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Patients with heavily pretreated advanced cancer or with rare tumors are difficult to treat. Molecular profiling (MP) of tumors to
identify biomarkers that predict potential outcomes with individual therapies is an emerging strategy to guide treatment decisions.
Patients with rare tumors for which standard-of-care therapy was unavailable or more common tumors for which standard-
of-care options had been exhausted underwent MP at a single Australian center. Data regarding treating physicians’ choice of
therapy, MP results and recommendations, and patient outcomes were collected. Seven patients had received prior standard first-
line therapy (PST), 16 had rare tumors, and 31 had been heavily pretreated (HPT; ≥2 prior lines). Most treatments suggested by
MP (541/594; 91.1%) were common chemotherapy drugs available in generic formulations. MP-guided therapy recommendations
differed from physician’s recommendations in 48 patients (88.9%). MP-guided therapy produced clinical benefit (improved QOL
and/or performance status, symptoms, bodyweight, or RECIST) in 19/31 (61.3%), 11/16 (68.8%), and 3/7 (42.9%) patients withHPTs,
rare tumors, and PSTs, respectively, and had a PFS ratio ≥1.3 in 22/37 evaluable patients (59.5%; 95% confidence interval 44–76%).
The null hypothesis that ≤15% of these patients would have a PFS ratio ≥1.3 was rejected (one-sided 𝑝 < 0.0001). In conclusion,
using MP to guide therapy selection is feasible in clinical practice and may improve patient outcomes.

1. Introduction

Good performance status patients with heavily pretreated
tumors and those with rare malignancies represent a difficult
therapeutic group. The aim of therapy for these patients is to
extend survival while maintaining the best possible quality
of life (QOL); however, balancing the risks and benefits
of treatment that is often not evidence based represents a
significant challenge [1, 2].

Traditionally, cancer treatment selection has been based
on tumor organ of origin and histological type rather than
tumor molecular characteristics, despite increasing genetic
heterogeneity as tumors metastasize, suggesting a hypothesis
for why only a proportion of patients respond [3]. As our
understanding of tumor biology has improved, increasing
numbers of factors predicting sensitivity to therapy have
been identified and can be used to guide therapy, with
potential utility for both new targeted/biological agents and

chemotherapy [4]. For example, the epidermal growth factor
receptor- (EGFR-) targeted agent cetuximab was initially
developed for colorectal cancers overexpressing EGFR, but
subsequent analyses have demonstrated that KRAS wild-
type and NRAS wild-type status identify those tumors that
are most sensitive to cetuximab [5], resulting in a new
standardmolecular profiling test to guide treatment selection.
Similarly, molecular testing can result in new treatment
options becoming available; for example, EGFR2- (HER2-)
directed therapies are now recommended by the National
Comprehensive Cancer Network for the treatment of those
relatively rare lung cancers that harbor HER2 mutations [6,
7].

Molecular profiling (MP) using comprehensive screening
for multiple tumor biomarkers has the potential to identify
therapies to which a tumor is most likely to be sensitive
or resistant. By combining this information with the treat-
ing physician’s knowledge of anticancer drug regimens and
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patient history, potentially effective regimens can be identi-
fied. Use of this technique in a variety of tumor types has been
reported [8–13].

We describe a review of prospectively collected data for
patients with difficult-to-treat tumors from a single center
who underwent MP with a view to using the results to guide
treatment decisions.

2. Materials and Methods

2.1. Patients. A single practice at St John of God Hospital,
Subiaco,WesternAustralia, offeredMP to a consecutive series
of good performance status patients with rare tumors with
limited or no standard treatment options available and to
those with common tumors who had exhausted standard
treatment options. Patients who had received prior standard
first-line therapy (PST) could request MP. All patients who
underwent MP were included in the study, but those who
died prior to receiving treatment or who subsequently opted
out of MP-guided treatment were excluded from the efficacy
analysis.

2.2. Molecular Profiling. MP was performed using the Caris
Molecular Intelligence� (CMI) platform. Using this plat-
form, formalin-fixed paraffin-embedded tumor specimens
were analyzed for multiple biomarkers using techniques
such as immunohistochemistry, fluorescence/chromogenic
in situ hybridization, quantitative polymerase chain reaction,
and direct gene sequencing. Sample analysis is typically
completed within 14 days. All biomarkers tested for are
included in the panel based on the strength of supporting
evidence as defined by theUnited States Preventative Services
Task Force (USPSTF) level of evidencemethodology [14].The
biomarker results are then interpreted to determine which
of a panel of therapies is likely to provide benefit based on
published evidence (>95% of the associations included are
supported by level 1 or level 2 evidence).The biomarker panel
is updated based on ongoing literature review, meaning that
the precise number of biomarkers analyzed for an individual
patient varied.

