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Abstract

Background—Securing negative surgical margins is a critical goal for head and neck surgery.
Local recurrence occurs even in some cases with histologically negative surgical margins.
Minimal residual tumor cells may lead to locoregional recurrence despite clear histologic margins
reported at the time of resection of head and neck squamous cell carcinoma (HNSCC). In order to
identify subclinical residual disease, we analyzed deep margin imprint samples collected on one
layer nitrocellulose sheets.

Methods—Bisulfite treated DNA from 73 eligible cases was amplified by quantitative
methylation-specific polymerase chain reaction (QMSP) targeting 6 genes (DCC, EDNRB,
HOXA9, KIF1A, NID2, NR2B). QMSP values were dichotomized as positive or negative.
Associations between the QMSP status of deep margin samples and clinical outcomes were
evaluated.

Results—Two gene methylation combinations among DCC, EDNRB and HOXA9 were
associated with decreased locoregional recurrence-free survival (LRFS), recurrence-free survival
(RFS) and overall survival (OS). The methylated gene combination EDNRB and HOXA9 in
margin imprints was the most powerful predictor of poor LRFS (HR=3.31, 95% CI=1.30-8.46;
P=0.012), independent of standard histological factors. In addition, methylation of EDNRB/
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HOXA9 showed a trend toward reduced RFS (HR=2.74, 95% C1=0.90-8.33; P=0.075) and OS
(HR=5.78, 95% CI=0.75-44.7; P=0.093) by multivariable analysis.

Conclusion—A panel of gene methylation targets in deep surgical margin imprints provides a
potential predictive marker of post-operative locoregional recurrence. Intra-operative use of
molecular margin-imprint analysis might assist surgeons to obtain rigorously negative surgical
margins and improve the outcome of head and neck surgery.
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Introduction

Squamous cell carcinoma of the upper aerodigestive tract (head and neck squamous cell
carcinoma [HNSCC]) is one of the major malignancies affecting males!. HNSCC is usually
diagnosed at an advanced stage. Over one-third of tumors are classified at the Union for
International Cancer Control’s (UICC) TNM Stage 1V, which has a recurrence rate of over
50% during the first two years after surgery?2. Patients with poor pathologic prognostic
factors after surgery are recommended to receive postoperative therapy (radiation +/-
chemotherapy). These factors include close or involved surgical margins, extranodal spread
of tumor in metastatic nodes, multiple lymph node metastases and poorly differentiated
histology with perineural or perivascular spread3. Hence, securing negative surgical margins
is an important therapeutic goal. In a series of 352 HNSCC cases, 59% of cases with
positive margins went on to develop locoregional recurrence®. However, a high recurrence
rate (over 40%) was also found in the 303 margin negative cases. This observation indicates
that there must have been residual cancer cells or partially transformed precancerous cells in
the resection bed which were not detected by histological margin examination.

Huang et al. demonstrated that deep surgical margin status was more strongly correlated
with tumor recurrence than mucosal margins®. In deep margins, histologically undetected
residual cancer cells may be left behind due to the ‘tumor budding’ phenomenon, defined as
a single cancer cell or a cluster of <5 cancer cells protruding into the stroma beyond the
invasive front®8. This phenomenon is thought to be due to loss of cellular cohesion and
active invasive movement® 9. These papers showed that the existence of tumor budding is
one of the significant prognostic markers of SCC. Intra-tumoral proliferation in lymphatic
vessels and blood vessels has also been seen in HNSCC 10. Some of the vessels around a
tumor contain detached cancer cells. These are hard to detect in intra-operative frozen
samples.

