ANNALS OF SURGERY
Vol. 231, No. 6, 795-803
© 2000 Lippincott Wiliams & Wilkins, Inc.

Clinical Relevance of Molecular Staging for

Melanoma

Comparison of RT-PCR and Immunohistochemistry Staining in
Sentinel Lymph Nodes of Patients With Melanoma

Weiguo Li, MD, Alec Stall, BA, Steven C. Shivers, PhD, Jeffrey Lin, Fadi Haddad, MD, Jane Messina, MD, L. Frank Glass, MD,

Gary Lyman, MD, MPH, and Douglas S. Reintgen, MD

From the Cutaneous Oncology Program, H. Lee Moffitt Cancer Center and Research Institute at the University of South Florida,

Tampa, Florida

Objective

To determine the clinical significance of a molecular assay
based on the reverse transcriptase polymerase chain reaction
(RT-PCR) for the presence of micrometastatic melanoma cells
in sentinel lymph nodes (SLNs).

Summary Background Data

Routine histologic examination of lymph nodes often underes-
timates the presence of micrometastatic disease. The authors
have previously shown that an RT-PCR assay designed to
detect melanocyte-specific expression of the tyrosinase gene
could be used to define a population of patients at higher risk
for both recurrence and death compared with routine hema-
toxylin and eosin (H&E) histology. In this study, the authors
used the tyrosinase RT-PCR assay in a patient population
examined by a more detailed histologic analysis, including
S-100 immunohistochemistry.

Methods

Patients underwent lymphatic mapping and SLN biopsy. SLN
specimens were bivalved, and half of each specimen was se-
rially sectioned and examined by routine H&E histology and

S-100 immunohistochemistry. The other half of each speci-
men was analyzed by a nested RT-PCR assay.

Results

Hematoxylin and eosin histology detected metastatic disease
in 36 (16%) of the 233 patients tested. S-100 immunohisto-
chemistry detected micrometastatic disease in another 16
patients, and 114 (63%) of 181 patients with histology-nega-
tive nodes had positive findings on RT-PCR. There were sig-
nificant differences between PCR-positive and PCR-negative
patient groups in Breslow thickness, Clark level, and the pres-
ence of ulceration of the primary tumor, factors that have
been shown to correlate with recurrence and survival.

Conclusions

These results suggest that RT-PCR can increase the sensitiv-
ity of detection of metastatic melanoma cells in SLNs over the
current standard methods, including H&E histology and
S-100 immunohistochemistry. Further long-term follow-up is
needed to detect actual differences in recurrence and overall
survival.

The most powerful predictor of survival for melanomaOnce nodal disease develops, prognostic factors based on
and other solid tumors is the status of regional lymph nodeghe primary tumor offer little help in predicting recurrence

rates and overall survival. For patients with malignant mel-
anoma, the 5-year survival rate decreases 40% with the
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arly with the approval of interferon alfa-2b for adjuvant
treatment in patients with stage Il melanofa.
In the past, elective lymph node dissection was performed
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to obtain nodal staging information. All lymph nodes in the who may have “submicroscopic” metastatic disease requires
lymphatic drainage basin were removed for pathology exan even more sensitive method.
amination for the presence of micrometastases. Elective Tyrosinase is a key enzyme in the biosynthesis of mela-
lymph node dissection is a radical surgical procedure, andin in normal melanocytes and melanoma c#l# is not
complications such as lymphedema and neuropathy magxpressed in normal lymph nodes and peripheral blood. The
directly affect the patient's quality of life after surgery. presence of tyrosinase mRNA in lymph nodes or peripheral
More importantly, approximately 80% of patients who un- plood can be used to indicate the presence of metastatic
dergo elective lymph node dissection have no evidence ofells. Smith et df first designed a reverse transcription
metastases or subsequent recurrence; therefore, most g&RT) coupled to a nested polymerase chain reaction (PCR)
tients do not directly benefit from this procedure. assay to detect tyrosinase mRNA as a marker for circulating
Recently, the combination of several conservative diagmelanoma cells in peripheral blood. We expanded and mod-
nostic and surgical techniques to harvest and to analyZgjed this method for use in SLN< Previous data suggest

more closely sentinel lymph nodes (SLNs) has revolutionthat the RT-PCR assay can identify 1 melanoma cell f 10
ized the staging and treatment of patients with malignanf, 1 background normal celf¢:5

melanoma. Originally proposed by Morton et'dlithe SLN Our laboratory has recently shown that the nested RT-

is defined as the first lymph node in the regional lymphaticocp assay for the detection of tyrosinase mRNA as a

basin that drains the primary tumor. Preoperative lymphOyarker for the presence of metastatic melanoma cells in
scintigraphy, intraoperative lymphatic mapping,

