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Head and neck squamous cell carcinoma

Epidemiology
Head and neck squamous cell carcinomas (HNSCC) develop in the epithelial layer of the 
mucosal linings of the oral cavity, oropharynx, hypopharynx or larynx and is the eigth leading 
cancer by incidence worldwide1. Anually there are approximately 500,000 new cases of HNSCC 
worldwide2, and in the Netherlands approximately 3,000 patients are newly diagnosed each 
year. Major risk factors for the development of HNSCC are tobacco smoking and excessive 
alcohol consumption3. Human papillomavirus (HPV) is causally involved in a subset of HNSCC, 
in particular those arising in the oropharynx4,5. The incidence of HNSCC is highest in the sixth 
decade of life and more males are affected. However, in females the incidence of HNSCC and in 
males the incidence of oropharyngeal carcinoma is still rising6, presumably related to increased 
tobacco smoking and a higher burden of disease caused by HPV infection7. 
 Furthermore, genetic predisposition seems to play an important role in HNSCC carcinogenesis 
as not all individuals exposed to the same environmental factors develop HNSCC. Regulation of 
DNA repair mechanisms and apoptotic pathways, as well as biotransformation, detoxification 
and elimination of carcinogens are important defence mechanisms against cancer8,9. There 
is genetic variation in the genes encoding for the enzymes catalyzing these processes and 
certain polymorphisms can lead to an increased susceptibility to cancer. The definition of a 
polymorphism is that the gene variant occurs in more than 1% of the population. Pathogenic 
mutations occur in much smaller populations and the resulting traits are characterized by 
high penetrance, Mendelian inheritance patterns and major consequences for cancer risk. 
For example, patients suffering from Fanconi anemia (FA) have a 500-1,000 times increased 
risk for developing HNSCC10. FA is an inherited autosomal recessive or X-linked disease 
and is caused by a mutation in one of the genes of the FA-pathway. It is characterized by 
congenital malformations of the skeleton and organ systems, bone marrow failure, and genetic 
predisposition for malignancies, in particular acute myeloid leukemia and squamous cell 
carcinomas in the head and neck and anogenital region10-14. 

Clinical and histopathological staging
Clinical classification of HNSCC is performed according to the TNM system of the International 
Union Against Cancer (IUAC)15 and is based upon three components: the extent of the primary 
tumor and invasion in other structures (T), the presence, the number and dimensions of 
regional lymph node metastases (N) and the presence of distant metastases (M). Staging of 
HNSCC is by clinical examination, imaging, cytology of lymph nodes and definite histopathology 
after surgical excision.
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Treatment
In general, one-third of the HNSCC patients present with early stage (I and II) disease, while 
two-third presents with advanced disease (stage III and IV)16. Patients with early stage disease 
have small tumors confined to the primary site and without metastasis, and are usually treated 
with single modality treatment; surgery or radiotherapy. Larger tumors and tumors that have 
metastasized are stage III or IV. Curative treatment of patients with advanced stage of disease 
mostly consists of a combination of surgery and postoperative (chemo)radiotherapy or the 
concomitant application of cisplatin chemotherapy combined with locoregional radiotherapy. 
Presence of multiple or large lymph node metastases or extranodal spread are indications 
for post-operative radiotherapy of the neck. Patients with distant metastases are treated by 
palliative treatment, and cannot be cured.

HPV-infected HNSCC
HPV is a strictly epitheliotrophic circular double-stranded DNA virus and known as the primary 
cause of cervical cancer17,18.Till now, over 100 subtypes have been identified19,20. Most HPV 
types are benign, however, some are oncogenic and these are defined as high-risk HPV types18. 
HPV produces two oncoproteins, E6 and E7, that inactivate the p53 and pRb tumor suppressor 
proteins of the host cells, respectively, causing cell cycle entry and apoptosis inhibition to 
support viral replication20. In a subgroup of HNSCC high risk HPVs are found, most notably HPV 
type 16. HPV is most prevalent in oropharyngeal tumors4.
 It has been well established that patients with HPV-positive HNSCCs have a more favorable 
prognosis than patients with HPV-negative tumors21. Moreover, HPV-positive tumors are 
molecularly distinct; in contrast to HPV-negative HNSCCs, fewer allelic losses are detected in 
HPV-positive HNSCCs. In 60% of HNSCCs a TP53 mutation can be detected, whereas in HPV E6/
E7- positive HNSCCs TP53 mutations are rare. In the subsequent thesis HNSCC refers to the 
HPV-negative tumor group only, unless specifically indicated.

Prognosis, locoregional relapse, distant metastasis and second primary tumors
The 5-year survival rate of HNSCC patients has improved only moderately in the last decades 
despite advances in treatment22. The prognosis for HNSCC is strongly related to the stage 
of disease: patients with early stage disease have a five-year survival rate of 80-90%, while 
patients with advanced stage of disease have a five-year survival rate of 40-50%. The overall 
five-year survival rate for all stages of disease combined is approximately 50%23. 
 Presence of lymph node metastases is the most important prognosticator for HNSCC, 
and is strongly associated with the risk of development of distant metastases24. In recent 
years, several other clinical and histopathological factors have been established as additional 
prognosticators in HNSCC. Histological grade, cohesive or infiltrative tumor growth pattern, 
vaso-invasive growth, perineural invasion and bone involvement are the best known parameters 
with prognostic value in HNSCC, although the results of the various studies are not always 
concordant25-27. Typical variables influencing histological parameters is composition of the 
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study population regarding site and stage, the difference in experience between pathologists, 
and the precise definition of histopathological characteristics28.
 An explanation for the poor survival rate of HNSCC is the unaltered high frequency of 
locoregional relapse and distant metastases23. It is known that 10 to 30% of the patients 
develop locoregional recurrences and 15 to 25% develop distant metastases24. Furthermore, 
second primary tumors (SPTs) in the upper aerodigestive tract develop with a constant rate 
of 2 to 3% each year. These SPTs are often difficult to treat and thus have negative impact on 
survival29,30. SPTs can be distinguished from local recurrences on basis of the distance from 
the primary tumor or the time-interval after which they develop. A local recurrence develops 
<2 cm from and within 3 years of the primary tumor, and a SPT develops >2 cm from or after 
>3 years of the primary tumor31.

Early detection
Based on the large difference in prognosis between early and advanced staged tumors, one 
could envision that screening programs for HNSCC, particularly those focusing on oral cancer, 
might increase survival rates. However, a limited number of HNSCC screening studies using 
visual examination have been reported during the last decade, and thus far this approach 
has yielded very limited success32. A major problem seems that only a small subgroup of 
tumors arises from visible preneoplastic oral mucosal lesions. Furthermore, early stage HNSCC 
progresses rapidly into advanced stage of disease, limiting the time frame for early detection 
of HNSCC.

Preneoplastic lesions
Most preneoplastic mucosal changes are macroscopically not recognizable as visible lesions. 
However, some of these changes are macroscopically recognizable as either white or red lesions, 
designated leukoplakia or erythroplakia, respectively. The prevalence of leukoplakia is below 
0.5% worldwide, and the annual malignant transformation rate is approximately 1-2%33,34. The 
prevalence of erythroplakia is much lower, but the risk of malignant transformation is much 
higher33. 
 The malignant potential of visible preneoplastic lesions is assessed by histo-pathological 
examination of the biopsy and is mainly based upon the presence and grade of dysplasia35. 
Dysplasia is scored according to the standard criteria of the World Health Organization 
international histological classification of tumors as either mild, moderate or severe36. 
However, histological grading is somewhat subjective, and shows limitations to predict the risk 
for malignant progression in individual cases37-39. Recent studies have shown that particularly 
genetic markers, such as loss of heterozygosity (LOH) at chromosome arms 3p, 9p, 11q and 
17p, and TP53 mutation (see below) seem very suited to predict the risk for progression23,40. 
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HNSCC carcinogenesis
It is generally accepted that an accumulation of genetic and epigenetic alterations forms 
the basis for the development of cancer. These genetic alterations result in the activation 
of oncogenes and inactivation of tumor suppressor genes23,41. The genetic alterations can 
be observed as single nucleotide mutations, but also as amplifications or deletions of a part 
of the genomic DNA sequence. In recent years considerable progress has been made in the 
genetic analysis of HNSCC23,41-43. Certain genetic changes frequently occur, and are clonally 
preserved. Epigenetics is the study of epigenetic modifications of the genome that do not 
involve nucleotide sequence changes in the DNA. Epigenetic alterations are maintained after 
cell division and may lead to inactivation of tumor-suppressor genes. DNA methylation is one 
of the most well known epigenetic alterations that differs between normal cells and cancer 
cells44.
 Mutation of the TP53 gene is the most commonly found genetic alteration in human 
cancer45-47. The TP53 gene maps on chromosome 17p13.1 and encodes tumor suppressor 
protein p53, an important stress-induced transcription factor controlling cell cycle progression 
and apoptosis. TP53 mutations are the most common genetic alterations in HNSCC, occurring 
in more than half of all cases23. Furthermore, TP53 mutations can also be found in leukoplakia 
and other preneoplastic lesions, indicating that the mutation occurs early in HNSCC 
carcinogenesis48,49. 
 In 1996 Califano et al. presented a genetic progression model for HNSCC based on DNA 
analysis using polymorphic microsatellite markers of mucosal lesions with an apparently 
progressive histopathological appearance41. The spectrum and frequency of allelic losses 
progressively increased at each histopathological step. Several chromosomal areas have been 
identified showing allelic imbalance, which are likely to harbor cancer genes for HNSCC50. 
Frequent changes that occur early in carcinogenesis are 9p loss (CDKN2A gene encoding 
p16Ink4A), 3p loss (gene unknown) and 17p loss (TP53). Later changes encompass gains of 3q26 
(PIK3CA), loss of 10p (PTEN), and many others23. An intriguing novel cancer gene identified was 
NOTCH1, in which inactivating mutations occurred in 15% of the cases51,52.

Field cancerization
The process of field cancerization can explain the high incidence of SPTs and locoregional 
relapse. The concept of “field canzerization” was introduced by Slaughter et al. in 1953 and 
they based this theory upon histopathological observations studying a group of 783 patients 
with oral cancer53. The authors proposed that oral carcinomas often originate from a large area 
of epithelium that has been preconditioned for cancer by long-term exposure to carcinogens.
 In 2001 Tabor et al. performed a study, in which the genetic profile of a tumor and 
the adjacent macroscopically normal mucosa were compared, which provided a genetic 
explanation for the process of field cancerization42. It was proposed that in the initial phase a 
stem cell is genetically altered, and this forms a “patch”, a clonal unit of daughter cells with 
the same genetic alteration. Next, due to additional genetic alterations, this patch transforms 
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into an expanding field, which gradually proliferates at the expense of the normal mucosa. 
Ultimately, clonal divergence and selection leads to the development of one or more tumors 
within a preneoplastic field (Figure 1.). This field model also provides an explanation for the 
unexpected local relapses after head and neck cancer surgery.

Figure 1. Proposed model of HNSCC carcinogenesis. Due to genetic alterations in a stemcell a patch 
develops. Next, a preneoplastic field arises with cancer-related genetic alterations, and this field 
expands at the expense of normal tissue. Such a field can progress into HNSCC. The chromosomal 
locations which are often altered in HNSCC carcinogenesis are depicted. Adapted and reprinted from the 
American Association for Cancer Research: B.J.M. Braakhuis et al., A Genetic Explanation of Slaughter’s 
Concept of Field Cancerization: Evidence and Clinical Implications, Cancer Res 2003;63:1727-1730.

Minimal residual cancer and second field tumors
As stated above, long-term survival of HNSCC patients has only moderately improved during 
the last decades due to the frequent development of locoregional recurrences, distant 
metastases, and SPTs. Even when the surgical margins have been diagnosed as tumor-free 
by histopathology, the locoregional relapse rate is still 10 to 30%54. It has been shown that 
approximately 50% of local relapses in patients with histopathologically tumor-free surgical 
margins arise from residual cancer cells in the surgical margins that are not detected by routine 
histological examination: minimal residual cancer (MRC)55. The remaining half of the local 
recurrences are in fact new tumors in a preneoplastic field that stayed behind. Tabor et al. 
showed that genetically altered mucosa remains in situ after surgical resection of the primary 
tumor in a significant proportion, 25%, of HNSCC patients42. Most of these preneoplastic fields 
are invisible to the naked eye and some can be as large as 10 cm in diameter. A preneoplastic 
field that extends beyond the surgical margins, and thus is not excised after surgical treatment, 
can progress further and give rise to a “new” tumor at the same site. Recurrent tumors arising 
in a preneoplastic field have been designated second field tumors (SFTs)43,56. These SFTs share 
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a common ancestral preneoplastic field and appear to share some, but not all of the genetic 
alterations of the index tumor42. In Figure 2 the relationship between a preneoplastic field and 
SFTs, SPTs and local recurrence is shown.
 It is important to distinguish between MRC and preneoplastic fields remaining behind for 
postoperative management. Patients with MRC should receive post-operative radiotherapy, 
while those with remaining preneoplastic fields should probably receive frequent and long-
term surveillance or chemoprevention. For patients with neither MRC nor preneoplastic fields, 
adjuvant treatment could be omitted if neck features allow, and regular surveillance will 
probably suffice. 
 

Figure 2. The relationship between field cancerization and the different types of relapse. A 
preneoplastic field is shown in light blue. In this field a tumor has developed. When the tumor has 
been surgically removed a part of the preneoplastic field may remain in situ, leading to a second 
field tumor (SFT) (at the left in the picture). After radically excision of the tumor, residual tumor cells, 
“minimal residual cancer” (MRC) may remain in situ, leading to a local recurrence (in the middle of 
the picture). Furthermore, an independent preneoplastic field may progress, giving rise to a second 
primary tumor (SPT). A local recurrence is genetically identical to the primary tumor, whereas a SFT 
share some, but not all of the genetic alterations of the primary tumor, and a SPT is not genetically 
related to the primary tumor. 

For MRC detection in tissue samples two main molecular strategies are applied: immunostaining 
of cyto-histological preparations and quantitative reverse transcriptase-polymerase chain 
reaction (qRT-PCR)57,58. QRT-PCR has shown to be much more suitable for screening large 
tissue volumes without sampling error59,60, but is less easily implemented in routine diagnostic 
settings. 
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Previously, DNA mutations in p53 have been used as molecular marker for detection of MRC 
in surgically treated HNSCC patients55,61. In these studies mucosal margins and deep margins 
were analyzed.
 However, p53 mutated DNA as a biomarker has a low specificity for margin analysis and, 
moreover, it is not able to not distinguish between MRC and preneoplastic mucosal changes in 
mucosal biopsies.
 Although the prevalence of preneoplastic fields and the clonal relationship with SFTs has 
been established in surgically treated HNSCC patients, it is still not proven in a prospective 
setting that these fields are a risk factor for local relapse. Furthermore, it is not known which 
genetic alterations are associated with a high risk for malignant transformation. The severity 
of epithelial dysplasia in the surgical margins may have some value in determining the risk of 
developing a SFT56. 

LOH analysis 
Allele-specific markers, such as microsatellites, can detect chromosomal changes in cells, 
because these markers allow distinction of maternal and paternal chromosomes. Microsatellites 
are small repetitive sequences that are highly polymorphic in the population, and hence are 
often allele-specific. The loss of a given marker is generally considered as an indication of 
the loss of a specific tumor suppressor gene, located in the proximity of that marker. It has 
been shown that LOH analysis is a robust method to obtain relevant genetic information in 
preneoplastic fields and HNSCC42,62. 
 In practice, DNA from (pre)neoplastic lesions is compared with normal DNA (usually 
isolated from normal mucosa, or blood lymphocytes) for multiple microsatellite markers. After 
PCR amplification and electrophoretic separation, two bands appear which represent the two 
alleles of the normal DNA. When only one band is seen in the (pre)neoplastic DNA, then the 
other band is lost: loss of heterozygosity (LOH) or allelic imbalance. Because samples of a (pre)
neoplastic lesion often contain normal cells as well, one allele is often not completely lost. To 
determine the presence of LOH a cut-off point is used. Generally, the cut-off point is when the 
ratio between the alleles of the (pre)neoplastic sample as compared to the ratio in normal 
DNA has changed 50% or more42. LOH can only be detected when the maternal and paternal 
chromosomes are different for the given microsatellite.

Outline of this thesis
As outlined above, preneoplastic fields with a high risk for malignant transformation and 
MRC might be major predictors of clinical outcome in surgically treated HNSCC patients. The 
knowledge that HNSCC and local recurrences often develop in preneoplastic fields and the fact 
that these fields are characterized by cancer-associated genetic alterations might even open 
the possibility to screen for the presence of mucosal changes. At present there is no reliable 
and simple method for detection of MRC in surgical margins of HNSCC patients. Previously, 
mutations in the TP53 gene have been used as marker for MRC, but this approach meets 



1

15

General Introduction

limitations. Aims of the research described in this thesis are to develop a reliable method for 
MRC-detection in HNSCC patients, to determine the clinical relevance of preneoplastic fields 
and to develop a non-invasive screening test for preneoplastic lesions.
 In Chapter 2 we present the first results of the hLy-6D qRT-PCR test for detecting MRC in 
surgical margins of HNSCC patients. The hLy-6D antigen is a squamous cell-specific surface 
antigen recognized by monoclonal antibody E48, which is expressed in normal, transitional 
and malignant squamous epithelia63 and is therefore a potential marker for HNSCC64. The initial 
results were promising.
 In Chapter 3 we evaluated whether the presence of minimal residual cancer (MRC) in deep 
surgical margins detected by hLy-6D qRT-PCR and presence of disseminated tumor cells (DTCs) 
in bone marrow aspirates detected by immunocytochemical staining are associated with 
clinicohistopathological parameters and outcome. 
 It appeared that the qRT-PCR test in Chapter 3 was not suitable for MRC detection. In 
Chapter 4 we describe improvements of the qRT-PCR assay by evaluating a panel of target and 
reference genes for MRC detection in HNSCC patients. A novel promising marker was tested on 
surgical margin samples of a panel of HNSCC patients.  
 In the following Chapters the focus was on the detection and clinical relevance of 
preneoplastic fields. In Chapter 5 molecular risk factors are identified for the prediction of 
malignant transformation of preneoplastic fields in the surgical margins of HNSCC patients. 
 In Chapter 6 a non-invasive genetic assay using LOH was developed and investigated in 
healthy control subjects as well as leukoplakia patients and validated against biopsy material.
 In Chapter 7 the group of leukoplakia patients was enlarged to validate the non-invasive 
genetic assay, and it was tested whether the sensitivity of field detection could be improved. 
Analysis of TP53 mutations in leukoplakia biopsies as molecular marker for OSCC development 
was performed as well. Furthermore, the histopathological grading and the presence of 
molecular markers were associated with malignant transformation. 
 In Chapter 8 a summary, general discussion and the future perspectives of this thesis are 
presented.
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Abstract

A great disappointment in head and neck cancer surgery is that 10-30% of head and neck 
squamous cell carcinoma (HNSCC) patients develop local recurrences despite histopathologically 
tumor-free surgical margins. These recurrences result from either minimal residual cancer 
(MRC) or preneoplastic lesions that remain behind after tumor resection. Distinguishing MRC 
from preneoplasic lesions is important to tailor postoperative radiotherapy more adequately. 
Here we investigated the suitability of quantitative reverse transcriptase-polymerase chain 
reaction (qRT-PCR) using human Ly-6D (hLy-6D) transcripts as molecular marker to detect MRC 
in surgical margins. 
 Submucosal samples of deep surgical margins were collected from 18 non-cancer control 
patients and 67 HNSCC patients of whom eight had tumor-positive surgical margins. The 
samples were analyzed with hLy-6D qRT-PCR, and the data were analyzed in relation to 
clinicohistological parameters. 
 A significant difference was shown between the group of patients with histopathological 
tumor-positive surgical margins and the non-cancer control group (p<0.001), and the group of 
patients with histopathological tumor-free surgical margins (p=0.001). 
 This study shows a novel approach for molecular analysis of deep surgical margins in head 
and neck cancer surgery. The preliminary data of this approach for detection of MRC in deep 
margins of HNSCC patients are promising.
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Introduction