2.3. Therapy Selection. Each patient had a “best unprofiled
treatment choice” documented. However, the patient was
treated based on the results of subsequent MP, with final
treatment decisions being made based on a number of
considerations. First, patients who had previously progressed
on a drug that was identified as “likely to provide benefit”
by MP were not retreated with the same drug because
prior progression implies that other intracellular resistance
pathways have become dominant. Second, where a number
of different drugs were identified by MP as potentially
beneficial, standard combination regimens were identified by
the investigators and used (e.g., cisplatin plus gemcitabine;
irinotecan plus 5-FU).Third, if there were reasons to exclude
a particular drug or drug class (e.g., known severe hypersen-
sitivity or prior intolerability), a regimen with less risk was
chosen. Finally, where several drugs showed potential benefit
and the factors above were unable to select between them,

those drugs considered likely to provide most benefit by the
investigators were selected.

2.4. Assessments. Treatment benefit was assessed after each
treatment cycle based on factors including symptom relief
and changes in bodyweight, pain, performance status, tumor
marker levels, and patient-reported QOL. Tumors were
imaged every 2–4 cycles. Response to treatment based on
imaging was evaluated using Response Evaluation Criteria
in Solid Tumors (RECIST) [15]. Progression-free survival
(PFS) was defined as the time from the MP request until
Eastern Cooperative Oncology Group (ECOG) performance
status deterioration (assessed at each cycle of therapy) or
progression as defined using RECIST [16].

To assess the benefit of MP-guided therapy, we used a
previously described technique in which patients act as their
own controls [13] by assessing the ratio between PFS on MP-
guided therapy and that on themost recent prior therapy. Von
Hoff et al. defined a ratio of ≥1.3 as being indicative of clinical
benefit with MP-guided therapy [13].

2.5. Statistical Analysis. A one-sample one-sided proportion
test was performed to test the null hypothesis that ≤15% of
the patients would have a PFS ratio ≥1.3. This approach was
based on that used in the previous study reported byVonHoff
et al. [13], which assumed a null response rate of 15% and
an alternative response rate of 30%. These assumptions were
used here. Considering these, the known sample size (𝑛 = 37
with known PFS ratio), and an 𝛼 risk of 5%, the power of the
statistical test was 75%.

3. Results

3.1. MP Findings. Patient disposition is shown in Figure 1.
Between March 5, 2012, and March 11, 2013, 98 consecutive
patients who met the inclusion criteria were offered MP, with
54 patients undergoingMPandbeing treated according to the
profile (Tables 1–3): 31 had heavily pretreated tumors (HPT;
≥2 prior lines); 16 had rare tumors; and 7 had received PST.
Patients in the HPT and rare tumor groups had received a
median of 2 (ranges 2–4) and 1 (ranges 0–2) prior lines of
therapy, respectively. MP identified a median of 18 (range
8–26) biomarkers associated with drugs with likely benefit
(median 8; range 2–15) or lack of benefit (median 8; range
2–19) per patient in the HPT group, 16 (range 10–23; with
benefit 7.5 [3–13], without benefit 9 [2–16]) per patient in the
rare tumor group, and 13 (range 9–22; with benefit 5 [3–7],
without benefit 10 [3–15]) per patient in the PST group. The
proportion of biomarkers with benefit appeared to be greater
in the HPT (47.6%) and rare tumor groups (45.3%) than in
the PST group (36.9%).

The majority of agents suggested by MP (541/594; 91.1%)
were widely available chemotherapy drugs. Targeted/biolog-
ical therapy recommendations were made predominantly for
patients in theHPT group (45 of 53 targeted/biological agents
recommended); reflecting this, the majority of the 16 patients
in whomnovel targeted/biological therapy recommendations
were made based onMPwere in the HPT group (13 patients).
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(i) Clinical benefit (n = 12)

(ii) Progression (n = 3)

(iii) No evaluable disease (n = 1)

Rare tumors
(n = 16)

Included in analysis
(n = 54)

Patients attending practice
(n = 964)

(i) Clinical benefit (n = 3)

(ii) Progression (n = 4)

Prior standard therapy
(n = 7)

(i) Clinical benefit (n = 19)

(ii) Progression (n = 12)

Heavily pretreated tumors
(n = 31)

Excluded (n = 910)

(i) Not meeting inclusion criteria (n = 866)

(ii) Declined to participate (n = 44)

Figure 1: Flow of patients in the study.

