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Abstract
Purpose—Circulating tumor cells (CTCs) in blood may be important in assessing tumor
progression and treatment response. We hypothesized that quantitative real-time reverse
transcriptase polymerase chain reaction using multimarker mRNA assays could detect CTCs and
be used as a surrogate predictor of outcome in patients receiving neoadjuvant biochemotherapy
(BC) for melanoma.

Patients and Methods—Blood specimens were collected at four sampling points from 63
patients enrolled on a prospective multicenter phase II trial of BC before and after surgical
treatment of American Joint Committee on Cancer stage III melanoma. Each specimen was
assessed by quantitative real-time reverse transcriptase polymerase chain reaction for expression
of four melanoma-associated markers: melanoma antigen recognized by T cells 1; β1 → 4-N-
acetylgalactosaminyltransferase; paired box homeotic gene transcription factor 3; and melanoma
antigen gene-A3 family, and the changes of CTCs during treatment and prognostic effect of CTCs
after overall treatment on recurrence and survival were investigated.

Address reprint requests to Dave S.B. Hoon, PhD, Department of Molecular Oncology, John Wayne Cancer Institute, 2200 Santa
Monica Blvd, Santa Monica, CA 90404; hoon@jwci.org.
Authors’ Disclosures of Potential Conflicts of Interest
Although all authors completed the disclosure declaration, the following authors or their immediate family members indicated a
financial interest. No conflict exists for drugs or devices used in a study if they are not being evaluated as part of the investigation. For
a detailed description of the disclosure categories, or for more information about ASCO’s conflict of interest policy, please refer to the
Author Disclosure Declaration and the Disclosures of Potential Conflicts of Interest section in Information for Contributors.

Authors Employment Leadership Consultant Stock Honoraria Research Funds Testimony Other

Steven J. O’Day Chiron (A);
Berlex (A)

Chiron (C); Berlex
(C); Shering (C)

Rene Gonzalez Chiron (A);
Shering (A)

Amgen (A) Chiron (A);
Amgen (A);
Shering (A)

Chiron (B);
Amgen (B);
Shering (B)

Dollar Amount Codes (A) 3 $10,000 (B) $10,000–99,999 (C) ≥ $100,000 (N/R) Not Required

NIH Public Access
Author Manuscript
J Clin Oncol. Author manuscript; available in PMC 2010 April 19.

Published in final edited form as:
J Clin Oncol. 2005 November 1; 23(31): 8057–8064. doi:10.1200/JCO.2005.02.0958.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results—At a median postoperative follow-up time of 30.4 months, 44 (70%) patients were
clinically disease free. In relapse-free patients, the number of detected markers significantly
decreased during preoperative BC (P = .036), during postoperative BC (P = .002), and during
overall treatment (P < .0001). Marker detection after overall treatment was associated with
significant decreases in relapse-free and overall survival (P < .0001). By multivariate analysis
using a Cox proportional-hazards model, the number of markers detected after overall treatment
was a significant independent prognostic factor for overall survival (risk ratio, 12.6; 95% CI, 3.16
to 50.5; P = .0003).

Conclusion—Serial monitoring of CTCs in blood may be useful for indicating systemic
subclinical disease and predicting outcome of patients receiving neoadjuvant BC for metastatic
melanoma.

INTRODUCTION
The metastasis of melanoma to regional lymph nodes and distant sites often portends a poor
prognosis.1,2 These patients are candidates for adjuvant therapy because of their high risk of
disease recurrence after complete surgical resection. Recent studies have suggested the
benefit of biochemotherapy (BC) in advanced-stage melanoma.3–9 However, to date, no
assays can accurately predict the survival of patients receiving neoadjuvant or adjuvant BC.
Because previous studies have suggested that the presence of melanoma cells in blood is
associated with metastasis and poor disease outcome,10–15 an assay to detect circulating
tumor cells (CTCs) could be a predictive surrogate for subclinical disease. If so, its use
would allow serial monitoring of patients during treatment and potential prediction of
outcome.