and selecy; s jdentified a subpopulation of patients whose nodes

tive SLN biopsy can be sequentially perform_ed to harves(Nere negative by routine H&E histology but who overall
one or two S.LNS' Several reporFs have conflr'med that th‘fwad a significantly increased risk of recurrence and death
SLN is the first node that receives metastatic melanom om metastatic melanom&. Further. we showed that in
Ciltli? elln?nthhattith(te) Sl;ﬁ'i\l g?rf:]ectsiftf:ﬁ mseiiﬁatlﬁ S:ﬁuis (t)f thBoth univariate and multivariate regression analyses, the
entire lymphatic basiii. = Thus, © acks melasta- pr.pcR status of the SLN was a statistically significant
ses, the whole basin will also be free of metastases. This

strateav allows pathologists to focus on iust 1 or 2 lvm hpredictor of disease-free survival. However, one problem
9y P 9 J YMPRith the previous studies was that they were performed at a

nodes instead of 20 to 30 nodes from an elective Iympr}. . : . )
. . o . : ime when S-100 immunohistochemistry was not routinely
node dissection, making it possible to acquire accurate

nodal staging information with a more detailed examinationpefrformed’ an_d S0 there coulq have been patlen_ts with
of the SLNS. micrometastatic disease who might not have been missed by

Standard procedures for the pathologic examination o%he current methods using s_-_1c_)0.
regional lymph nodes involve serial sectioning at 1- to Does the.m_crease in sensitivity for the PCR assay really
4-mm intervals, staining of gm sections with hematoxylin have any clinical relevance fqr patients who are at n;k for
and eosin (H&E), and inspection for melanoma cells amongnétastatic melanoma, especially when compared with the
background lymphocytes under microscopy. Pathologist§OW-standard use of S-100 immunohistochemistry? The
determine the presence or absence of metastases, and clifi’rent study, which was performed on a separate popula-
cians make their treatment decisions based on the results Bpn Of patients in whom S-100 immunohistochemistry was
this superficial examination, which typically studies less@ component of the routine histologic analysis of the SLN,
than 1% of the submitted nodal tissue. However, studie¥'@s designed to investigate the utility of the RT-PCR assay
show that metastatic melanoma can invade the lymph nod®r tyrosinase mRNA as a marker for the detection of
with a very low volume and it can also localize to a small Mmetastatic melanoma cells in SLNs.
region in the node, not necessarily the central cross-section
of the nodée’

Immunohistochemistry staining with antibody to the METHODS
S-100 protein, a relatively specific marker for melanoma
cells, can increase the sensitivity of detecting melanom&tudy Design
cells in lymph nodes tenfold over H&E staining alotfep
approximately 1 melanoma cell in a background of 10 A prospective cohort study was conducted to observe
normal lymphocytes. Since 1995, our program has incorpoPatients with clinical stage | or Il cutaneous malignant
rated the use of S-100 immunohistochemistry staining intdnelanoma who were at risk of local, regional, or systemic
routine melanoma SLN examinations. Our data show thafetastasis. Patients underwent preoperative lymphoscintig-
the addition of S-100 immunohistochemistry staining in-raphy, intraoperative lymphatic mapping, and SLN biopsy,
creased the incidence of a positive finding for metastatidollowed by wide local excision of the primary tumor. SLNs
melanoma by 20%?! However, there are still some patients were bisected, and each half was submitted for histology
with negative S-100 immunohistochemistry and H&E-stain-(H&E and S-100 immunohistochemistry) or RT-PCR, ran-
ing lymph nodes who have had recurrence and died oflomly. Patients were followed up for melanoma recurrence
metastatic melanoma. Identifying this subgroup of patientand survival.
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Patient Population gical procedure. Ten minutes after the injection of blue dye,

. . . . a small incision was made at the site of the intradermal
Consecutive patients with malignant melanoma were re- . ; )
: : . tattoo. Lymph nodes with a blue-stained afferent lymphatic
cruited into this study from December 1995 to DecemberOr containina blue dve were harvested as SLNs. “Hot”
1997 from the Cutaneous Oncology Program, H. Lee Mof- 9 Y )

fitt Cancer Center and Research Institute at the University Oliymph nodes that had appropriate ratios of radioactivity