Despite significant advances in treatment modalities over the last decades, the 5-year survival 
rate of head and neck squamous cell carcinoma (HNSCC) patients improved only moderately. 
An explanation for this observation is the high frequency of local relapse. Even when the 
surgical margins have been diagnosed as tumor-free by routine histopathology, the local 
recurrence rate is still 10-30%1. It has been shown that approximately 50% of locally recurrent 
tumors in patients with histopathologically tumor-free surgical margins arise from residual 
cancer cells in the surgical margins that are not detected by routine histological examination: 
minimal residual cancer (MRC)2. The remaining half of the local recurrences in these patients 
develop as new tumors in preneoplastic lesions that were not completely resected as these are 
invisible and large; and these were designated as second field tumors2-4. These findings hamper 
stratification of patients with histopathologically tumor-free surgical margins for postoperative 
management. Ideally, patients with MRC should receive postoperative radiotherapy, while 
those with remaining preneoplastic lesions should probably receive frequent and long-term 
surveillance, and radiotherapy might not be indicated. For patients with neither MRC nor 
preneoplastic lesions, adjuvant treatment could be omitted if neck features allow, and regular 
surveillance will probably suffice. 
 Several prognostic factors for locoregional recurrence have been described, of which 
histologically tumor-free surgical margins, the dimensions of the primary tumor (T-stage) and 
the histopathological status of the neck nodes (N-stage) are the most significant1. Furthermore, 
some adverse histopathological parameters, such as severe grade epithelial dysplasia in the 
surgical margins, perineural growth, diffusely infiltrating growth-pattern and vaso-invasive 
growth, have been proposed to have prognostic value in HNSCC, although the results of the 
various studies are not concordant5-8. Postoperative radiotherapy is therefore usually applied 
when one or more surgical margins are histologically tumor-positive, in case of tumor-growth 
in bone, the presence of multiple tumor-positive lymph nodes in the neck or extranodal spread. 
Furthermore, postoperative radiotherapy is discussed in case of advanced T-stage (≥T3), close 
surgical margins (distance between tumor and surgical margin <5 mm) or presence of severe 
dysplasia in the surgical margins, perineural growth, vaso-invasive growth, and diffusely 
infiltrating growth-pattern. Obviously, radiotherapy should be applied only when necessary 
because it results in acute morbidity9, long-term sequels and, as if applied, a treatment option 
may be lost in case of a second primary or recurrent tumor. 
 Particularly the tumor-free status of the surgical margins appears as most important 
parameter to apply postoperative radiotherapy, but histopathological examination meets 
limitations with respect to sensitivity as still a considerable number of patients with tumor-
free margins develop recurrences. Molecular analysis of surgical margins seems superior over 
histopathology to identify patients at high risk for local recurrence and tumor-related death10. 
Molecular analysis should therefore enable better selection of patients for postoperative 
radiotherapy. Several studies showed that TP53-mutated DNA in surgical margins can serve as 
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molecular marker to identify patients at increased risk for local recurrence2,10,11. However, this 
approach is limited by the fact that only 60% of HNSCC has a mutation in TP53 and measurement 
of TP53-mutated DNA does not allow differentiating between MRC and preneoplastic lesions. 
Moreover, this method can give false-positive results and the molecular assay is relatively 
laborious2,10. At present there is no reliable and simple method for detection of MRC in surgical 
margins. 
 For MRC detection in tissue samples or body fluids two main strategies are applied: 
immunostaining of cyto-histological preparations and quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR)12,13. For tissue analysis the sensitivity of immunostaining 
methods is determined by the number of sections analyzed, and usually only a few sections 
can be screened routinely. QRT-PCR has shown to be much more suitable for screening large 
tissue volumes without sampling error13-15. 
 We hypothesized that MRC might be detected by human Ly-6D (hLy-6D) qRT-PCR. The hLy-
6D antigen is a squamous cell-specific surface antigen recognized by monoclonal antibody E48, 
which is expressed in normal, transitional and malignant squamous epithelia16, and is therefore 
a potential marker for HNSCC17. In HNSCC the hLy-6D antigen is expressed in approximately 
80-90% of the primary tumors13. Previously, the suitability of qRT-PCR using hLy-6D as a 
molecular marker has been demonstrated for the detection of MRC in various tissue samples 
including lymph nodes, bone marrow and blood18-20. We hypothesized that this same assay 
might also be suitable for detection of MRC in subepithelial deep surgical margins of HNSCC 
patients. 
 The aim of this study is to evaluate hLy-6D qRT-PCR for the detection of MRC in deep surgical 
margins of HNSCC patients. The ultimate aim is to guide postoperative clinical management 
based on these findings. 

Materials and Methods 

Patients and samples
Eighteen patients, surgically treated in the head and neck region for other indications than 
cancer, were included as negative control patients (Table 1). Sixty-seven patients with primary 
HNSCC in the oral cavity, oropharynx, hypopharynx or larynx, who were primarily surgically 
treated, were included in this study. Patient characteristics are listed in Table 2. The study 
was approved by the Institutional Review Board, and informed consent was obtained from 
all patients. Samples from the resection margins that were analyzed by qRT-PCR were taken 
at the operation room as follows. After tumor resection, the surgical field was extensively 
rinsed using Dakin’s solution (0.5% sodium hypochlorite pH11.5 and 0.2% sodium carbonate) 
to prevent tumor cell contamination. Subsequently, surgical instruments and gloves were 
changed and five to fifteen samples, evenly distributed in the deep surgical margins, of 
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approximately five millimetres in diameter from the deep surgical margins were collected. 
Sampling was performed in the resection margins of the patient while still at the operation 
room and were not obtained from the tumor resection specimen, because this might influence 
the results of the histopathological examination necessary for clinical decision making. The 
deep surgical margin samples were collected from submucosal tissues to prevent mucosal 
epithelial contamination, and consisted of muscle, glandular tissue, fat, or connective tissue. 
The samples were snap-frozen in liquid nitrogen and stored at -80°C. These subepithelial 
deep margin samples will be referred to as “OR-samples”. The resection specimen was sent to 
pathology for full histopathological workup.

Table 1. Characteristics of the non-cancer control patients and molecular analysis
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control 1 m 43 pg pa x 2 0 0.14

control 2 m 30 n tc x 4 0 0.36

control 3 m 45 pg wt x 1 0 0.12

control 4 m 61 pg wt x 5 0 0.16

control 5 m 34 n tc x 3 0 0.00

control 6 f 59 pg pa n 1 0 0.02

control 7 f 72 pg pa n 2 0 0.03

control 8 f 63 pg pa n 5 0 0.03

control 9 f 70 pg pa n 6 0 0.02

control 10 f 49 pg pa n 5 0 0.07
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control 13 f 55 pg bca y 3 2 0.56

control 14 f 37 pg pa n 6 0 0.01

control 15 m 66 pg wt n 3 0 0.15

control 16 m 48 pg pa n 1 0 0.02

control 17 f 66 pg pa n 5 0 0.03

control 18 m 67 pg wt n 3 0 0.07

Abbreviations: pg, parotid gland; n, neck; pa, pleomorfic adenoma; tc, thyroglossal duct cyst; wt, Warthin’s tumor; bca, basal cell 
adenoma; x, used to determine hLy-6D cut-off level; hLy-6D qRT-PCR pos, positive results hLy-6D qRT-PCR analysis; # biopsies, 
total number of analysed biopsies; # pos. biopsies, total number of hLy-6D positive biopsies; highest hLy-6D (ng), highest hLy-6D 
qRT-PCR value of the analyzed samples in nanogram
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Table 2. Characteristics of the HNSCC patients and molecular analysis
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5 m 70 oc inv II m ig scc surg+rt y y 7 4 165.7 30
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31 m 68 oc close IVA p vg  surg+rt n y 5 0 0.03 30

32 f 54 oc clear III m ig dys surg n 4 0 0.02 50
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34 m 71 oc close III m ig+pn  surg+rt n n 6 0 0.03 70

35 m 69 L clear II m vg  surg n 6 0 0.04 80
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36 m 54 L close IVA m ig  surg+rt y y 6 1 2.94 50

37 f 58 op close IVA p   surg+rt y y 6 3 259.3 0

38 m 73 op clear III p ig+pn  surg+rt n n 5 0 0.04 100

39 f 58 oc clear II m dys surg n 5 0 0.12 20

40 m 64 oc close IVA p   surg+rt y y 6 4 377.4 5

41 m 60 oc close II m ig  surg+rt n n 5 0 0.12 40

42 m 56 oc close III m pn  surg+rt n n 3 0 0.18 5

43 m 64 oc close IVA m   surg+rt n y 3 0 0.00 70

44 m 52 oc close I m ig  surg+rt y n 7 1 2.19 80

45 m 43 hp close IVA m ig+vg dys surg+rt n y 4 0 0.05 0

46 m 78 oc close IVA m ig+vg dys surg+rt n n 4 0 0.03 40

47 f 64 oc close IVA m ig+vg dys surg+rt n y 5 0 0.04 100

48 f 88 oc close IVA w ig+pn+vg  surg+rt n y 5 0 0.03 50

49 m 48 op close IVA p dys surg+rt y y 6 1 49.7 100

50 m 55 L close IVA m dys surg+rt n n 5 0 0.03 10

51 m 66 oc clear II m   surg n 6 0 0.08 0

52 m 59 oc clear III p   surg y 4 1 1.13 10

53 m 61 oc close IVA m ig+pn dys surg+rt n y 5 0 0.03 10

54 m 77 op close IVA m ig+pn dys surg+rt y y 6 1 170.0 60

55 m 74 op close IVA p dys surg+rt n y 3 0 0.02 20

56 m 62 L close IVA m ig+pn  surg+rt n n 10 0 0.03 10

57 m 82 oc clear III m ig+pn  surg n 6 0 0.11 60

58 m 70 L close IVA m pn+vg dys surg+rt n n 7 0 0.12 50

59 f 80 oc clear III m dys surg n 3 0 0.11 90

60 f 33 oc close III m ig  surg n 5 0 0.11 60

61 f 56 oc close I m   surg n 6 0 0.05 100

62 m 52 L clear I m   surg n 5 0 0.19 100

63 f 59 oc clear II m ig  surg n 6 0 0.12 10

64 m 66 oc close III m ig+pn+vg dys surg+rt n n 3 0 0.06 50

65 f 61 oc close III m pn dys surg+rt n n 8 0 0.26 25

66 m 73 hp clear IVA m ig dys surg n 6 0 0.11 50

67 m 70 L close IVA m   surg+rt n n 3 0 0.01 70

Abbreviations: oc, oral cavity; op, oropharynx; L, larynx; clear, distance between tumor and surgical margin >5 mm; close, 
distance between tumor and surgical margin <5 mm, but no tumor present in surgical margin; inv, tumor involved surgical 
margin; p, poorly differentiated; m,moderately differentiated; w, well differentiated;; ig, infiltrative growth pattern of the tumor; 
pn, perineural growth; vg, vasoinvasive growth; scc, squamous cell carcinoma; dys, dysplasia in surgical margin; surg, surgery; 
surg+rt, surgery and postoperative radiotherapy; hLy-6D qRT-PCR pos, positive results hLy-6D qRT-PCR analysis; # biopsies, total 
number of analysed biopsies; # pos. biopsies, total number of hLy-6D positive biopsies; highest hLy-6D (ng), highest hLy-6D qRT-
PCR value of the analyzed samples in nanogram; IHC hLy-6D expression, percentage of hLy-6D expression in tumor determined 
by immunohistochemical staining.
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Histopathology
All tumor resection specimens were routinely examined by a pathologist and scored according 
to the standard criteria of the World Health Organization Classification international histological 
classification of tumors21. The surgical margins of the resection specimen were paraffin-
embedded and examined separately as part of the routine histological workup. These margins 
will be referred to as “RS-margins”. Analysis of these RS-margins was performed as suggested 
by Batsakis: clear when the minimal distance from tumor to deep surgical margin was more 
than 5 mm; close when the distance was less than 5 mm, but no evidence of tumor at the deep 
margin, or involved when tumor was found in one or more surgical margins22. The OR-samples 
were not histopathologically examined, because the entire sample was required for qRT-PCR. 

RNA isolation
The OR-samples obtained from the patient at the operation room were homogenized using an 
electric hand-held pestle in one ml RNA-Bee (Campro Scientific, Veenendaal, The Netherlands). 
RNA isolation was further performed as indicated by the manufacturer. In addition, RNA was 
re-precipitated by adding 0.1 x volume 3 M sodium acetate pH 5.2 (Sigma-Aldrich Chemie B.V., 
Zwijndrecht, The Netherlands) and 2.5 x volume 100% ethanol. After centrifugation at 12,000 x g 
for 30 minutes at 4°C, the pellet was washed in 400 µl 70% ethanol, and then centrifuged at 
12,000 x g for 10 minutes at 4°C. The pellet was dissolved in 22 µl RNAse-free water and the 
RNA quantity was measured in duplicate by the absorbance at 260 nm by a Nanodrop ND-1000 
Spectrophotometer (Isogen Life Science, IJsselstein, The Netherlands). Finally, a concentration 
of 100 ng/µl total RNA was prepared. The additional ethanol precipitation had major effect on 
the quality of the preparation as indicated by the OD260/280 ratio.

Primers and probes 
Primers and probes for the hLy-6D transcript have been previously described19. To control the 
RNA quality we used mRNA transcribed from the gene encoding for β-glucuronidase gene 
(BGUS), which is considered to be a constantly expressed housekeeping gene23. Table 3 shows 
the sequences of the primers and probe for BGUS. 

Table 3. Primers and probes of BGUS used for qRT-PCR 

Primers/Probe Sequence 5’-3’

BGUS forward GAAAATATGTGGTTGGAGAGCTCATT

BGUS reverse CCGAGTGAAGATCCCCTTTTTA

BGUS probe FAM-CCAGCACTCTGGTCGGTGACTGTTCA-TAMRA

cDNA synthesis
In total 5 µl RNA (250 ng) of the OR-samples was heated to 65°C for 5 minutes and immediately 
cooled on ice. Next, 15 µl of RT mixture was added. The RT mixture consisted of 2 µl 10x RT 
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buffer (600 mM KCL, 30 mM MgCl2, 500 mM pH8.0 TRIS.HCL), 10 µl 2 mM dNTP (0.5 mM 
each deoxynucleotide triphosphate, Boehringer, Ingelheim, Germany), 2 µl 10 mM DTT, 1 µl 
25 pmol/µl reverse primer hLy-6D or BGUS, 0.05 µl 40 U/µl RNAsin ribonuclease inhibitor 
(Promega, Leiden, the Netherlands), 0.1 µl 10 U/µl AMV-RT (Promega, Leiden, the Netherlands). 
The reaction mixture was incubated for 2 hours at 42°C. All reactions were performed in 
triplicate.

Quantitative Real-Time RT-PCR amplification
PCR amplification was performed in 40 cycles using 5 µl of cDNA. The cDNA was added to 45 
µl reaction mixture, containing 5 µl 10x TaqMan buffer A (Applied Biosystems, Foster City, 
U.S.A.), 10 µl 25mM MgCl2, 0.5 µl 100 mM dNTP, 0.6 µl sense and antisense primers of hLy-6D 
or BGUS (25 pmol/µl each), 1.5 µl 5 pmol/µl fluorescent probe hLy-6D or BGUS, 26.55 µl sterile 
H2O (Baxter, Utrecht, The Netherlands), and 0.25 µl 5 U/µl AmpliTaq ™Gold DNA polymerase 
(Applied Biosystems, Foster City, U.S.A.).
 Real-time RT-PCR was performed in an ABI Prism 7500 (Applied Biosystems) with the 
following conditions: 1 cycle of 10 minutes at 95°C, followed by 40 cycles of 15 seconds 95°C 
and 60 seconds 60°C. In each experiment a serial dilution of tumor cell line UM-SCC-22A cDNA 
ranging from 500 to 0.05 ng was run in parallel as calibration curve for hLy-6D as well as BGUS. 
Preparations without RNA template were used as negative control. 

E48 immune peroxidase staining and qRT-PCR of tumors
Immunohistochemical staining was performed on formalin-fixed paraffin embedded 
(FFPE) biopsies of the tumor and used to assess the hLy-6D expression of the tumor. After 
deparaffinization, the slides were washed in phosphate buffered saline and incubated with 
0.1% pepsin (Sigma Aldrich, Zwijndrecht, The Netherlands) in 0.02N HCL for 30 minutes at 
37°C. Subsequently the slides were washed in demineralized water and then in phosphate 
buffered saline. The slides were incubated with 2% normal rabbit serum (Dako Cytomation, 
Glostrup, Denmark) for 20 minutes and afterwards the normal rabbit serum was poured off. 
All tumor sections were stained with monoclonal antibody E48 that specifically detects hLy-
6D, as well as normal mouse IgG (Dako Cytomation 100 mg/L, Glostrop, Denmark) as control. 
StreptABComplex/horse radish peroxidase (Dako Cytomation, Glostrop, Denmark) was used as 
indicated by manufacturer. The slides were scored for the percentage of hLy-6D positive cells 
in the tumor by two independent reviewers, and a consensus score was taken as final readout.
 To determine the correlation between E48 immune peroxidase staining and hLy-6D qRT-
PCR we performed a hLy-6D qRT-PCR on eleven frozen tumor specimens. From the frozen 
tumor specimens two 5-micron sections were cut for haematoxylin and eosin staining, then 
twelve 10-micron sections for RNA-isolation and again two 5-micron sections for haematoxylin 
and eosin staining. From the specimens with at least 50% tumor in the haematoxylin and 
eosin slides RNA was isolated and a hLy-6D qRT-PCR was performed as described above with 
50 ng RNA input. 



30

Chapter 2

Data analysis
Threshold values (CT) were determined and the original amount of hLy-6D and BGUS mRNA 
in each OR-sample was calculated from the calibration curves of cell line UM-SCC-22A. An 
OR-sample was defined as representative when it had a minimum amount of 25 ng BGUS 
mRNA relative to UM-SCC-22A. The cut-off level for designating an OR-sample as MRC-positive 
was determined using 15 samples of five non-cancer control patients, and was set at 0.41 
nanogram hLy-6D RNA, being the t-value (n-1) x SD + mean, which corresponds to the 99% 
confidence interval. The samples used for determining the cut-off level were not used for 
further analysis. Patients were determined MRC-positive when the hLy-6D value of one or more 
OR-samples exceeded the cut-off value, irrespective of the hLy-6D expression in the tumor, and 
MRC-negative when the hLy-6D value of all OR-samples was below the cut-off value and the 
tumor showed at least 5% hLy-6D expression. Patients were defined as non-diagnostic when 
the tumor showed less than 5% hLy-6D expression and all OR-samples appeared to be hLy-
6D qRT-PCR negative. The groups of patients with clear (>5 mm), close (<5 mm) and involved 
surgical resection margins were compared with each other in SPSS14 using chi-square tests.

Results

E48 immune peroxidase staining and hLy-6D qRT-PCR of tumors
First we determined whether hLy-6D RNA-expression could be monitored reliably on basis of 
immunostaining. Figure 1 shows the relation between the hLy-6D expression of FFPE tumors and 
the hLy-6D expression determined by qRT-PCR of frozen tumors. One frozen tumor specimen 
with low hLy-6D expression appeared to have less than 50% tumor in the haematoxylin and 
eosin slides and was excluded. 
 Statistical analysis showed significant association between E48 immune peroxidase staining 
on FFPE tissue and hLy-6D qRT-PCR on frozen samples (p=0.023).
 Immunostaining showed high hLy-6D expression (≤50% expression) in 37/67 (55%) of 
the FFPE tumor specimens (Figure 2A). It appeared that in total ten tumors (15%) had low 
expression (≤5%) and 20 tumors (30%) had intermediate expression (6-49%) of hLy-6D (Figure 
2B) that often presented as heterogeneous immunostaining.
 We also investigated whether there were indications that particularly the invasive front 
of the tumors showed low hLy-6D expression. In heterogeneously staining tumors that do 
not show expression of hLy-6D in the tumor borders, the more invasive cells, might cause 
false negative qRT-PCR results in OR-samples containing tumor cells. Therefore we reviewed 
the infiltrative growing tumors to investigate this point in more detail. In 33 cases the tumor 
showed an infiltrative growth pattern. The invasive cell nests were highly positive for E48 
antigen in 23/33 cases, while in six of the 33 cases intermediate hLy-6D expression was found. 
In only four of the 33 cases hLy-6D expression was absent in the invasive cell nests, but it 
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appeared that all these four cases did not show expression of hLy-6D in the tumor. Hence there 
seems not much evidence that low expression is specifically present in the tumor borders.

Figure 1. E48 immunohistochemical staining and hLy-6D qRT-PCR of tumors. To determine the 
correlation between E48 immune peroxidase staining and hLy-6D qRT-PCR we did a hLy-6D qRT-PCR on 
ten frozen tumor specimens: four with high hLy-6D expression (>50%) in paraffin embedded biopsies 
of the tumor, four with intermediate expression (6-50%) and two with low expression (≤5%). On the 
x-axis the percentage of hLy-6D expression determined by immunostaining is shown and on the y-axis 
the hLy-6D qRT-PCR value in nanogram determined by hLy-6D qRT-PCR.

Figure 2. E48 immunostaining. Representative example of E48 immune peroxidase staining of a tumor 
with high (100%) hLy-6D expression (A) or low (5%) hLy-6D expression (B).
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hLy-6D qRT-PCR of deep surgical margins
HLy-6D analysis was performed on 48 submucosal samples of 13 non-cancer control patients. 
It appeared that twelve out of thirteen control patients had a hLy-6D negative test. The one 
patient with a positive test, control 13, had two borderline positive samples (Table 1). 
 Of four of the 67 HNSCC patients all OR-samples appeared to be hLy-6D qRT-PCR negative 
and the tumor showed no hLy-6D expression as well: patient 17, 24, 45 and 51 (Table 2). These 
cases were considered as non-diagnostic and therefore excluded. 
 Eight of 63 patients had histologically tumor-positive surgical margins in the resection 
specimen. Seven of them showed positive OR-samples analyzed by the hLy-6D qRT-PCR assay 
(range 1 to 4 per patient, median 3) (Table 2). Approximately 41% (17/41) of the analysed 
OR-samples of these seven patients appeared to be positive in the test. The hLy-6D qRT-PCR 
value per positive OR-sample varied over a 3-log range from 0.44 to 440 ng, median 55 ng. Five 
OR-samples were analyzed from the patient with histologically tumor- positive margins whose 
margin samples scored hLy-6D qRT-PCR negative (patient 6). Histopathological review showed 
one tumor-positive surgical margin, and all other RS-margins were tumor-free. Staining of the 
tumor showed high expression of hLy-6D, therefore this case has to be considered as false-
negative.
 In total, 295 OR-samples of 55 patients (range 3 to 10 per patient, median 5), who were 
diagnosed as histopathologically tumor-free based on the RS-margins of the resection 
specimen, were analyzed (Table 2). Twelve of 55 (22%) patients had one or more positive OR-
samples (range 1 to 4, median 1), indicating the presence of MRC. As can be seen in Table 2, 
three of the twelve MRC positive patients did not receive postoperative radiotherapy: patient 
16, 20 and 52. Of the 43 patients with histologically tumor-free RS-margins who tested MRC-
negative, 28 patients received radiotherapy. Eleven of these 28 patients were irradiated based 
on strict criteria such as tumor growth in bone.