The development of a quantitative real-time reverse transcriptase polymerase chain reaction
(RT-PCR) assay has allowed rapid and reproducible quantitative analysis for detection of
CTCs in blood.16 Investigators have reported the detection of CTCs in blood using both
single and multimarker quantitative RT-PCR, but few studies have assessed quantitative RT-
PCR as a predictive surrogate for treatment outcome.17–20 Heterogeneous expression of
tumor genes and variable performance of the assays have posed major problems for
detection of CTCs in blood. As we first reported, this heterogeneity of marker expression in
blood and lymph nodes favors use of a multimarker RT-PCR assay instead of single-marker
assays.13,14,21,22

We have developed a multimarker quantitative RT-PCR assay using four markers for
primary and metastatic melanoma: melanoma antigen recognized by T cells-1 (MART-1),
β1 → 4-N-acetylgalacto-saminyltransferase (GalNAc-T), paired box homeotic gene
transcription factor 3 (PAX-3), and melanoma antigen gene-A3 family (MAGE-A3).23

MART-1 is a major melanocyte-differentiation antigen that is frequently expressed in
melanoma cells and is not expressed in nonmelanoma malignancies.23,24 GalNAc-T has
been investigated in melanoma and other tumors.25–27 PAX-3 is expressed in
rhabdomyosarcoma, Ewing’s sarcoma, and melanoma.28,29 MAGE-A3 is commonly
expressed in various tumors, but not in normal tissue except male germline cells and
placenta.23,30 Use of quantitative RT-PCR analysis for these four markers can improve the
identification of metastatic melanoma cells in paraffin-embedded sentinel lymph nodes and
thus can upstage patients whose sentinel lymph nodes are negative by
immunohistochemistry and hematoxylin and eosin staining.23

In this study we used our multimarker quantitative RT-PCR assay to detect CTCs in blood
specimens from patients receiving BC before and after complete surgical resection of
American Joint Committee on Cancer (AJCC) stage III melanoma. We hypothesized that
multimarker mRNA detection could predict the presence of systemic subclinical disease and
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that changes in marker detection during and after treatment could be used as a surrogate
predictor of treatment outcome.

PATIENTS AND METHODS
Patients

Patients for this quantitative RT-PCR study were selected from 92 patients with melanoma
who were enrolled in a prospective multicenter trial of neoadjuvant BC. The 92 patients
comprised 60 males and 32 females with a median age of 43 years (range, 17 to 76 years).
All patients were pathologically diagnosed with AJCC stage III melanoma and treated with
neoadjuvant BC and surgery between 1999 and 2002. A subset of patients from three
centers, John Wayne Cancer Institute (Santa Monica, CA), University of Colorado Cancer
Center (Aurora, CO), and Hubert H. Humphrey Cancer Center (Robbinsdale, MN), signed
informed consent for the use of their blood specimens, and the quantitative RT-PCR study
was approved and carried out in accordance with guidelines set forth by the individual
institutional review boards.

Treatment Program and Blood Procurement
All patients received two cycles of BC at 3-week intervals before surgery. The BC regimen
comprised cisplatin 20 mg/m2 intravenously (IV) on days 1 to 4; dacarbazine 800 mg/m2 IV
on day 1; vinblastine 1.6 mg/m2 IV on days 1 to 4; interleukin-2 (Chiron Corporation,
Emeryville, CA) 9 MU/m2 IV over 24 hours on days 1 to 4; interferon alpha (Schering-
Plough, Madison, NJ) 5 MU/m2 subcutaneously on days 1 to 5; and granulocyte colony-
stimulating factor (Amgen Inc, Thousand Oaks, CA) 5 μg/kg subcutaneously on days 6 to
12. Patients then underwent therapeutic lymphadenectomy and began two cycles of BC
within 42 days after surgery; the postoperative BC regimen was the same as the preoperative
regimen. All patients were evaluated clinically and radiologically at specified time points
during treatment and follow-up.

Peripheral blood was drawn immediately before preoperative BC (pre-BC; n = 63), before
surgery (presurgery; n = 55), after surgery (postsurgery; n = 55), and after postoperative BC
(post-BC; n = 58). The interval between each of the four sampling times was approximately
6 weeks, and all blood specimens were processed within 30 hours after drawing.