South Florida in Tampa. Institutional review board approvalverSléSL’k\)IaCkf(;91und>(.3:1 n deo) OJ l\)/ersis a dnren |g|;2bor|ng
was obtained before the first patient was enrolled. Each®"” (>10:1 ex vivo), detected by a hand-held gamma

patient gave consent for the study and was willing to parpr,Obe’ were also harveséed_ ‘:}‘S SLNs. Su_l(:)jselquerlltly, .the
ticipate voluntarily. All patients met the following inclusion P'Mary tumor was treated with a 1.0-c.m wide local excl-
and exclusion criteria: sion for melanomas less than 1.0 mm thick or a 2.0-cm wide

local excision for all other tumor thicknesses.
1. A biopsy-confirmed diagnosis of melanoma within 3

months
2. A primary tumor Breslow thickness greater than 0.76

o Histologic Examination
mm, unless there were other high-risk factors for stologic Exa atio

metastasis The SLNs were bisected and analyzed by both routine
3. No grossly palpable disease present on physical &istology and RT-PCR. Half of each SLN was submitted to

amination the pathology department and processed for a routine pa-
4. No signs or symptoms of local, regional, or systemicthology examination. The specimens were sectioned at 2- to

metastatic disease . 3-mm intervals and submitted for paraffin embedding. Each
5. No evidence of multiple primary melanomas. block was sectioned at one to three levels, depending on the

These criteria ensured that all patients enrolled in théize of the tissue in the block, and stained with H&E. If no

study were at clinical stage | or II. Patients who had anmeélanoma cells were found with H&E staining, immuno-
unsuccessful SLN biopsy or PCR test (negative for thehistochemistry staining with S-100 antibody was performed

B-actin Contro|) were removed from the Study_ USing an avidin—Dbiotin CompleX immunoperOXidase tech-
A final cohort of 233 patients who met all the criteria was Nique with diaminobenzidine chromogen. For specimens
followed for melanoma recurrence and survival. that were negative by H&E but positive by immunohisto-

chemistry, the H&E slides were carefully reviewed again or
. L even more blocks were inspected to verify the presence of
Preoperative Lymphoscintigraphy metastatic melanoma cells. Only specimens that were con-

All patients underwent preoperative lymphoscintigraphyfirmed positive by H&E staining were reported as histology-
to determine the actual lymphatic basin(s) at risk for me-POSItive.
tastases and the approximate number and location of
SLN(s), as described previousiy.Briefly, filtered (0.2-
micron filter) technetium-labeled sulfur colloid (Syncor, RT-PCR Examination
Inc., Tampa, FL) was injected around the primary tumor or
the previous biopsy site. Dynamic and delayed images were The other half of each SLN was processed for RNA
obtained to show the lymphatic drainage pattern of theextraction and RT-PCR, as previously describ2Briefly,
primary tumor, as well as the anatomic relations of potentiaSamples were sent immediately from the operating room to
SLNs. An intradermal tattoo was used to mark the locatiorthe laboratory, where they were trimmed of any external fat
of potential SLNs. and rapidly frozen at-80°C. Total RNA was extracted

from the entire specimen by a phenol-guanidinium thiocy-

. . . anate method. A cDNA library was constructed using
Intraoperative Lymphatic Mapping and oligo-dT as the primer for reverse transcription. A separate
SLN Biopsy PCR assay for the mRNA of th@-actin housekeeping gene

Patients were taken to the operating room for intraoperwas performed to verify general mRNA integrity. A nested
ative lymphatic mapping and SLN biopsy under generalPCR for the detection of tyrosinase cDNA was conducted
anesthesia. A combination lymphatic mapping technique®n B-actin—positive samples to determine lymph node met-
was used that included a vital blue dye (Lymphazurin;astatic status. The first round of PCR (30 cycles) generates
USSC, Norwalk, CT) and the radiocolloid to identify the a 284-base pair (bp) DNA fragment; the second round (30
SLN during surgery. The SLN harvest was performed 2 tocycles) with nested primers generates a 207-bp product. The
24 hours after lymphoscintigraphy, so the radioactivity insecond-round PCR products were analyzed by electrophore-
SLNs was still detectable and reinjection of radiocolloid sis in a 10% TBE gel (BioRad, Hercules, CA) and stained
was avoided. Vital blue dye was injected around the primaryith ethidium bromide. If an SLN sample produced the
tumor or previous biopsy site at the beginning of the sur-207-bp fragment, it was considered PCR-positive.



798 Li and Others Ann. Surg. « June 2000

Adjuvant Ther
dju ant erapy Table 1. PATIENT DEMOGRAPHICS

Patients who had histology-positive nodes by H&E or (N = 233)
S-100 staining were offered completed lymph node dissec=

