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Abstract 
The disagreements in clinical data and therapy recommendations extracted 
from different sources/studies are a common finding in oncology research. 
Knowingly “biology is less reproducible than physics and mechanic engineer-
ing”, in order to overcome the disagreements and to find common grounds, we 
still rely on meta-analysis and systemic reviews for the highest level of evi-
dence. To gather systemic review data base, a bibliographic search usually is 
conducted in the PubMed and in Cochrane Central Register of Controlled 
Trials databases to address a common clinical challenge. That said, frequently 
due to common conflicts between articles outcomes, an opinion of a third 
investigator is sought. Here in this article, we propose a rationale that could 
explain the differences in outcomes as a result of imperfect understanding of 
the current research database secondary to the unique biology of the tumor, 
rather than statistical interpretation on findings. We believe that the differ-
ences in findings merely are based on blinded inclusion criteria, and lack of 
accurate companion diagnostics to correlate the magnitude of response to 
each therapy. The objective of this article is to discuss a strategy to overcome 
such discordance by providing quantitative biological measures for genomic 
classification and correlation of tumor response to the selected targeted ther-
apy. We further review such analysis in a case series of Her 2 positive breast 
cancer and conclude that translational research would be clinically relevant 
when customized to the biological findings.  
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1. Background 

Classic trial design paradigms are challenged by tumor heterogeneity, as they are 
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unable to test targeted therapeutics against low frequency genomic “oncogenic 
driver” aberrations with adequate power. Usual accrual difficulties to clinical 
trials are exacerbated by low frequencies of any given molecular driver. To ad-
dress these challenges, there is need for innovative clinical trial designs and 
strategies implementing novel diagnostic biomarker technologies to account for 
inter-patient molecular diversity and scarce tissue for analysis [1]. Current at-
tempts in application of new targeted therapies for cancer have been based on 
the recent understanding of the tumor set of heterogenous colonies which each 
at certain point of time drives the tumor growth. Determination of these sets of 
colonies specific genomic alterations by biopsy (tissue and liquid) has provided 
extensive knowledge in exploring several actionable targets. That said, majority 
of the current drugs are approved based on the “presence” of a specific alteration 
rather than its quantitative measure of expression. For example, the presence of 
EGFR alteration in lung cancer, or Her 2/neu mutation, would prompt adminis-
tration of EGFR targeted therapies. That said, the activated (mutated) target can 
“express” itself in a wide range, and more importantly its expression varies by 
time, and is not static [2] [3] [4]. Such dynamic effect has long been clinically 
underestimated, as the tumor initial response has been more of a focus than its 
duration of response. In fact, due to the tumor secondary mutations and changes 
in its expression of treated target, no one can really know how long a patient will 
respond to a specific targeted therapy. The amount of response also has only 
been estimated based on historical data in each study. For tumors that overex-
press HER 2, trastuzumab-based chemotherapy is now the standard of care and 
it has improved the rate of response, time to progression, and the overall surviv-
al in patients with metastatic breast cancer, as well as disease-free and overall 
survival in patients with localized invasive breast cancer. That said, Her 2 posi-
tive breast cancer response to Herceptin, (if there is no inherent or acquired re-
sistance reported) has a quantity and duration with a range of negligible to sig-
nificant and between few weeks to years, depending of the clinical study per-
formed and the candidates specific tumor character included in the studied. 
Many of the studies that have looked at application of Gleevec for example in 
Her 2 positive breast cancer with hormonal blockade again disagree on the out-
comes as the candidates were not stratified for the presence of TP53 or PDGF. 
Such discordance and disagreements merely are caused by the lack of biological 
information on tumor behavior and its unique character in each case studied in 
the trial. As a result, next generation clinical trials are suggested to replace the 
current oncology clinical trial design to avoid the blinded conclusions in blinded 
trials. 