Molecular margin analysis offers several advantages over light microscopy for detecting
small numbers of cancer cells. Tumor specific molecular alterations may be more sensitive
and specific than detection of cellular morphologic change characterized as atypia. In
addition, molecular analysis allows for evaluation of the entire sample harvested from the
surgical margin, and processed with high-throughput techniques. Analysis can be automated
and standardized, eliminating the need for subjective expertise reliant on training and
experience.
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Twenty years ago, Brennan, et al, examined the TP53 mutation status of histologically
negative surgical margins of HNSCCs!L, The probability of locoregional recurrence was
significantly correlated with positive molecular margins. Remarkably, no locoregional
recurrence was found in cases with TP53 mutation negative margins during 2 years after the
surgery. However, to date, one of the limitations of mutation analysis is the lack of universal
targets. Although TP53 mutation is one of the most frequent molecular targets in HNSCCs,
it can be found in only about 50% of tumors2: 13, Epigenetic alteration of margin samples
was first examined in our laboratory in 2004 by Goldenberg, et al, using quantitative
methylation-specific polymerase chain reaction (QMSP) 4. In some histologically negative
margins, tumor-specific methylation of P16 and MGMT genes was detected. The presence
of methylation markers including P16, CCNA1, DCC!®, DAPK, ECAD and TMEFF 17 in
margin specimens has been associated with clinical outcomes. However, these papers are
based on small retrospective patient cohorts, and do not take into account the tumor
methylation status. It is logical to assume that the relevant molecular markers for margin
analysis are those present in the tumor.

In the current study, we made two innovations in molecular margin analysis. First, we
prospectively collected tumor samples and matched margin samples from 101 consecutive
head and neck cancer patients. This approach avoids potential bias in sample selection since
QMSP measurement was completed before patient outcome was available. Secondly, we
focused on deep margins where head and neck surgical specimens are surrounded by muscle
or other connective tissues. In order to effectively collect margin specimens from the wider
area of an irregular deep margin surface, we employed an innovative margin imprint
procedure using nitrocellulose membrane to harvest DNA. Gaston, et al., first reported this
approach for prostate specimens and extracted RNA from the cells collected on the
membrane surface 18, Our group adapted the procedure to collect DNA from imprint
samples®.

The primary outcome of this study was the prognostic value of a panel of methylation
markers detected in deep margins for predicting recurrence free survival, and locoregional
recurrence free survival. The secondary outcome was to determine whether the deep margin
imprint procedure is equal or superior to deep margin tissue sample analysis for prognostic
evaluation.

Materials and Methods

Surgical cases

The study cohort was prospectively collected from Johns Hopkins Hospital between May,
2009 and December, 2013. Surgical specimens were collected from 101 sequential head and
neck cancer patients from whom written informed consent was obtained. The protocol was
approved by the Johns Hopkins Hospital Institutional Review Board. Twenty-eight cases
were excluded; 19 cases had been enrolled at the time of a second surgical resection attempt
which may have complicated deep margin analysis due to prior scarring, 5 others had
histologically positive final surgical margins, 3 were found not to be squamous cell
carcinoma and 1 had only dysplasia. Thus, 73 cases were eligible for analysis in this study.
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The average time elapsed from surgery to assessment of outcome was 2.3 years.
Locoregional recurrence includes local recurrences and regional lymph node metastasis.

Sample collection procedure

Target gene

At the time of surgical resection, frozen section samples were sent from the mucosal
margins and deep wound bed per routine practice. Only when these margins were read as
negative, was the case processed for molecular margin analysis. After removal of the tumor
specimen with a rim of apparently normal margin, free liquid on the surface of the specimen
was removed by blotting with cloth towels on a back table. Then, margin imprints were
collected by pressing 3x3 cm Hybond-C Extra nitrocellulose membranes (GE Healthcare,
Little Chalfont, UK) directly on the specimen for 10 seconds8. The membranes were placed
into a coded 50 ml tube with 10 mL 1% SDS-PK solution. Three repeat membrane samples
were taken from each facet of the specimen. Thereafter, matched margin tissue samples
(approximately 4x4 mm) were sharply collected, placed in a coded tube and stored in liquid
nitrogen. In order to avoid possible float-on contamination of cells from the tumor, tumor
imprints and tissues were collected last using the same method as for margin sampling. A
fragment of normal muscle and/or normal mucosa was also collected from an area more than
5 cm distant from the tumor as a negative control.

selection

Candidate genes were selected for this study based on work previously done in our
laboratory to develop a panel for HNSCC detection and surveillance in body fluids including
aberrant promoter hypermethylation of DCC20, EDNRB?1, HOXA9%2, KIF1A2L, NID222
(detected in HNSCC tumor tissues), and NR2B (detected in esophageal SCC cell lines) 23,

DNA extraction and Bisulfite treatment

For frozen tissues, 50 micron thick sections were harvested, microdissected and digested
with 1% SDS (Sigma-Aldrich, St. Louis, MO) and 50ug/ml proteinase K (Invitrogen,
Carlsbad, CA). The presence of cancer in each tumor tissue sample was histologically
confirmed in slides taken before and after sample harvesting. After four rounds of proteinase
K exposure during two overnight periods, phenol/chloroform extraction and ethanol
precipitation was performed as previously described 24, DNA from margin imprints were
immediately eluted, digested and extracted by the same procedure. DNA (200 ng) extracted
from each tissue or imprint sample was subjected to bisulfite treatment using the EpiTect
Bisulfite Kit (Qiagen, Valencia, CA).