Standard Operation Procedure
Ten-milliliter blood samples were collected in sodium citrate– containing tubes, and the first
several milliliters were discarded to eliminate skin-plug contamination as described
previously.21,30 All blood specimens then were coded by a computer-generated number so
that the quantitative RT-PCR study could be conducted in a blinded fashion. Total cells in
blood were collected by using Purescript RBC lysis solution (Gentra, Minneapolis, MN)
following the manufacturer instructions.

Tri-Reagent (Molecular Research Center, Cincinnati, OH) was used to isolate total cellular
RNA from blood specimens as described previously.21,30 RNA was quantified and assessed
for purity by ultraviolet spectrophotometry. Blood processing, RNA extraction, RT-PCR
assay set-up, and post–RT-PCR product analysis were carried out in separate designated
rooms to prevent cross contamination.

RT reactions were performed by using Moloney murine leukemia virus reverse transcriptase
(Promega, Madison, WI) with oligo-dT primer.23,30 Multimarker quantitative RT-PCR
assay was performed by using iCycler iQ RealTime Thermocycler Detection System (Bio-
Rad Laboratories, Hercules, CA) as described previously.16,23 Primer and probe sequences

Koyanagi et al. Page 3

J Clin Oncol. Author manuscript; available in PMC 2010 April 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were designed for the quantitative RT-PCR. Fluorescence resonance energy-transfer probe
sequences were as follows: MART-1, 5′-FAM-TGCAGAACAGT-CACCACCACC-
BHQ-1-3′ (FAM, carboxyfluorescein; BHQ, Black Hole Quencher; 2,5-di-tert-butyl-1,4-
dihydroxybenzene); GalNAc-T, 5′-FAM-ATGAGGCTGCTTTCACTATCCGCA-
BHQ-1-3′; PAX-3, 5′-FAM-CCAGACTGATTACGCGCTCTCCC-BHQ-1-3′; MAGE-A3,
5′-FAM-AGCTCCTGCCCACACTCCCGCCTGT-BHQ-1-3′; and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), 5′-FAM-CAGCAATGCCTCCTGCACCACCAA-
BHQ-1-3′. We transferred 5 μL of cDNA from 250 ng of total RNA to a well of a 96-well
PCR plate (Fisher Scientific, Pittsburgh, PA) in which 0.5 μmol/L of each primer, 0.3 μmol/
L probe, 1 U of AmpliTaq Gold polymerase (Applied Biosystems, Branchburg, NJ), 200
μmol/L of each dNTP, 4.5 mmol/L MgCl2, and PCR buffer were applied to a final volume
of 25 μL. Samples were amplified with a precycling hold at 95°C for 10 minutes, followed
by 42 cycles of denaturation at 95°C for 1 minute, annealing at 55°C for 1 minute for
GAPDH (59°C for MART-1, 62°C for GalNAc-T and PAX-3, and 58°C for MAGE-A3),
and extension at 72°C for 1 minute.

The standard curve was generated by using a threshold cycle of nine serial dilutions of
plasmid templates (10 to 108 copies). The threshold cycle of each sample was interpolated
from the standard curve, and the number of mRNA copies was calculated by the iCycler iQ
RealTime Detection System software (Bio-Rad Laboratories). Seventeen melanoma cell
lines and peripheral blood leukocytes (PBLs) from 49 healthy donors were used to optimize
the assay. Each quantitative RT-PCR assay was performed at least twice and included
marker-positive (melanoma cell lines) and marker-negative (PBLs of healthy donors)
controls and reagent controls (reagent alone without RNA or cDNA). The GAPDH gene was
used as a control housekeeping gene. Any specimen with inadequate GAPDH mRNA was
excluded from the study. The mean mRNA copy number was used for analysis.

Statistical Analysis
This study was designed to investigate the changes on CTCs during treatment course and
prognostic effect of circulating tumor burden after overall treatment on disease relapse and
survival. The primary outcomes were the number of markers detected after overall
treatment, relapse of the disease, and survival. The mRNA copies and the detection rate of
individual markers at each time point were considered as secondary end points.