Circulatory DNA and Circulatory tumor cells are accessible by a blood sam-
ple, and can provide significant information on tumor genomic profile in a dy-
namic fashion. Such information includes genomic presence and absence of 
mutations, amplifications and even m RNA findings at CTC level [5] [6]. With 
such information, it would be very feasible to assess the tumor’s signature and 
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predict the driver cells fingerprint. Again, in the case of Her 2 positive disease, 
the presence of ERBB2 alterations is reported in the case of both Her 2 positive 
and Her 2 negative disease (by biopsy), and therefore, can guide the treatment. 
The quantity of alterations in the circulatory DNA is also available based on the 
percentage of the alteration found in the c DNA. For example in a Her 2 positive 
disease, the ERBB2 expression is quantitatively measurable and can guide thera-
py or change in therapy, in case of Her 2 resistance, long before an imaging 
study suggests progressive disease [6]. 

Other relevant example in Her 2 breast cancer, is presence and quantity (per-
centage) of TP53 c DNA post therapy which can provide information on activa-
tion of alternative pathways secondary to using anti Her 2 targeted therapy, and 
can yield to switching the treatment, or adding m tor inhibitors or PDGF block-
ers to the therapy.  

The Serum Her 2 level is a very informative and prognostic assay. It would 
provide significant information both on presence and quantity of Her 2 disease, 
and it also correlates with tumor burden. It is also suggested that serum Her 2 
level correlates with Her 2 targeted radio labeled imaging. Such test in addition 
to the CTC and c DNA can identify the response to anti Her 2 therapy months 
before a scan is performed, and can meaningfully determine both response and 
predict resistance to her 2 therapy [7]. 

It is therefore completely understandable when different trials have complete-
ly different results when it comes to the treatment of Her 2 disease, as the thera-
pies are provided to patients whom individualized genomics are unknown. This 
phenomenon questions the validity of existing literature in clinical oncology 
when most of the studies and what called as evidence based medicine cannot 
fully be relied upon, specially for a physician implementing customized targeted 
therapies for cancer, where whole genome sequencing is applied [8] [9] [10]. 

2. Method and Material 

We prospectively treated 4 cases of stage four Her 2 positive breast cancer pa-
tients with targeted therapy and monitored their response. These patients were 
randomly selected in the population of the clinic. These patients were all white, 
ages of 37 to 57, average age of 46 years old and all were non smoker. The Her 2 
targeted therapy was selected based on clinician’s choice of drug, and profile of 
expected side effects. The proposed companion diagnostics in this article, (c 
DNA, CTC, serum Her 2 level) were performed. We showed a wide range of la-
boratory findings. Presence of circulatory tumor cells and the expression of Her 
2 m RNA (through Biofocus laboratory in Germany) were quantified. Circula-
tory tumor DNA was assessed by Guardant 360 laboratory, and serum Her 2 
level were checked through LabCorp, US. We reviewed the response to Her 2 
therapy based on the laboratory findings. We were able to successfully improve 
patients outcome by switching the therapy based on companion diagnostic dis-
cussed. 
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3. Cases 

Case 1: 
47 years old female with history of stage four breast ductal carcinoma, diag-

nosed in 2/2014 status post left lumpectomy, refused traditional treatments, in-
cluding chemo and radiation. Her left breast mass was carrying a low recurrence 
score on oncotype dx, further she had tried many alternative therapies, including 
GC MAF with no results, in fact her tumor just progressed and developed exten-
sive bony mets in her scan performed in July 2014. The bony lesions were de-
structive in all areas involving the thoracic and lumbar spine, too many to count. 

She received 7 injections of XGEVA in 2015, and stopped due to the side ef-
fects. She was referred by her oncologist to us for evaluation and therapy. Her 
main complaint was pain and inability to walk. After initial evaluation which 
consisted of CTC, c DNA and serum Her 2, tumor markers, and LDH, she was 
immediately started on IV epigenetic therapies (per MTET protocol) which she 
received on daily basis for two weeks, then tapered to twice a week. Her initial 
labs on July 12th, showed extensive disease with very high markers (CA 15.3, 
27.29 and CEA) over 1200, her LDH 900, her c DNA was positive for PI3K and 
FGFR1. Her calcium was at 12.4, due to extensive bony mets, showed in her 
spinal MRI in June 2016.  