Frequency analysis
The qRT-PCR results of the OR-samples taken at the operation room were compared to the 
histopathological results of the resection specimen. Statistical analysis showed a significant 
difference in the frequency of patients who scored hLy-6D qRT-PCR positive between the group 
of patients with histopathological tumor-positive RS-margins and the group of non-cancer 
control patients (p<0.001). There was also a significant difference in the frequency of patients 
who scored hLy-6D qRT-PCR positive between the group of patients with histopathological 
tumor-positive RS-margins and the group of patients with histopathological tumor-free RS-
margins (p=0.001) (Figure 3A). When the histopathological tumor-free surgical margin group 
was divided in one group with clear surgical margins (>5 mm) and a second group with close 
surgical margins (<5 mm), it appeared that both groups were significantly different from the 
group of patients with histopathological tumor-positive surgical margins (resp. p<0.001 and 
p=0.001, Figure 3B). There was no significant difference between the group of patients with 
clear surgical margins and the group with close surgical margins (p=0.227). No significant 
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association was shown between hLy-6D qRT-PCR results in the OR-samples and dysplasia, vaso-
invasive growth, perineural growth or diffusely infiltrating growth pattern as determined on 
the resection specimen. 

Figure 3. Relationship between histopathological status of surgical margins and presence of hLy-
6D qRT-PCR results. (A) On the x-axis the groups of non-cancer control patients and HNSCC patients 
are shown with either tumor-positive surgical margins, tumor-negative surgical margins or control 
patients. The number of patients with either positive (black bars) or negative (grey bars) deep margin 
samples as determined by hLy-6D qRT-PCR is indicated on the y-axis. The non-diagnostic cases were 
excluded. The groups were compared with each other using Chi-Square Tests. P-values below 0.05 
were considered significant. (B) No significant difference was shown between the groups of patients 
with clear surgical margins (≥5 mm) and close surgical margins (<5 mm) (p=0.227).



34

Chapter 2

Discussion

The present study is the first report describing MRC-detection in submucosal surgical margins 
of HNSCC patients by hLy-6D qRT-PCR. One of 13 non-cancer control patients had two 
borderline positive samples. A possible explanation for this finding is that we chose cut-off 
levels based on the 99% Confidence Interval indicating that approximately 1% of the control 
samples will be false-positive. Based on these initial data it might be worthwhile to shift the 
cut-off levels to the borders determined by the 99.9 or 99.99% Confidence Interval. However, 
also contamination with epithelial cells cannot be excluded. 
 Seven of the eight patients with histopathological tumor-positive RS-margins had one or 
more positive OR-samples using this assay. Approximately 41% of the OR-samples of these 
patients tested positive, demonstrating that analysis of multiple OR-samples is necessary to 
prevent sampling-error. The histopathological report of the one false-negative patient indicated 
that tumor cells were present in only one surgical margin. Hence, the false-negative results of 
the OR-samples are most likely explained by sampling-error, and this again demonstrates the 
importance of analyzing multiple OR-samples. 
 In total, there were 17 HNSCC patients with clear surgical margins, and 38 patients with 
close surgical margins as determined by histopathological examination of the resection 
specimen. Two of 17 (12%) patients with clear margins, and ten of 38 (26%) patients with close 
margins tested positive in one or more of the OR-samples, indicating the presence of MRC. 
The frequency of patients with MRC in the group of patients with clear surgical margins was 
lower than that of the group of patients with close surgical margins, but the difference was not 
significant. This may be due to the limited sample size, as there seemed a tendency to a higher 
frequency in the close margin group. This would be in line with previous studies, in which it 
was demonstrated that close surgical margins do increase the risk for local recurrences24-26. 
 It appeared that 17/43 patients with histologically tumor-free RS-margins and who tested 
MRC-negative, received postoperative radiotherapy based on less strict criteria. Particularly in 
this group tailoring of radiotherapy using molecular analysis might be of interest. Obviously a 
large prospective study and association of the molecular margin analysis of OR-samples with 
outcome needs to be awaited for stronger conclusions. 
 In four of 67 patients with histologically tumor-free resection margins MRC-diagnosis could 
not be assessed because the immunostaining of the tumor did not show any hLy-6D expression 
and all OR-samples were hLy-6D qRT-PCR negative. A solution to overcome this problem is the 
use of a panel of markers, instead of a single marker. Promising markers for HNSCC-detection 
are cytokeratin 1927,28, SCCA28,29, PTHrP28,29, EGFR29 and squamous cell-specific splice variants of 
the CD44v6 antigen30. 
 Some patients with tumors with low hLy-6D expression did show hLy-6D positive OR 
samples. An explanation for this finding is that the tumorload in these OR-samples was large 
enough for a positive hLy-6D qRT-PCR assay despite the low expression. This is not unexpected 
as transcript analysis is much more sensitive than immunohistochemical staining. A difference 
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between positive and negative hLy-6D immunostaining might be only 2-log, and even when such 
a decreased protein-expression level is reflected by a 2-log decreased number of transcripts, it 
will still allow a sensitive detection level. This is shown in the experiment in which E48 immune 
peroxidase staining was compared with hLy-6D qRT-PCR. There were two patients with tumors 
with low hLy-6D expression determined by immunostaining, but hLy-6D qRT-PCR of the frozen 
tumor samples showed a hLy-6D expression far above the cut-off level (Figure 2). 
 The findings of this study suggest a high sensitivity and specificity of this approach, but 
it should be stressed that only eight patients with tumor-positive RS-margins and thirteen 
non-cancer control patients were tested so far. A second remark is that the sampling in the 
non-cancer controls is not exactly identical to that in the HNSCC patients. These patients are 
mostly scheduled for surgery in the salivary glands, and not in the oral cavity, oropharynx or 
larynx. This might have a reflection on the chosen cut-off point for a positive test and it might 
be worthwhile to perform statistical associations with clinical outcome in prospective studies 
not only with the final test results based on the presented cut-off point, but in addition with 
the tertiles or quartiles of the test results. This seems at present the only possibility to solve 
this problem. Obviously ROC curves might be calculated with different cut-off values using the 
outcome data, but the consequence of such a training approach is that an independent study 
needs to be carried out to validate the findings. 
 The true clinical value of this approach can only be proven when the results of our assay 
correlate with the outcome of the patients. However, both the number of patients as well as 
the follow-up time of the patients described is at present not adequate to correlate our findings 
to survival and the development of relapse. Nevertheless, the association of our data with the 
routine histopathological parameters is interesting to the field and this might stimulate the 
research in this area. 
 In conclusion, the preliminary data of this study on the application of hLy-6D qRT-PCR to 
detect MRC in surgical margins of HNSCC patients are promising, and support the design of 
subsequent larger prognostic trials using treatment outcome as endpoint.
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Abstract

Locoregional recurrences and distant metastases in adequately treated head and neck cancer 
(HNSCC) patients have a dismal effect on survival. Tumor cells that escape histopathological 
detection might be the prime cause of this effect. We evaluated whether minimal residual 
cancer (MRC) in deep surgical margins and disseminated tumor cells (DTCs) in bone marrow 
aspirates are associated with clinicohistopathological parameters and outcome. 
 Submucosal samples of deep resection margins of 105 HNSCC patients with 
histopathologically tumor-free surgical margins were analysed for the presence of MRC using 
hLy-6D qRT-PCR. Bone-marrow aspirates of 76 of these patients were analysed for DTCs by 
immunocytochemical staining. Presence of molecular-positive deep surgical margins, presence 
of DTC in bone marrow aspirates, and clinicohistopathological parameters were tested for 
associations with survival parameters by univariate and multivariate analyses. 
 In addition to lymph node stage, it appeared that vasoinvasive growth and particularly 
infiltrative growth pattern are significant predictors for locoregional recurrence (p=0.041 
and p=0.006, respectively) and disease-free survival (p=0.014 and p=0.008, respectively). 
Remarkably, neither the presence of molecular-positive deep surgical margins nor that of DTC 
in bone marrow aspirates was significantly related to outcome. 
 The presence of vasoinvasive and infiltrative growth in HNSCC tumor specimens are 
significant risk factors for locoregional recurrence and disease-free survival. At present there 
seems no role for molecular analysis of deep surgical margins and bone marrow aspirates in 
predicting outcome with the methods used. 
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Introduction

The 5-year survival rates of head and neck squamous cell carcinoma (HNSCC) patients has 
not improved significantly the last decades despite significant advances in local control. An 
explanation for this observation is the unaltered high frequency of locoregional relapses and 
distant metastases. Even when the surgical margins have been diagnosed as tumor-free by 
histopathology, the locoregional relapse rate is still 10 to 30%1. This suggests that tumor cells 
remain in situ unnoticed by histopathological examination: minimal residual cancer (MRC). 
In recent years, several histopathological factors have been proposed as prognosticators for 
locoregional relapse and survival in HNSCC. Tumor size, presence of lymph node metastasis, 
stage of disease, histological grade, cohesive or infiltrative growth pattern, vasoinvasive 
growth, perineural invasion and bone involvement are the best known histopathological 
parameters with prognostic value in HNSCC, although the results of the variously published 
studies were not always concordant2-7. A typical variable influencing histological parameters 
is the difference in experience between pathologists, and the precise definition of the 
histopathological characteristics8.
 Based on previous molecular diagnostic approaches using mutated p53 and patterns 
of genetic changes as markers, it has been established that the outcome parameter local 
recurrence actually represents two pathobiological mechanisms. Clinically a relapsed tumor 
is called a local recurrence when it occurs within 2 cm of the index tumor and within three 
years. Despite the term, it has been shown that approximately 50% of the clinically defined 
local “recurrences” have in fact developed as new tumors in preneoplastic fields that were not 
completely treated; and it has been proposed to designate these as second field tumors 9-11. 
These results indicate the relevance of these preneoplastic fields in the clinical management of 
HNSCC patients. The presence of a high risk preneoplastic field can be assessed on the mucosal 
epithelium of the surgical margins of the excised primary tumor by CK4 and CK13 negative 
immunostaining, p53 positive immunostaining, DNA sequence detection of TP53 mutations, 
and loss of heterozygosity detection at chromosome 9p9,12-14. 
 The remaining half of the local relapses in HNSCC patients represents tumor cell recurrences 
that arise from residual cancer cells in the deep surgical margins that apparently escaped 
routine histological examination9. This offers a clinical opportunity for molecular diagnosis of 
MRC in deep surgical margins. Previously, DNA mutations in TP53 have been used as molecular 
marker9,14. In these studies mucosal margins and deep margins were analysed. However, 
detection of DNA mutations in TP53 has a low specificity for margin analysis and is suited to 
distinguish MRC from preneoplastic mucosal changes in mucosal biopsies, while this is clinically 
relevant9. The low specificity of DNA mutations in TP53 in these studies was explained by the 
stability of mutated DNA that leaked from the tumor and contaminated the margins. It has 
also been suggested that TP53 mutations analysed on RNA might be more suited9. This notion 
guided the way to detect MRC in deep surgical margins by histogenic markers using qRT-PCR 
approaches.
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In a previous study hLy-6D qRT-PCR analysis of deep surgical margins seemed to be a promising 
method to detect MRC in surgically treated HNSCC patients15. By analyzing samples of patients 
without HNSCC (negative controls) a cut-off value to call a margin sample molecular-positive 
was set, and subsequent analysis showed that 12 of 13 (92%) negative controls were hLy-6D 
qRT-PCR negative, and seven of eight (88%) patients with tumor-involved margins were hLy-
6D qRT-PCR positive, indicating the potential of this assay. In 12 of 55 (22%) patients with 
histopathologically tumor-free deep resection margins MRC was detected, a percentage that 
seems concordant with outcome. Obviously, a prospective follow-up study with outcome 
association is required to determine the real clinical value of this assay. Here we report these 
data. 
 The five year survival rate of HNSCC patients is not only determined by locoregional 
recurrences, but also by the development of distant metastases (DM), a relapse of the disease 
with dismal prognosis. In literature, metastasis rates of 9 to 50% are reported, depending 
on clinico-histological parameters of the studied patient group16-18. Several molecular assays 
have been applied on particularly blood and bone marrow aspirates to detect circulating 
and disseminated tumor cells and to assess the risk for distant disease in an early stage. In a 
previous study, hLy-6D RT-PCR was performed on bone marrow of HNSCC patients. It appeared 
that 40% of HNSCC patients showed hLy-6D RT-PCR positive bone marrow aspirates, indicating 
the presence of disseminated tumor cells (DTCs). The presence of DTCs detected by hLy-6D RT-
PCR had no significant influence on disease-free or distant metastasis-free survival, however, 
for patients with multiple lymph node metastases a hLy-6D RT-PCR positive outcome was 
significantly associated with a poor distant metastasis-free survival19. 
 The fact that the presence of DTCs assessed by hLy-6D RT-PCR was not strongly related to 
outcome parameters, might be explained by the method of DTC detection: RT-PCR of unilateral 
aspirates. The current “gold standard” for the detection of DTCs in bone marrow is cytokeratin 
antibody immunocytochemical staining (CK-ICC) and screening by automated microscopy of 
bilateral aspirates20. CK-ICC analysis in breast cancer patients revealed that the presence of 
DTCs in bone marrow is predictive for the development of distant metastases21, and it appeared 
to be an independent prognostic factor for breast cancer survival22. Presence of DTCs assessed 
by CK-ICC might also be of prognostic value in HNSCC, as was suggested in previous studies23.
 In the present study, we evaluated whether the presence of minimal residual disease in the 
surgical margins detected by hLy-6D qRT-PCR and in the bone marrow detected by CK-ICC is 
associated with clinico-histological parameters and outcome. 
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Materials and Methods

Patients and samples
One hundred-five patients referred between 2005 and 2009 to the VU Universtity Medical 
Center with primary HNSCC in the oral cavity, oropharynx, hypopharynx or larynx, who were 
primarily surgically treated and had histopathologically tumor-free deep and mucosal resection 
margins, were included in this study. All patients had only one primary tumor. Patient and 
tumor characteristics, including outcome are listed in Table 1.

Table 1. Patient and tumor characteristics 

Characteristic N (101) %

Gender

 Female 31 30.7

 Male 70 69.3

Tumor Site

 Oral cavity 72 71.3

 Oropharynx 8 7.9

 Hypopharynx 1 1.0

 Larynx 20 19.8

Tstage (TNM classification) 

 T1 and T2 47 46.5

 T3 and T4 54 53.5

Pathological Nodal Stage 

 N- 55 54.5

 N+ 46 45.5

 Delayed lymph node metastasis 5 5.0

Tumor Stage

 I and II 27 26.7

 III and IV 74 73.3

Treatment

 Surgery 39 38.6

 Surgery + radiotherapy 62 61.4

Death 32 31.7

Death of disease 24 23.8

Relapse

 Disease free 59 58.4

 Locoregional recurrence 20 19.8

 Distant metastasis 6 5.9
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The mean age of the patients was 63 years, range 22-88, and the median follow-up time was 
31.7 months, range 2.9-70.8 months. The study was approved by the Institutional Review 
Board, and informed consent was obtained from all patients. 
 After tumor resection, five to fifteen samples of the deep surgical margins were collected as 
described previously15. To prevent sample to sample contamination no further histopathological 
analyses were performed. RNA was isolated from the deep surgical margin samples and the 
samples were tested by hLy-6D qRT-PCR as previously described15. All additional analyses were 
performed after surgery and had no consequences for the treatment plan. The tumor resection 
specimens were sent to the department of Pathology for routine histopathological workup.

Histopathology
All tumor resection specimens were routinely examined by a pathologist and scored according 
to the standard criteria of the World Health Organization Classification24. The surgical margins 
were cut from the edges of the tumor resection specimen, formalin-fixed, paraffin-embedded 
and evaluated by microscopic examination separately. Analysis of the surgical margins was 
performed as suggested by Batsakis: clear when the minimal distance from tumor to both 
mucosal and deep surgical margin was more than 5 mm; close when the distance was less than 
5 mm, but no evidence of tumor at the deep margin, or involved when tumor was found in one 
or more surgical margins25. Assessment of the histopathological characteristics was performed 
as suggested by the Royal College of Pathologists. In short, grading of differentiation was based 
on the degree of resemblance of the carcinoma to the normal epithelium. The most aggressive 
area was graded as well, moderately or poorly differentiated. The pattern of invasion was either 
cohesive: carcinomas composed of broad cohesive sheets of cells or strands, or infiltrative: 
carcinomas composed of narrow strands, non-cohesive small groups or single cells. Vascular 
invasion was scored when carcinoma cells were present within an endothelial-lined space. 
Perineural growth was present in case of invasion of the perineural plane ahead of the invasive 
front of the carcinoma26. Examples of vasoinvasive growth, cohesive growth and infiltrative 
(non-cohesive) growth are shown in Figures 1 and 2. 

Immunohistochemistry
All 105 tumors were immunostained by monoclonal antibody E48 to analyze Ly-6D as described 
previously15,27, as well as with normal mouse IgG (Dako Cytomation 100 mg/L, Glostrup, 
Denmark) as a negative control. StreptABComplex/horse radish peroxidase (Dako Cytomation) 
was used as indicated by the manufacturer. The slides were scored for the percentage of hLy-
6D positive cells in the tumor by two independent reviewers, and a consensus score was taken 
as final readout. 
 When a patient developed a relapse at distant sites during follow-up, and there was 
uncertainty whether it was a second primary tumor or a distant metastasis based on location 
(lung) and imaging characteristics (single nodule), allelic loss analysis was performed to 
determine a clonal relationship between index tumor and relapse. This method has proven 
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to be reliable to differentiate between second primary tumors and distant metastasis in the 
lung28.

Figure 1. HE stained section showing vasoinvasive growth.

Figure 2. (A) HE stained section showing an infiltrative (non-cohesive) growth pattern. (B) HE stained 
section showing a cohesive growth pattern. The tumor grows with a well-delineated pushing border. 

  
Primers and probes 
To check the RNA quality we used the β-glucuronidase gene (BGUS), which is considered to 
be a stably expressed housekeeping gene29. The sequences of the primers and probe for BGUS 
and the hLy-6D transcript have been described previously30. 
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Quantitative real time RT-PCR amplification 
Expression analysis of the target and reference genes was performed using qRT-PCR. 
Complementary DNA synthesis and qRT-PCR amplification of the samples was performed 
as described previously15. Real-time RT-PCR was performed in an ABI Prism 7500 machine 
(Applied Biosystems) using the following conditions: 1 cycle of 10 minutes at 95°C, followed 
by 40 cycles of 15 seconds 95°C and 60 seconds 60°C. A serial dilution of cell line UM-SCC-22A 
derived RNA was analyzed in duplicate in every separate run to check the reproducibility of 
the assays. When the calibration curve was not linear, or was shifted >1 Ct from previous runs, 
the qRT-PCR was repeated. All deep margin samples were analyzed in triplicate and the mean 
values of hLy-6D and BGUS were used for calculations. 

Collection of bone marrow 
Eighty-six of the 105 patients underwent bone marrow aspiration. The bone marrow samples 
were collected from the left and right anterior iliac crest prior to surgery, when the patients 
were under general anesthesia. Three ml bone marrow was obtained using a bone marrow 
aspiration needle (Angiotech, Gainesville, U.S.A.) and collected in heparinised vacutainers. 
Mononuclear cells were isolated from bone marrow by Ficoll gradient centrifugation. To this 
end, bone marrow was diluted with Hanks Balanced Salt Solution (HBSS) (Lonza, Breda, The 
Netherlands) to 20 ml and then carefully layered on 20 ml Ficoll/Paque Plus (GE healthcare, 
Hoevelaken, The Netherlands). After centrifugation at 400 x g for 40 minutes without brake, 
the interphase was transferred into a 50 ml tube with 10 ml Phosphate Buffered Saline (PBS) 
(Lonza). After centrifugation at 220 x g for 15 minutes, the supernatant was discarded and 
the cells were resuspended in another 10 ml PBS and spun again at 220 x g for 15 minutes. 
The cells were resuspended in 2 ml PBS and counted using a haemocytometer, type Fuchs-
Rosenthal. Next the cells were diluted to 50,000 cells per ml, and cytospin slides were prepared 
by centrifugation at 400 x g for 15 minutes. 