Quantitative methylation-specific PCR

The bisulfite-modified DNA was used as a template for fluorescence-based real-time PCR
as described 22, Primers and probes sequences are available on Supplementary Table S1.
Real-time methylation-specific PCR reaction was performed in triplicate using the 7900HT
Sequence Detector System (Applied Biosystems, Foster City, CA). Thermal cycling was
initiated with a denaturation step at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s
and 60°C for 1 min. Each plate included patient DNA samples, positive standards (Bisulfite
Converted Universal Methylated Human DNA standard (Zymo Research, Irvine, CA)), and
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multiple water blanks as no-template controls. The average of triplicate samples was used
for analysis. The relative level of methylated DNA (relative QMSP) for each gene was
determined as a ratio of its QMSP value to ACTB gene’s QMSP value x 100.

Statistical analysis

Results

Surgical margin imprint and tissue data were analyzed separately. Patient
clinicopathological characteristics were compared using the Fisher’s exact test for
categorical variables. For each individual gene, methylation status was dichotomized at zero
(positive versus negative). Molecular margin analysis was considered to be positive if target
gene methylation was detected in both tumor and at least one matched margin, and negative
if it was detected in tumor but not in any margin. If no methylation was detected in tumor,
the gene was not used to evaluate the margin samples. Genes were first analyzed
individually and then in combination for association with clinical outcomes (LRFS, RFS and
0S). Evaluation of gene combinations was performed in the subset of margin samples that
had both target genes methylated in main tumor. Panels of 2-gene combinations were
considered as molecular margin positive if at least one methylated gene was detected. LRFS
was defined as the time from surgery to the time of first documentation of locoregional
disease recurrence. Distant recurrence without prior locoregional recurrence was considered
as a competing-risk event. Those who remained alive without disease recurrence were
censored at the time of their last clinic assessment. RFS was defined as the time from
surgery to the time of first documentation of any disease recurrence. OS was defined as the
time from surgery to the time of death from any cause. Those who remained alive were
censored at the last date the subject was known to be alive. For LRFS, calculation, testing,
and regression modeling with hazard ratios and the corresponding 95% confidence intervals
of subdistribution functions in competing risks were performed using the Fine and Gray
method 26, Association of gene methylation in margins with RFS and OS was evaluated
using the Cox proportional hazards model with hazard ratios and 95% confidence intervals
estimated. Combinations of all paired genes were initially evaluated in univariate regression
models. Promising combinations with P<0.05 in the univariate analysis were selected and
further evaluated in a multivariate regression model adjusting for potential confounders
(e.g., differentiation, TNM stage). All tests were two-sided and considered statistically
significant and clinically promising at P<0.05. Adjustment for multiple comparisons were
not performed as the subsets for each marker pair were not identical, and thus the analysis
must be considered exploratory. Statistical analyses were carried out using SAS (version 9.3,
SAS Institute, Cary, NC) and R statistical software (version 2.15.2).

Patient clinicopathological characteristics

Advanced HNSCCs were dominant in this cohort. The 73 eligible HNSCC cases are
characterized in Supplementary Table S2. Among 73 cases, margin imprints were collected
from 65 cases, whereas margin tissues were collected from 63 cases. There were 55 cases
with both imprints and tissues available, 10 cases with only imprints and 8 cases with only
tissues. There was no significant difference in clinicopathological features between margin
imprint collected cases (n=65) and margin tissue collected cases (n=63).

Cancer. Author manuscript; available in PMC 2016 June 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hayashi et al.