tion or interferon alfa-2 therapy or the opportunity to enter n (%)
other clinical t_ri:_;lls for s_ta_lge 1l d_isease. PCR r_esults WET€rg6 (mean = 57)
not used for clinical decision making, and all patients whose <35 19 )
samples were negative by routine histology were observed. 35-45 44 (19)
45-55 48 @1)
55-65 34 (14)
Follow-Up Schedule 65-75 63 @7)
i >75 25 (1)
Patients were followed up on a regular schedule afteBresiow thickness (mean = 2.18 mm)
surgery, at least every 3 to 6 months for the first and second <0.75 5 @)
years after surgery and yearly afterwards. Patients were 0-75-1.5 100 (43)
checked carefully by physical examination, chest x-rays, or Li‘g 0 123 (4(8;
other diagnostic tools, if necessary. Recurrence was COfsy,qor
firmed by examining charts or by contacting referring phy- male 160 69)
sicians. Female 73 @31
Clark level
Il 2 Q)
Statistics ll 58 (25)
) _ Y 161 69)
Survival functions were generated for relapse-free v 12 )
survival using the product-limited method of Kaplan- Ulceration
Meier 18°Overall survival was calculated from the date of Yes 150 64)
diagnosis to the date of death. Relapse-free survival was LNJgknown ﬁ ©1)

calculated from the date of diagnosis to the date of first
recurrence. Patients not experiencing these events were
considered censored at the date of last contact. The distri-
bution of each variable was evaluated, and measures @tatic cells had not been detected by the initial H&E stain-
central tendency and variance were estimated. Univariat&g. On reexamination and in some cases further sectioning,
and multivariate regression analyses were performed witthe presence of metastatic melanoma cells was verified in all
prognostic variables based on the primary tumor, such agf these patients. Therefore, the total rate of histology
tumor thickness, Clark level, ulceration, and primary mel-positivity was 22% (52/233) in our study population. S-100
anoma location, as well as clinical variables such as agémmunohistochemistry staining was responsible for the
sex, histology, and RT-PCR status of the SI0Chi-square  identification of 31% (16/52) of the patients with metastatic
statistics were used for comparing differences among difdisease. This disease would have been missed and the
ferent categories, which were formed according to PCR an@atients might have been staged inaccurately if elective
histology status. Anx level of 0.05 and 95% confidence lymph node dissection with a more superficial examination
intervals (Cls) were used throughout the analysis. of all the nodes in the regional basins had been performed or
if immunohistochemistry was not performed in the SLN.
Using RT-PCR for tyrosinase mRNA to detect metastatic
RESULTS melanoma cells in SLNs, 163 of 233 (70%) patients had
Patient Demographics positive nodes. Of 52 patients with histology-positive
nodes, 49 (94%) also had PCR-positive nodes. Of the total
“of 163 patients with presumed evidence of metastatic dis-

A summary of demographic data for the 233 study pa
tients is shown in Table 1.

Pathology Examination and RT-PCR Table 2. CORRELATION OF RT-PCR

Examination POSITIVITY WITH BRESLOW THICKNESS
Two separate dermatopathologists (J.M., L.F.G.) read
. . - . . Breslow
each .H&I.E and |mmunoh|stgqhem|stry ;Ilde. In the routineé  tnickness <075 0.75-15  1.5-4.0 >4.0
examination under H&E staining, 36 patients were found to
have metastatic melanoma in one or more SLNs. All ofPCR- 2(40%) 38(38%) 27 (25%)  3(15%)
these patients also had positive nodes by S-100 immund:CR+ 3(60%) 62(62%) 81 (75%) 17 (85%)

histochemistry. In addition, another 16 patients had positive , , o
. . . .. Number of patients and percentage of patients with similar thickness are shown.
nodes on S-100 immunohistochemistry staining after meta-
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Table 3. BRESLOW THICKNESS OF Table 5. CORRELATION OF RT-PCR
PATIENT GROUPS POSITIVITY WITH TUMOR ULCERATION
Mean Standard Ulceration Yes No
(mm) Error Minimum Maximum
PCR— 13 (19%) 51 (34%)

Group 1 (Histo—/PCR—) 1.72 0.15 0.55 8.00 PCR+ 59 (82%) 99 (66%)
Group 2 (Histo—/PCR+) 2.08 0.18 0.68 15.00
Group 4 (Histo+/PCR+) 3.19 0.27 0.95 10.00 Number of patients and percentage of patients with or without ulceration are
All patients 2.18 0.12 0.55 15.00 shown.

ease in their SLNs, routine H&E pathology identified only respect to their categories is given in Table 9. One patient
22% (36/163) of the patients with SLN metastases. Immu{1.6%) in group 1 had recurrence and died of melanoma. In
nohistochemistry staining identified an additional 10% (16/group 2, 11 (10.2%) patients had recurrence, and 4 (3.7%)
163) of patients with metastatic disease, but the bulk of thef them died of disease. Eighteen (36%) patients in group 4
patients with presumed nodal disease (68%) was detectdthd recurrence, and 9 (18%) of these patients died of
only by the RT-PCR assay. metastatic disease. Of the 12 patients with negative nodes

Patients were categorized by histology (both H&E andby histology in whom recurrence developed later, 11 (92%)
S-100 immunohistochemistry) and the RT-PCR status ohad nodes that were positive by RT-PCR.
their SLNs into four groups: group 1 @ 67), negative on A Kaplan-Meier survival analysis conducted for disease-
both histology and PCR; group 2 (& 114), histology- free survival foundP values of .06 and .00005 between
negative but PCR-positive; group 3 (A 3), histology- groups 1 and 2 and between groups 2 and 4, respectively.
positive but PCR-negative; and group 4+n49), positive
on both histology and PCR for metastatic melanoma.

