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Abstract
Purpose—Molecular biomarkers in blood are promising for assessment of tumor progression
and treatment response. We hypothesized that serial monitoring of circulating tumor cells (CTC)
using multimarker quantitative real-time reverse transcriptase-PCR (qRT) assays could be a
surrogate predictor of outcome for melanoma patients enrolled in a multicenter phase II clinical
trial of biochemotherapy (BCT) combined with maintenance biotherapy (mBT).
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STATEMENT OF TRANSLATIONAL RELEVANCE
There is a lack of validated blood tests for assessment of malignant melanoma patients during multimodal therapy. In this study,
circulating tumor cells (CTCs) were assessed to monitor serial bloods from a phase II multicenter clinical trial of biochemotherapy
followed with maintenance biotherapy. The established multimarker melanoma biomarkers assessed by quantitative realtime PCR was
sensitive to detect CTCs in blood directly. The assay robustness allows monitoring of patients in a multicenter setting. The monitoring
of CTC during early stage therapy was predictive of disease progression. These studies demonstrate that CTCs have clinical utility in
monitoring melanoma patients in multimodal therapy.
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Experimental Design—Blood specimens were collected from 87 patients before and during
induction BCT and mBT for stage IV melanoma. Expression of five melanoma-associated CTC
biomarkers (MART-1, GalNAc-T, PAX-3, MAGE-A3, and Mitf) was assessed by qRT and
correlated with treatment response and disease outcome.

Results—The number of positive CTC biomarkers decreased overall during induction BCT
(P<0.0001). CTC biomarker detection after two cycles of BCT was correlated with treatment
response (P=0.005) and overall survival (OS) (P=0.001): an increase in the number of CTC
biomarkers was associated with poor response (P=0.006) and OS (P<0.0001). Multivariate
analyses using a Cox proportional-hazards model identified the change in CTC biomarkers after
two cycles of BCT as an independent prognostic factor for disease progression (risk ratio, 12.6;
95% CI, 4.78 to 33.4; P<0.0001) and OS (risk ratio, 6.11; 95% CI, 2.37 to 15.7; P=0.0005).

Conclusion—Serial monitoring of CTC during induction BCT may be useful for predicting the
therapeutic efficacy and disease outcome in patients receiving BCT and mBT for stage IV
melanoma.

Keywords
qRT-PCR; Melanoma; Circulating Tumor Cell; Metastasis; Biochemotherapy; Maintenance
Biotherapy

INTRODUCTION
Circulating tumor cells (CTC) in blood are a promising surrogate biomarker of treatment
response and outcome in metastatic melanoma (1–6). We successfully used a multimarker,
quantitative realtime reverse-transcriptase polymerase chain reaction (qRT) assay to
correlate CTC detection with treatment outcome in patients receiving neoadjuvant
biochemotherapy (BCT) before complete surgical resection of American Joint Committee
on Cancer (AJCC) stage III melanomas (7,8). This assay relied on serial blood sampling to
quantify biomarker expression levels at specific time points and to identify biomarker
changes during treatment. The same approach might be useful to monitor response to
treatment for AJCC stage IV melanoma, because surgical resection of distant metastases is
often limited and systemic regimens are prolonged, potentially toxic, and increasingly
complex. Moreover, median survival of patients with stage IV melanoma is only 6 to 9
months (9,10) so early determination of treatment efficacy might enable timely treatment
modification.