Page 6

Relative QMSP value between tumor and normal mucosa or normal muscle

Association

Although each of the 6 candidate genes had already been established as good methylation
markers in HNSCCs 20-23, we confirmed the tumor-specificity of these genes in our cohort
(Supplementary Figure S1, Supplementary Table S3). As many deep surgical margins
consist of muscle tissues, we collected both normal mucosa and normal muscle from the
surgical field far away from the main tumor. Almost all of the 6 genes showed significant
tumor-specificity. Only KIF1A had relative QMSP values that were not significantly
different between tumor and normal mucosa (P=0.143). However, the difference between
tumor and normal muscle was significant (P=0.004). We also checked 11 serum samples
from the cohort, and no tumor-specific methylation of serum DNA was detected (data not
shown).

of clinicopathological factors and QMSP status in tumor with clinical outcome

As an initial step, univariate analyses of the association of clinicopathological and molecular
factors with clinical outcomes were performed. The result of margin imprint collected cases
(n=65) is shown in Supplementary Table S4, and margin tissue collected cases (n=63) in
Supplementary Table S5. In both subsets, smoking history, tumor differentiation and TNM
stage were significantly associated with RFS and OS. However, as previously reported?’,
the presence of single methylated genes in the tumor was not found to be associated with
clinical outcome.

Relative QMSP values in histologically positive margins

Before using the QMSP assay for surgical margin analysis, the methylation detection
technique was piloted using 6 HNSCC surgical margin tissues which had been previously
collected and found to be cancer-positive by light microscopy (positive control)
(Supplementary Table S6). DCC, HOXA9 and NID2 genes showed methylation signal in all
6 margins, while EDNRB, KIF1A and NR2B showed no methylation in 2 out of 6 margins.
The methylation status of the main tumors in these cases was not available. If no
methylation of a gene is present in the main tumor, it is unlikely to be detected even in
histologically positive margins. This observation highlights the need for a number of highly
sensitive methylation markers to assemble a panel of genes covering all cases.

Relative QMSP value analysis in margin samples

Positive QMSP rates of main tumors in 65 imprint cases and 63 tissue cases were similar
(Supplementary Table S7). On the other hand, positive QMSP rates of surgical margins in
65 imprint cases were much higher than those in 63 tissue cases (Supplementary Table S7).
This may reflect the advantage of the margin imprint technique which can collect cells from
the entire cut specimen surface.

Univariate analysis of individual 6 genes in association with clinical outcomes

The association of the presence of methylation of individual genes in margins with clinical
outcomes (LRFS, RFS and OS) is shown in Supplementary Table S8. The presence of
methylation of no single gene in tumor was able to predict the clinical outcome.
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Univariate and multivariable analysis of gene combinations in association with clinical

outcomes

Next, we looked for an association between clinical outcome and methylated gene
combinations in margins. The number of cases with concomitantly positive QMSP for two
genes in margin samples from the imprint cohort (n=65, upper left white area) and tissue
cohort (n=63, lower right grey area) is listed in Table 1. Coverage percentages (the
proportion of cases displaying both markers within the tumor) were quite similar for each
cohort. Gene combinations showing promise for association with LRFS were selected in
Table 2 from all possible pairs listed in Supplementary Table S9. In the margin tissue
cohort, no combination of methylation markers was associated with clinical outcomes. On
the other hand, in the margin imprint cohort, the presence of EDNRB and HOXA9
combination was significantly predictive of poor LRFS (HR=3.10, 95%CI: 1.19-8.06,
P=0.020) and RFS (HR=3.31, 95%CIl: 1.11-9.84, P=0.031). This marker pair also was
associated with OS (HR=7.62, 95%CI: 0.99-58.6, P=0.051). The cumulative incidence
curves for LRFS indicated that patients with molecular margins negative for EDNRB and
HOXA9 had no locoregional recurrence during 25 months after surgical treatment (Figure
1a, P=0.033, Gray’s test). This marker combination was also a strong predictor of RFS
(Figure 1b). In multivariable analysis (Table 3), this gene combination remained
significantly associated with poor LRFS (HR:3.31, 95%CI: 1.30-8.46, P=0.012), after
adjusting for differentiation and pathological TNM stage. Distribution of clinicopathological
parameters was comparable between the marker combination positive and negative cases
(Supplementary Table S10).