The next best MP-guided therapy recommendation was the
same as the physician’s recommendation in only six patients
overall (11.1%).

3.2. Treatment Outcomes. Clinical benefit (improved QOL
and/or performance status, symptoms, bodyweight, or
RECIST) was observed in 19/31 (61.3%), 11/16 (68.8%), and
3/7 (42.9%) patients in the HPT, rare tumor, and PST groups,
respectively (Tables 1–3).

Data on the PFS ratio were available for 37 of 54 patients
(HPT, 24/31; rare tumors, 8/16; PST, 5/7) (Tables 1–3;
Figure 2). Of these 37 patients, 22 (59.5%) had a PFS ratio
≥1.3 (HPT, 14/24 [58.3%]; rare tumors, 6/8 [75.0%]; PST,
2/5 [40.0%]) (95% confidence interval: 44–76%). The null
hypothesis that ≤15% of these patients would have a PFS
ratio ≥1.3 was rejected (one-sided 𝑝 < 0.0001). The median
PFS ratio was 1.75 for those categorized as having a response
and 0.80 for those who did not have a response.

Although targeted/biological therapies were recommen-
ded by MP in 16 patients, only four patients were treated
with targeted/biological therapy. Three of the 13 patients in
the HPT group in whom targeted/biological therapy was
identified as being of potential benefit by MP received it:
one patient with heavily pretreated leiomyosarcoma that
responded to MP-guided sunitinib (PFS ratio 14.87); one
patient with metastatic breast cancer that responded to
trastuzumab combined with irinotecan (PFS ratio 0.67); and
one patient with pancreatic adenocarcinoma that responded
rapidly to trastuzumab + erlotinib after failing MP-guided
epirubicin + cisplatin + 5-FU (ECF) (PFS ratio 1.33). One
patient with a PST tumor (small-cell lung cancer) received
targeted/biological therapy (cetuximab + FOLFIRI), without
apparent benefit; another, also with small-cell lung cancer,
in whom targeted/biological therapy was suggested but not

used, showed a RECIST response and stable QOL and perfor-
mance status with MP-guided FOLFIRI (PFS ratio 0.80). In
most of the other cases, the recommended targeted/biological
therapywas either not funded or not available andMP-guided
chemotherapy was used instead.

Individual patients showing noteworthy responses
included three in theHPT group, twowith significant shrink-
age on imaging of cervical tumors treated with MP-guided
irinotecan + 5-FU (PFS ratios 1.91 and 2.00), and a promising
response to gemcitabine + nab-paclitaxel (stable disease
with improved QOL, performance status, and symptoms)
in a patient with mesothelioma (PFS ratio 0.30; survival 7.0
months). All three patients showed improved performance
status and experienced clinically significant pain relief. In the
rare tumor group, a patient with anaplastic thyroid disease
who had previously had no treatment options had notable
survival (7.1 months) after second-line FOLFIRI treatment;
another patient with adrenal cortex carcinoma showed
RECIST response to FOLFIRI after failure of two previous
lines of therapy (PFS ratio 3.33).

4. Discussion

This observational study suggests utility of using MP to
select treatment in patients with tumors for which treatment
options are limited or otherwise exhausted. MP-guided treat-
ment matched the clinician’s unguided choice of next best
treatment in only 11% of cases, indicating the difficulty of
selecting appropriate treatment for these patients. Thus, the
observation that approximately 60% (95% confidence inter-
val 44–76%, 𝑝 < 0.0001) of patients obtained clinical benefit
from MP-guided therapy, whether based on investigator-
assessed response or PFS ratio, is particularly noteworthy.

Moreover, the majority of treatments suggested by MP
were standard chemotherapeutic drugs as opposed to novel
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Figure 2: PFS with therapy suggested by MP versus that with prior line of therapy. The ratio between these two values is also shown.

targeted/biological agents.Thus,MP appears to provide ratio-
nal, evidence-based treatment selections often based on stan-
dard chemotherapy regimens, with no apparent bias toward
novel targeted/biological therapy. Individual data revealed
significant and unexpected benefit in a number of patients
with particularly aggressive types of tumor. This suggests
that MP could be a valuable aid to clinical decision-making
in patients with advanced tumors who have exhausted the
available standard therapeutic approaches. The ability of
MP to target the use of standard chemotherapies to those
patientsmost likely to benefit, as well as avoiding unnecessary
treatment, is a significant potential advantage.