Immunocytochemistry and automated microscopy (CK-ICC)
The cytospin slides were stained with primary antibody A45-B/B3, directed against cytokeratins 
8, 18 and 19, or murine IgG as negative control. The staining was performed as published 
previously31. Stained slides were analyzed using an ARIOL SL-50 automated microscope 
as previously described by Mesker et al32. Cytokeratin-positive cells were reviewed by an 
independent pathologist and categorized based on morphological criteria according to 
the guidelines of the European ISHAGE Working Group for Standardization of Tumour Cell 
Detection33. A patient was considered positive if at least one tumor cell, candidate tumor cell 
or apoptotic cell was found, all verified by an pathologist34.
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Data analysis
Initially, we tested candidate housekeeping genes BGUS, RPL4 and RPLP0, individually and as 
panel, for normalization of the data (not shown). It appeared that BGUS was most stable, and 
that adding other reference genes had no additional value. In this study we used mean DCt 
values (mean Ct value BGUS – mean Ct value hLy-6D) for normalization. The cut-off level for 
designating a sample as MRC-positive was determined using the t-distribution. The cut-off 
level was determined using the DCt values of 30 samples of ten non-cancer control patients, 
and was set at DCt 3.82, being the mean plus the (t-value (n-1) times the standard deviation), 
a cut-off corresponding to the 95% confidence interval.
 A patient was considered “molecular-positive” when one or more deep margin samples 
showed a DCt value of 3.82 or lower. A patient was scored as “molecular-negative” when the 
DCt value was higher than 3.82, and when the tumor biopsy showed Ly-6D expression by 
immunostaining.
 Association of clinico-histological parameters and molecular data with survival and 
disease-free survival was investigated by uni- and multivariate analyses (Cox regression) in 
SPSS 15. P-values lower than 0.05 were considered to be significant. Time to relapse or death 
was determined from the date of panendoscopy and histological confirmation of SCC, usually 
2-4 weeks prior to surgery. Patients who developed a second primary tumor were censored for 
all outcomes at the incidence date of the second tumor (11 of 105 cases). The criteria used to 
define a second primary tumor were a location >2cm from the primary site or an occurrence 
after more than three years. Delayed lymph node metastases that developed in an untreated 
neck during follow-up were not regarded as clinical relapses. In case of delayed lymph node 
metastasis the N-stage was adjusted. 

Results

The results of histopathological and molecular analysis are listed in Table 2. Deep margin 
samples of all 105 enrolled patients were suitable for RT-PCR analysis. In four of 105 HNSCC 
patients the margin samples appeared to be hLy-6D qRT-PCR negative, while the tumor 
did not show hLy-6D expression by immunostaining. These cases were considered as non-
diagnostic and, therefore, excluded from the analyses. It appeared that 12 of 101 patients 
(13%) had one or more molecular-positive biopsies. Six of the molecular-positive patients had 
only one positive biopsy, five of them had two positive biopsies and one patient had four 
positive biopsies. No correlation was observed between the molecular margin status and 
histopathological characteristics, most particularly the distance between tumor and margin 
(Table 3). We also did not observe any association between molecular margin status and 
clinical parameters (data not shown).
 Subsequently, we performed an association analysis between the molecular status of 
the margins and the histopathological and clinical parameters at one hand, and locoregional 
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recurrence-free survival, disease-free survival, overall survival and disease-specific survival 
at the other hand. Remarkably, a molecular-positive margin was not found to be associated 
with any of the clinical parameters, including locoregional recurrence (Figure 3). Univariate 
analysis showed, however, that various clinical and histological tumor characteristics exhibited 
a significant association with patient outcome (Table 4).

Table 2. Histopathological characteristics, and results of bone marrow and deep margin analysis 

Characteristic N (101) %

Histological characteristics

 Perineural growth 25 24.8

 Vasoinvasion 14 13.9

 Non cohesive growth 51 50.5

 Dysplasia in margins 43 42.6

hLy6D qRT-PCR

 Positive 12 12.9

 Negative 89 88.1

Bone marrow DTC

 Positive 11 14.5

 Negative 65 85.5

Table 3. Correlation between histopathological characteristics and molecular margin status 

Characteristic Correlation (p-value) hLy-6D

Surgical margin status (clear, close) 0.362

Perineural growth 0.983

Vasoinvasive growth 0.131

Non-cohesive growth 0.194

dysplasia 0.105

differentiation 0.583

It was confirmed that the presence of lymph node metastasis was a significant prognosticator 
for disease-free survival (p=0.010), overall survival (p=0.002) and disease-specific survival 
(p=0.002), as expected. Interestingly, highly significant prognosticators for locoregional 
recurrence were vasoinvasive growth and infiltrative (non-cohesive) growth (p=0.041, Hazard’s 
ratio 2.7, and p=0.006, Hazard’s ratio 7.7, respectively). The same parameters were associated 
with disease-free survival (p=0.014, Hazard’s ratio 2.8, and p=0.008, Hazard’s ratio 3.8, 
respectively). Kaplan-Meier curves of both parameters showing locoregional recurrence-free 
and disease-free survival are depicted in Figure 4 and 5. 
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Figure 3. Kaplan-Meijer curves showing locoregional recurrence-free survival and disease-free 
survival in relation with molecular margin status as assessed by hLy-6D qRT-PCR.

Table 4. P-values of univariate survival analyses (Cox regression) for various molecular, clinical and 
histological parameters. Significant p-values are indicated in bold

p-values

locoregional-free 
survival

disease-free 
survival

overall  
survival

disease-specific 
survival

T1-2 vs T3-4 0.868 0.808 0.271 0.036

N0 vs N+ 0.105 0.010 0.002 0.002

stage 1-2 vs stage 3-4 0.820 0.500 0.060 0.051

perineural invasion 0.063 0.167 0.159 0.404

vasoinvasive growth 0.041 0.014 0.127 0.105

non-cohesive growth pattern 0.006 0.008 0.053 0.050

dysplasia in surgical margins 0.451 0.795 0.148 0.353

clear vs close surgical margins 0.785 0.731 0.726 0.806

differentiation: well/moderate vs poor 0.419 0.837 0.599 0.911

DTCs in bone marrow 0.340 0.364 0.224 0.552

distance to deep surgical margin 0.786 0.812 0.608 0.335

adjuvant radiotherapy 0.870 0.348 0.956 0.914

hLy6D qRT-PCR 0.897 0.975 0.848 0.994

Bone marrow was collected from 86 of 105 patients. In three patients the bone marrow 
aspirates contained blood clots, hampering good quality cytospin slide preparation. In seven 
patients the cytospin slides could not be analyzed for DTCs as the IgG control slides showed 
positive cells. CK-ICC showed DTCs in the bone marrow of 11 of 76 evaluable patients (14%). 
Five of them had only one DTC, four had two DTCs, one had four DTCs and one had ten DTCs 
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detected in the bone marrow. Statistical analysis showed, however, no significant relation 
with disease-free survival (p=0.364). Furthermore, neither overall survival nor disease-specific 
survival were associated with DTC status (p=0.224, p=0.552, respectively) (Table 4).

Figure 4. Kaplan-Meijer curves showing locoregional-free survival and disease-free survival in 
relation with vaso-invasive tumor growth as assessed by routine histopathological examination.

Figure 5. Kaplan-Meijer curves showing locoregional-free survival and disease-free survival in 
relation with cohesive/infiltrative growth as assessed by routine histopathological examination.

Multivariate analysis of vasoinvasive growth with adjustment for infiltrative growth and lymph 
node metastasis, as well as multivariate analysis of infiltrative growth with adjustment for 
vasoinvasive growth and lymph node metastasis, did not show any alterations in significance, 
indicating that both these parameters are independent.
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Discussion

In a previous study we found that the application of hLy6D qRT-PCR to detect MRC in surgical 
margins appeared to have potential15, i.e. all margin samples from non-cancer control patients 
were molecular-negative, and 7 of 8 patients with tumor-involved margins were molecular-
positive. In a test series in which 55 cases were analyzed approximately 22% was molecular-
positive, in line with the expected locoregional recurrence rate. In the present study, however, 
it appears that the presence of molecular-positive margin samples is not significantly related 
to the development of locoregional recurrence, disease-free survival and/or overall survival. 
How can we explain this unexpected result? A possible explanation could be that 62 out of 
101 patients (61%) underwent postoperative radiotherapy. Irradiation may eliminate MRC in 
some patients, thereby decreasing the power of MRC as a prognostic factor for locoregional 
recurrence. False-positive results, however, may be a more likely explanation. Five of the 
twelve molecular-positive patients did not receive adjuvant radiotherapy, and only one of 
them developed a locoregional recurrence (p=0.866 log rank test). The remaining four patients 
had a median follow up of 27.2 months, ranging from 22.4 to 34.5 months. Two of these four 
patients had only one molecular-positive margin sample, one of which just above the cut-off 
level, while the margins of the other patients were convincingly positive (Figure 6).

Figure 6. Bar graph of four MRC positive patients who did not receive postoperative radiotherapy. 
The y-axis represents the DCt value. The dotted line represents the cut-off level (DCt 3.82). Margin 
samples below this level were considered “molecular-positive”. Patient 3 had only one positive margin 
sample just below the cut-off level. 

The remaining two patients had two molecular-positive margins, in which high levels of hLy-
6D transcripts could be detected. Obviously, the number of cases reported here is too limited 
to draw firm conclusions, but the results nevertheless suggest that besides postoperative 
radiotherapy, false-positive results by hLy-6D qRT-PCR could be causative for the absence 
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of associations with outcome. We consider the explanation that the deep margin samples 
were contaminated with epithelial cells or tumor cells not likely, as we took many precautious 
measures to prevent contaminations. Accordingly, the hLy-6D qRT-PCR analyses of deep margin 
samples of non-cancer control patients were invariably molecular-negative as expected. 
 Next to false-positive findings, false-negative findings were observed as well. Of the 20 
patients with locoregional recurrences only two (10%) showed molecular-positive margin 
biopsies, indicating that several cases with MRC might have been missed. Based on our 
previous results, we would have expected ~50% locoregional recurrences11. One might argue 
that hLy-6D RT-PCR is neither sensitive nor specific enough, but it has been shown before that 
single cells and only a few transcripts can be detected in bone marrow and blood samples19. 
The most logical explanation for the high rate of false-negative findings is sampling error. As it 
is not possible to obtain enough material of the complete deep resection margin after excision 
of the primary tumor, tumor cells may easily be missed since they will not be equally dispersed 
throughout the area of resection. 
 In eleven of 76 (14.5%) patients DTCs were detected in the bone marrow. In contrast to 
breast cancer and colon carcinoma, however, it appeared that these DTCs had no prognostic 
relevance in the HNSCC patients studied. Although the presence of DTC might in theory 
also associate with locoregional recurrence, the most likely outcome parameter that will be 
predicted by DTC status is distant metastasis. In this study only six patients developed distant 
metastases, and this low number might be the reason that no significant relation was found 
between the presence of DTCs and distant metastasis-free survival. It should be mentioned, 
however, that only one of these six cases showed DTCs in the bone marrow aspirates. In HNSCC 
DTCs have been found in a much lower frequency than reported for other tumor sites34, and 
also in this study most patients had only one or two DTCs detected in the bone marrow. 
Therefore, there is a risk of obtaining false-negative results when a single test is used. Partridge 
et al. performed tumor cell detection in central venous blood and bone marrow samples using 
immunocytochemistry and hLy-6D RT-PCR, and found that the presence of DTCs as assessed 
by multiple assays was significantly related to recurrence and survival23. Although we cannot 
confirm these results for the bone marrow aspirates, there are differences between the studies. 
First, Partridge et al. used another pan-CK antibody, but this does not seem to be the most 
critical factor. More relevant seems to be that these authors used a negative depletion method 
with anti-CD45 loaded Dynabeads, an approach that allows the assessment of 10-15x higher 
cell numbers than in this study. The use of this enrichment method also had a major effect 
on the detection rate of DTCs in their studies. We conclude that the standardized methods 
routinely applied to breast cancer patients are not sensitive enough for HNSCC patients and 
would require the introduction of enrichment procedures.
 In contrast to the molecular diagnostic parameters assessed, it appeared that the 
histopathologic parameters tested acted as very good prognosticators for locoregional 
recurrence and disease outcome. Vasoinvasive growth and an infiltrative growth pattern served 
as the most significant parameters predicting locoregional and distant metastasis-free survival. 
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This observation is concordant with previous studies35,36. In one of these studies encompassing 
95 T1-2/N0 glottic laryngeal carcinomas treated by radiation, it was found that the growth 
pattern of the invasive front was a significant predictor for local recurrence. Apparently, this 
same histological parameter is of relevance in a broader group of HNSCC patients treated by 
surgery, with or without adjuvant radiotherapy. This strong association of histopathological 
parameters with disease outcome warrants further investigation.



54

Chapter 3

Reference List

1. Leemans CR, Tiwari R, Nauta JJ, van der Waal I, Snow GB. Recurrence at the primary site in head and neck 
cancer and the significance of neck lymph node metastases as a prognostic factor. Cancer 1994;73:187-
190.

2. Lumerman H, Freedman P, Kerpel S. Oral epithelial dysplasia and the development of invasive squamous 
cell carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:321-329.

3. Silverman S Jr, Gorsky M, Kaugars GE. Leukoplakia, dysplasia, and malignant transformation. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 1996;82:117.

4. Weijers M, Snow GB, Bezemer DP, van der Wal JE, van der Waal I. The status of the deep surgical margins 
in tongue and floor of mouth squamous cell carcinoma and risk of local recurrence; an analysis of 68 
patients. Int J Oral Maxillofac Surg 2004;33:146-149.

5. Weijers M, Snow GB, Bezemer PD, van der Wal JE, van der Waal I. The clinical relevance of epithelial 
dysplasia in the surgical margins of tongue and floor of mouth squamous cell carcinoma: an analysis of 37 
patients. J Oral Pathol Med 2002;31:11-15.

6. Woolgar JA, Rogers S, West CR, Errington RD, Brown JS, Vaughan ED. Survival and patterns of recurrence 
in 200 oral cancer patients treated by radical surgery and neck dissection. Oral Oncol 1999;35:257-265.

7. Woolgar JA, Scott J, Vaughan ED, Brown JS, West CR, Rogers S. Survival, metastasis and recurrence of oral 
cancer in relation to pathological features. Ann R Coll Surg Engl 1995;77:325-331.

8. Sawair FA, Irwin CR, Gordon DJ, Leonard AG, Stephenson M, Napier SS. Invasive front grading: reliability 
and usefulness in the management of oral squamous cell carcinoma. J Oral Pathol Med 2003;32:1-9.

9. van Houten VMM, Tabor MP, van den Brekel MW, Kummer JA, Denkers F, Dijkstra J, Leemans CR, van der 
Waal I, Snow GB, Brakenhoff RH. Mutated p53 as a molecular marker for the diagnosis of head and neck 
cancer. J Pathol 2002;198:476-486.

10. Braakhuis BJM, Tabor MP, Kummer JA, Leemans CR, Brakenhoff RH. A genetic explanation of Slaughter’s 
concept of field cancerization: evidence and clinical implications. Cancer Res 2003;63:1727-1730.

11. Tabor MP, Brakenhoff RH, Ruijter-Schippers HJ, Kummer JA, Leemans CR, Braakhuis BJM. Genetically 
altered fields as origin of locally recurrent head and neck cancer: a retrospective study. Clin Cancer Res 
2004;10:3607-3613.

12. Graveland AP, Golusinski PJ, Buijze M, Douma R, Sons N, Kuik DJ, Bloemena E, Leemans CR, Brakenhoff RH, 
Braakhuis BJM. Loss of heterozygosity at 9p and p53 immunopositivity in surgical margins predict local 
relapse in head and neck squamous cell carcinoma. Int J Cancer 2011;128:1852-1859.

13. Schaaij-Visser TB, Bremmer JF, Braakhuis BJM, Heck AJ, Slijper M, van der Waal I, Brakenhoff RH. Evaluation 
of cornulin, keratin 4, keratin 13 expression and grade of dysplasia for predicting malignant progression of 
oral leukoplakia. Oral Oncol 2010;46:123-127.

14. Brennan JA, Mao L, Hruban RH, Boyle JO, Eby YJ, Koch WM, Goodman SN, Sidransky D. Molecular 
assessment of histopathological staging in squamous-cell carcinoma of the head and neck. N Engl J Med 
1995;332:429-435.

15. Graveland AP, de Maaker M, Braakhuis BJM, de Bree R, Eerenstein SEJ, Bloemena E, Leemans CR, 
Brakenhoff RH. Molecular detection of minimal residual cancer in surgical margins of head and neck 
cancer patients. Cell Oncol 2009;31:317-328.

16. Garavello W, Ciardo A, Spreafico R, Gaini RM. Risk factors for distant metastases in head and neck 
squamous cell carcinoma. Arch Otolaryngol Head Neck Surg 2006;132:762-766.

17. Merino OR, Lindberg RD, Fletcher GH. An analysis of distant metastases from squamous cell carcinoma of 
the upper respiratory and digestive tracts. Cancer 1977;40:145-151.

18. Kotwall C, Sako K, Razack MS, Rao U, Bakamjian V, Shedd DP. Metastatic patterns in squamous cell cancer 
of the head and neck. Am J Surg 1987;154:439-442.

19. Colnot DR, Nieuwenhuis EJ, Kuik DJ, Leemans CR, Dijkstra J, Snow GB, van Dongen GA, Brakenhoff RH. 
Clinical significance of micrometastatic cells detected by E48 (Ly-6D) reverse transcription-polymerase 
chain reaction in bone marrow of head and neck cancer patients. Clin Cancer Res 2004;10:7827-7833.



3

55

Molecular diagnosis of minimal residual disease in head and neck cancer patients

20. Riethdorf S, Wikman H, Pantel K. Review: Biological relevance of disseminated tumor cells in cancer 
patients. Int J Cancer 2008;123:1991-2006.

21. Braun S, Vogl FD, Naume B, Janni W, Osborne MP, Coombes RC, Schlimok G, Diel IJ, Gerber B, Gebauer 
G, Pierga JY, Marth C, Oruzio D, Wiedswang G, Solomayer EF, Kundt G, Strobl B, Fehm T, Wong GY, Bliss J, 
Vincent-Salomon A, Pantel K. A pooled analysis of bone marrow micrometastasis in breast cancer. N Engl 
J Med 2005;353:793-802.

22. Janni W, Rack B, Schindlbeck C, Strobl B, Rjosk D, Braun S, Sommer H, Pantel K, Gerber B, Friese K. The 
persistence of isolated tumor cells in bone marrow from patients with breast carcinoma predicts an 
increased risk for recurrence. Cancer 2005;103:884-891.

23. Partridge M, Brakenhoff R, Phillips E, Ali K, Francis R, Hooper R, Lavery K, Brown A, Langdon J. Detection 
of rare disseminated tumor cells identifies head and neck cancer patients at risk of treatment failure. Clin 
Cancer Res 2003;9:5287-5294.

24. Shanmugaratnam K, Sobin LH. The World Health Organization histological classification of tumours of the 
upper respiratory tract and ear. A commentary on the second edition. Cancer 1993;71:2689-2697.

25. Batsakis JG. Surgical excision margins: a pathologist’s perspective. Adv Anat Pathol 1999;6:140-148.
26. Helliwell TR, Woolgar JA. Mucosal malignancies of the head and neck region. In Datasets for histopathology 

reports on head and neck carcinomas and salivary neoplasms, 2nd edn. The Royal College of Pathologists, 
London. http://repath.org (2005). 

27. Brakenhoff RH, Gerretsen M, Knippels EM, van Dijk M, van Essen H, Weghuis DO, Sinke RJ, Snow GB, van 
Dongen GAMS. The human E48 antigen, highly homologous to the murine Ly-6 antigen ThB, is a GPI-
anchored molecule apparently involved in keratinocyte cell-cell adhesion. J Cell Biol 1995;129:1677-1689.

28. Geurts TW, Nederlof PM, van den Brekel MW, van ‘t Veer LJ, de Jong D, Hart AA, van Zandwijk N, Klomp H, 
Balm AJ, van Velthuysen ML. Pulmonary squamous cell carcinoma following head and neck squamous cell 
carcinoma: metastasis or second primary? Clin Cancer Res 2005;11:6608-6614.

29. Loseke S, Grage-Griebenow E, Wagner A, Gehlhar K, Bufe A. Differential expression of IFN-alpha subtypes 
in human PBMC: evaluation of novel real-time PCR assays. J Immunol Methods 2003;276:207-222.

30. Nieuwenhuis EJ, Leemans CR, Kummer JA, Denkers F, Snow GB, Brakenhoff RH. Assessment and clinical 
significance of micrometastases in lymph nodes of head and neck cancer patients detected by E48 (Ly-6D) 
quantitative reverse transcription-polymerase chain reaction. Lab Invest 2003;83:1233-1240.

31. Pantel K, Schlimok G, Angstwurm M, Weckermann D, Schmaus W, Gath H, Passlick B, Izbicki JR, Riethmuller 
G. Methodological analysis of immunocytochemical screening for disseminated epithelial tumor cells in 
bone marrow. J Hematother 1994;3:165-173.

32. Doekhie FS, Mesker WE, van Krieken JH, Kok NF, Hartgrink HH, Kranenbarg EK, Putter H, Kuppen PJ, Tanke 
HJ, Tollenaar RA, van de Velde CJ. Clinical relevance of occult tumor cells in lymph nodes from gastric 
cancer patients. Am J Surg Pathol 2005;29:1135-1144.

33. Fehm T, Braun S, Muller V, Janni W, Gebauer G, Marth C, Schindlbeck C, Wallwiener D, Borgen E, Naume 
B, Pantel K, Solomayer E. A concept for the standardized detection of disseminated tumor cells in bone 
marrow from patients with primary breast cancer and its clinical implementation. Cancer 2006;107:885-
892.