Discussion

Surgery remains a cornerstone in the treatment of head and neck cancer. The goal of
obtaining negative margins is critical to the effectiveness of surgical extirpation. Although
histologic diagnosis using frozen samples has long been the gold standard for intraoperative
margin assessment, histologically negative surgical margins do not guarantee recurrence-
free survival®. For evaluating surgical margins more effectively, detection of cancer-specific
molecular alterations within the operative time-frame can be considered as a next-generation
strategy. Quantitative methylation specific PCR (QMSP) is a well-established application
for detecting low levels of tumor DNA in various body fluids such as saliva28: 29 and
urine30. Adaptation of this approach to DNA harvested by imprint began by using promising
tumor-specific methylation markers of HNSCC?. One of the practical challenges for the
application of this approach is that margin analysis ideally should be performed before the
completion of the surgical procedure so that the results may influence the extent of the
surgical resection. Although the QMSP assay is a time consuming procedure consisting of
DNA extraction, bisulfite treatment and QMSP, we have already streamlined the process
such that it can be accomplished within 3 hours by one person without compromising the
quality of the results or increasing the cost31. While the process still exceeds the time needed
for frozen section analysis, if the primary tumor is resected at the beginning of the operation
and margin samples harvested, margin analysis may be finished during subsequent neck
dissection(s) and/or the reconstructive phase of the operation, allowing surgeons to resect
additional margins if the QMSP margin is positive.
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Our results indicate that neither methylation of EDNRB or HOXA9 in HNSCC tumor is
associated with clinical outcome. Yet detection of either of these tumor-specific markers in
deep margin imprint DNA is associated with a higher risk of recurrence. These findings
suggests that positive tumor-specific signal in the margin is indicative of persistent tumor
cells in general rather than of a particularly virulent tumor phenotype. The gene combination
of EDNRB and HOXA9 was previously investigated in a prospectively collected cohort of 10
consecutive surgical margin samples 31, In that small pilot study, this combination was
present in one case that later recurred. The HOXA9 gene encodes a DNA-binding
transcription factor that regulates gene expression, morphogenesis, and differentiation. The
HMGA2/TET/HOXAGY signaling pathway regulates breast cancer growth and metastasis32.
Frequent promoter methylation of HOXA9 has been detected in lung cancer, bladder cancer,
and head and neck cancer 22 33-35_ A study from our laboratory showed HOXA9 promoter
methylation had 85% sensitivity and 97% specificity for histologic diagnosis of HNSCC 22,
The EDNRB gene encodes a protein called endothelin receptor type B, which is located on
the surface of cells and functions as a regulator of several critical biological processes,
including the development of blood vessels and the stimulation of cell growth and division.
Altering the endothelin pathway is reported to be associated with tumorgenesis3®. Frequent
promoter methylation of EDNRB has been detected in gastric cancer, prostate cancer, and
head and neck cancer 27:37-39, A study from our laboratory indicated this gene was
methylated in 97% of primary HNSCC tissues and 6.6% of normal control salivary rinses 2L,
Besides extremely high sensitivity and specificity, the comparatively high relative QMSP
values in HNSCC combine to make these excellent tumor-specific markers for margin
analysis. It is possible that other methylation marker combinations with similar tumor
population coverage, sensitivity and specificity would match or exceed HOXA9/EDNRB in
utility for molecular margin imprint analysis and prediction of risk of recurrence.

In the imprint margin cohort, the cumulative incidence curves for LRFS (Figure 1a)
indicated that cases lacking both of the combination marker (EDNRB and HOXA9) had no
locoregional recurrence during 25 months after surgical treatment. Interestingly, the tails of
these curves were converging at the end of the follow-up period. Upon further scrutiny of
the clinical records, this observation was found to be due to the late identification of neck
lymph node metastasis in the imprint margin negative group. The size of this cohort does not
permit more exhaustive exploration of the underlying clinical or biological basis for this
observation.