She reported improved quality of life after the very first treatment, and con-
tinued to improve clinically. Her ECOG improved 3 points from 3 to 1. Her labs 
were repeated and after two weeks on July 26th, and showed a marked reduction 
(20 percent) in all her tumor markers. Her c DNA completely resolved (please 
see Figure 1). Her calcium dropped to normal range at 8.3. Her serum Her 2 
level dropped down from 124 down to 66, measured on 7/12/16 and 8/5/16 (she 
had not received any Her 2 drug at this time). Please see Figure 2. 

She further developed metastatic dural disease in October 2016, which re-
sponded to the therapy with complete resolution of neurological deficits in 
12/15/16 after two months of therapy. 

Further she was treated with targeted therapies (everolimus) added to Hercep-
tin, as her c DNA showed positive PI3k alteration. Such combination further 
continued to show improve results. Her tumor markers dropped significantly as 
her LDH. CA 27.29 dropped down to 804 from 1136 (measured on 8/5 and 
8/16/16). Her LDH dropped from 742 to 556. Her Alk-P dropped from 172 to 
125. Her CEA dropped from 2368 to 1620, her CA 27.2 dropped from 1136 to 
804 and her CA 15.3 dropped down from 954 to 757 (measured on 8/16/16). Her 
Her 2 continued to drop down this time to 28 (measured on 8/23/16), Her 
markers are continuing to come down on 1/6/17 with CEA at 635 from 2025. CA 
15.3 at 962 from 2172. CA 27.29 at 1114 from 2049, LDH 291 from 556. 

Her restaging PET scan shows significant response, to interval therapy in-
cluding almost complete resolution of her bony mets, decreased sizes and activi-
ty on all lesions. Resolution of right humeral head, and lumbar spine, She still 
has mild persistent left femur SUV activity of 3.0 from 8.4 measured on  
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Figure 1. Circulating DNA (Pre and Post therapy). 
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Figure 2. Serum Her2 level. 
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10/30/15, and proximal humerus at 2.7 from 4.3 and residual right breast at 1.2. 
Left thyroid at 2.5 from 3.8 (please see Image 1). 

Case 2: 
50 years old female with history of Her 2 positive breast cancer who had not 

had a biopsy yet, when she referred to us, but her tumor markers were elevated 
after she found a mass in her left breast growing for over a year. She has done a 
thermogram which was suspicious. Upon her arrival, we ordered biomarkers as 
well as a staging PET scan which showed significantly high metabolically active 
tumor in her left breast as well as axilla, and her iliac bones as well as Thoracic 
and lumbar spine. (SUV activity of 9.9) Her tumor markers were highly elevated 
in hundreds and she had positive c DNA on her liquid biopsy which was positive 
for PI3k as well as c KIT, measured on 11/19/15. Her TGF was also elevated, ex-
pected form her c KIT overexpression. Her CTC came back positive for c MYC, 
and were positive for ERBB2 (Her 2). 

She was started on combination of MTET and Herceptin. Her TGF also 
dropped from 24000 measured on 1/19/16 down to 1258 on 2/22/16. Her cancer 
was restaged on 4/1/16, through a whole body PET which showed a near com-
plete resolution of thoracic LNs, FDG activity, as well as complete resolution of 
FDG activity in T3 and L4 bony mets (SUV dropped to 2.0 compared to 9.1). A 
significant reduction of both extend and the level of metabolic activity was seen 
at these levels. There were reported pulmonary nodules with remaining activity. 

Further she was started on Afinitor in December 2016. Her c DNA was re-
peated, and it showed stable Kit, and resolution of PI3K to none detectable. 
(Please see Figure 3). Further c DNA showed reduction of MAF to 0.5. Her res-
taging PET scan on 1/3/17, showed improvement in both size and activity of all 
metastatic lesions in the lungs, and bony pelvis. No new lesion was seen. The left 
upper lobe lung lesion decreased in size from 1.4 to 1.2 cm, and SUV from 12.6 
to 4.9, left upper lobe lesion 1 cm from 1.6 cm, activity down from 11.7 to 1.1, 
right upper lobe lung lesion 0.9 cm from 1.3 cm, activity down from 10 to 3.7, 
axillary nodes SUV of 0.9. left iliac wing lesion decreased SUV activity from 8.3 
to 4.7. left ilium decreased from 9,.9 to 4.5. inferior pubic ramus decreased from 
5.3 to 3. L4 lesion stable. 