34. Pantel K, Cote RJ, Fodstad O. Detection and clinical importance of micrometastatic disease. J Natl Cancer 
Inst 1999;91:1113-1124.

35. Bryne M, Jenssen N, Boysen M. Histological grading in the deep invasive front of T1 and T2 glottic 
squamous cell carcinomas has high prognostic value. Virchows Arch 1995;427:277-281.

36. Jerjes W, Upile T, Petrie A, Riskalla A, Hamdoon Z, Vourvachis M, Karavidas K, Jay A, Sandison A, Thomas GJ, 
Kalavrezos N, Hopper C. Clinicopathological parameters, recurrence, locoregional and distant metastasis 
in 115 T1-T2 oral squamous cell carcinoma patients. Head Neck Oncol 2010;2:9.





Chapter 4

SCCA mRNA expression as marker for 
minimal residual cancer in head and  
neck cancer

A.P. Graveland, M. de Maaker, D.J. Kuik, B.I. Witte, B.J.M. Braakhuis, C.R. Leemans, 
R.H. Brakenhoff



58

Chapter 4

Abstract

Approximately half of the local recurrences in head and neck cancer (HNSCC) patients with 
histopathologically tumor-free resection margins result from minimal residual cancer (MRC). 
Previously, the suitability was shown of quantitative reverse transcriptase-polymerase chain 
reaction (qRT-PCR) using human Ly-6D (hLy-6D) transcripts as molecular marker to detect MRC 
in surgical margins. However, in 6% of the patients MRC diagnosis could not be evaluated, 
and in a prognostic study this marker did not predict outcome. Aim of this study is to improve 
MRC detection by testing a panel of target genes in HNSCC patients, and by selecting the most 
suitable housekeeping genes as reference for normalization.
 Four potential target genes and ten reference genes were selected from literature. 
Subsequently, qRT-PCR tests were performed to determine the expression of the target 
genes in normal blood and mucosa as control and tumor samples. The expression of the 
putative reference genes was determined in tumor cell lines, normal blood, bone marrow and 
submucosal control tissue samples. RNA of submucosal margin samples of surgically treated 
head and neck cancer patients were analyzed by the most suitable RT-PCR assay.
 The best two target genes that discriminate tissue samples containing tumor cells from 
normal tissue were SCCA and hLy-6D. The most suitable reference gene appeared to be BGUS. 
Validation of the combined qRT-PCR test using SCCA, hLy-6D and BGUS in submucosal biopsies 
of 54 surgically treated HNSCC patients showed no significant relation between SCCA, hLy-6D 
status and local recurrence-free survival. These findings indicate that there seems no role 
for molecular analysis of surgical margins by SCCA and hLy-6d qRT-PCR using randomly taken 
biopsies. 
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Introduction

Head and neck squamous cell carcinoma (HNSCC) comprises about 5% of all newly diagnosed 
cancer cases in the western European countries and the United States1. Despite advances 
in local tumor-control, long-term survival of HNSCC patients has only moderately improved 
during the last 20 years2. This can in part be explained by the high frequency of locoregional 
recurrences. Head and neck cancer is often treated by surgery, and even when the surgical 
margins are diagnosed tumor-free by routine histopathology, the local recurrence rate is still 10 
to 30%3. Previously, we showed that approximately half of locally recurrent tumors in patients 
with histopathologically tumor-free surgical margins develop as new tumors in preneoplastic 
lesions that were not completely resected, and these tumors have been designated as second 
field tumors4-6. The remaining half of the local recurrences in patients with histopathologically 
tumor-free surgical margins are caused by the outgrowth of residual tumor cells that were 
apparently not detected by routine histological examination: minimal residual cancer (MRC)6. 
These findings hamper stratification of patients with histopathologically tumor-free surgical 
margins for postoperative management. Ideally, patients with MRC should receive postoperative 
radiotherapy, while those with remaining preneoplastic lesions should probably receive 
frequent and long-term surveillance or experimental preventive treatments, and radiotherapy 
might not be indicated. For patients with neither MRC nor preneoplastic lesions, adjuvant 
treatment could be omitted if neck features allow, and regular surveillance will suffice. 
 In a previous study, MRC detection in submucosal surgical margin samples of HNSCC patients 
was performed using hLy-6D transcripts assayed by qRT-PCR as marker7. However, it appeared 
that in approximately 10% of the patients MRC diagnosis could not be evaluated by low Ly-6D 
expression in the primary tumor. Moreover, MRC detection by hLy-6D qRT-PCR analysis showed 
no significant relation with outcome. We postulated that this might be related to the marker 
exploited and that the molecular assay had to be improved. Therefore another or a panel of 
appropriate target genes should be evaluated. The preferable target genes should have high 
expression in HNSCC, and preferably not in other normal tissues, but such RT-PCR markers do 
not exist. Most histogenic markers are expressed in tumors as well as in the tissue of origin, but 
mostly at different levels. In addition, a low level of expression of many genes is found in non-
related tissues, also defined as illegimate expression. Xi identified mRNA marker combinations 
for different tumors, including HNSCC, that had at least 1000-fold higher expression in tumors 
than in normal blood8. Such marker combinations for HNSCC might as well increase sensitivity 
and specificity for MRC-detection in deep surgical margins of HNSCC patients. 
 Molecular assays might be improved further by selection of more suitable reference genes. 
In qRT-PCR approaches it is necessary to normalize for the variations in RNA quantity and 
quality and PCR efficiency between clinical samples, and therefore reference genes are tested 
in parallel for standardization. Reference genes are usually involved in basic and ubiquitous 
cellular functions and therefore are considered to have a homogeneous expression in different 
tissues. However, expression of reference genes may vary between various tissue types and 
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the expression may also be modulated during cellular processes such as differentiation and 
cancer progression9. These findings hamper normalization of qRT-PCR data. 
 The aim of this study is to develop a more accurate and robust assay for minimal disease 
detection by evaluation of a panel of HNSCC detection markers and housekeeping genes as 
reference. The most optimal combination was tested on deep margin samples of a cohort of 
surgically treated HNSCC patients. 

Material and methods

Selection of target genes and reference genes
Potential markers with high expression in HNSCC and low expression in normal tissue were 
selected from literature. Selected target genes were: SCCA8,10, hLy-6D11, EGFR8,10,12, and 
PTHrP8,10. In addition, ten common reference genes were selected13-15. The target and reference 
genes are listed in Table 1.

Table 1. Selected target and reference genes

Gene Gene name Abbreviation Cellular function

Target Epidermal growth factor receptor EGFR Cell growth signaling

Target Human Ly-6D LY6D Cell adhesion

Target Parathyroid hormone-related protein PTHRP Cell differentiation and growth

Target Squamous cell carcinoma antigen SCCA Serine protease inhibitor

Reference 18S Ribosomal RNA 18S Ribosome subunit

Reference B-Actin ATCB Cytoskeleton

Reference B-2-microglobulin B2M Major histocompatibility complex

Reference B-glucuronidase BGUS Exoglycosidase in lysosomes

Reference Arabidopsis thalinachlorophyll A-B binding 
protein 2

CAB Nitrogen storage and transport

Reference Glyceraldehyde-3-phosphate dehydrogenase GAPDH Glycolysis enzyme

Reference Porphobilinogen deaminase PBGD Heme synthesis

Reference Phosphoglycerokinase 1 PGK1 Glycolysis enzyme

Reference Ribosomal protein 4 RPL4 Transcription

Reference Large ribosomal protein P0 RPLP0 Transcription

Patients and samples

Blood and bone marrow samples
Nine control blood samples and four bone marrow samples were obtained from patients 
undergoing surgery in the head and neck for other indications than cancer. For each non-
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cancer control patient 7 ml blood was drawn by venipuncture into heparinised vacutainers 
(Becton Dickinson, Plymouth, UK). Three ml bone marrow was obtained using a bone marrow 
aspiration needle (Angiotech, Gainesville, FL, USA) and drawn into heparinised vacutainers.
 The blood and bone marrow was transferred to a sterile 15 ml tube (Sarsted, Germany) 
and after centrifugation at 220 x g for 10 minutes at 4°C the supernatant was removed. Then 
the remaining blood cells were resuspended with 10 ml shock buffer, containing 0.16 M NH4Cl, 
10 mM KHCO3, and 0.1 mM Na2EDTA, pH 7.4, and incubated for 15 minutes on ice. After 
centrifugation at 220 x g for 5 minutes at 4°C, the pellet was resuspended in 10 ml HBSS 
(Bio-Whittaker Europe, Verviers Belgium). Next, centrifugation was performed at 220 x g 
for 5 minutes at 4°C and the pellet was resuspended in 1 ml HBSS. After centrifugation at 
12,000 x g for 1 minute at 4°C, the pellet was resuspended in one ml RNA-Bee (Campro Scientific, 
Veenendaal, The Netherlands) and RNA isolation was further performed as indicated by the 
manufacturer. An extra RNA precipitation step with 0.1 volume 3M sodium acetate pH 5.3 and 
2.5 volumes ethanol, followed by a wash step with 70% ethanol, was added to improve the 
purity. The pellet was dissolved in 22 µl RNAse-free water and the RNA quantity was measured 
in duplicate by the absorbance at 260 nm by Nanodrop ND-1000 Spectrophotometer (Isogen 
Life Science, IJsselstein, The Netherlands). Finally, a concentration of 100 ng/µl total RNA was 
prepared.

Control tissue samples, tumor samples and cell lines
Sixteen submucosal samples were collected from nine patients who were surgically treated 
in the head and neck region for other indications than cancer (Table 2). These samples were 
used as negative control tissue samples. From these samples RNA was isolated as previously 
described.

Table 2. Characteristics of the control tissue samples

patient #samples histopathology location

C1 2 basal cell adenoma parotid gland

C2 1 branchial cleft cyst neck

C3 4 pleomorfic adenoma parotid gland

C4 1 Warthin’s tumor parotid gland

C5 1 pleomorfic adenoma parotid gland

C6 2 Warthin’s tumor parotid gland

C7 1 Warthin’s tumor parotid gland

C8 2 pleomorfic adenoma parotid gland

C9 2 pleomorfic adenoma parotid gland

As positive controls we used frozen tumor biopsies of 18 HNSCC patients. The biopsies had 
at least 50% tumor and were sampled by the sandwich method to check for tumor presence. 
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From the specimen two 5-micron sections were cut for haematoxylin and eosin staining, then 
twelve 10-micron sections were collected in Trizol (Life Technologies Europe BV, Bleiswijk, 
the Netherlands) for RNA-isolation according to the manufacturer, and again two 5-micron 
sections for haematoxylin and eosin staining. The characteristics of the 18 patients and tumors 
are described in Table 3. 

Table 3. Characteristics of the tumor samples

tumor sample histopathology location

1 squamous cell carcinoma floor of mouth

2 squamous cell carcinoma tonsil

3 squamous cell carcinoma mobile tongue

4 squamous cell carcinoma floor of mouth

5 squamous cell carcinoma mobile tongue

6 squamous cell carcinoma mobile tongue

7 squamous cell carcinoma soft palate

8 squamous cell carcinoma tonsil

9 squamous cell carcinoma retromolar trigone

10 squamous cell carcinoma mobile tongue

11 squamous cell carcinoma cheek

12 squamous cell carcinoma soft palate

13 squamous cell carcinoma processus alveolaris inferior

14 squamous cell carcinoma tonsil

15 squamous cell carcinoma floor of mouth

16 squamous cell carcinoma mobile tongue

17 squamous cell carcinoma floor of mouth

18 squamous cell carcinoma supraglottic larynx

Six HNSCC tumor cell lines were selected to determine the variability in expression of 
housekeeping genes in tumor cells: UM-SCC-22A, primary oropharyngeal keratinocytes, VU-
SCC-9917, VU-SCC-041, VU-SCC-96, UPCI:SCC-078. 

Submucosal margin samples of HNSCC patients
Fifty-four patients with primary HNSCC in the oral cavity, oropharynx, hypopharynx or larynx, 
who were primarily surgically treated, were included. Patient and tumor characteristics are 
listed in Table 4.
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Table 4. Patient characteristics

Characteristic N (54) %

Gender

 Female 13 24.1

 Male 41 75.9

Tumor Site

 Oral cavity 37 68.5

 Hypopharynx 4 7.4

 Larynx 13 24.1

Tstage (TNM classification) 

 T1 and T2 28 51.9

 T3 and T4 26 48.1

Pathological Nodal Stage 

 N- 33 61.1

 N+ 21 38.9

Tumor Stage

 I – II 20 37.0

 III – IV 34 63.0

Treatment

 Surgery 23 42.6

 Surgery + radiotherapy 31 57.4

Histological grade

 Well differentiated 4 7.4

 Moderate 40 74.1

 Poor 10 18.5

Surgical margin status

 Clear >5mm 28 51.9

 Close <5mm 22 40.7

 Involved 4 7.4

Histological characteristics

 Perineural growth 16 29.6

 Vasoinvasion 10 18.5

 Non cohesive growth 26 48.1

 Dysplasia in margins 25 46.3

Death 13 24.1

Death of disease 12 22.2

Relapse

 Disease free 38 70.4

 Locoregional recurrence 9 16.7

 Distant metastasis 4 7.4
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After tumor resection, the surgical field was extensively rinsed using Dakin’s solution 
(0.5% sodium hypochlorite pH11.5 and 0.2% sodium carbonate) to prevent tumor and 
epithelial cell contamination. Subsequently, surgical instruments and gloves were changed 
and five to fifteen samples of approximately five millimetres in diameter were collected from 
the deep surgical margins. Sampling of the resection margins was performed at the operation 
room. Because epithelial cells also express hLy-6D, only deep surgical margin samples were 
collected from submucosal tissues after removal of the tumor, to prevent mucosal epithelial 
contamination, and consisted of muscle, glandular tissue, fat, or connective tissue. The samples 
were snap-frozen in liquid nitrogen and stored at -80°C. The resection specimens were sent 
to pathology for full histopathological workup. From the deep surgical margin samples RNA 
was isolated as previously described and the samples were tested by qRT-PCR as previously 
described. The study was approved by the Institutional Review Board, and informed consent 
was obtained from all patients.

Quantitative real time RT-PCR amplification 
The expression of the target and reference genes was performed with qRT-PCR as described 
previously7. In short, 250 ng RNA as determined by OD260 analysis were primed with a specific 
antisense primer, and cDNA synthesized by AMV reverse transcriptase for two hours at 42°C. 
Subsequently primers and probes were added and PCR performed in an ABI Prism 7500 
machine (Applied Biosystems) using the following conditions: 1 cycle of 10 minutes at 95°C, 
followed by 40 cycles of 15 seconds 95°C and 60 seconds 60°C. The reactions were performed 
with primer concentrations of 25 pmol/µl and probe concentrations of 5 pmol/µl. All RT-PCR 
reactions were performed in triplicate and preparations without RNA template were used as 
negative control. In the combination of genes, the RT-reaction was combined for all genes and 
the PCR-reaction was done separately for each gene. 
 In each experiment a serial dilution of tumor cell line UM-SCC-22A cDNA ranging from 500 
to 0.05 ng was run in parallel as calibration curve for all markers.
 For the reference genes a two-step approach was followed. First, the expression of the 
reference genes was determined in 500 ng RNA of six HNSCC tumor cell lines and in 100 ng 
RNA of six blood and four bone marrow samples using SYBR green quantification. The five 
reference genes that appeared to be most stable over these initial samples were then used for 
qRT-PCR with probes on the 16 control tissue samples as described. 
 The expression of the target genes was analyzed in nine control blood samples, 16 control 
tissue samples and eighteen HNSCC samples. The input of all samples was 250 ng. 

Data analysis
Threshold values (CT-value) were determined and the mean CT-value of each individual 
samples was calculated. The original mRNA amount of the target and reference genes in 
each sample was calculated from the calibration curves of cell line UM-SCC-22A. An ANOVA 
test was performed on the expression of the reference genes in control tissue samples, to 
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calculate which reference gene or combination of reference genes was most stable. Kaplan-
Meier analysis was performed to determine the relation between hLy-6D status and survival. 
It appeared that the DCT values (CT value reference gene – CT value target gene) of samples 
of non-cancer control patients show a normal distribution, therefore the cut-off level for 
designating an sample as MRC-positive can be determined using the t-distribution. The cut-
off level was determined using DCT values of 30 samples of ten non-cancer control patients, 
and was set at 3.82 for hLy-6D , being the t-value (n-1) x SD + mean, which approximates the 
95% confidence interval. Because the expression of SCCA was below the detection limit in the 
control tissue samples, we could not set a cut-off level. ROC curves were made to evaluate a 
relation between SCCA status and outcome and as a result to determine the best cut-off level 
for SCCA. For all statistical analyses SPSS 20 for Windows (SPSS, Chicago, IL) was used.

Validation and use of the adapted test
The target genes which appeared to discriminate tissue containing tumor cells from normal 
tissue best and the most stable reference genes were combined in the improved assay. This 
consisted of a combination of the following genes: SCCA, hLy-6D and BGUS. This assay was 
validated on 28 submucosal samples of 12 non-cancer control patients and 20 submucosal 
deep surgical margin samples of 4 patients with tumor-positive resection margins. After 
validation, the test was used on 282 submucosal samples from 50 surgically treated HNSCC 
patients with histopathologically tumor-free resection margins. 

Results

Reference genes
GAPDH and CAB genes appeared to have positive signals in the preparations without RNA 
template, due to primer-dimers or detection of processed pseudogenes in contaminating 
genomic DNA, and were therefore considered not to be useful as reference gene. The 
expression of the other reference genes in blood, bone marrow and tumor cell lines is shown 
in Figure 1. 
 ATCB, B2M and PGK1 showed the highest variability in the level of expression indicating 
that these genes are less suited as reference. 
 The expression of remaining reference genes, 18S, BGUS, PBGD, RPL4 and RPLP0 in control 
tissue samples is shown in Figure 2. An ANOVA test showed that RPL4 is the most stable single 
reference gene for samples within an individual patient (standard deviation (SD) was 0.05) 
(Table 5). BGUS was considered to be the most stable single reference gene for samples of 
different patients (SD 0.23). Remarkably was that no improvement was achieved when multiple 
reference genes were combined (Table 5). 
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Figure 1. The expression of reference genes in blood, bone marrow samples and tumor cell lines.
Abbreviations: BL, blood; BM, bone marrow; TC, tumor cell line. Each o indicates a sample.

Figure 2. The 99% Confidence Intervals for the expression of reference genes 18S, BGUS, PBGD, RPL4 
and RPLP0 in control tissue samples.
On the y-axis the expression in CT. On the y-axis the relative expression in nanogram

Furthermore it appeared that housekeeping genes BGUS, RPL4 and RPLP0 showed significant 
correlation in expression, indicating that when the expression of one housekeeping in a sample 
is low, the expression of another housekeeping gene is low as well (Table 6). Therefore we 
decided to perform normalization using a single reference gene.
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Table 5. ANOVA test for reference genes

SD between groups SD within groups SD total

BGUS 0.23 0.06 0.15

RPL4 0.28 0.05 0.18

RPLP0 0.24 0.08 0.18

BGUS+RPL4 0.25 0.05 0.16

BGUS+RPLP0 0.25 0.07 0.17

RPL4+RPLP0 0.29 0.06 0.19

BGUS+RPL4+RPLP0 0.26 0.06 0.17

Table 6. Correlation between housekeeping genes

BGUS RPL4 RPLP0

BGUS Pearson Correlation 1 0.88 0.89

Significance 0.00 0.00

RPL4 Pearson Correlation 0.88 1 0.95

Significance 0.00 0.00

RPLP0 Pearson Correlation 0.89 0.95 1

Significance 0.00 0.00

Because a low variation in expression between samples of different patients is more important 
than the variation in expression of samples within an individual patient, we decided to use 
BGUS for normalization of the improved qRT-PCR test, although RPL4 and RPL0 are comparably 
reliable.

Target Genes
The relative expression of the four selected target genes in blood, control tissue and tumors 
is shown in Figure 3. It appeared that the expression of all target genes varied considerably in 
tumors and none of the target genes was expressed in blood. Furthermore, no expression of 
SCCA was observed in control tissue samples
 The ratio between the tumor minimum expression and the control tissue maximum 
(Tmin/Ctmax) expression and the ratio between tumor median and control tissue median 
(Tmed/Ctmed) was calculated for each target gene (Table 7). The Tmin/Ctmax for EGFR was 
below 1, indicating that EGFR cannot differentiate between control tissue samples and tumor 
samples and is therefore not an appropriate target gene for our assay. It appeared that the 
Tmed/Ctmed for hLy-6D and SCCA was respectively >1 x 105 and >1 x 106, indicating that hLy-6D 
and SCCA are the best discriminative markers with potential for MRC detection in deep surgical 
margins, and likely also in lymph nodes, blood and bone marrow. PTHrP is a less discriminative 
marker for detection of MRC in HNSCC patients (Table 7 and Figure 3).
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Figure 3. The relative expression of target genes in blood, control tissue and tumor samples.
Abbreviations: B, blood; CT, control tissue; T, tumor. Each o indicates a sample. 

