during recurrence 
•Mostly ascites samples 
•Paired and unpaired 
•Ongoing 

•Rapid autopsy 
•Focus on treatment failure, 
clonal variation and tumour 
evolution 
•Commenced late 2012 
•Collection over 300km radius 
•Median time to autopsy 5.5hr 

Relapse study 

CASCADE (CAncer tiSsue 
Collection After DEath) 

AOCS (Australian Ovarian Cancer Study) 

Population based collection 2002-2006 



114 primary/recurrent samples from 92 patients 
 

• 40X Illumina tumor-normal whole genome sequencing 

• Transcriptome sequencing (>100m reads) 

• Illumina 450 Methylation chip 

• Illumina 2.5M SNP chip 

• Nanostring 800 miRNA panel 
 

Australian Ovarian Cancer Study ICGC Cohort 

49 Primary Resistant 
or Refractory 

37 Primary 
Sensitive 

14 Acquired Resistant pairs 
2 rapid autopsy cases 
8 unpaired recurrent cases 



• Increased tumor desmoplasia 

• Deletion of low density receptor protein related 1B (LRP1B)* 

• Loss of BRCA1 methylation 

• Fusion involving multidrug resistance transporter 1 (MDR1 encoded by ABCB1) 

• Reversion of BRCA1 or BRCA2 germline alleles through intragenic mutation 

 
 
 

Patch et al Nature 2015 
*Cowin et al Cancer Research 2012 

Mechanisms of acquired resistance identified in 
our studies 
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Transcriptional fusion of exon 2 of ABCB1 (Multidrug 
resistance transporter 1) to the promoter and exon 1 of 
SLC25A40 

• Detected by WGS of tumor genomes 
• Seen in 2/14 paired cases 
• Entire reading frame of ABCB1 intact 
• Only detected in relapse (post-chemotherapy) samples 

AUG 

ABCB1 SLC25A40 
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ABCB1 expression increases from primary to recurrence 
when fusion present 



Detection of the fusion by PCR of cDNA in an 
independent cohort of relapse ascites 

8% of recurrent samples 

AUG 



All fusion cases are associated with the upper range of 
expression of ABCB1 

Primary 

Relapse 

-        +     fusion 

Cases with ABCB1 fusion 



5’ partner fusions to the promoters of SET7, HMOX-2, CASP, 
MCFP, MLL5 and NRF-1 in Acute Myeloid Leukemia 

ABCB1 promoter fusions in acute myeloid leukemia 



MDR1 inhibitor studies in ovarian cancer 

Reference Phase P-gp inhibitor In combination 
with 

Patients Safety/Tolerabili
ty/Adverse 
Effects 

Outcome 

Seiden (2002) 
Gyn Oncol 

II Biricodar  
(VX-710) 

Paclitaxel Paclitaxel-
refractory 
ovarian cancer 

Generally well 
tolerated. 
Neutropenia, 
neuropathy 

PR = 3/50 
MR = 2/50 
SD = 12/50 
PD = 33/50 

Fracasso 
(2001) JCO 

II Valspodar (PSC 
833) 

Paclitaxel Resistant, 
recurrent 
ovarian cancer. 
Only one 
previous 
treatment with 
platinum and 
paclitaxel. 

Neutropenia, 
neurotoxicity 

PR = 5/58 
SD = 15/58 
PD = 36/58 

Kelly (2012) 
The Oncologist 

CBT-1 Paclitaxel Cervical, 
ovarian, lung, 
breast, renal 
cancer 

Neutropenia 

Kelly (2011) 
Clin Cancer 
Res 

II Tariquidar Docetaxel Lung, cervical, 
renal clear cell 
or ovarian 
cancer. 

Generally well 
tolerated. 
Neutropenia, 
leukopenia 

PR = 4/48 
SD = 16/48 
PD = 20/48 

Patients were not selected for MDR1 overexpression 



Clinical utility of detecting the ABCB1 fusion in 
recurrent ovarian cancer? 