She continues the treatments at our clinic with improved clinical response.  
 

 
Image 1. Pet Scan before and after the therapy. 
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Figure 3. Circulating DNA (before and after the therapy). 
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Case 3: 
37 years old female with history of breast cancer diagnosed in 1/2014, stage 

IIA, with ER/ PR/ Her 2 all positive, refused all conventional therapies, including 
hormonal blockade, opted for alternative treatments in Mexico, have exhausted 
IPT, Vit C drip and other alternative treatments, including autologous immune 
cell therapy and hyperthermia, referred to us by her PMD, status post mastect-
omy in 1/2014, and recurrence of the tumor in 9/2015 at the surgical implant re-
placement, in Cleveland clinic, with lastly November 2015 scan which confirmed 
presence of innumerous bony mets as well as thoracic and neck LN involve-
ments, extensive chest and bone disease. Upon her evaluation we found signifi-
cantly high tumor markers as well as IGF-1 and positive circulatory DNA in her 
liquid biopsy with a mutated P53 as well as ERBB2. Her Serum Her 2 was also 
elevated. Her scan on 10/7/15, showed right breast mass with SUV of 14.8, as 
well as several axillary, mediastinal and hilar lymphadenopathies ranging in SUV 
of 7 - 9.6. Many sclerotic bony lesions in her glenoid, sternum and sacrum 
(SUVs ranging between 7.8 to 9.2).  

She then was started on Herceptin along with IV epigenetic therapies which 
she received on daily basis. Her IGF-1 was repeated after two weeks of therapy 
and it reduced from 240 to 193 (measured on 11/9/15 and 11/23/15, respectful-
ly). Her quality of life improved while she had not changed her diet or supple-
ments.  

She started Herceptin, based on both the tumor molecular profiling showing 
overexpression of Her 2. She concurrently received IV epigenetic therapies, 
based on again the molecular profiling of her tumor showing overexpression of 
TET2. 

Her CTC was repeated by biofocus on 12/17/15 and it showed complete era-
dication of CTC with CK20 and ERBB2. The C Myc virtually stayed the same. 
(Please see below). Her LDH also dropped from 303 to 147 after just three days 
of treatment (measured on 12/25 and 2/28/15 respectedly). 

On 1/20/2016, her CTC was repeated and it showed complete resolution of 
CTC post therapy. (Please see Figure 4). Her circulatory DNA was measured 
through Guardant and it was positive for PI3k and TP53, at high MAF, meas-
ured on 11/9/15, 12/1/15 and negative on 12/30/15 (please see Figure 5). She re-
ceived Herceptin along with IV multitargeted epigenetic therapies, that could 
explain the disappearance of ERBB2 from her CTC and/or c DNA, however 
there is no expected positive effects from Herceptin on P53, or PI3K, nor the c 
MYC present at her initial CTC. We contribute such finding to the IV epigenetic 
therapies, she received at the interim, as this therapy in fact targets c MYC, P53 
and Pi3k simultaneously.  

She stopped the IV epigenetic therapies on 1/16, as she moved back home, 
and stayed on Herceptin every three weeks, schedule, along with monthly Lu-
pron and Xgeva, and tamoxifen. Her restaging scan in August 2016, showed sig-
nificant progression of her disease with increased sizes and metabolic activities  
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Figure 4. Circulating tumor cells. 

 
in all her lesions in thoracic and bones (New L 1 lesion with SUV activity of 
16.9). Sternum enlarged tumor with SUV of 16.9 from 5.6, Sacrum lesion en-
larged with SUV activity of 16.9 from 5.6, Right sacrum from 7.4 down to 3.7, 
Scapula from 5.2 to 13.1. 

At this point the CTC was repeated and it showed the presence of HER 2 posi-
tive cells again. She immediately returned to our clinic and started the IV thera-
pies again on 8/25/16, on daily basis. Her restaging scan was ordered on 9/15/16, 
and showed partial response to therapy with significant reduction in all her le-
sions sizes and SUV metabolic activities (cervical node, right breast implant 8.2 
from 12.2, axillary nodes 4.2 from 6.0, , Pulmonary (hilar) nodules 4.3 from 9.2, 
and bony lesions in sternum 10.2 from 16, L1, from 16.3 down to 11.9. right 
scapula from 13.9 down to 8.4, sacrum from 7.4 to 6.6).  