An independent test, performed to compare differences DISCUSSION
in Breslow thickness, found a significant differend® < Selective SLN biopsy enables pathologists and investiga-
.01) between patients with PCR-positive and PCR-negativéors to focus their search for metastatic cells on a small
nodes (Tables 2 and 3). The difference in Breslow thicknessumber of lymph nodes that are most likely to harbor
between PCR-positive and PCR-negative nodes was 0.G8etastatic disease; this results in the acquisition of more
mm (95% CI, 0.15-1.21 mm). accurate staging information. The correlation between SLN

Logistic regression analysis found that PCR positivity histology status and clinical outcome has been well estab-
was correlated with tumor thickness, Clark level, and tumolished. However, a significant percentage of patients have
ulceration (Tables 2—8). As the thickness of the primaryrecurrence after their SLNs are found to be negative with
tumor increased by 1 mm, the probability of getting aroutine histologic examination. In this study, we used RT-
positive RT-PCR result increased by a factor of approxi-PCR as a more sensitive method to detect “submicroscopic”
mately 1.04. metastatic melanoma cells.

From the clinician’s viewpoint, a patient with a thicker
primary tumor, higher Clark level, and ulceration is more
likely to have metastatic lymph nod&sOur data show that

A total of 224 patients had at least 3 months of follow-up patients who are clinically at high risk for metastases are
since their SLN biopsy, and the mean follow-up time for themore likely to have PCR-positive nodes as well. For each
whole study population was 20 months. Thirty patients hadl-mm increase in Breslow thickness of the primary tumor,
documented recurrence after their SLN biopsy (3—-38he probability of finding a PCR-positive SLN increased by
months after surgery) and 14 patients had died of melanoma factor of 1.04 (95% CI, 1.01-1.08). Patients with a Clark
during this follow-up interval. A breakdown of patients with

Follow-Up

Table 6. CLARK LEVEL OF PATIENT
Table 4. CORRELATION OF RT-PCR GROUPS
POSITIVITY WITH CLARK LEVEL

Clark Level I n v v
Clark Level n m v v

Group 1 (Histo—/PCR—) 1 (1%) 26(39%) 38(57%) 2 (3%)
PCR— 2(0%) 26 (45%) 40 (25%) 2(17%)  Group 2 (Histo—/PCR+)  0(0%) 29 (25%) 78 (68%) 7 (6%)
PCR+ 00%)  32(55%) 121 (75%)  10(83%)  Group 4 (Histo+/PCR+)  0(0%) 3(6%)  43(88%) 3 (6%)

Number of patients and percentage of patients with same Clark level are shown. Number of patients and percentage of patients in group are shown.
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Table 7. TUMOR ULCERATION OF Table 8. LOGISTIC REGRESSION OF PCR
PATIENT GROUPS POSITIVITY FOR PRIMARY TUMOR
VARIABLES
Ulceration Yes No Unknown
Odds 95% Confidence
Group 1 (Histo—/PCR—) 11 (16%) 50 (75%) 6 (9%) n  Ratio P Interval
Group 2 (Histo—/PCR+) 30 (26%) 79 (69%) 5 (4%)
Group 4 (Histo+/PCR+) 29 (59%) 20 (41%) 0 Breslow thickness 233 1.04 .0079 1.01-1.08
Clark level (Il vs. IV) 219 1.22 .0038 1.07-1.40
Number of patients and percentage of patients in group are shown. Ulceration (yes vs. no) 215 1.17 .0128 1.03-1.33

level IV tumor were 1.17 (95% CI 1.03-1.33) times more ] ) ) )
likely to have a PCR-positive SLN than patients with a survival between patients whose nodes were histologically

Clark level Il tumor. Patients with an ulcerated primary Negative but PCR-positive and those whose nodes were

tumor were 1.22 (95% Cl, 1.07-1.40) times more likely to "egative both histologically and on PCR.
have a PCR-positive SLN. In the current study of 233 patients, the median follow-up