• All patients with the fusion were treated with and failed to respond to P-gp 
substrates 

• Dose dense taxane is widely used in recurrent chemoresistant ovarian cancer 
 

Clinical options when a fusion is present: 
• Provide chemotherapy in conjunction with MDR1 inhibitor eg Tarquidar 
• Switch treatment to poor MDR1 substrates eg. AZD2461 (PARPi) 

 



• Fusion involving multidrug resistance transporter 1 (MDR1 encoded by 

ABCB1) 

• Increased tumor desmoplasia 

• Deletion of low density receptor protein related 1B (LRP1B)* 

• Loss of BRCA1 methylation 

• Reversion of BRCA1 or BRCA2 germline alleles through intragenic mutation 

 
 
 

Patch et al Nature 2015 

Mechanisms of acquired resistance identified in 
our studies 



Reversions of germline BRCA1 and BRCA2 alleles 
through second site mutations 

Modified from Bouwman & Jonkers (2012) Nature Rev Cancer 

Germline allele in primary tumor 
 

Splice site mutation 

Secondary frame shift 

Back mutation 



Intragenic reversion events in 4/8 mutation 
carriers with paired samples 

Case GL  Somatic sensitive Somatic resistant 

AOCS-034 BRCA1 pL63* 2 x Reversions 

AOCS-064 BRCA1 methylation BRCA1 methylation 

AOCS-065 BRCA1 1bp del 

AOCS-086 BRCA1 1bp del 

AOCS-088 BRCA1 1bp del Reversion 

AOCS-090 

AOCS-091 BRCA1 methylation BRCA1 non-methylation 

AOCS-092 

AOCS-093 BRCA1 methylation BRCA1 methylation 

AOCS-094 BRCA1 methylation BRCA1 methylation 

AOCS-095 BRCA1 5bp del 

FANCL fs 

BRCA1 Reversion 

AOCS-117 

AOCS-119 

AOCS-120 

AOCS-134 BRCA1 2bp del Reversion 

AOCS-135 

AOCS-137 BRCA1 missense 

AOCS-138 

AOCS-139 BRCA1 pE143* 

AOCS-141 

AOCS-142 FANCI fs 

AOCS-150 BRCA1 1bp ins 

AOCS-155 BRCA2 - 2 somatic 
missense mutations 



b AOCS-167 BRCA2 

Pericardial lymph node deposit 

Ascites 

Omental deposit 

Multiple BRCA2 reversion events at end-stage in a 
individual rapid autopsy patient 

AOCS -167:  5 reading frame restoring reversion events detected by WGS – 4 in 
ascites and an omental deposit, 1 unique to pericardial deposit 

Olaparib 

Platinum 



Validation of WGS data by PCR flanking the germline 
mutation and deep sequencing  

Reference 

Deletion 

Control PCR 

Deletion PCR 

PCR for large deletion 

PCR flanking germline allele 



15 independent reversion events detected by PCR and 
NGS 

4/15 low confidence – low allele fr. 

✓ 
✓ 
✓ 
✓ 
✓ 

✓ 
✓ 
✓ 
✓ 

✓ 
✓ 

Validation of reversions seen in WGS in transcriptome data 

✓ 
✓ 

Eg. 0.239 = 23.9% 
cells with reversion allele 



• Patient had no initial debulking surgery prior to chemotherapy – large tumor pool 

for reversions to arise? Is neoadjuvant treatment a risk in BRCA1/2 carriers? 

 

• As an autopsy case, we sampled many sites – perhaps multiple reversions are 

more common than appreciated 

 

• Germline mutation occurred in a less functionally significant part of the protein – 

flexibility to tolerate in frame reversion deletions? 

Why did reversions occur so frequently in AOCS-167? 

Germline mutation 



• Multiple mechanisms of acquired resistance apparent 

• Multiple BRCA reversion events 

• Promoter capture for ABCB1 (MDR1) 

• Molecular subtype shift 

• Loss of BRCA1 methylation 

• Polyclonal seeding is an emerging twist on intratumoral heterogeniety.   

Summary 

Open questions 

• What other mechanisms of acquired resistance occur? 

• Is there a diversity of resistance mechanisms within patients? 

• Can acquired resistance be effectively targeted therapeutically? 
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A given allele can be abundant at one site, rare at 
another 

Lower allele 
frequency at all 
sites analysed 

Abundant 

Rare 



Individual metastases with multiple reversions, others 
monoclonal 

Pericardial - Monoclonal 

Small bowel - Polyclonal 



Reversions #1, #2, #3 appear together in multiple 
abdominal metastases – polyclonal seeding 