Although our data are observational and the statistical
analysis that could be performed was limited, we noted an
overall link between apparent clinical benefit and increases in

PFS ratios.ThePFS ratio is a new endpoint that is still debated
in the literature [17] and may be vulnerable to ascertainment
bias [14] but has been shown to give an indication of
treatment effect in clinical studies where patients act as their
own controls [13, 18, 19]. Our observations concur with these
results.

Increased understanding of the molecular pathways
involved in malignant disease, coupled with developments in
tumor molecular analysis, has stimulated interest in identi-
fying ways of further optimizing the use of targeted agents
through successfully identifying those patients most likely
to respond. MP offers an opportunity to use conventional
chemotherapy in a targeted manner.

It has long been recognized that identifying those patients
most likely to respond is more complicated than assessing



8 BioMed Research International

tumor expression of the therapeutic target, with other tumor
molecular changes most likely to explain why not all patients
respond to a targeted drug despite target expression. Sub-
sequent investigations have shown that selecting therapy by
considering tumor aberrations other than the specific target
has the ability to predict response and PFS [8] and that MP
is associated with clinical benefit and increased PFS ratios in
patients with refractory metastatic tumors [13].

Patients with refractory metastatic tumors present a par-
ticular challenge. These are the patients usually enrolled into
phase I trials; the need for improved treatment options for
these patients is illustrated by the fact that response rates in
phase I trials are often around 10% whereas the response rate
for the general population of patients with cancer is approx-
imately 35% [2, 20]. In addition, patients with advanced
cancer suffer severe physical and psychological symptoms,
and symptom control and maintenance of QOL are key con-
siderations [21]. Clinicians’ estimates of clinical benefit and
patient-reported QOL in this study suggest that MP-guided
therapy may also assist palliative efforts in these individuals.

These data are subject to a number of limitations, mainly
due to their observational nature and the limited statistical
analysis that could be performed. No randomization was
used, with each patient acting as their own control. Thus, the
results obtained with MP-guided therapy could not be com-
pared with the physician’s initial choice of next best therapy.
In addition, patients had a broad range of tumor types and
much information was recorded descriptively. Nevertheless,
as a representative series of difficult-to-treat patients, our data
indicate the potential of MP in guiding therapy, supporting
the findings of others such as Tsimberidou et al. [8].

Future studies should assess the feasibility of randomized
trials comparing MP-guided with the treating physician’s
choice of treatment in disease-specific settings using con-
sistent and objective endpoint measures and validated QOL
and pain instruments. However, designing trials to effectively
assess MP will be complex, due primarily to tumor hetero-
geneity; for example, Schwaederle et al. reported that no two
tumors examined by MP in a series of 34 patients had the
same aberrations [22]. Therefore, randomized trials may not
be optimal [23]. Furthermore, endpoints that are sensitive
enough to identify differences in outcomes in heterogeneous
populations will be needed [23]. In addition, although studies
suggest that the use of biomarkers in guiding treatment
may be cost effective or even cost saving [24, 25], further
investigation is needed because the use of MP may currently
be restricted by concerns regarding cost [26].

5. Conclusion

This study suggests that the use of MP in clinical practice to
guide treatment decisions in patients with difficult-to-treat
tumors is feasible and appears to produce favorable outcomes.
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repurposing of chemotherapeutic drugs for cancer therapy: a
novel strategy in drug development,” Frontiers in Oncology, vol.
3, article 313, 2013.

[5] A. De Stefano and C. Carlomagno, “Beyond KRAS: predictive
factors of the efficacy of anti-EGFR monoclonal antibodies in
the treatment of metastatic colorectal cancer,”World Journal of
Gastroenterology, vol. 20, no. 29, pp. 9732–9743, 2014.

[6] J. Mazieres, S. Peters, B. Lepage et al., “Lung cancer that
harbors an HER2 mutation: epidemiologic characteristics and
therapeutic perspectives,” Journal of Clinical Oncology, vol. 31,
no. 16, pp. 1997–2003, 2013.

[7] D. S. Ettinger, D. E. Wood, W. Akerley et al., NCCN Clinical
Practice Guidelines in Oncology: Non-small Cell Lung Cancer,
Version 4.2014, National Comprehensive Cancer Network, 2014.

[8] A.-M. Tsimberidou, N. G. Iskander, D. S. Hong et al., “Person-
alized medicine in a phase I clinical trials program: the MD
Anderson Cancer Center initiative,” Clinical Cancer Research,
vol. 18, no. 22, pp. 6373–6383, 2012.