Table 7. Target gene expression in tumors and control tissue

tumor 
minimum 

(ng)

tumor 
median  

(ng)

tumor 
maximum  

(ng)

control 
tissue 

minimum 
(ng)

control 
tissue 

median 
(ng)

control 
tissue 

maximum 
(ng)

tumor 
minimum/

control tissue 
maximum

tumor median/
control tissue 

median

EGFR 8.54 50.23 151.92 6.21 15.30 23.39 0.37 3.28

hLy-6D 0.90 85.48 520.18 0.00 0.00 0.21 4.29 >1 x 10e5

PTHrP 10.87 229.79 2294.31 0.36 1.27 3.32 3.27 181.64

SCCA 138.28 1756.13 23269.16 0.00 0.00 0.00 >1 x 10e6 >1 x 10e6

Data analysis of qRT-PCR test
Because the expression of SCCA was below the detection limit in the control tissue samples, 
we could not set a cut-off level. We therefore performed a dilution experiment to determine 
the minimal detection limit of SCCA, and included Ly-6D as reference. Previous experiments 
showed that tumor cell line UM-SCC-22A has a relatively low expression of SCCA and high 
expression of Ly-6D. The test was performed in duplicate, using target genes SCCA and hLy-6D 
and the input was 250 ng (Figure 4). It appeared that the dilution of one UM-SCCA-22A cell in 
4,000 normal white blood cells was the minimum detection limit for SCCA. 
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Use of the assays in surgical margin samples of HNSCC patients
Four of 54 patients had tumor-positive surgical margins as assessed with standard 
histopathology. Two of these four patients had a hLy-6D positive tumor. All four patients 
showed SCCA transcripts in one or more margin biopsies (one, two, four and five SCCA positive 
biopsies). 
 Nine of 50 (18%) patients with histologically tumor-negative surgical margins were 
molecular-positive according to the hLy-6D assay. In total, eight of the 50 patients (16%) 
developed a locoregional recurrence, and only one of these patients had hLy-6D-positive 
margin samples. As expected, Kaplan-Meier analysis showed no significant relation (p=0.68).

Figure 4. Expression of SCCA, hLy6-D and BGUS in a dilution experiment with UM-SCC-22A in normal 
blood.
The black bars represent the DCT values of SCCA and the grey bars represent the DCT values of hLy-6D. 

In total, 35 of 50 (70%) patients with histologically tumor-negative surgical margins showed 
SCCA transcripts in one or more biopsies. Seven of eight patients with a locoregional recurrence 
showed expression of SCCA in the biopsies, indicating a sensitivity of 89%. However, the high 
rate of patients with SCCA positive margins suggests that SCCA shows false-positive results. To 
try to set a cut-off value ROC curves were constructed. Gold standard was clinical outcome: 
either development of a locoregional recurrence or remaining disease-free for at least three 
years. When a CT value below 40 was considered positive the area under the curve was 0.635, 
indicating no significant relation. For CT values <38, <35, <30 and <25 the area under the curve 
was 0.513, 0.510, 0.481 and 0.451, respectively. Hence, there is no cut-off value that shows 
additional value of molecular diagnosis. 
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Discussion

A major problem in the management of head and neck cancer is the high local recurrence 
rate. Approximately half of the local recurrences in HNSCC patients with histopathologically 
tumor-free surgical margins arise from MRC6. In a previous study, we demonstrated the 
suitability of qRT-PCR using hLy-6D transcripts as molecular marker to detect MRC in surgical 
margins7. However, the limitation of this assay is that in approximately 10% of the patients 
MRC diagnosis could not be evaluated. In addition we noted a low level of expression in non-
squamous tissues from the neck region. This might have hampered the performance of the 
assay, and we were not able to prove an association with clinical outcome. We therefore asked 
the question whether the test could be improved by selection of a more suitable test gene or 
a more suitable reference gene.
 In the results it is clearly shown that SCCA seems the best target gene analyzed, because 
SCCA was not expressed in control tissue samples and highly expressed in tumor samples. The 
second best target gene was hLy-6D, which was able to differentiate between a tumor with 
low expression of hLy-6D and control tissue samples. Nonetheless, control samples showed 
positive signal of hLy-6D. 
  A cut-off level for SCCA could not be determined because there was no SCCA expression 
in the control tissue samples. However, there was expression in margin samples from the 
operation field in surgically treated head and neck cancer patients, and therefore we decided 
to generate ROC curves to evaluate a relationship between SCCA expression in the margin 
samples and outcome. However, a significant relationship could not be detected. How to 
explain these data? On the one hand false-positive results seem to occur. This is most striking 
with SSCA that is negative in control samples, but positive in many margin samples from head 
and neck cancer patients who do not develop locoregional recurrence, even when treated 
by surgery only. Although laboratory contamination can never be ruled out for 100%, we 
have several protocols to reduce contamination risk, and always included multiple negative 
controls, that remained negative. An alternative explanation might be that squamous cells, 
either normal or malignant, contaminate the margins. To avoid contaminations with cells the 
margins were taken at the operation room with clean equipment and after rinsing the wound 
to reduce this. Moreover, particularly when viable tumor cells would contaminate the margins 
a positive association should have been found. A more likely, although somewhat unexpected 
explanation is that RNA of squamous cells contaminates the margins. This might even be 
derived from exosomes in the blood. However, it should be noted that blood samples were 
negative. The same problem was seen with DNA16. RNA is much less stable, but apparently 
remains detectable.
 Besides false-positive results, we also noted false-negative results. Two of eight patients 
developing a locoregional recurrence, were negative for hLy-6D as well as for SSCA in the 
surgical margins. Obviously, some of the recurrences might have been new tumors in a 
surrounding field, and it will be required to use genetic assays to distinguish local recurrences 
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originating from MRC from SFTs, to solve this question. LOH profiling might already have 
solved this question. However based on the follow-up time and the absence of dysplasia in the 
margins, these local recurrences likely originated from MRC. Previously it was shown that most 
fields were recognized as dysplasia, and the follow-up time of SFTs was generally somewhat 
longer5,17. Hence, a logical explanation for this observation might also be sampling error. 
Taking a few biopsies in the surgical fields is likely inadequate to sample the margins. Recently 
an alternative method was shown by wrapping the tissue specimen in nitrocellulose18. This 
method of sampling combined with targeted sequencing for mutations, might solve both the 
issue of false-positive as well as false-negative results. 
 In conclusion, the results of this and our previous study provide evidence that there is a 
limited role for molecular analysis of surgical margins using hLy-6D or SCCA qRT-PCR using 
randomly taken biopsies. 
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Abstract

A major problem in head and neck cancer surgery is the high rate of local relapse (LR). In at 
least 25% of the surgically treated head and neck squamous cell carcinoma (HNSCC) patients, 
a genetically defined preneoplastic lesion, also known as ‘field’, can be detected in the surgical 
margins. A remaining field may be an important cause for the development of LR. The aims of 
this study are 1) to investigate whether HNSCC patients with an unresected field are more likely 
to develop LR, and 2) to identify molecular risk factors that predict malignant transformation 
of field. 
 We retrospectively studied 35 HNSCC patients of whom 16 patients developed LR and 19 
patients remained disease free for at least 4 years. Loss of heterozygosity (LOH) at chromosomes 
3p, 9p and 17p, p53 immunostaining, Ki-67 immunostaining and histopathological grading of 
all available paraffin embedded surgical margins was performed, and related to LR. Significant 
associations were determined by Kaplan-Meier analysis and Cox-proportional hazard models.
 We show that presence of field is significantly associated with LR and that LOH at 9p and 
p53 immunostaining have the most predictive potential (hazard ratios 3.17 and 3.46, and 
p-values 0.027 and 0.017, respectively). The combination of LOH at 9p and/or a large p53 
positive field is most predictive (hazard ratio 7.06 and p=0.01). Presence and grade of dysplasia 
was not associated with LR. These data may have major impact for future diagnostic workup of 
surgically treated HNSCC patients. 
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Introduction

Despite significant advances in treatment regarding local control, the 5-year survival rate of 
head and neck squamous cell carcinoma (HNSCC) patients has not improved significantly over 
the last decades. An explanation for this observation is the high frequency of local cancer 
relapse in the upper aerodigestive tract1. Even when the surgical margins have been diagnosed 
tumor-free by routine histopathology, the local relapse (LR) rate still remains 10-30%2. A LR is 
designated local recurrence by clinicians if it develops within 3 years and at <2 cm distance of 
the primary (or index) tumor3. LRs not fulfilling these criteria and anatomically in the same or 
adjacent site are clinically known as second primary tumors (SPTs). SPTs develop in the head 
and neck area with a constant rate of 2 to 3% each year4. 
 It is well known that HNSCC is the result of a multistep process characterized by the 
accumulation of genetic and epigenetic alterations5. Genetic analysis of surgical margins of 
HNSCC has shown that they share specific alterations with the tumor, implicating that these 
tumors often have developed within a field of genetically altered mucosal cells (referred to 
as ‘precursor field’6,7). The large majority of these fields is invisible for the naked eye, despite 
the fact that genetic studies have shown that they may have a diameter of more than 10 cm8. 
Recent developments in autofluorescence imaging support the existence of these fields and 
confirm that they can be markedly larger in size than the actual tumor9,10. 
 During the previous decade, information has become available showing which genetic 
markers are linked to the development of HNSCC. These are applicable in the diagnosis and 
determining of prognosis of HNSCC and its precursor lesions. An important cancer marker is 
a mutation in the TP53 gene, a key gene in cellular homeostasis. Mutation of TP53 is an early 
event in the carcinogenesis of HNSCC11, and a missense mutation often leads to an increased 
level of mutant p53 protein. The level of p53 positive cells as determined with immunostaining 
has prognostic value for disease-free survival8,12-14. 
 Previous genetic studies using loss of heterozygosity (LOH) at 3p, 9p and 17p as markers, 
have shown that at least half of the LRs in surgically treated HNSCC patients develop from 
preneoplastic fields consisting of genetically altered cells that were not completely excised 
at the time of primary surgery15,16. The LRs arising in these fields are also know as second 
field tumors (SFTs)15-17 and these appear to have the same clonal origin as the field and the 
primary (index) tumor, based on the notion that they share some but not all of the genetic 
alterations8,18. 
 Identification of HNSCC patients at risk for developing LRs will have major impact on 
patient management. Patients with remaining preneoplastic lesions should receive frequent 
and long-term surveillance or adjuvant therapy when this becomes available, whereas for 
patients without fields adjuvant treatment may be omitted when clinical and histopathological 
characteristics of the tumor and neck allow this, and in that case regular follow-up may 
suffice. In a previous study, preneoplastic fields were detected in the surgical margins of 25% 
of surgically treated HNSCC patients by genetic analysis of the mucosal epithelium8. In that 
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study presence of LOH was used as marker for preneoplastic field, and it was shown that this 
was often accompanied with mutation in TP53. Other studies also have shown the predictive 
value of LOH measurements and p53 immunostaining of the margins15,19-24. The presence of 
preneoplastic fields can also be assessed using Ki-67 staining as the number of positive cells is 
a marker for the proliferation potential of a tissue. 
 Although the prevalence of fields and the clonal relationship with local relapses has been 
established in treated HNSCC patients, it has not been proven that these fields are a risk factor 
for LR. Also the important question, which molecular changes are associated with high risk for 
progression of these fields remained to be answered. It has been suggested that the severity 
of epithelial dysplasia in the surgical margins may have value in assessing the presence of fields 
and determining the risk for developing SFT25. However, risk assessment by histological grading 
is hampered by subjectivity and low reproducibility26,27, limiting its value in the prediction of 
risk for the individual patient28. Furthermore, it is known that genetically altered fields can 
have a normal histology18,26. 
 The aims of this study are 1) to investigate whether HNSCC patients with an unresected 
field of genetically altered epithelial cells are more likely to develop LR, and 2) to identify 
molecular risk factors for malignant transformation of a field. For molecular grading, the most 
promising markers were chosen: LOH at 3p, 9p and 17p, the number of p53 immunopositive 
cells and the number of Ki-67 positive cells. 

Material and methods

Patients and tissue samples
HNSCC patients were enrolled who were surgically treated in the Department of Otolaryngology 
and Head and Neck Surgery of the VU Medical Center from 1994 to 2001. Sixteen patients 
were included who developed LR in the same or adjacent anatomical region during follow-up. 
Criteria for inclusion in this case group were: 1) the primary tumor was located in the oral 
cavity or oropharynx, 2) the treatment consisted of surgery with or without postoperative 
radiotherapy, 3) all surgical margins were >5 mm histologically tumor-free, 4) the N-stage was 
≤N2b, 5) the tumor was HPV-negative, and 6) a LR (local recurrence or SPT) was diagnosed 
during follow-up. In the same time period and according to the same inclusion criteria 1-5, 19 
patients who remained disease-free for at least 4 years were selected. These patients served 
as control group and were selected as such that T stage (T1-T2/T3-T4), N stage (N0/N+), degree 
of differentiation of the tumor, primary treatment (with/without postoperative radiotherapy), 
age and gender were similar in both groups. Clinical and pathological data were gathered for 
all included patients (Table 1). For each patient, all formalin-fixed paraffin-embedded tissue 
blocks of the surgical margins were retrieved from the archive. 
 The study was approved by the Institutional Review Board of the VU Medical Center and in 
accordance to the Dutch guidelines on the use of human specimens for research.
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Tissue analysis
From each paraffin block, one 5-µm section, subsequently twenty 10-µm sections, and at last 
three 5-µm sections were obtained. From all margins, the first and last tissue 5-µm section 
was stained with haematoxylin-eosin to check for the presence of mucosal epithelium and to 
guide microdissection. The other 5-µm sections were stained for p53 and Ki-67 (see below). 
Microdissection was manually performed under a stereomicroscope after staining of the tissue 
sections with 1% toluidine blue and 0.2% methylene blue in PBS. 

Table 1. Clinicopathological characteristics of the patients involved

Characteristic Local relapse Disease-free p-value

Number 16 19

Gender* 0.49

Male 5 9

Female 11 10

Site* 1.0

Oral cavity 14 16

Oropharynx 2 3

Treatment* 0.74

Surgery 8 8

Surgery + radiotherapy 8 11

Grade* 0.74

I+II 7 7

III+IV 9 12

Lymph node metastasis* 1.0

Negative 6 7

Positive 10 12

Age (years)** 0.19

56.5 60.5

Dysplasia* 1.0

No 6 7

Mild 5 6

Moderate 2 2

Severe 3 4

Length epithelium (mm)** 0.59

83.3 92.8

Fisher’s Exact for categorical variables* and t-test for continuous variables**. For dysplasia no/mild were compared with 
moderate/severe.
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For every surgical margin, the grade of dysplasia was evaluated by an experienced pathologist 
(E.B.) as either no, mild, moderate or severe dysplasia. This was performed according to the 
standard criteria of the World Health Organization Classification international histological 
classification of tumors29. To obtain an overall dysplasia-score per patient, dysplasia was 
defined as the highest grade of dysplasia scored in any of the surgical margins of that patient. 
Samples were dichotomized in two groups: absent versus any grade and absent plus mild versus 
moderate and severe, according to Warnakulasuriya et al.27 and Gale et al30. The examination 
of margins by histopathology or by molecular analysis was without knowledge of patient and 
tumor characteristics.

Deoxyribonucleic acid extraction
Dissected tissues were placed in 100 µl buffer containing 100 mM TRIS-HCl (pH 9.0), 10 mM 
NaCl, 1% sodium dodecyl sulphate, and 5 mM EDTA (pH 8.2) for 15 minutes at 98oC. Next, the 
samples were cooled on ice for 15 min. Protein was digested using 1 mg/ml of proteinase K 
for 16-24 hr at 60oC and then replenished with another 1 mg/ml of proteinase K for another 
16 to 24 hr at 60oC. Subsequently, the deoxyribonucleic acid (DNA) was purified by phenol-
chloroform extraction and collected by ethanol precipitation using 1 µg of glycogen as carrier. 
At last, the DNA was dissolved in 30 µl LoTE-buffer (3 mM TRIS-HCl, 0.2 mM EDTA, pH 7.5). 

LOH analysis
LOH analysis was performed using nine microsatellite markers located on chromosomes 3p, 9p 
and 17p: D3S1766 (3p14), D3S1029 (3p21), D3S1293 (3p24), D9S171 (9p21), D9S162 (9p22), 
D9S157 (9p22), CHRNB1 (17p11-12), TP53 (17p13.1), and D17S1866 (17p13.3). This is a well 
established marker set with frequent LOH in dysplasias and HNSCC8,31. Analysis was performed 
by PCR using primers with fluorochromes as described previously8 using an Applied Biosystems 
3130 sequence analyzer (Applied Biosystems BV, Nieuwerkerk a/d IJssel, Netherlands). LOH 
was scored if one allele was decreased by more than 50% in the surgical margin sample when 
compared to the same allele in normal tissue DNA when necessary after stutter correction8. 
  
Immunohistochemistry
Immunohistochemical staining for p53 was performed with the mouse monoclonal antibody 
DO-7 as described previously32. This method includes antigen retrieval as performed by 
microwave boiling in sodium citrate at pH 6.0 and IgG as control. A p53-positive field was 
scored when more than 50 adjacent nuclei of basal and suprabasal cells were stained dark-
brown33. The length of each field and the total epithelium in µm was assessed with a reticule 
in the eye-piece and the total score was calculated per patient. An example of a p53 field is 
shown in Figure 1A.
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Figure 1. Immunohistochemical staining. A representative example of a p53 positive field (A) and 
positive Ki-67 immunostaining (B). Original magnification 200x.

Ki-67 immunohistochemical staining was performed as previously described26. The slides were 
scored positive when 1) at least 15 suprabasal cells adjacent to each other were judged to 
be positive, based on the dark-brown color of the nucleus and 2) at least one third of the 
epithelium was positively stained. An example of a Ki-67 positive staining is shown in Figure 1B. 
All p53 and Ki-67 slides were analyzed separately by three independent researchers. In case of 
disagreement, a consensus score was assessed.

Statistical analysis
Significance of parameters determining local relapse-free survival was calculated using 
univariate analysis (Cox regression for proportional hazards). P-values lower than 0.05 were 
considered to reflect significance. To determine the correlation between histopathological and 
molecular grading, the Fisher’s exact test was used. To assess the effect of the categorization, 
Kaplan-Meier curves were constructed. For all the statistical analyses SPSS 15.0 for Windows 
(SPSS, Chicago, IL) was used.

Results

The main clinical characteristics of the 35 patients did not differ between both patient groups 
(Table 1) and this explains the absence of a relation between these parameters and the 
development of LR. In Table 2, the statistical details of this relation are shown, indicating that 
gender, treatment, N-stage, T-stage, disease stage and site were not significantly related to LR 
(p-value > 0.30). The degree of differentiation and dysplasia grading were not associated with 
LR as well (Table 1, Figure 2A and 2B). 
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Some molecular variables, however, did show statistically significant effects regarding the 
development of LR. Eleven of 16 LR patients and six of 19 disease-free patients had LOH in the 
surgical margins. The presence of LOH at any chromosomal arm in the surgical margins was 
just not significantly associated with the development of LR (p=0.051, hazard ratio 2.975; Table 
2, Figure 2C). LOH at chromosome 9p appeared to be an important prognosticator (p=0.027, 
Hazard ratio 3.167; Table 2, Figure 2D). LOH at two or more chromosomal arms did not show 
significant associations.

Table 2. Histopathological and molecular markers determining local relapse-free survival

Variable Determinant Significance 
(p-value)

Hazard  
ratio 

Hazard ratio  
(95% confidence interval)

Gender Male vs. female 0.306 1.739 0.603 5.014

Treatment Surgery vs. Surgery + 
radiotherapy

0.887 1.074 0.402 2.868

N-stage N0 vs. N+ 0.550 1.350 0.504 3.617

T-stage T1+T2 vs. T3+ T4 0.735 1.201 0.416 3.466

Stage I +II vs. III+IV 0.891 0.933 0.346 2.514

Site Oral cavity vs. oropharynx 0.563 0.645 0.146 2.848

Degree of differentiation Poor + moderate vs. well 0.755 1.199 0.384 3.742

Dysplasia Absent vs. any grade 0.422 0.656 0.234 1.837

Dysplasia No+mild vs. moderate+severe 0.545 0.721 0.250 2.083

Any LOH Present at 3p, 9p or 17p 0.051 2.875 0.996 8.299

LOH 3p* Present 0.087 2.359 0.882 6.308

LOH 9p* Present 0.027 3.167 1.141 8.792

LOH 17p* Present 0.264 1.782 0.647 4.908

p53 staining Percentage positive 0.024 1.041 1.005 1.077

p53 staining Presence of >5% positive 0.017 3.464 1.252 9.579

P53 staining Presence of >0% positive 0.310 1.798 0.539 5.550

LOH 9p and/or  
p53 staining

Present (LOH) and/or >5% 
positive (p53)

0.010 7.060 1.591 31.310

ki-67 staining Present 0.582 1.330 0.482 3.673

Significant effects on relapse free survival are shown in bold (p-values of the univariate Cox-regression analysis). *LOH of a 
chromosomal arm was scored when at least one of the microsatellite markers showed imbalance, whether in combination with 
LOH at another arm or not. 