Postoperative radiation therapy was given to patients in the cohort according to standard
clinical practice. Among the 65 imprint margin cases, 27 patients received post-operative
radiotherapy (pTNM stage 1:2, 11:1, 111:4, 1V:20), and 38 patients did not receive any
additional therapy (pTNM stage 0:1, 1:11, I1:4, 111:7, IV:15). [Late stage cases did not
receive radiation for a variety of reasons including: distant past history of head and neck
radiation, complete removal with clear margins and no nodal metastases (total laryngectomy
or laryngopharyngectomy), patient refusal, early postoperative recognition of distant
disease.]. Since postoperative adjuvant radiation is intended to control minimal residual
disease, its application could profoundly affect outcome and obscure the predictive power of
molecular margin detection. Indeed, the difference between molecular margin negative and
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positive cases was more remarkable in patients who did not receive post-operative
radiotherapy after surgery (Supplementary Figure S2 a). In order to elucidate the influence
of post-operative radiation on the molecular margin analysis, we compared the clinical
outcome of the 10 cases which received post-operative radiation and the 19 which did not
among the 29 EDNRB and HOXA9 imprint margin positive cases (Supplementary Figure S2
b). As expected, radiated cases had significantly lower cumulative incidence of local
recurrence (P=0.006, Gray’s test). On the other hand, there was no significant difference in
outcome in molecular margin negative cases between those who received radiation and
those who did not. (Supplementary Figure S2 ¢). This result not only clearly suggests the
usefulness of this marker pair (EDNRB and HOXAO9) for the selection of radiation
candidates, but also the real presence of subclinical cancer cells in the methylation positive
surgical bed.

There are some assay limitations when using QMSP for evaluating margin samples. There is
no established QMSP threshold to score surgical margin samples as positive or negative.
QMSP cut-off points have been established for a number of tumors after microdissection to
ensure over 70-80% cancer cells compared to matched normal tissues. However, margin
samples are expected to contain only very rare cancer cells. For this reason, a simple binary
scoring paradigm was employed with the presence of any signal being read as positive.
Secondly, in order to achieve maximum signal specificity, it is necessary to avoid cancer
cell contamination when collecting the margin samples, especially for imprint margins. If
detached cancer cells from tumor are deposited on the surrounding surface of the specimen
and collected by margin tissue or imprint procedure, a false positive result would be scored.
In the present study, we collected margin samples from multiple facets of the surgical
specimen. When methylation signal was present, it was limited to one or two squares of
nitrocellulose in most cases. Fully negative samples within the set can be considered as
internal negative controls and support the contention that a positive signal from other
quadrants indicates the true presence of tumor cells.

There is room for improvement of our molecular surgical margin analysis. In this study,
some candidate methylation genes including p16 were excluded because of the low
methylation level in the 73 tumors. Also, the most promising pair (EDNRB and HOXA9)
covered only 43 of 65 imprint cases (66.2%) (Table 3). As a future study, we will continue
to test other novel candidate methylated genes. Our ultimate goal is to establish a panel of
several methylated genes that covers almost all HNSCC. Moving forward, we will obtain
methylated gene information from the pre-operative tumor biopsy in order to minimize the
number of candidate genes that need to be examined for intraoperative margin analysis, and
focus only on high quality targets present within the individual’s cancer, (made-to-order
methylated gene panel). As we have already developed an innovative rapid QMSP
pipeline3l, molecular margin analysis is ready for application in the operating room.
Another future direction is to use Digital PCR technology as a highly sensitive process for
the detection of small amounts of tumor-specific methylation40.

In conclusion, our methylation gene panel analysis of margin imprints successfully
identified HNSCC patients at increased risk for locoregional recurrence after surgical
treatment. In multivariable analysis, the combination of EDNRB and HOXA9 methylation
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analysis of margin imprints was a more powerful predictor of locoregional recurrence
(HR=3.31, 95% CI=1.30-8.46, P=0.012) than standard histological findings (differentiation
and pathological TNM stage). Although these findings will need to be externally validated
in an independent cohort, we have demonstrated that securing not only a histologic, but also
a molecularly negative surgical margin may ultimately lead to improved patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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a. Cumulative incidence of locoregional recurrence in EDNRB/HOXA9 positive tumors (n=41)
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b. Recurrence free survival in EDNRB/HOXA9 positive tumors (n=43)
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Figure 1.
Cumulative incidence curves of locoregional recurrence (Figure 1a) and Kaplan-Meier

curves of recurrence free survival (RFS) (Figure 1b). Note: Figure 1a pertains to 41 cases
for which the site of recurrence was well documented. Figure 1b includes two others that
recurred without precise information on site of recurrence (n=43) In both curves, the
molecular marker was a more powerful predictor than histological findings (differentiation
and pathological TNM stage). Remarkably, no recurrence was found in the molecular
marker negative group during the first 2 years in Figure la.
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