The detection of individual markers at each time point was tabulated. The Wilcoxon signed-
rank test was used to compare the number of markers during treatment. The Mann-Whitney
U test was used to assess the difference of markers between relapse and relapse-free
patients. Relapse-free survival (RFS) after lymphadenectomy and overall survival (OS) from
the start of BC (pre-BC) were used for outcome measurement. A Cox proportional-hazards
model was developed to examine the association of markers detected with RFS and OS and
used for multivariate analysis. Known clinical and pathologic risk factors such as age, sex,
primary tumor site, Breslow tumor thickness, ulceration, AJCC primary tumor (T) stage,
regional lymph node (N) stage, stage III grouping (IIIA, IIIB, and IIIC), previous treatment
status, detection of individual markers, and number of multimarkers after overall treatment
were included in the model. A stepwise method was used for prognostic variable selection.
The log-rank test was used to compare RFS and OS among patients with individual marker
detection and patients with zero, one, two or more detectable markers after overall
treatment. Survival curves were generated by using the Kaplan-Meier method.

For the secondary outcomes, McNemar’s test was used to compare the detection of
individual markers between any two time points, and the Wilcoxon signed-rank test was
used to examine the change of mRNA copies during treatment course. The analysis was
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performed by using SAS statistical software (SAS Institute, Cary, NC), and all tests were
two sided with a significance level of ≤ .05.

RESULTS
Eligible Patients for Quantitative RT-PCR Study

Our quantitative RT-PCR study included 63 of the 92 patients enrolled on the clinical trial;
the remaining 29 patients were excluded because of lack of blood procurement (21 patients),
rapid disease progression (four patients), or severe toxicity during neoadjuvant BC (four
patients). A multimarker quantitative RT-PCR assay was performed on 231 blood samples
collected from the 63 patients (41 males and 22 females; median age, 42 years [range, 17 to
76 years]; median postoperative follow-up, 30.4 months).

Standard Curves and Specificity of Multimarker Quantitative RT-PCR Assay
The standard curves showed the expected linear increase of signal with the logarithm of the
copy number (data not shown). PCR efficiency assessed from the slopes of the curves was
between 90% and 100%. The correlation coefficient for all standard curves in the study was
≥ 0.99. MART-1, GalNAc-T, PAX-3, and MAGE-A3 mRNA were not detected in blood
specimens from the 49 healthy donors under the optimized conditions, but were frequently
detected in melanoma cell lines.16 Individual markers were detected in one to five
melanoma cells diluted in 107 PBLs of healthy donors; the coefficient of variation was 1.8%
to 22% for triplicate results (intra-assay variation) and 14% to 34% between assays for
individual markers.16

Change in Multimarker mRNA Detection During Treatment
GAPDH expression was detected in all blood specimens; the absolute copy number per 250
ng of total RNA ranged from 9.21 × 104 to 1.83 × 108 (median, 1.75 × 107). The range of
relative mRNA copies (absolute mRNA copies of each marker/absolute mRNA copies of
GAPDH) was 0 to 8.4 × 10−6 overall and 10−8 to 10−6 for marker-positive specimens (Fig
1). During treatment, relative mRNA copies of all markers gradually decreased to levels
significantly below pretreatment levels (MART-1, P = .0006; GalNAc-T, P = .005; PAX-3,
P = .002; MAGE-A3, P = .013). Changes in relative mRNA copy level during each
sampling interval were not significant except for a significant decrease in the PAX-3 mRNA
copy level during preoperative BC (P = .032).

Similarly, individual marker-detection rates dropped significantly during overall treatment
(MART-1, P = .001; GalNAc-T, P = .005; PAX-3, P = .001; MAGE-A3, P = .004),
reflecting a gradual, nonsignificant decrease during each sampling interval (Table 1). The
number of markers detected in each specimen also decreased significantly during overall
treatment (P < .0001), reflecting significant decreases during preoperative and postoperative
BC (P = .046 and .008, respectively), but not during surgery. Before treatment, blood
specimens from 47 (75%) of 63 patients expressed at least one marker, and specimens from
22 (35%) patients expressed more than one marker. After overall treatment, specimens from
41 (65%) patients had no markers, and only five (8%) specimens expressed more than one
marker.