The percentage of p53-positive fields (µm p53 positive epithelium/µm epithelial margin in 
total) appeared to be significantly associated with an increased risk of LR (p=0.024, hazard ratio 
1.041; Table 2). The presence of a p53-positive field, irrespective what size, was not statistically 
significant (p=0.31). A cut-off was set at percentage p53-positive field of 5%, being the median 
value among the samples with a p53 positive field to discriminate patients with a relatively 
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large field from the ones with smaller fields. A relatively large p53-positive field was associated 
with a significant shorter relapse-free period (p=0.017, hazard ratio 3.464; Table 2, Figure 2E). 
Presence of LOH at chromosome arm 9p and/or a large p53-positive field (>5%) in the surgical 
margins appeared to be the strongest risk-factor for LR (p=0.010, hazard ratio 7.060; Table 2, 
Figure 2F). Statistical analysis showed that LOH did not correlate with histological grading, p53 
or Ki-67 scores (Table 3). Multivariate analysis did not alter the significance and the magnitude 
of the associations.

Figure 2. Statistical analysis. Kaplan-Meier curves showing disease-free survival in relation to presence 
of dysplasia (A), no/mild versus moderate/severe dysplasia (B), LOH (C), LOH on chromosome 9p (D), 
p53 fields (E) and the combination of LOH on chromosome 9p and/or p53 fields (F) in surgical margins. 
The p-value is determined by univariate Cox-regression analysis. A p53 field is scored when more than 
5% of the total epithelium was positive for p53.
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Table 3. Relation histopathological and molecular grading

Molecular parameter Histopathological grading Negative Positive P-value (Fisher exact)

P53-positive field (>5%)

No or mild dysplasia 16  7 1.0

Moderate or severe dysplasia  6  6

LOH

No or mild dysplasia 14  9 0.164

Moderate or severe dysplasia  4  8

Ki-67 positivity

No or mild dysplasia  9 14 1.0

Moderate or severe dysplasia  5  7

A p53 field is scored when more than 5% of the total epithelium was positive for p53. LOH is scored when at least one marker 
showed imbalance. 

As a summary, the sensitivity and specificity scores for prediction of LR are listed in Table 4. 
The presence of a relatively large p53 positive field had the best specificity (84%), and the 
combination of p53 and/or LOH gave the best sensitivity (88%) for predicting LR. 

Table 4. Test performance of molecular marker assays

Marker Determinant Sensitivity (%) Specificity (%)

P53 staining Positive 75 47

P53 staining Present with >5% positive 62 84

LOH 9p Present 62 74

LOH 9p and/or p53 staining Present (LOH) and/or present 
of >5% positive

88 63

Performance of marker tests for predicting local relapse is calculated. Sensitivity is the proportion of positives (local relapses) 
correctly identified by the test and specificity the proportion of negatives correctly identified by the test. A p53 field is scored in 
two ways: yes versus no and when more than 5% of the total epithelium had p53-immunopositivity.

Discussion

A major problem in the management of surgically treated HNSCC patients is the high rate of 
LR. Herein, we identified the most accurate molecular markers for prediction of the risk of 
malignant progression, by investigating the margins of the initial carcinoma that was removed 
by surgery with curative intent. All margins were histopathologically tumor-free, and there was 
a minimum distance between tumor and margin of at least 5 mm.
 Our data suggest that a field that remained after excision of the primary tumor is an 
important risk factor for LR and that LOH at chromosome 9p and the presence of a relatively 
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large proportion of p53-positive epithelium are the most significant prognostic indicators of 
such a field. Considering LOH, it is well known that CDKN2A, which maps on chromosome 
9p21, encodes for proteins p14 and p16, which function as negative regulators of the cell 
cycle. In HNSCC, loss (by LOH or homozygous deletion) at 9p21 is among the earliest detectable 
events6. Furthermore, it has recently been shown that loss of p16 expression in tumors is 
associated with a higher risk of LR34. 
 It seems remarkable that particularly 9p LOH appears to be associated with the risk for 
LR, whereas 3p and 17p LOH only had limited predictive value in this respect. In addition, the 
occurrence of LOH at more than one arm and LOH at either at 3p or 9p did not show a significant 
association. This finding seems in contrast with already published data on genetic changes 
associated with the risk of leukoplakia to progress to cancer35-39. A possible explanation for this 
observation is the study design. We compared patient groups with and without LR of almost 
equal size, while most leukoplakia studies were on a cohort with much larger nonprogressing 
groups. Enrolment of a larger control group and inclusion of more markers may influence 
the 3p association, as there clearly was a trend. Nevertheless, 9p LOH appears to have the 
strongest predictive value.
 The mere presence of p53 positive cells has limited predictive value for LR and in that 
sense this finding confirms results of other studies40,41. Nevertheless, our data suggest that the 
larger a p53 field, the larger the risk is for a LR. P53 immunostaining of formalin-fixed paraffin-
embedded tissue is relatively straightforward, not expensive and not laborious, and might be 
implemented in the routine histopathological examination at any time, since surgical margins 
are routinely obtained from the excised specimen. LOH analysis is less easily performed on DNA 
from formalin-fixed paraffin-embedded specimens, as it is more labour-intensive, because it 
necessitates microdissection. Another advantage of p53 staining is that it is quantifiable, giving 
the opportunity to assess the optimum criteria for accuracy. 
 The molecular detection was clinically more sensitive when both markers, LOH at 9p and 
p53 staining were combined, but at the expense of the clinical specificity. For implementation 
of the assay in routine histopathological examination, we therefore recommend to perform 
P53 immunostaining first, followed by 9p LOH analysis for the p53 field negative cases. 
 In seven patients genetically altered cells were present, either detected by LOH analysis or 
p53 staining, but no relapse occurred. For these cases, there is the possibility that relapse will 
occur outside the follow-up period. Cancer progression may need longer time frames as was 
shown previously16. However, this finding might also be related to the effect of postoperative 
radiotherapy. Four of these seven patients were treated with postoperative radiotherapy, and 
in these cases, it can not be excluded that the radiotherapy indeed has prevented the tumor 
relapse. On the other hand, of the 16 patients who developed a LR, 8 (50%) were treated with 
postoperative radiotherapy. 
 Despite the promising preliminary results26, the number of Ki-67 positive foci appeared 
not be linked to the development of LR. Furthermore, our study indicates that presence of 
dysplasia in resection margins is a relatively poor marker for prediction of LR-free survival. 
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Though there is some correlation between dysplastic changes and genetic alterations26, the 
histopathological grading appeared to be a poor predictor for LR. There are two reasons 
why dysplasia grading has failed in the current series: first, there was a suboptimal level of 
agreement between genetic and histological grading and second, the well-known difficulty to 
perform an objective assessment.
 Do we have the data to change our clinical policy based on molecular margin analysis? It 
should be realized that only 35 patients were tested in this case-control study. To definitively 
prove the clinical relevance of the detection of field in the margins an adequately powered 
multicentre trial will be needed. In such a trial preferably oral cancer patients should be 
enrolled. Mode of treatment of head and neck cancer has gradually changed, and advanced 
oropharyngeal, laryngeal and hypopharyngeal tumors are currently often treated by a 
combination of chemotherapy and radiotherapy. However, oral squamous cell carcinomas in 
general remain to be treated by primary surgery, enabling molecular grading of margins. In 
addition to the promising markers reported here, other markers can be included like keratin 
4 and cornulin. Recently, it was shown that a relatively low expression of these molecules 
is associated with a higher risk of LR. In that study hazard ratios were found in an order of 
magnitude similar to that of our study42.
 In conclusion, the results of our study provide evidence that LOH at chromosome 9p and 
the presence of p53-positive margins are better prognosticators for malignant progression of 
preneoplastic lesions than the presence and grade of dysplasia. These findings are important 
for the future management of HNSCC. 
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Abstract

Oral squamous cell carcinomas develop in precancerous fields consisting of genetically altered 
mucosal epithelial cells. These precancerous fields may appear as clinically visible lesions, in 
particular oral leukoplakia, but the large majority remains clinically undetectable. The aim of 
this study was to assess the potential value of a non-invasive screening approach to detect 
precancerous fields. 
 As a first step, we developed a suitable assay and investigated 25 leukoplakia patients and 
20 noncancer control subjects. Exfoliated cells were removed by a brush from multiple small 
areas of the oral mucosa, including the leukoplakia. Brushed samples were investigated for 
loss of heterozygosity (LOH) at chromosomes 3p, 9p, 11q and 17p, using microsatellite markers 
known to show frequent alterations in oral precancer. 
 LOH was absent in all (137) of the samples of the 20 control subjects, yielding a specificity of 
100%. LOH was detected in exfoliated cell samples of 40% (10 of 25) of the leukoplakia lesions 
studied. Genetic changes were also found outside the leukoplakia lesions. Most frequent was 
LOH at 9p (9 of 10). The non-invasive assay was validated against the biopsy results of the 
leukoplakia lesions yielding an estimate of sensitivity of 78% (7 of 9) and a positive predictive 
value of 100% (7 of 7). Altogether, these results show the feasibility of a non-invasive genetic 
screening approach for detection and monitoring of oral precancer. This assay could therefore 
contribute to the secondary prevention of oral squamous cell carcinoma. The assay also shows 
promise for detection of precancerous changes that are not macroscopically visible. 
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Introduction 

Early diagnosis of oral squamous cell carcinoma may have a major effect on survival and quality 
of life. It is well-known that the majority of oral squamous cell carcinomas, if not all, develop in 
precancerous fields characterized by specific genetic alterations1-3. Clinically, oral precancerous 
lesions may appear as a white or a red lesion (leukoplakia or erythroplakia, respectively). 
The malignant potential of these lesions is assessed by histopathology and mainly based on 
the presence and the degree of dysplasia in biopsy material, graded as mild, moderate and 
severe4. As histology is still the gold standard, microscopic examination of mucosal biopsies 
might, in theory, be exploited for early diagnosis of precancerous fields even when these are 
not visible. However, histopathological grading has limited value to predict the malignant 
potential in individual cases5. In addition, histopathological grading requires taking a biopsy, 
and to monitor the progression of a lesion, repeated biopsies need to be taken, which is a 
large burden for the patient. Furthermore, histopathological grading may largely depend on 
the precise location of the biopsy, given the heterogeneity of some lesions. Finally, to identify 
precancerous fields that are not visible, more or less random biopsies need to be taken, which 
is too invasive as a screening approach. Hence, screening and monitoring oral precancer by 
histopathological examination of tissue biopsies does not seem to be feasible, except for the 
visible lesions. 
 Notwithstanding, a non-invasive genetic screening assay might be of large value for 
populations at high risk for developing oral cancer such as treated oral cancer patients, 
leukoplakia patients, genetically predisposed subjects such as Fanconi anemia patients, and 
individuals frequently exposed to environmental carcinogens. Oral cancers are frequently 
surrounded by nonvisible precancerous changes in the oral mucosa that are often not 
completely resected causing secondary tumors. Detection and monitoring of such nonvisible 
precancerous fields by histology would require multiple biopsies surrounding the treated area, 
and a non-invasive screening tool would be a much more attractive alternative. Such an assay 
would also be of relevance for leukoplakia patients, as it has been shown that these patients 
can develop oral squamous cell carcinomas outside the visible lesion6. Therefore, it seems 
important to screen and monitor leukoplakia patients not only for precancerous changes in the 
visible lesion(s), but throughout the whole oral cavity.
 The precancerous fields are characterized by genetic changes based on loss of heterozygosity 
(LOH), and earlier studies have shown that genetic tests are promising in predicting malignant 
progression of oral precancerous fields, in particular those that are visible as leukoplakias. 
Both the presence as well as the accumulation of genetic changes have been shown to be 
associated with the risk of malignant transformation7-9. Such genetic alterations have been 
assessed on exfoliated cell samples10,11, and could be further developed to a reliable non-
invasive assay. In a previous study, we developed and evaluated various genetic assays that 
might allow the detection of oral precancerous fields in small brushed samples12. We found 
that measurement of LOH seems most suitable. A marker panel of microsatellite markers, 
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located at chromosomes 3p, 9p, 11q and 17p, was selected based on the following criteria: 
high percentage of LOH in HNSCC, frequent LOH in precancerous fields indicating that that 
these occur early in carcinogenesis2,3,13, high percentage of informativity of these particular 
microsattelites, amplimer lengths that can be combined for multiplex sequence runs12,14, and 
known to be associated with malignant transformation of leukoplakia7-9.
 In this study, we report on the potential of a non-invasive genetic assay based on LOH 
in brushed samples. The feasibility of this approach was investigated in non-cancer control 
subjects and leukoplakia patients. Brushed samples of the leukoplakia lesions were tested 
against biopsies to validate the noninvasive approach. 

Materials and methods

Patients
Biopsy material, blood and brushed samples of the oral mucosa were obtained from 25 
leukoplakia patients, who visited the outpatient clinic at the Oral and Maxillofacial Surgery 
Department of the VU University Medical Center in the period 2004-2007. In 17 cases, an 
incisional biopsy was taken from the leukoplakia lesion or the lesion was excised, whereas in 
others the lesion was left untreated. Dysplasia was scored according to the standard criteria of 
the WHO4. Brushed samples were taken from the leukoplakia lesion as well as from different 
oral mucosal sites with a relatively high incidence of oral squamous cell carcinoma: border of 
tongue (left and right), floor of mouth (left and right), and the alveolar ridge/retromolar trigone 
(left and right)15. Exfoliated cells were collected from the oral mucosa using a small disposable 
brush (Omnident®, Dental Union) and prepared as described previously11. Furthermore, 
information on tobacco and alcohol use of the patients was collected. The characteristics of 
the study population are summarized in Table 1. 
 In addition, we collected seven brushed samples of the oral mucosa from 20 non-cancer 
control subjects at young age (<30 years) without history of smoking and excessive alcohol 
consumption, assuming that no precancerous changes would be present in this low risk 
population. The brushed samples were obtained at the same standardized locations: six at 
high-risk sites for oral cancer, one at a lower risk site (soft palate). The study was approved 
by the Institutional Review Board of the VU University Medical Center, and written informed 
consent was obtained from all patients and control subjects. The results of the genetic 
analyses were reported to the treating physician, but not used for clinical decision making. In 
all cases (leukoplakia patients and noncancer controls) the findings in a brushed sample could 
be directly linked to the specific location. Samples were always processed separately.
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Table 1. Patient characteristics and results of histology and LOH assay in exfoliated cells and in biopsies 
in leukoplakia patients
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1 M 67 25 / 4 Tongue border (left) Mild dysplasia 9p 9p

2 F 67 - / - Tongue border (left) Mild dysplasia 9p 9p

3 F 86 - / 2 Tongue (diffuse), lower lip (left) No dysplasia 11q NA

4 F 69 - / - Multiple lesions Verrucous carcinoma 0 0

5 F 74 7 / - Soft palate (right) No dysplasia 0 0

6 F 54 - / 2 Cheek mucosa (diffuse), gingiva 
(lower left jaw) No dysplasia 0 0

7 F 72 - / 1 Palate No dysplasia 9p NA

8 F 66 - / 3 Gingiva, buccal fold (lower left jaw) No dysplasia 0 NA

9 F 61 15 / 2 Gingiva upper jaw, palate No dysplasia 9p NA

10 F 60 - / - Cheek mucosa (left) Mild dysplasia 0 0

11 F 44 40 / - Floor of mouth (left) No dysplasia 0 0

12 F 43 - / 3 Tongue border (left) Moderate dysplasia 9p, 17p 9p, 17p

13 F 66 - / - Gingiva (diffuse) No dysplasia 0 NA

14 M 69 5 / 5 Cheek mucosa (right), lower lip, 
tongue surface

Proliferative verrucous 
leukoplakia 0 0

15 M 76 12 / 2 Floor of mouth Moderate dysplasia 3p, 9p,17p 3p, 9p

16 F 79 - / - Tongue (diffuse), floor of mouth, 
gingiva lower jaw No dysplasia 9p 9p

17 M 72 - / 1 Cheek mucosa (left) No dysplasia 0 0

18 M 70 20 / 3 Floor of mouth, tongue (floor) No dysplasia 9p 9p

19 F 56 - / 2 Gingiva upper jaw No dysplasia 0 NA

20 F 64 9 / 2 Gingiva upper jaw No dysplasia 0 9p

21 F 34 - / - Tongue border (right) Mild dysplasia 0 9p, 11q, 
17p

22 M 76 10 / - Tongue border (right) Verrucous carcinoma 9p 9p

23 F 77 - / - Cheek mucosa (left) No dysplasia 0 0

24 F 78 - / - Multiple lesions No dysplasia 0 NA

25 M 61 15 / 2 Floor of mouth Severe dysplasia 0 NA

Abbreviations: M, male; F, female; NA, not available.
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Analysis of biopsy material
From the biopsy material, 10-µm paraffin sections were cut and mounted on microscopic 
glass slides. The first and last tissue sections were stained with haematoxylin and eosin (H&E) 
for histological analysis and to guide microdissection. All H&E sections were reviewed by an 
experienced pathologist. The other tissue sections were stained with 1% toluidine blue and 
0.2% methylene blue in phosphate buffered saline (PBS) and manually dissected under a 
stereomicroscope to enrich for preneoplastic cells when present. Regions of dysplasia were 
marked by a pathologist and separately dissected.

Isolation of DNA
The exfoliated cell samples, microdissected tissues or the nucleated fraction of the blood 
samples obtained by hypotonic lysis were treated with 1 mg/ml of proteinase K for 24 h at 
52°C in 100-300 µl buffer containing 100 mmol/L Tris-HCl (pH 9.0), 10 mmol/L NaCl, 1% sodium 
dodecyl sulphate (SDS), and 5 mmol/L EDTA (pH 8.2). The DNA was purified by phenol-
chloroform extraction and collected by ethanol precipitation using 2 µg of glycogen as carrier. 
The DNA was dissolved in 20 µl LoTE-buffer (3 mmol/L TRIS-HCl, 0.2 mmol/L EDTA, pH 7.5). 

LOH analysis
LOH was assessed using 12 microsatellite markers located at chromosomes 3p, 9p, 11q 
and 17p. The following markers were used: D3S1766, D3S1029, D3S1293, D9S171, D9S162, 
D9S157, D11S1883, D11S1369, D11S2002, CHRNB1, TP53, and D17S1866 (Table 2). Detailed 
information including primer sequences can be found at http://ncbi.nlm.nih.gov at UniSTS. 
These markers were carefully selected on various criteria as discussed above. LOH analysis 
was done by PCR using primers with fluorochromes as described previously3,16,17. PCR products 
were run on an Applied Biosystems 3130 sequence analyzer (Applied Biosystems BV).

Data processing and quality control
The peak patterns were inspected by eye and peaks for further analysis selected manually. Data 
were loaded from the sequence analyzer in an Excel spreadsheet and processed automatically. 
Stutter correction was performed when necessary. Data were inspected by two independent 
researchers and decisions on quality and presence of LOH made in consensus. Data were 
considered reliably when peak values were within the range of 250-7,000 fluorescence units. 
The median of all samples was used as reference value to score LOH. We scored LOH when 
one allele was decreased by >50% in the sample when compared to the median ratios of all 
samples as normal reference, an internationally accepted but arbitrarily standard3,14,17. When 
LOH was found in multiple samples, the median of all samples was unreliable as reference, and 
the data were reanalyzed with the ratios of normal blood DNA as reference. The SDs of the 
ratios using normal DNA depend on the marker and the individual patient, but are usually in 
the order of 10% to 20%. We therefore marked ratio changes between 0.5-0.625 and 1.6-2.00 
as “possible LOH”, limits determined by approximately thrice this SD. More details on data 
processing and quality assurance are available upon request.
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Table 2. Detailed information on the genetic markers used for LOH analysis

Marker Location Base pairs

D3S1766 3p14.2 58956715-58956927

D3S1029 3p21.33 44110861-44111030

D3S1293 3p24.3 21902207-21902338

D9S171 9p21 24524210-24524384

D9S162 9p22.1 19669807-19669992

D9S157 9p22.2 17618382-17618526

D11S1883 11q13.1 63130309-63130560

D11S1369 11q13.4 72234643-72234819

D11S2002 11q14.1 79643051-79643288

CHRNB1 17p13.1 7290301-7290466

TP53 17p13.1 7558143-7558252

D17S1866 17p13.3 83571-82745

Results

Frequency and pattern of LOH in exfoliated cells of leukoplakia patients
The visible lesion in leukoplakia patients was used to assess proof of principle. The visibility 
of the lesion ensures that noninvasive sampling is carried out at the location that is also 
biopsied, and it is known that in at least a subgroup LOH can be detected. Besides sampling 
the leukoplakia lesion, we sampled the other defined regions in the oral cavity as well. In total, 
157 noninvasive samples were collected from 25 leukoplakia patients, and all samples gave 
results that passed the quality controls. LOH was present in exfoliated cells in 40% (10 of 25) 
of the leukoplakia lesions studied. In Figure 1, three examples are shown. The most common 
imbalances were on 9p; in 90% (9 of 10) we found LOH at one or more markers on 9p. LOH at 
multiple chromosomal arms was present in two lesions, one with LOH at 9p and 17p, and one 
with LOH at 3p, 9p and 17p (Figure 1C). One case showed a single loss on 11q. 
 The leukoplakia lesions of 10 patients were relatively large, and in these cases, multiple 
brushed samples were collected. In six cases, heterogeneity of the lesions was seen with LOH 
in some samples and no LOH in others (Figure 2A). In one case, LOH at 9p was measured 
in exfoliated cells outside the leukoplakia lesion, brushed at clinically normal appearing oral 
mucosa. The leukoplakia lesion was located at the palate, whereas the samples showing 9p 
LOH were located at the left and right buccal mucosa (Figure 2B). This suggests the presence 
of a large field of precancerous changes that is not visible. Seven lesions were scored as 
dysplastic, of which, four showed LOH in exfoliated cells. In three cases, a verrucous carcinoma 
or proliferative verrucous leukoplakia was diagnosed, whereas LOH was detected in one case. 
All data are summarized in Table 1. 