Routine histologic examination of SLNs examines only alS Only 20 months, and the survival differences between
very small amount of tissue, and this limited examinationPatients with nodes negative on histology and either positive
may miss low-volume micrometastatic disease. A smalP’ negative on PCR has not quite reached significaRce (
retrospective study conducted at our center and at the M.D06). However, the incorporation of S-100 immunohisto-
Anderson Cancer Center reexamined SLN samples frorﬁhem'S”Y into the routine histology protocol has dgtected
patients who had histology-negative nodes (H&E) but nodafliSéase in some patients that would have been missed by
recurrence&? Serial sectioning and immunohistochemistry H&E staining alone, thus decreasing the number of patients
staining demonstrated that 10 of 15 (66%) patients had! risk for recurrence in the histology-negative groups.
metastatic melanoma cells in the SLN that were missed byronger follow-up might be needed to demonstrate statisti-
the original routine histologic examination. However, evenCally significant differences in this cohort. . .
with the use of more extensive routine methods, the pres- A Major question that remains is whether patients with
ence of metastatic cells could not be demonstrated in fiv€ CR-positive nodes only will benefit from more aggressive
patients (33%) in whom recurrences developed. In OUItreatment...th short foIIovy-up,_most of the patients with
present data, of the 12 patients whose nodes were negatifé~R-positive nodes only with this one marker have not had
by histology (including serial sectioning and immunohisto-récurrence or died of metastatic mtsla_mom_a, suggesting thflt
chemistry) and in whom recurrence developed, 11 (92%jhere may be alarge percentage of “biologic false-positives
had positive nodes by RT-PCR. This finding implies thatand thus PCR might be too sensitive for chmce_ll.use. The
the RT-PCR assay detects clinically relevant disease, pQverall relapse rate for patients with PCR-positive nodes

cause these patients suffered recurrent disease during th¥{gS approximately 18%; that for patients with histology-
follow-up. positive nodes was approximately 36%. However, another

In addition to one patient who had recurrence after S£xplanation may pe that t.he met.astatic load is in such low
PCR-negative SLN, three patients in the current study hayolume that the disease is confined to the SLN, and per-
histology-positive but PCR-negative nodes. A possible ex{orming the SLN harvest renders the patient free of disease.
planation for these apparent PCR false-negative results 1&/ith this hypothesis, the SLN biopsy might be a therapeutic

that tyrosinase might not be expressed by a few melanom@rocedure for patients with a low volume of nodal disease,
tumors. Another possibility is that localized metastatic tu-compared with patients whose metastases have had more

mor cells were present only in the half submitted to thelime to spread to other nodes in the basin or other systemic
pathology department, and thus a sampling error occurred.
However, all of these nodes were grossly negative, and any

sampling errors would be expected to occur randomly in Table 9. RECURRENCE AND SURVIVAL
both directions. _ N FOR PATIENT GROUPS
Our data support the use of a highly sensitive RT-PCR
assay as a complement to routine histologic methods for Recurrence Deaths

detecting melanoma micrometastases. In a previous re-

port® we showed that the tyrosinase RT-PCR results cor- ; n (%) n (%)

related with disease-free and overall survival, although ingroup 1 (Histo—/PCR-) 64 1 (1.6%) 1 (1.6%)
that study of a separate cohort of 114 patients, immunohissroup 2 (Histo—/PCR+) 109 11 (10.1%) 4 (3.7%)
tochemistry was not performed as part of the routine hisGroup 4 (Histo+/PCR+) 49 18 (36.7%) 9 (18.4%)

tology protocol. With a mean follow-up of 24 months, there

L . . . umber of patients and percentage of total are given.
was a significant difference in both disease-free and overall P pereeneg 9
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sites. In addition, the body’s immune system may be bettet4.

able to take care of lower volumes of metastatic disease.
Selective SLN biopsy coupled with RT-PCR may detect
metastatic melanoma at an earlier stage, when further ther-
apy is not necessarily beneficial.

An ongoing national multicenter randomized clinical
trial, called the Sunbelt Melanoma Trial, is trying to deter-
mine whether SLN biopsy coupled with RT-PCR will iden-
tify patients who will benefit from therapies currently re-

served for patients with nodal disease detected by standand.

methods. In this trial, patients with melanomas greater than

1.0 mm thick will undergo wide local excision, lymphatic 18-

mapping, and SLN biopsy. Each SLN will be examinedl
with routine H&E, S-100 immunohistochemistry, and RT-
PCR. If the SLN is negative by histology but positive by

RT-PCR, the patients will be randomized into three differ-20.
ent arms (observation, complete lymph node dissection, of-

complete lymph node dissection plus interferon alpha-2b).
If it can be shown that patients with nodal disease detected

by PCR only can benefit from more aggressive therapies2.