Multimarker mRNAs As a Predictor of Disease Relapse and Survival
At a median postoperative follow-up of 30.4 months (range, 4.6 to 52.4 months), 19 (30%)
of 63 patients had experienced a relapse, and 44 (70%) were clinically disease free. After
treatment, the marker-detection rate after treatment clearly distinguished patients who had a
relapse and those who were relapse-free (61% and 15%, respectively). The number of
markers was significantly lower in relapse-free patients (P = .001), reflecting a significant
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overall decrease (P < .0001) and significant decreases during preoperative and postoperative
BC (P = .036 and P < .0001, respectively) (Table 2). In patients with relapse, there was no
significant difference between any two sampling points; 18 (95%) of 19 patients expressed
at least one marker during treatment, and those who expressed at least two markers after
treatment developed relapse within 7 months (Table 3).

Before treatment, marker detection had no correlation with sex, age, primary site, Breslow
tumor thickness, ulceration, pT stage, pN stage, stage III grouping (IIIA, IIIB, and IIIC), and
previous treatment status. After treatment, RFS significantly decreased when blood
specimens were positive for MART-1, GalNAc-T, and/or MAGE-A3 (P = .0003, P < .0001,
and P < .0001, respectively; Fig 2). The size of the decrease was directly correlated with the
number of positive markers (P < .0001) (Fig 2). For patients with no positive markers (n =
41), seven patients had experienced a relapse, and the estimated RFS rates were 97.6% ±
2.4% (estimate± SE) for 12 months and 89.8% ± 4.9% for 24 months. For patients with one
positive marker (n = 12), seven had experienced a relapse, and the estimated RFS rates were
81.8% ± 11.6% for 12 months and 62.3% ± 15.0% for 24 months. Of patients with two or
more positive markers (n = 5), four had experienced a relapse, and the estimated RFS rates
was 20.0% ± 17.9% for 12 months. Cox proportional-hazards model analysis selected the
detection of MART-1 (risk ratio, 10.2; 95% CI, 1.91 to 54.1; P = .007), GalNAc-T (risk
ratio, 6.56; 95% CI, 1.43 to 30.0; P = .015), and MAGE-A3 (risk ratio, 33.6; 95% CI, 7.82
to 144.6; P < .0001) after overall treatment as the significant prognostic factors for RFS. No
other factors were selected in the Cox proportional-hazards model except age (> 50 v ≤ 50
years; risk ratio, 8.25; 95% CI, 2.01 to 33.8; P = .003). Marker detection in blood specimens
obtained before or during treatment was not correlated with RFS.

After treatment, OS decreased significantly if blood specimens were positive for MART-1,
GalNAc-T, and/or MAGE-A3 (P = .007, P < .0001, and P = .009, respectively; Fig 3).
Again, the level of decrease was directly correlated with the number of positive markers (P
< .0001; Fig 3). For patients with no positive markers, no patients died within 12 months,
and four patients died during the follow-up period; the estimated OS was 94.5% ± 3.8%
(estimate ± SE) for 24 months. For patients with one positive marker, no patients died within
12 months, and five died; the estimated OS was 80.0% ± 12.7% for 24 months. For patients
with two or more positive markers, three patients died within 12 months, and the estimated
1-year survival rate was 40.0% ± 21.9%. Using a Cox proportional-hazards regression
model, the number of positive markers after treatment (risk ratio, 12.6; 95% CI, 3.16 to 50.5;
P = .0003) was selected as a significant independent prognostic factor for OS. No other
factors were selected in the Cox proportional model except age (> 50 v ≤ 50 years; risk ratio,
8.19; 95% CI, 2.30 to 28.5; P = .001).

DISCUSSION
Recent studies have shown the importance of CTCs in blood; however, most have focused
on correlation with staging and tumor burden.10,31 We previously demonstrated the
significance of CTCs for prediction of disease outcome in patients with AJCC stage III
melanoma receiving melanoma vaccine.13,14 Because CTCs may indicate systemic
subclinical disease, their quantitative real-time detection can represent a surrogate marker
for predicting outcome to adjuvant therapy. In this study, we demonstrated that a
multimarker quantitative RT-PCR assay could detect CTCs in the blood of patients with
AJCC stage III melanoma who were receiving BC before and after surgery, and changes in
multimarker detection were correlated with disease progression and OS.