[9] P. L. Bedard, A. M. Oza, M.-S. Tsao et al., “Princess Mar-
garet Cancer Centre (PMCC) Integrated Molecular Profiling
in Advanced Cancers Trial (IMPACT) using genotyping and
targeted next-generation sequencing (NGS),” Journal of Clinical
Oncology, vol. 31, supplement, abstract 11002, 2013.

[10] R. Epelbaum, E. Shacham-Shmueli, R. Geva et al., “Molecular
profiling (MP)-selected therapy for the treatment of patients
with advanced pancreaticobiliary cancer (PBC),” Journal of
Clinical Oncology, vol. 31, supplement 4, abstract 195, 2013.

[11] G. S. Jameson, E. F. Petricoin, J. Sachdev et al., “A pilot study
utilizingmulti-omicmolecular profiling to findpotential targets
and select individualized treatments for patientswith previously
treated metastatic breast cancer,” Breast Cancer Research and
Treatment, vol. 147, no. 3, pp. 579–588, 2014.



BioMed Research International 9

[12] A. Popovtzer, “Bio-marker driven tailored treatment for
metastatic adenoid cystic carcinoma,” in Proceedings of the 8th
International Conference on Head and Neck Cancer, Toronto,
Canada, July 2012.

[13] D. D. Von Hoff, J. J. Stephenson Jr., P. Rosen et al., “Pilot study
using molecular profiling of patients’ tumors to find potential
targets and select treatments for their refractory cancers,”
Journal of Clinical Oncology, vol. 28, no. 33, pp. 4877–4883, 2010.

[14] R. P. Harris, M. Helfand, S. H. Woolf et al., “Current methods
of the US Preventive Services Task Force: a review of the
process,” American Journal of Preventive Medicine, vol. 20, no.
3, supplement, pp. 21–35, 2001.

[15] E. A. Eisenhauer, P. Therasse, J. Bogaerts et al., “New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1),” European Journal of Cancer, vol. 45, no. 2, pp. 228–
247, 2009.

[16] M. M. Oken, R. H. Creech, D. C. Tormey et al., “Toxicity and
response criteria of the Eastern Cooperative Oncology Group,”
American Journal of Clinical Oncology, vol. 5, pp. 649–655, 1982.

[17] M. Buyse, E. Quinaux, A. Hendlisz, V. Golfinopoulos, C.
Tournigand, and R. Mick, “Progression-free survival ratio as
end point for phase II trials in advanced solid tumors,” Journal
of Clinical Oncology, vol. 29, no. 15, pp. e451–e452, 2011.

[18] A. Bonetti, M. Zaninelli, R. Leone et al., “Use of the ratio of
time to progression following first- and second-line therapy to
document the activity of the combination of oxaliplatin with 5-
fluorouracil in the treatment of colorectal carcinoma,”Annals of
Oncology, vol. 12, no. 2, pp. 187–191, 2001.

[19] P. Comella, R. Casaretti, E. Crucitta et al., “Oxaliplatin plus
raltitrexed and leucovorin-modulated 5-fluorouracil i.v. bolus:
a salvage regimen for colorectal cancer patients,” British Journal
of Cancer, vol. 86, pp. 1871–1875, 2002.

[20] D. B. Jackson, “Clinical and economic impact of the nonrespon-
der phenomenon—implications for systems based discovery,”
Drug Discovery Today, vol. 14, no. 7-8, pp. 380–385, 2009.

[21] E. Bruera and S. Yennurajalingam, “Palliative care in advanced
cancer patients: how and when?” Oncologist, vol. 17, no. 2, pp.
267–273, 2012.

[22] M. Schwaederle, B. A. Parker, R. B. Schwab et al., “Molecular
tumor board: the University of California-San Diego Moores
Cancer Center experience,” Oncologist, vol. 19, no. 6, pp. 631–
636, 2014.

[23] C. Le Tourneau, M. Kamal, O. Trédan et al., “Designs and
challenges for personalizedmedicine studies in oncology: focus
on the SHIVA trial,”TargetedOncology, vol. 7, no. 4, pp. 253–265,
2012.

[24] H. Blons, E. Rouleau, N. Charrier et al., “Performance and cost
efficiency of KRAS mutation testing for metastatic colorectal
cancer in routine diagnosis: the MOKAECM Study, a nation-
wide experience,” PLoS ONE, vol. 8, no. 7, Article ID e68945,
2013.

[25] R. Rouzier, P. Pronzato, E. Chéreau, J. Carlson, B. Hunt, and W.
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