then PCR will undoubtedly be incorporated into the stan-
dard of care for patients with melanoma in the near future.
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tumors less than 1.5 mm thick were positive by PCR testing. It's
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clear that the PCR testing overestimated, to some degree, thinited study of 24 patients that RT-PCR positivity was present in
number of patients who would be expected to recur. So | haveonsentinel lymph nodes, an experience that challenges the con-
several questions: cept of the sentinel lymph method. In seven of the 24 cases after
While the sensitivity of PCR testing for tyrosinase is quite good,a completion lymphadenectomy, positive RT-PCR was present in
it seems that the specificity may be lower. How often is tyrosinasenonsentinel lymph nodes when conventional sentinel lymph node
positive in the lymph nodes from nonmelanoma patients, that iswas negative. Five of these seven nonsentinel lymph nodes had
the negative control patients that you have tested? gp100 and mRNA present. Their data suggests that the concept of
Have you begun to use other markers in addition to tyrosinase igentinel node may miss micrometastases. Whether such microme-
order to improve the specificity of the assay? As you know, in thetastases cause a recurrence remains to be clarified. Therefore, |
Sunbelt Trial with the additional markers, the total rate of sentinelhave a few questions to pose:
node positivity is 55%, that is, 25% that are histologically or  Blue nodes and nodes with blue afferent lymphatics, and hot
immunohistochemically positive and about 30% that are positivenodes meeting the proper background ratio criteria are considered
by PCR only. sentinel lymph nodes. The original definition was the first lymph
The next question: in your study, sentinel nodes that wereyode in the regional lymphatic basin that drains the primary tumor.
positive by immunohistochemistry had to be confirmed by routinepg we need new terms for sentinel lymph nodes?
H&E staining in order to be called truly positive for cancer. Asyou  The false-positive rate appears high. What precautions might be
know, we often see, in some slides with S100 staining, a few cellgmpioyed to guard against high false-positive rates, such as a look
that light up with positive staining, and it has become a significanty; 5qgitional markers?
issue for pathologists and surgeons around the country. How do |, ihe 114 cases that were PCR-positive alone, is it feasible—

you deal with the issue when you see just a couple of cells thafye|y not—to study that half of the lymph node any further by
light up as positive on immunohistochemistry? histology? Did you look at gp100 or other markers?

And, finally, because of your work, many patients and surgeons Have you had an opportunity to study nonsentinel lymph nodes

are starting to ask whether they can order sentinel lymph nodg, s technique, given that completion lymphadenectomy was
PCR testing outside of a clinical trial. What's your advice to them?not carried out in this particular study?

| thoroughly (_anjoyed the manuscrlpF. Dr. Re'”_‘ger_‘ and h's Are we accumulating evidence or convincing data that the early
colleagues continue to lead the way in developing innovative

) identification of sentinel lymph node micrometastases improves
approaches to the treatment of melanoma and this paper represenﬂg% long-term outcome over simply a wait-and-watch practice with
another in a long list of significant contributions.

delayed lymph node dissection?

Dr. DoucLAs R. Murray (Atlanta, Georgia): | wish to thank Dr. : congratulgte Dr._ Reintgen anq his H. Lee Mofiitt Ca’.‘cer
Center group in helping to lead us into the new molecular millen-

Reintgen for inviting me to discuss this fine paper and for giving ".
me an opportunity to review the manuscript, which does embody

everal fine points on technigue and will be appreciated by all. We .
sev i€ PoIN's 'qu WI ppreci y Dr. WiLLiam C. Woob (Atlanta, Georgia): | congratulate Doug

deeply appreciate Doug’s untiring efforts to explore innovative . . . L .
procedures and set clinical standards in the management of me?‘-nOI his colleagues again on conducting this trial and pushing the
anoma whole issue of what PCR really means when we find evidence of
This study employs a very sensitive amplified reverse tran_mc;_lﬁcular cqmponents, ‘Zt Ieas_t, of these tumor I<|:ell_s. burd ¢
scriptase-nested polymerase chain reaction method to detect, if you € qu_es_tlon comes, does it represent_a really tlny_ urden o
will, submicroscopic disease metastasis in these lymph nodes, or may it represent simply tran-

Of 233 cases of primary melanoma examined, 52 cases, or 2298101y Cells passing through the lymph nodes? That, too, could

were lymph node-positive by conventional means, immunohisto-Simply represent burden of disease. It could be a surrogate. The

chemistry and H&E staining: 31% of these were detected byP€rson with more cells in transit, presumably, ha§ a higher cell

immunohistochemistry, or 16 of the 52 cases, which, parenthetiburden or more diseased cells; therefore, the possibility of detect-

cally, would have been missed by elective lymph node dissectiof"d not even the cells, even breakdown products of the RNA DNA

procedures. One hundred and fourteen were positive by PCR alorféthin the lymph nodes.