The heterogeneous expression of melanoma-related genes in blood favors a multimarker
qRT assay that uses melanoma-associated biomarkers or therapeutic agents that are
functionally distinct and therefore nonoverlapping (1,11,12). Our sensitive and specific qRT
assay for detection of CTC in blood uses five such biomarkers: MART-1(melanoma antigen
recognized by T cells-1), MAGE-A3 (melanoma antigen gene-A3 family), GalNAc-T
(β1→4-N-acetylgalactosaminyltransferase), PAX-3 (paired box homeotic gene transcription
factor 3), and Mitf (microphthalmia transcription factor) (7,13,14). In this study, we used
this assay to detect CTC biomarkers in blood specimens from a recently reported cohort of
patients undergoing a novel regimen of BCT and maintenance biotherapy (mBT) for stage
IV melanoma (15). We hypothesized that the response to treatment would be inversely
correlated with the CTC biomarkers detected at various time points during treatment and
that this correlation would predict overall survival (OS).
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PATIENTS AND METHODS
Patients and treatment

Subjects for this qRT study were enrolled in a recently reported prospective multicenter
phase II trial of concurrent decrescendo BCT (4 to 6 cycles) followed by mBT (up to 12
cycles) (15). The BCT regimen was repeated every 21 days and comprised cisplatin (20 mg/
m2, intravenously [i.v.], on day 1–4), dacarbazine (800 mg/m2, i.v., on day 1), vinblastine
(1.5 mg/m2, i.v., on day 1–4), IL-2 (Chiron Corporation, CA; 18 MU/m2, continuous
infusion, over 24 hrs, on day 1, 9 MU/m2, over 24 hrs, on day 2, and 4.5 MU/m2, over 24
hrs, on day 3 and 4), IFN-α2b(Schering-Plough, NJ; 5 MU/m2, subcutaneously[s.c.], on day
1–5) and granulocyte-macrophage colony stimulating factor (GM-CSF) (Amgen Inc., CA;
500 mcg, s.c., on day 6–15). The mBT regimen was a 28-day cycle of low-dose IL-2 (2 MU/
m2, s.c., daily) and GM-CSF (250 mcg, s.c., on day 1–14), which included intermittent
pulses of high-dose decrescendo IL-2 (18 MU/m2, continuous infusion, over the first 6 hrs,
the next 12 hrs, and the final 24 hrs) on day 1–2 of mBT cycles 1–6, 8, 10, and 12 (15).

Response was assessed by Response Evaluation Criteria in Solid Tumors (RECIST) criteria
every 6 weeks (2 cycles) during BCT and every 3 months during mBT. Patients with stable
disease(SD), partial response(PR), or complete response(CR) continued on the study
treatment; those with progressive disease(PD) during BCT or mBT did not receive further
study treatment but were followed for survival. RECIST for progression on mBT was
modified from a 20–30% increase to allow non-clinically significant progression without a
deterioration of performance status (less than 5% of the study population). Patients who
developed new central nervous system (CNS) lesions were allowed to remain on study if
they had stable or responding systemic disease (non-CNS).

All blood specimens were coded for double-blind study and processed within 24 hours.
Peripheral blood was drawn regularly during treatment, processed and cryostored until used
as previously described (8). Patients gave written informed consent for the use of their blood
specimens before treatment, and the qRT study was approved and carried out in accordance
with guidelines set forth by the individual institutional review board committees and
reporting recommendations for tumor marker prognostic studies (REMARK criteria) (16).

Blood processing for qRT assay
We selected four sampling times for multimarker qRT study: immediately before the first
cycle of BCT (BCT1, n=87), before the third cycle of BCT (BCT3, n=87), before the first
cycle of mBT (mBT1, n=64), and before the third cycle of mBT (mBT3, n=54). The interval
between each of the four sampling times was approximately 6–8 weeks. The interval
between BCT3 and mBT1 was approximately 9–12 weeks in patients who received 5 or 6
cycles of BCT.

Peripheral blood specimens (10 ml) were collected in sodium citrate-containing tubes and
the first several ml was discarded to eliminate skin-plug contamination, as previously
described (11,17). Nucleated cell fractions were isolated from blood specimens using the
Purescript RBC Lysis Solution (Gentra, MN) and cryopreserved in liquid nitrogen until
thawed for the study, as previously described (18).