The four mRNA markers selected for this study are found frequently in blood specimens
from patients with melanoma, but not in blood from healthy individuals.16 Because
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metastatic melanoma tumors are heterogenous in melanoma-associated marker expression,
21,23 a combination of markers can compensate for variations in individual marker
expression; thus, we expect detection of tumor cells to be greatly increased and false-
negative results reduced. Detection rates were higher with the multimarker quantitative RT-
PCR assay than with any individual marker assay. These findings indicate that a single-
marker assay in blood has limited clinical utility.21,32,33

The number of positive markers in each blood specimen significantly decreased across all
three sampling intervals and during preoperative and postoperative BC. The nonsignificant
decrease after surgery probably reflects residual tumor burden. CTCs were detected in more
than half of the patients after surgery, consistent with the high incidence of disease relapse
in patients with AJCC stage III melanoma. These findings also indicate the need for
postoperative monitoring to detect systemic subclinical disease in patients who have
undergone complete resection of stage III melanoma.34

The change in marker-detection rates was clearly different between relapse-free patients and
patients who had a relapse. Preoperative and postoperative BC significantly reduced the
number of markers only in relapse-free patients. Marker detection after treatment also
correlated with OS. These results suggest that serial monitoring of CTCs might be used to
predict disease outcome. The fact that surgery did not significantly affect marker-detection
rates in relapse-free patients or in patients who had a relapse suggests that subclinical
systemic disease had already been established before operative intervention. The Cox
proportional model did not select the histopathologic factor (pT and/or pN stage) as a
prognostic factor, and these findings might indicate that assessment of primary and regional
lymph nodes according to TNM staging criteria could not accurately predict the disease
relapse and OS in patients receiving neoadjuvant treatment because of modification of tumor
burden by chemotherapeutic and/or immunotherapeutic drugs.

From a clinical standpoint, the development of a tool to identify high-risk patients and to
monitor the response to adjuvant therapy in patients who are clinically disease free would
represent significant progress in the management of patients with melanoma. Although most
studies of CTCs in melanoma have used specimens obtained at only one time point, serial
assessment can detect CTC changes during different phases of treatment, which makes CTC
assessment a promising method to detect real-time subclinical tumor spreading. Although
we did not measure clinical response to treatment, our assay system may have the potential
to identify which component of treatment is most effective and which needs to be improved.
As treatment regimens become multimodal and multiphasic, there will be an urgent need for
clinically relevant surrogate markers that can be used to monitor response and predict
outcome.

Most studies for assessment of predictive markers in patients treated with neoadjuvant
therapy have used tumor tissues. However, static assessment of primary and meta-static
tumor specimens after neoadjuvant therapy does not indicate whether tumor cells are being
shed or whether treatment is reducing metastasis. In contrast, dynamic assessment of serially
obtained blood specimens allows molecular evaluation of tumor-cell shedding during
treatment and is highly important to evaluate efficacy in controlling systemic disease. This
study supports the use of molecular markers as surrogates for disease progression and
suggests that our assay system could minimize sample variation from different sites and
thereby increase the feasibility of multicenter studies.
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Fig 1.
Copy levels of individual mRNA markers in blood specimens obtained before, during, and
after treatment. The relative mRNA copy number of each marker after treatment was
significantly lower than its copy number before treatment: melanoma antigen recognized by
T cells 1 (MART-1), P = .0006; β1 → 4-N-acetylgalactosaminyltransferase (GalNAc-T), P
= .005; paired box homeotic gene transcription factor 3 (PAX-3), P = .002; melanoma
antigen gene-A3 family (MAGE-A3), P = .013. Bars indicate mean copy numbers.
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Fig 2.
Kaplan-Meier curves of relapse-free survival based on marker detection after treatment.
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Fig 3.
Kaplan-Meier curves of overall survival based on marker detection after treatment.
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