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Abstract 

The growing use of genomic testing presents new treatment options but also new 

dilemmas. We describe here a heavily-pretreated metastatic triple negative breast 

cancer patient who failed to respond to conventional treatment. Genomic analyses 
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were performed that discovered several targetable alterations (e.g. FGFR1, CDK6, 

INSR) and created a clinical challenge – which target to target first? 

Our solution to this relatively common scenario was using ex-vivo organ culture 

(EVOC) system to prioritize treatment directed toward the best molecular target. 

EVOC enabled the trial of several potent targeted agents (Everolimus, Linsitinib, 

Palbociclib, AZD4547) and allowed semi-quantitative measurement of tumor 

response. The best response was to FGFR inhibitor, AZD4547. Consequently, the 

most accessible FGFR inhibiting agents (Pazopanib, then Nintedanib) were 

administered and some response was achieved.  

This report provides a potential rationale for utilizing EVOC system to predict tumor 

response to targeted therapy when multiple targets are proposed.  

Keywords: Triple Negative, Breast Cancer, Targeted Therapy, Ex-vivo, Patient 

Derived Xenografts 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



3 

 

 

 

 

 

 

 

Introduction 

All cancer types are characterized by gene mutations. Recent technological 

advancements in next-generation sequencing (NGS), together with the steep decrease 

in their costs lead to widespread use of these methods.(1) However, in numerous 

cancer patients the interpretation of test results is challenging due to multiple gene 

mutations in various pathways, previously undescribed alterations (with unknown 

effect on protein function) and non-targetable alterations (without a potent inhibitor in 

the market).(2) When considering the optimistic scenario of multiple targetable 

mutations, the treating oncologist is facing a difficult dilemma- which target to target? 

In the largest North American precision medicine studies (TAPUR by American 

Society of Clinical Oncology and MATCH by the National Cancer Institute), there are 

no clear algorithms to prioritize targetable mutations to decide 'which one to target 

first'.(3, 4)] The most common practice in most institutions is to make decisions using 

a multi-disciplinary molecular tumor board discussion. Decisions are based upon best 

available clinical data (known to participants) and biological logic or assumptions.(5)] 

One rare example of predefined treatment algorithm was utilized in the randomized 

phase 2 SHIVA clinical trial (Molecularly targeted therapy based on tumor molecular 
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profiling versus conventional therapy for advanced cancer trial (6)]): first, the 

hormone receptor with the highest expression was taken into account; second, any 

mutation, amplification, or deletion was deemed to be of greater importance than was 

hormone receptor expression; and third, in cases with several mutations, 

amplifications, or deletions, the tumor board judged alterations to direct targets of a 

molecularly targeted agent to be of highest priority for the treatment decision—if two 

molecular alterations that were both direct targets of one of the available molecularly 

targeted agents were present, the board would make the decision based on which 

alteration was downstream. For various reasons, the trial failed to improve 

progression-free-survival using targeted therapies. 

However, to our best knowledge, no ex-vivo based trials treated patients prospectively 

with targeted therapy after performing NGS of tumor tissue. Here we present the use 

of an ex-vivo organ culture (EVOC) to prioritize targeted treatment in a heavily 

pretreated metastatic triple negative breast cancer patient.         

Case Report 

58 year old female, previously healthy, diagnosed with metaplastic subtype of triple 

negative breast cancer (cT3N0M0, stage IIB). Neoadjuvant chemotherapy with 

Cyclophosphamide and Doxorubicin was initiated. Due to tumor growth during 

treatment, the patient underwent mastectomy with sentinel lymph node biopsy. 

Pathologic analysis revealed 5 cm tumor and no axillary involvement (0 out of 5 

nodes). Adjuvant chemotherapy with Paclitaxel and Carboplatin was administered. 

Genetic counseling and testing ruled out germline BRCA1/2 mutations. Two years 

later, the disease recurred in one ipsilateral axillary lymph node which was retreated 

with formal dissection (extracapsular extension was detected), radiation therapy (54 
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Gy to chest wall and axillary basin) and chemotherapeutic protocol comprised of 

Cyclophosphamide, Methotrexate and 5-Fluorouracil (CMF). A year later, another 

ipsilateral axillary recurrence was treated with surgery and re-irradiation. Sadly, 

pulmonary metastases rapidly appeared and were resistant to combination of 

Carboplatin, Paclitaxel and Bevacizumab. Switch to Eribulin and Bevacizumab did 

not prevent further tumor growth.  

To obtain additional insights into the molecular alterations in the tumor, a sample 

from the primary tumor was sent for NGS profiling (both our local whole-genome-

sequencing (WGS) and commercially available FoundationOne test). Both analyses 

revealed major molecular alterations (several targetable with available agents); 

amplifications of FGFR1, CCNE1, CDK6, MYC, MYST3, INSR and mutations in 

PIK3R1, TP53, CREBBP and (Figure 1a). FGFR1 and CCNE1 amplifications were 

found on both tests. Detailed WGS methods appear in Supplementary 1.   

Then, a lung biopsy was performed and small pieces of the tumor were implanted into 

immune-deficient mice (NSG mice) as patient-derived xenografts (PDX). After 2 

passages of tumor between mice to allow expansion (12 weeks period), a tumor was 

harvested, sliced into 250uM slices and cultured in medium containing antimicrobials. 