Tri-Reagent (Molecular Research Center, OH) was used to isolate total cellular RNA from
blood specimens, as previously described (11). RNA was quantified and assessed for purity
by ultraviolet spectrophotometry. RT reactions were performed using Moloney murine
leukemia virus reverse transcriptase (Promega, WI) with oligo-dT primer (19).
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Multimarker qRT assay measured mRNA levels of MART-1, MAGE-A3, GalNAc-T,
PAX-3, and Mitf. In previous studies, we validated the sensitivity and specificity of this qRT
assay for detection of CTC in blood specimen (7,8,13,14). In those studies, all five CTC
biomarkers were frequently detected in melanoma cell lines but not detected in blood
specimens from healthy donors. In the present study, the qRT assay was performed using
ABI Prism 7900HT thermocycler (Applied Biosystems, CA) (18). We transferred 4 μL
cDNA from 200 ng total RNA to individual wells of a 384-well PCR plate; 0.5 μmol/L of
each primer, 0.3 μmol/L probe, and 5 μL iTaq custom supermix with ROX (Bio-Rad
Laboratories, CA) were added to a final volume of 10 μL. Samples were amplified with a
precycling hold at 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 15
sec, and then 1 min of annealing/extension at 55 °C for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), at 59 °C for MART-1, at 58 °C for MAGE-A3 and Mitf, and at
62 °C for GalNAc-T and PAX-3. The standard curve was generated by using threshold cycle
(Ct) of seven serial dilutions of plasmid templates (100–106 copies). The Ct of each sample
was interpolated from the standard curve, and the number of mRNA copies was calculated.
PCR efficiency, assessed from the slopes of the curves, was 90 – 100%. The correlation
coefficient for all standard curves (Ct versus log copy number) was ≥0.99.

Each qRT assay was performed at least twice and included marker-positive and marker-
negative controls and reagent controls (reagent without RNA or cDNA). If only one of the
duplicates was positive, qRT assay was repeated. Any specimen with inadequate mRNA
copies (<1×104) of the GAPDH housekeeping gene was excluded. The mean mRNA copy
number was used for analysis. Blood processing, RNA extraction, qRT assay set-up, and
post qRT product analysis were carried out in separate designated rooms to prevent cross-
contamination.

Biostatistical analysis
Biomarker change and OS were primary endpoints; marker expression, treatment response
and progression-free survival (PFS) were secondary endpoints.

Wilcoxon signed rank test was used to compare the number of biomarkers detected before
and during treatment. Chi-square test and exact T-test were used to examine the association
between biomarker detection and treatment response. Survival was measured from the start
of BCT (BCT1). The correlation between biomarker detection, biomarker change, and
survival was examined by log-rank test. Survival curves were generated by using a Kaplan-
Meier method. A Cox proportional-hazards model was developed to examine the association
of biomarker detection with PFS and OS and used for multivariate analysis.

McNemar’s test compared the detection of individual CTC biomarkers between any two
time points. Mann-Whitney U test assessed CTC biomarker differences according to site of
metastasis. The analysis was performed using SAS statistical software and all tests were
two-sided with significance level ≤ 0.05.

RESULTS
Patients Assessed for qRT

Our qRT study included 87 of 133 patients participating in the clinical trial biomarker assay.
The 133 patients comprised 94 males and 39 females, with a median age of 50 years (range,
18–76); our cohort comprised 60 males and 27 females, with a median age of 48 years
(range, 18–73 years). The patient cohort had histopathologically confirmed M1a (n=8), M1b
(n=19), or M1c (n=60) melanoma. The cycles of BCT received were 2, 3, 4, and 6 in 10, 2,
65, and 10 patients, respectively. The cycles of mBT were 1–3, 4–6, and 7–12 in 18, 23, and
23 patients, respectively. Twenty-three patients did not receive mBT. These distributions
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paralleled those in the parent population. All 87 patients had BCT1 and BCT3 blood
specimens; the remaining 46 patients were excluded because of lack of blood procurement
and inadequate samples to process at BCT1 or BCT3. Of the 87 patients, 64 had mBT1
blood specimens and 23 patients had no blood specimens at mBT1 (11 patients developed
PD after BCT, 6 patients did not receive mBT for other reasons, 3 had inadequate specimens
for qRT analysis, and 3 had no blood sampling at mBT1). Of 64 patients with blood samples
at mBT1, 54 patients had blood samples at mBT3, 5 discontinued mBT because of PD
before mBT3, and 5 had no sampling at mBT3. Overall 292 blood samples were studied
from 87 patients that participated or qualified for entry into the companion biomarker assay.