(49%); therefore, 166 out of 233, or 71%, were positive. Of The question would then come: Have you simply found a

interest, only one of the 67 cases that were histologic-negative anfolecular surrogate for tumor burden? And you mentioned in your

PCR-negative recurred. Only 11 of 114 that were histologic-Presentation that this did correlate with level.

negative and PCR-positive recurred, or 10%. Have you done multivariate analysis to show that, yes, this
It is of interest that 11 of these 12 patients that did recur weredreaks out well in univariate analysis, but in multivariate analysis,

positive by PCR, even though negative by histology, suggestingvhen you look at other standard measures of tumor burden, does

that PCR does detect clinically relevant disease. Perhaps, as al§-still hold?

ticipated, 18, or 36% of the 49 patients that were histologic

positive and PCR positive recurred. Nine, or 18%, of the 49 died. DRr. Freperick L. Greene (Charlotte, North Carolina): The

Nevertheless, the vast majority of the PCR-positive patients havémerican Joint Committee on Cancer, on which | serve as exec-

not relapsed, suggesting a large percentage of biologic falsastive chair, is very interested in this topic. As we develop our 6th

positives. edition of the staging manual, sentinel node technology will be
Therefore, the authors raise the question themselves: is PCR tawnsidered.

sensitive for clinical use? There are disturbing reports from Eu- My concernis, as some of the other discussants have mentioned,

rope, namely, Lukowsky at Humboldt University of Berlid - the oversensitivity of this test. Dr. Reintgen, since you served on

vest Dermatol1999;113(4):554-9), who recently reported in a the Task Force in melanoma, you are aware of this concern shared
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by the pathologists who serve on our Task Forces. | wish youfactors, that the PCR status of the sentinel node was an indepen-
would address that concern. dent predictor of disease-free survival. We did not have enough
My final point is that 2 years ago at this meeting, we presentedieaths in the series to do the regression analysis for survival.
our work with PET scanning and melanoma. | postulated at that Dr. Murray suggested that maybe we are missing disease with
time that the PET scan may be a good way of showing nodathe sentinel node biopsy. | think you would do that if you are doing
disease as well as metastases. | wonder if you would comment ahe procedure wrong intraoperatively. But | believe the data sug-
that, and the use of PET in the staging of this disease. gests, for both melanoma and breast cancer, that with this tech-
nology, we are actually finding more disease than we would not
Dr. DoucLas S. ReintGen (Closing Discussion): Dr. Greene find with just your routine elective lymph node dissection and a
asked about staging, and certainly, | think that lymphatic mappingelatively superficial examination of the regional basin with one
and sentinel biopsy and immunohistochemical staining will actu-section of each node and just H&E stains. So the only way, | think,
ally cause a reappraisal of the staging system for melanoma and féo miss disease is if you are doing the technique wrong. And you
breast cancer. Dr. Balch is heading the melanoma work, and he hase finding much more disease with immunohistochemical staining
a paper in press in the journ@hncerwith a proposed new staging than we would ordinarily with elective node dissection.
system. So micrometastatic disease, identified with H&E and The last question concerns whether this technique is too sensi-
S-100 staining, will be part of that new staging system because it'$ive?—that is, is it identifying too little disease? For the Sunbelt
universally accepted that that is probably clinically relevant dis-Melanoma Trial, the National Trial, we are taking a more conserva-
ease. | think it's too early to put the RT-PCR data into the newtive approach. The problem is that there is this phenomenon of
proposed staging system. intradermal nevus cell nests that we can find in normal lymph nodes,
He also had a question about PET scanning. With lymphatiand certainly that would give a false-positive RT-PCR assay. We find
mapping, sentinel node biopsy, and the PCR assay, we have thikat in about 5% of our cases. Some of the false-positive RT-PCR
ability to identify one abnormal melanoma cell in a background ofresults are probably due to these benign nevus cell nests that you can
a million lymphocytes. | don't think there is going to be a scan find in the sentinel node in about 5% of cases.
developed, whether it's a PET scan, CT scan, or monoclonal That's the reason why we really can’t take the whole node for
antibody scan, that has that sort of sensitivity. So | think theseP?CR assay—we bivalve a node, give half to pathology and half to
molecular biology assays are here to stay. the PCR assay, and if we find nevus cells there, we know that we
Dr. Wood asked about burden of disease. Certainly he is righhave a possible source of false positivity. We have taken a much
that this is detecting very low-volume disease, but it's probablymore conservative approach with the National Trial, in that we are
clinically relevant disease. We have done both a univariate antboking at a panel of four markers and nevus cells are negative
multivariate regression analysis in the initial report that was pub-with two of the other three markers. To be called positive on the
lished in JAMA and have showed that, when examined with trial, you have to be positive with the tyrosinase as well as positive
prognostic factors of the primary tumor as well as some clinicalwith one of the other markers.