Her CTC again repeated in December 2016, showed complete resolution of 
the CTC post therapy (see Figure 6). 

This concept is novel as it could also substantiate our theory of targeted epi-
genetic therapies for driver epimutations in cancer, in this case could well corre-
late with the mutation identified at TET2 in the molecular profiling of this tu-
mor.  

Case 4: 
57 year old female with breast invasive ductal carcinoma, first diagnosed in 

October 2000. She was treated with alternative treatments in Mexico and re-
mained in remission until 2008, when she had right breast pain. She went back 
to Mexico and had right mastectomy. Her pathology showed ER/PR/HER 2 
triple positive with a Ki67 of 60%. After that, she received Herceptin and hor-
monal blockade with arimidex. Her PET scan done at that time confirmed  
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Figure 5. Circulating DNA. 
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Figure 6. Circulating tumor cells. 
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metastatic disease with bone involvement. She then was treated at St. Judes 
where she continued hormonal blockade, herceptin, zometa. She progressed 
slowly and was under the care of oncologist in Hanford. She also tried and failed 
Xeloda. She was started on Tamoxifen and offered radiation. Most recently she 
had been on Femara, but her most recent PET scan on 6/8/16 again showed 
progression of disease with complete destruction of the sterum. There were mul-
tiple lung mets, as well as extensive disease in the peritoneum. There were no 
liver lesions noted on her most recent PET. She has never had a paracentisis. She 
referred to us seeking alternative and integrative treatments. Upon her arrival 
she was evaluated and her labs drawn, which showed presence of CTC in the 
blood, along with expression of ERBB2 and c Myc. These CTC were ER negative 
(see Figure 7). 

Her molecular profiling was performed which showed presence of several 
mutations in her tissue biopsied from her humerus. First they were Her 2 nega-
tive, second they were ER positive. Third they were MSH-6 positive making 
them responsive to the IV epigenetic therapies which started immediately on 
daily basis.  

Her labs reported decreased tumor markers, CA 27.29 at 685 from 765, CA 
15.3 at 533 from 574, Her 2 at 75 from 98, measured on 6/28/16 after two weeks 
of therapy. Her c DNA showed a marked reduction from 7.4 to 5.0 at the level of 
PI3k. Further as repeated it showed more reduction from 5 to 1.9, measured on 
8/2/16 (please see Figure 8). 

She received Herceptin after two weeks of MTET. Her initial response to 
MTET was reduction of her serum Her 2 level (please see Figure 9). 

She did not respond to either Lapatinib or Herceptin, as her serum Her 2 in-
creased again. This is a case of inherent resistance to Herceptin, and therefore 
she was started on epigenetic therapies again this time, with decreased serum 
Her 2. It was decided to use Afatinib (a pan EGFR blocker) in conjunction with 
Herceptin, in her case. Her tumor markers dropped and she continued to re-
spond to therapy with improved markers, and continues to improve. 

4. Conclusion 

In all cases studied, there was a significant correlation between the mutational 
allele fraction (and presence) of c DNA, positive Her 2 CTC and serum Her 2 
level with the magnitude of response. We believe that further hypothesis can be 
generated by this small sample looking at companion diagnostics of Her 2 dis-
ease before, during and after the therapy. It is also mentionable that there was 
some correlation between the serum Her 2 level and resistance to targeted ther-
apy. We believe that the current standard of care should change in regards to in-
itiation and the duration of Her 2 therapy, as relying on the progression of dis-
ease in scan, as an end point for the therapy could postpone sequencing or se-
lecting a more desirable therapy. Furthermore these cases substantiate the evi-
dence on effectiveness of multi targeted epigenetic therapies for driver epimuta-
tions in cancer. 
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Figure 7. Circulating tumor cells. 
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Figure 8. Circulating DNA. 
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Figure 9. Serum Her level. 
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