Detection of CTC biomarkers in blood
Before treatment, blood specimens from 66 (76%) of 87 patients expressed at least one CTC
biomarker and specimens from 45 (52%) patients expressed more than one CTC biomarker.
Overall, the number of CTC biomarkers gradually decreased during treatment: at mBT3,
specimens from 24(44%) patients had no CTC biomarkers and only 11 (21%) specimens
expressed more than one CTC biomarker (P<0.0001). However, this decrease was
significant only during the first two cycles of BCT among the specified sampling intervals
(Table 1).

MART-1 and Mitf mRNA detection rates dropped significantly during overall treatment
(BCT1 vs. mBT3) (MART-1, P=0.03; Mitf, P=0.005), reflecting a gradual and significant
decrease during each sampling interval except for a non-significant decrease in Mitf
detection during the first two cycles of BCT. However, there were no significant changes in
CTC biomarker detection except for a significant decrease in MAGE-A3 detection between
BCT1 and BCT3.

Association between CTC biomarkers and treatment response
The number of patients who achieved CR, PR, SD, and PD as a best response to BCT was 8,
36, 32, and 11, respectively. Also, these distributions almost paralleled those in the parent
study population cohort (data not shown). The number of CTC biomarkers before treatment
(BCT1) did not predict treatment response (Table 2). However, the number of CTC
biomarkers during BCT was significantly lower in the CR/PR group (P=0.005). Twenty-two
patients had an increase in the number of CTC biomarkers; seven had an increase of at least
two biomarkers (Table 3). The number of biomarkers increased in 10 (31%) and 4 (36%)
patients with SD and PD, respectively, as compared with only 8 (18%) patients with CR/PR
(P=0.006).

At a median follow-up of 15.4 months (range 2.1 to 43.1 months), the best response to BCT
and mBT was CR, PR, SD, and PD in 9, 25, 18, and 30 patients, respectively. Five patients
received elective surgery after induction BCT and were excluded from the analysis. As with
the best response to BCT, best response to BCT + mBT was significantly correlated with the
number of CTC biomarkers detected at BCT3 (P=0.01; Table 4) but not with the number of
biomarkers detected at BCT1 (data not shown). The number of CTC biomarkers detected in
the last available blood specimen significantly correlated with best response to BCT + mBT
(P=0.006; Table 4).

CTC biomarkers as a predictor of disease progression
Before treatment, there was no correlation between CTC biomarker detection and patient
sex, age, Eastern Cooperative Oncology Group (ECOG) performance status, or previous
treatment status. Of the 87 patients, 8 had M1a disease, 19 had M1b disease, and 60 had
M1c disease before treatment, and 41 patients developed CNS metastasis during treatment.
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There was no correlation between CTC biomarker detection/increase and M category or
CNS metastasis.

During follow-up, 78 patients showed disease progression and other nine patients were free
from disease progression. At BCT1, patients with >1 CTC biomarker tended to have a
shorter survival than patients with no or one CTC biomarker (data not shown). At BCT3,
PFS significantly decreased when a CTC biomarker was positive (Figure 1A). The size of
the decrease was directly correlated with the number of positive CTC biomarkers. Median
PFS was 10.02 months (95% CI, 7.10–15.90), 8.10 months (95% CI, 6.67–11.10), and 5.68
months (95% CI, 4.50–7.20) for patients with no positive CTC biomarkers (n=30), one
positive CTC biomarker (n=24), and ≥2 positive CTC biomarkers (n=33), respectively
(P=0.002).