Tissue was incubated in a moist chamber with 80% oxygen and 5% CO2, on titanium 

mesh inserts, on a rotating platform. After overnight acclimatization, tissue was 

treated with targeted therapy at 3 concentrations (or DMSO control) for an additional 

96 hours (Figure 1b), afterwhich the tumor slices were fixed in paraformaldehyde and 

embedded in paraffin to allow morphological analysis. 

A specialized cancer pathologist examined Hematoxylin & Eosin stained slides and 

scored the percentage of viable cells (Figure 1b). As presented, best tumor response 

 

 

 
 
 
 
 



6 

 

was to FGFR inhibitors (Figure 2), manifested also by less proliferation, increased 

apoptosis and decreased downstream signaling. Multi-disciplinary molecular tumor 

board decided to start treatment with Pazopanib, a multiple tyrosine kinase inhibitor 

(TKI) that can also block FGFR1. After two months of treatment with severe side 

effects (proteinuria and hypertension, partially controlled with intensive therapy and 

dose reductions), PET-CT showed mixed response to treatment. A second molecular 

tumor board discussion offered the patient a switch to a less neprotoxic TKI, 

Nintedanib which continued for 2 months with stable disease. Sadly, a brief time after 

the imaging the patient suddenly died in her sleep. Autopsy to define the cause of 

death was not performed. 

Discussion 

Cancer genomics studies are expanding our knowledge of the molecular disturbances 

in cancer. More and more alterations are found with increasing accuracy and depth of 

sequencing. However, the process of translating the molecular findings found by NGS 

testing to treatment plan is still frustratingly difficult.(2)] There are major obstacles in 

clinical practice which make it a daily challenge to decide which molecule or 

alteration is clinically significant and which to target. Many genetic changes are not 

described in the major databases (ClinVar, VarSome etc.) and therefore regarded as 

Variants of Unknown Significance (VUS). To complicate the 'pure' bio-medical 

considerations, the clinician must account for financial, regulatory and bureaucratic 

matters. One important issue is the accessibility of patients to phase 1 clinical trials; a 

cumbersome mission outside the largest academic cancer centers of North America or 

Western Europe.(7)]  
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Clinicians are enthusiastic to define and use predictive biomarker for every targeted 

therapy agent. An excellent biomarker will enable better patient selection and better 

outcomes with lower costs. A great example is the recent U.S. Food & Drug 

Administration approval of an histology-agnostic biomarker to guide treatment with 

pembrolizumab in high microsatellite instability (MSI-H) or mismatch repair 

deficiency (dMMR). However, due to tumor heterogeneity, microenvironment and 

other factors, many biomarkers for targeted agents fail to perform at a high prediction 

level. In order to overcome some of those barriers, ex vivo platforms were 

developed.(8) Ex-vivo experiments are cheaper and significantly faster than PDX in 

mice. They enable maintenance of the tumor microenvironment and permit the trial of 

multiple different drugs in an individual tumor. Ex-vivo experiments lack the 

advantages of in-vivo experiments regarding parameters that cannot be recapitulated 

ex-vivo (e.g. drugs' doses, pharmacodynamics, tumor-organism interactions, and long 

term response).  

Accumulating evidence suggests that ex-vivo systems may serve as a potent and 

robust platform in various tumor models; breast, head and neck, colorectal etc.(9-15) 

Furthermore, ex-vivo platforms may reflect patients' response to treatment and allow 

for the study of clinically important molecular processes in the tumor following drug 

exposure with additional clinical implications.(16)  

In the present report, we show the successful use of an established platform (EVOC) 

exploited to answer a novel treatment challenge: prioritization of genomic targets 

found by NGS, to guide the treatment of an aggressive subtype of triple negative 

breast cancer. Our patient's metastatic disease had progressed on every 

chemotherapeutic regimen and achieved a stable disease of several months using 

treatment prioritized using EVOC. Until future functional assays or standardized 
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clinical algorithms become available, this approach can be used to treat selected 

patients with several targetable genomic alterations to prioritize the most likely 

effective therapy. Worldwide, initial reports on the outcome of NGS-based targeted 

therapy approach in pretreated metastatic patients show initial promising results.(17, 

18) Specifically in breast cancer, the recent results of AURORA (European 

multinational collaborative molecular screening initiative for advanced breast cancer 

patients (19)) show that 63% of patients have at least one targetable alteration while 

more than 40% have two or more. Not surprisingly, targeted treatment prioritization 

algorithm was not published. 

Yet, certain limitations deserve to be mentioned. First, a significant effort is required 

to perform the EVOC system in well-standardized fashion. Second, the dosage of 

various drugs is partially arbitrary in the EVOC method and may not represent real-

life therapeutic levels. Third, due to tumor heterogeneity and sampling issues; NGS 

may miss the actual driver mutations of the tumor. 

In conclusion, this report provides a potential rationale for a strategy of utilizing 

EVOC system to predict tumor response to targeted therapy. Using EVOC on a given 

tumor with multiple genomic aberrations can provide additional information and 

prove a useful tool in the oncologist's armamentarium in the NGS era. 
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Figure Legends: 

Figure 1- Ex Vivo Organ Culture (EVOC) Results 

1a) Results of tumor sequencing by FoundationOne test  

1b) various drugs in several doses which were used to treat the tumor in the EVOC. 

Percentage of viable cells as assessed by an expert pathologist examination. 
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Figure 2- Ex Vivo Organ Culture Histopathology Following Treatment 

Representative images from treated tumors. Tumors were stained with H&E, Ki67 

proliferation marker, apoptosis marker cleaved-caspase-3 (cc3) and phosphorylated 

ERK (pERK). 
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