Between BCT1 and BCT3, 65 patients showed no increase or decrease in number of CTC
biomarkers, 15 had an increase of one CTC biomarker, and 7 had an increase of >1 CTC
biomarker. Median PFS was 8.18 months (95% CI, 6.93–9.46), 7.82 months (95% CI, 5.88–
9.82), and 3.68 months (95% CI, 2.17–4.50) for patients with an increase of 0, 1, and ≥2,
respectively (P<0.0001; Figure 1B). Clinical factors did not correlate with disease
progression in univariate analyses. Cox proportional-hazards regression model using a
stepwise procedure to assess BCT3 versus standard clinical variables showed that only the
number of CTC biomarkers at BCT3 was an independent prognostic factor for PFS (risk
ratio, 2.58; 95% CI, 1.50 to 4.43; P=0.0006). A similar analysis showed that only the change
in the number of positive CTC biomarkers was an independent prognostic factor for PFS
(risk ratio, 12.6; 95% CI, 4.78 to 33.4; P<0.0001).

CTC Biomarkers as a predictor of OS
During follow-up, 72 patients died of disease progression. OS showed a significant inverse
correlation with the number of positive CTC biomarkers at BCT3 (Figure 1C). Median OS
was 22.3 months (95% CI, 19.5–28.6), 15.4 months (95% CI, 13.5–19.1), and 9.8 months
(95% CI, 7.7–13.5) for patients with no positive, one, and ≥2 positive CTC biomarkers,
respectively (P=0.001). Median OS was 15.4 months (95% CI, 14.2–20.2), 19.1 months
(95% CI, 11.1-NA), and 8.0 months (95% CI, 4.5–9.8 months) for patients with an increase
of 0, 1, or ≥2 CTC biomarkers, respectively (P<0.0001; Figure 1D). Clinical factors did not
correlate with survival in univariate analyses. Cox proportional-hazards regression model
using a stepwise procedure to assess BCT3 and clinical factors found that only the number
of CTC biomarkers at BCT3 was independent prognostic factor for OS (risk ratio, 2.71; 95%
CI, 1.56 to 4.73; P=0.0004). A similar analysis revealed an independent prognostic
significance of a change in the number of CTC biomarkers from BCT1 to BCT3 for OS (risk
ratio, 4.33; 95% CI, 1.91 to 9.84; P=0.0005).

DISCUSSION
Systemic BCT for stage IV melanoma has promise, but results from phase III trials have
been mixed and inconsistent, (20–24) in part because responses to BCT are not durable and
do not prevent CNS progression. The novel regimen of mBT and induction BCT/mBT
received by patients in our correlative study was developed to amplify and prolong the
systemic antitumor immune response elicited by BCT (25). As recently reported, this
regimen appears to extend PFS and OS as compared with regimens in recent multicenter
trials of BCT or chemotherapy (15).

The present study showed a significant relation between prolonged survival and decreased
number of CTC biomarkers during therapy. Although most investigations of CTC to predict
disease progression report a single biomarker measured at a single point, a single-biomarker
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assay is limited by the heterogeneous expression of melanoma-related genes, (11,19,26)
particularly in advanced disease (27). However, the efficacy of multiple-biomarker assay
depends on the careful selection of CTC biomarkers (28), serial rather than single-point
assessment, (7,8,14) and quantification of CTC to compensate for ectopic and background
mRNA (29). The assay system used in the study was the same as that used to assess stage III
melanoma patients receiving neo-adjuvant BCT (8). Our assay system demonstrated the
clinical utility and robustness of CTC biomarkers in patients with stage IV as well as stage
III melanoma who received systemic therapies in phase II multicenter trials.

Our results confirm recent reports that changes in CTC during treatment may indicate
therapeutic efficacy for metastatic cancer (30–32). The detection of CTC biomarkers before
treatment (BCT1) was not an indicator of treatment response. Subclinical tumor metastasis,
particularly to the CNS system, and tumor heterogeneity are likely related to the findings.
The metastasis to CNS system is critical and occurred in almost half of our patients.
Treatment effects to chemo- or immunotherapeutic agents are often different among the
metastatic tumors within an individual patient. Thus, the prediction of tumor response and
survival before treatment may be difficult in further advanced metastatic melanoma patients
with multiple lesions and metastasis at specific organ sites. If the number of CTC
biomarkers increased during treatment, we observed a poor prognosis. Of the five patients
who underwent elective surgery after BCT, all five had no increase in biomarker detection
after surgery and three survived for 42, 30, 29 months, respectively. Although the number of
positive biomarkers decreased across the sampling intervals, however, this decrease was
significant only during the first two cycles of BCT. These significant findings may reflect
reduced drug efficacy with increasing duration of treatment. These findings are important, as
metastatic melanoma patients with CTC at the start of treatment may have a poor outcome.

As treatment regimens become multi-modal and multi-phasic, CTC detection in serial blood
specimens might be used to determine which component of treatment is most effective and
which needs to be improved.

Current prognostic systems, such as TNM staging criteria and molecular features of primary
tumors, are probably inadequate for managing metastatic melanoma patients receiving
systemic chemo- and/or immunotherapy. CTC detection may be a better tool to monitor the
treatment efficacy, because blood assessment can be serially performed and change in CTC
may be observed immediately after administration of systemic therapy (31,32). Serial qRT
assay can assess CTC changes during different phases of treatment, and this makes CTC
assessment a promising method to evaluate treatment efficacy in controlling systemic
disease. In patients being treated in these clinical trials, the benefit of changing therapy in
early course of the treatment using CTC detection as a surrogate of responsiveness needs to
be further examined in clinical trials.

This study demonstrates CTC change as an independent surrogate for survival and treatment
efficacy in metastatic melanoma patients who received mBT after BCT. CTC blood
biomarkers could be used as surrogates in developing multimodal therapeutic trials. The
strategy including CTC change for early identification of treatment-resistant patients may be
important not only to discontinue non-effective systemic therapy, but also to develop
individualized treatment regimens in metastatic melanoma patients.
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Figure 1.
(A) Kaplan-Meier curves of PFS based on CTC biomarker detection after two cycles of
induction BCT. (B) Kaplan-Meier curves of PFS based on changes in CTC biomarker
detection between BCT1 and BCT3. (C) Kaplan-Meier curves of OS based on CTC
biomarker detection after two cycles of induction BCT. (D) Kaplan-Meier curves of OS
based on changes in CTC biomarker detection between BCT1 and BCT3. In each panel, the
solid line corresponds to no CTC biomarkers, the broken line is 1 CTC biomarker, and the
dotted line is ≥2 CTC biomarkers.
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Table 1

Detection of Biomarkers in Blood Sampled at Specific Intervals During Treatment

BCT1 BCT3

N=87 (%) N=87 (%)

Biomarkers

MART-1 35 (40) 18 (21)

MAGE-A3 24 (28) 13 (15)

 GalNAc-T 38 (44) 30 (34)

 PAX-3 20 (23) 20 (23)

 Mitf 22 (25) 25 (29)

Number of biomarkers tested

 0 21 (24) 30 (35)

 1 21 (24) 24 (28)

 2 25 (29) 20 (23)

 3 13 (15) 10 (11)

 ≥ 4 7 (8) 3 (3)

Abbreviations: BCT, biochemotherapy; mBT, maintenance biotherapy.
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Table 3

Correlation of Changes in CTC Biomarkers with BCT Response

BCT Response

Increase in CTC Biomarkers between BCT1 and BCT3 (%)

≤ 0 1 ≥2 P*

CR/PR (n =44) 36 (82) 6 (14) 2 (4) 0.006

SD (n =32) 22 (69) 9 (28) 1 (3)

PD (n =11) 7 (64) 0 (0) 4 (36)

*
Chi-square test.
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