96

Chapter 6

Figure 1. A few typical examples of the non-invasive genetic LOH assay on exfoliated cells of 
leukoplakia patients. Left, markers; top, samples analyzed. The ratios between the median of all 
samples and the samples analyzed for each marker are depicted. (A) a patient without LOH. (B) a 
patient with LOH in the leukoplakia lesion at all markers at 9p. (C) the results from a patient with 
multiple chromosomal losses in the leukoplakia lesion. Grey, LOH (LOH: ratio<0.5 or >2).
LP, leukoplakia lesion; Exfo, exfoliated cells; NI, not informative.
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Figure 2. Examples of genetic heterogeneity in the leukoplakia lesion (A) and genetic changes outside 
the visible lesion (B). Abbreviations are identical as indicated in the legend of Figure 1. 

Comparison of the noninvasive LOH assay with biopsies in leukoplakia patients
As already indicated above, the leukoplakia lesions could be exploited to estimate the test 
variables (sensitivity, specificity and positive predictive value) of the noninvasive LOH assay. 
These macroscopically visible lesions allow noninvasive sampling at exactly the same location 
as the biopsy. We used genetic analysis of the biopsy as a gold standard to establish the test 
variables. It should be noted that the number of patients studied only allows an estimation 
of these test variables, and proof of concept of the noninvasive approach. In 17 cases, 
biopsy material taken just after brushing was available, and these were investigated for LOH 
in the tissue material. In all eight lesions that did not show LOH in the biopsy material, the 
corresponding exfoliated cells also did not present with LOH (data not shown). This suggests a 
high specificity of the assay (eight of eight, 100%). Of the nine lesions with LOH in the biopsy 
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material, seven showed a similar pattern of LOH in the corresponding exfoliated cells. The 
results of a subgroup of patients are shown in Figure 3. This would indicate a sensitivity of ~80% 
(seven of nine) for the non-invasive test when genetic analysis of the biopsy is considered as 
the gold standard. The positive predictive value also seems quite high (seven of seven, 100%); 
when there is LOH in the exfoliated cells, it is also present in the tissue biopsy. 

Frequency and pattern of LOH in exfoliated cells of control subjects
As mentioned above, the specificity was estimated on the basis of the data collected in eight 
patients with leukoplakia who did not show genetic changes in the lesion. However, the 
specificity can also, or even more reliably, be assessed in noncancer control subjects who are 
at a low risk for precancerous changes. We therefore analyzed the exfoliated cells brushed 
at seven defined locations in the oral cavity of 20 noncancer subjects, volunteers at a young 
age (<30 years) who did not smoke and had no history of excessive alcohol consumption. 
Based on the assumption that these control subjects were devoid of nonvisible precancerous 
changes, we decided not to take and analyze biopsy material. The exfoliated cells of the 20 
control subjects brushed at seven locations (140 samples) were analyzed and 137 of 140 (98%) 
samples gave a reliable result for all markers. None of these samples showed LOH, confirming 
the apparent high specificity of the assay (100%). 

Figure 3. Validation of the non-invasive LOH assay. Biopsies of the leukoplakia lesion were 
microdissected, analyzed by the same marker panel, and compared to the results of the exfoliated 
cells. Results from five patients which showed genetic alterations in the lesion. In general, the same 
genetic changes are seen in the exfoliated cell samples and the biopsies except for patients 20 and 21. 
Abbreviations are identical as indicated in the legend of Figure 1. 
NE, not evaluated. 



6

99

Screening for oral precancer with non-invasive genetic cytology

Discussion

We explored LOH analysis on noninvasive brushed samples of the oral cavity as a method 
for identification of precancerous changes. This would allow identification and monitoring of 
precancerous changes in the oral mucosa without the burden of taking biopsies. Previously, 
we showed that the amount of DNA isolated from brushed samples varied between 150 and 
600 ng11. We assessed the minimal and maximal amount of normal template DNA that needs 
to be added to every PCR reaction till “false” LOH occurred (using the 50% change in ratio 
taken as cut-off). Between 2 and 40 ng input of normal blood DNA, no significant changes in 
ratios were found. Below 0.5 to 1 ng input of normal DNA, false LOHs started to occur, although 
dependent on the specific marker and the difference in length between the peaks (data not 
shown). The reliability of the peak ratios over such a large range of DNA input allows assaying 
samples without preceding DNA quantitation, although samples with very low fluorescence 
values on the electropherogram should be interpreted with caution. 
 Usually, normal DNA of blood is used as the reference DNA for LOH ratio calculation. In this 
study we showed that the median of all seven samples can be used as the reference. This works 
very reliably except when many samples show LOH. In these cases, the “low-risk sample” of 
the soft palate can be taken as a reference. In general, the median of all values suffices as a 
reference value and blood sampling can be omitted. This will facilitate the implementation of 
this non-invasive cytologic assay in clinical practice and as a screening tool. 
 LOH was scored when one allele was decreased by >50% in the sample when compared 
with the same allele in normal control DNA. However, we found in some cases one or more 
borderline results, with LOH results of 0.5 < × < 0.625 and 1.6 < × < 2.0. In particular, when 
multiple borderline results are present on one chromosome, one could envision that there is a 
precancerous field present, but that by sampling error wild-type cells or free DNA derived from 
saliva was introduced into the sample, causing a relatively lower change in LOH ratio. 
 In this study, we focused on LOH markers. As head and neck carcinoma, in particular, of 
the oropharynx, could also be caused by infection with the human papillomavirus (HPV), the 
use of HPV DNA as marker of precancer might be considered as well. However, in a previous 
study, it was shown that HPV infection is rarely found in oral premalignant lesions, and hardly 
contributes to malignancies in the oral cavity18. Therefore, we decided not to perform HPV 
analysis. 
 Two lesions with LOH in the biopsy were missed in the brushed samples. One leukoplakia 
patient (patient 21) showed LOH at three chromosomes in the biopsy sample, which were not 
detected in the noninvasive sample. After scrutinizing the investigation of all paraffin blocks, 
we could conclude that the lesion was large and genetically homogeneous. Moreover, it 
appeared that the superficial nucleated cells contained the same precancerous changes as the 
basal cells. These potential caveats of a noninvasive approach with brush samples could not 
explain this false-negative case (data not shown). Hence, there was no explanation other than 
that this case was undoubtedly missed by noninvasive sampling. A possible explanation for the 
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failure was the thick hyperkeratotic surface texture of the lesion, making it difficult to obtain 
a reliably exfoliated cell sample. The signals of the markers on the electropherogram were not 
particularly low, suggesting that DNA from other sources, possibly saliva, contaminated the 
samples. These false-negative cases leave room for improvement of the assay. Better designed 
brushes that allow sampling of more cells of deeper mucosal layers might improve sensitivity. 
Also, a test/retest approach with duplicate samples might improve the reliability of the data. 
 Early diagnosis of oral precancerous but clinically nonvisible fields might be of importance 
for clinical management, particularly in high-risk populations such as patients with leukoplakia, 
patients with treated oral cancer, and even healthy individuals frequently exposed to 
environmental carcinogens. The non-invasive genetic assay seems to be a valuable screening 
tool to detect these non-visible precancerous fields. The large majority of samples work well 
(>95%), the specificity seems high (100%), and the sensitivity in leukoplakia lesions is ~80%. 
It should be particularly noted that the sensitivity estimate was based on a few patients. 
Notwithstanding, these preliminary results are suggestive to further develop this approach in 
larger cohorts. Furthermore, the sensitivity is expectedly higher for non-visible precancerous 
fields, as these are usually not hyperkeratotic (which seemed to be the most prominent 
problem). Following validation of the test variables in larger cohorts, prognostic studies in high-
risk groups to predict oral cancer will have to be carried out to proof the actual clinical value of 
this approach. Assuming that the clinical value can be established, this assay could be helpful 
in selecting patients for secondary prevention, and monitoring the effect of interventions. 
Recently, oncolytic adenoviruses such as the ONYX adenovirus have been applied for the 
treatment of precursor lesions using mouthwash rinses19. Expectedly, other interventions will 
be developed and tested in clinical trials. 
 In conclusion, the presented non-invasive test can be used for identification as well as 
genetic grading of visible and possibly non-visible precancerous fields, monitoring by follow-up 
sampling, and selection of location for biopsy. For leukoplakia lesions, however, biopsy should 
remain the gold standard, although genetic analysis of the specimen may have added value to 
the histological diagnosis. 
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Abstract

Early detection and treatment of high risk premalignant mucosal changes of the oral cavity, will 
expectedly improve survival and reduce treatment-related morbidity. Aims of this study were 
to evaluate a non-invasive screening approach and to assess the value of molecular markers to 
identify patients at risk for oral cancer.
 Exfoliated cells and biopsies were obtained from oral leukoplakia lesions of 43 patients, of 
whom six developed oral cancer. All samples were investigated for loss of heterozygosity (LOH) 
at chromosomes 3p, 9p, 11q and 17p using microsatellite markers. On the biopsy specimen 
additional immunohistochemical staining for p53, TP53 mutation analysis and histopathological 
grading were performed.
 The analytical sensitivity of the non-invasive assay using exfoliated cells to detect genetic 
changes present in the lesions was 45% (9 of 20), the specificity was 100% (19 of 19), and the 
positive predictive value was also 100% (9 of 9). LOH was present in 20 of 39 (51%) of the 
biopsies with uniformly LOH at 9p. Mutated TP53 and LOH at 9p in the biopsy, as single markers 
and in combination, were significant risk factors for malignant progression of leukoplakia to 
oral cancer (Kaplan-Meier analysis, p<0.05).
 A non-invasive genetic screening approach using LOH in exfoliated cells has limited value for 
monitoring patients with leukoplakia. However, LOH at 9p, but also mutated TP53 in biopsies 
of oral leukoplakia have a significant association with increased malignant transformation and 
are promising candidate biomarkers to predict the risk for malignant progression. 
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Introduction

It is generally accepted that most oral squamous cell carcinomas (OSCC) develop in a 
precancerous field of epithelial cells characterized by tumor-associated genetic alterations1-3. 
These fields can extend up to 10 cm in diameter, but are often not visible at clinical examination2. 
A minority of precancerous fields is clinically recognized as leukoplakia or erythroplakia4. 
Precancerous fields are a more promising target for screening than early stage tumors, as 
the time to malignant progression is usually measured in years instead of months. As part 
of the clinical work-up, these visible lesions are biopsied and graded as mild, moderate and 
severe dysplasia by histopathological examination. However, histological grading is somewhat 
subjective, and shows limitations in predicting the risk for malignant progression in individual 
cases5. Genetic analysis of precancerous lesions has shown to be more reliable in prediction of 
malignant transformation6-9.
 Recently it has been shown with autofluorescence imaging that precancerous fields can be 
larger than the visible leukoplakia lesion10,11. This observation fits with the clinical notion that 
visible lesions frequently recur after excision and that oral cancers may develop outside the 
visible lesion7,12. To assess the dimensions of a precancerous field outside the visible lesion, 
and to identify precancerous fields at other locations in the oral cavity, multiple biopsies need 
to be taken repeatedly and randomly at various locations at risk, and analyzed for histologic 
or genetic changes. However, such a screening approach is unpractical, and will cause serious 
discomfort to the patient. Non-invasive sampling would be an attractive alternative and allows 
repeated sampling at multiple sites without discomfort. By multiple brushings exfoliated cells 
of a relatively large mucosal area can be obtained, and the cytological samples can be analyzed 
by microscopy or genetic assays. Such an approach would not only be applicable to leukoplakia 
patients, but also to other high risk populations for oral cancer. These methods are, however, 
best validated on leukoplakia lesions as exfoliated cells and biopsy can be obtained at the same 
spot, with the biopsy data as gold standard.
 In a previous study we presented a non-invasive screening method to detect precancerous 
fields in the oral cavity by detection of loss of heterozygosity (LOH) at chromosomes 3p, 9p, 11q, 
17p in exfoliated samples13. The approach was tested in 25 leukoplakia patients and 20 control 
subjects. The data appeared to be promising: the exfoliated samples predicted aberrations 
in the biopsy with a specificity of 100%, a sensitivity of 78% and a positive predictive value 
of 100%13. However, a larger trial and association to malignant transformation is required 
to determine real clinical value of this non-invasive test. Remarkably, in these first series we 
found that only two of ten leukoplakia cases with LOH showed allelic losses at chromosome 
17p21, the location of the TP53 gene. This is not in line with the concept that TP53 mutations 
are an early, if not the earliest, event in the development of the large majority of OSCC3,14. 
Small clusters of cells with TP53 mutations have been found in biopsies of the normal mucosa 
of HNSCC patients, and were hypothesized as being the start of carcinogenesis15. Moreover, 
inactivation of TP53 is a key step in the immortalization of primary keratinocytes16. Mutations in 
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TP53 might therefore be a more informative marker for prediction of malignant transformation 
of precancerous lesions than 17p LOH. In addition, missense mutations in TP53 might be 
easily detected by immunohistochemistry (IHC) for p53 protein, and form a relatively simple 
alternative for mutation analysis17,18.
 In the present study, we have assessed the value of non-invasive molecular screening in 
patients with oral leukoplakia. In addition, we tested whether the sensitivity of field detection 
could be improved by using newly designed brushes, duplicate sampling and inclusion of TP53 
mutations as molecular marker for OSCC. Furthermore, the histopathological grading, the 
outcome of molecular marker detection in the brushed samples as well as the biopsies were 
investigated for their association with malignant transformation. 

Materials and methods

Patients and samples
Between 2004 and 2009 we enrolled 43 patients with leukoplakia in the oral cavity who 
underwent incisional biopsy or excision of the lesion. The study was approved by the 
Institutional Review Board, and Informed Consent was obtained from all patients. 
 Before incisional biopsy or excision of the lesion, exfoliated cells were obtained from a 
surface of 0.5 x 1 cm of the leukoplakia using a small disposable brush (Omnident®, Dental 
Union, Nieuwegein, The Netherlands). The brush samples were collected in duplicate from the 
same area within the leukoplaka. In case of a leukoplakia lesion larger than 0.5 x 1 cm, multiple 
duplicate samples of the lesion were collected. 
 To improve the sampling we also tested a newly designed brush, the Orgenex® (Rovers 
Medical Devices, Oss, The Netherlands). These brushes (http://www.roversmedicaldevices.
com) were designed to fit in 1.5 ml vials with screw cap (Sarstedt, Etten-Leur, the Netherlands) 
and when using 500 µl Cytolyt (Hologic Benelux, Almere, the Netherlands), a mild fixative and 
preservation medium, samples can be stored for days at room temperature and for weeks at 
4°C or for years at -20°C without decrease of quality of DNA. Of all patients photographs were 
taken in which the sampling spot was indicated (Figure 1). Reference DNA to score LOH was 
isolated from triplicate control brush samples collected from the contralateral cheek mucosa, 
being a low risk site for oral cancer. All brush samples were processed separately as described 
previously8,13. 
 Of all patients follow-up data were collected. In case of suspected malignant progression, 
biopsies for routine histopathological analysis were collected. These biopsies were scored 
according to the standard criteria of the World Health Organization Classification international 
histological classification of tumors19. The main clinical characteristics of the 43 patients are 
summarized in Table 1. 
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Figure 1. Brush sampling of a patient with a leukoplakia in the cheek (patient 22). Samples of the 
leukoplakia (L1 and L2) were collected in duplicate. In this case, no LOH was detected. P53 staining 
showed a p53 positive field, however, TP53 mutation analysis showed no mutation. 

Table 1. Clinicopathological characteristics of the patients involved

Number 43

Age (in years)

 Average 61

 Range 31-90

Gender

 Female 26

 Male 17

Leukoplakia Site

 Tongue 13

 Floor of mouth 10

 Cheek 8

 Inferior alveolar process 6

 Soft palate 6

Morphology

 No dysplasia 31

 Mild dysplasia 4

 Moderate dysplasia 4

 Severe dysplasia 4

SCC development

 Yes 6

 No 37
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Analysis of leukoplakia biopsies 
The formalin-fixed paraffin-embedded (FFPE) biopsies and excision specimen were processed 
as follows. First, two 5-µm sections were cut for routine haematoxylin-eosin (HE) staining 
and p53 IHC. Next, twenty 10-µm sections were cut, and subsequently one 5-µm section 
for HE staining was obtained. The 10-µm tissue sections were placed on microscopic glass 
slides (Gerhard Menzel Glasbearbeitungswerk GmbH & Co. KG, Braunschweig, Germany) 
and then deparaffinized in xylene. Subsequently, these were stained with 1% toluidine blue 
and 0.2% methylene blue in phosphate buffered saline (PBS) and manually dissected under a 
stereomicroscope to enrich for epithelial cells and stromal cells as source of normal reference 
DNA. Regions of dysplasia were marked and separately dissected.
 For every biopsy, the grade and size of dysplasia was evaluated by an experienced 
pathologist (E.B.) according to the standard criteria of the World Health Organization as either 
no, mild, moderate or severe dysplasia20. To obtain an overall dysplasia-score per patient, 
dysplasia was labelled according to the highest grade of dysplasia scored in the biopsy. 

DNA extraction
Dissected FFPE tissues were placed in 100 µl buffer containing 100 mM TRIS-HCl (pH 9.0), 10 
mM NaCl, 1% sodium dodecyl sulphate, and 5 mM EDTA (pH 8.2) for 15 min. at 98oC. Next, the 
samples were cooled on ice for 15 min. Then tissue digestion was performed using 1 mg/ml of 
proteinase K for 16 to 24 hr at 60oC and replenished with another 1 mg/ml of proteinase K for 
another 16 to 24 hr at 60oC. Exfoliated cells were put in the same buffer, proteinase K added, 
and incubated overnight at 60°C. Subsequently, the DNA was purified by water-saturated 
phenol-chloroform extraction and collected by ethanol precipitation using 1 µg of glycogen as 
carrier. The DNA was redissolved in 30 µl LoTE-buffer (3 mM TRIS-HCl, 0.2 mM EDTA, pH 7.5). 

LOH analysis
LOH analysis was performed using 12 microsatellite markers located on chromosomes 3p, 
9p, 11q and 17p: D3S1766 (3p14), D3S1029 (3p21), D3S1293 (3p24), D9S171 (9p21), D9S162 
(9p22), D9S157 (9p22), D11S1883 (11q13.1), D11S1369 (11q13.4), D11S2002 (11q14.1), 
CHRNB1 (17p13.1), TP53 (17p13.1), and D17S1866 (17p13.3)13,21. This is a well established 
marker set with frequent LOH in dysplasias and HNSCC. LOH analysis was performed by PCR 
using primers with fluorochromes as described previously2,13,22 using an Applied Biosystems 
3130 sequence analyzer (Applied Biosystems BV, Nieuwerkerk a/d IJssel, Netherlands). Peak 
intensities were quantified with Genemapper® software. Only peak intensities in the linear 
detection range were considered. Samples with too high signals were diluted. When signals 
were too low, the DNA was concentrated and the analysis repeated. Data were interfaced to an 
Excel spreadsheet to check the quality controls and calculate LOH. LOH was scored if one allele 
was decreased by more than 50% in the test sample when compared with the same allele in 
normal tissue DNA, when necessary after stutter correction2,13,22. Table 2. shows the results of 
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LOH analysis of one patient. The results of the genetic analyses were reported to the treating 
physician, but not used for clinical decision making.

IHC with anti-p53 antibodies and TP53 sequencing
IHC was performed on FFPE biopsies taken from the leukoplakia and used for the original 
histopathological evaluation. Sections were stained with monoclonal anti-p53 antibody DO7 
(DAKO, Glostrup, Denmark). Staining was performed as described by Van Houten et al23. 
The p53 stained sample was classified positive when at least 50% of the nuclei of basal and 
suprabasal cells was dark-brown. Presence of a p53-positive field in the preneoplastic lesion 
was scored when more than approximately 50 adjacent basal and suprabasal cells showed 
positive staining. All p53-stained slides were analyzed separately by three independent 
researchers. In case of disagreement a consensus score was decided.
 The TP53 mutation status of biopsies was determined by sequencing of exons 5-9 as was 
described previously24.

Table 2. A typical example of the noninvasive test on exfoliated cells of a leukoplakia patient.

Patient 15 biopsy exfo leukoplakia exfo Orgenex brush

3p14.2 D3S1766 0,35 0,27 0,28

3p21.33 D3S1029 1,83 3,44 3,18

3p24.3 D3S1293 2,24 2,36 3,71

9p21 D9S171 2,02 2,51 2,60

9p22 D9S162 NI NI NI

9p22.2 D9S157 0,43 0,30 0,27

11q14.1 D11S2002 0,33 0,49 0,43

11q13.4 D11S1369 NI NI NI

11q13.1 D11S1883 NI NI NI

17p11-12 CHRNB1 0,36 0,18 0,22

17p13.1 TP53 NI NI NI

17p13.3 D17S1866 2,40 3,97 4,22

Left, markers; top, samples analyzed; exfo, exfoliated cells. The ratios between the reference samples (exfoliated cells of 
contralateral cheek mucosa) and the sample analyzed for each marker are depicted. Grey, LOH (LOH: ratio <0.5 or >2.0); NI, not 
informative. In this case, all samples of the leukoplakia showed LOH at 3p, 9p, 11q and 17p.
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Statistical analysis
The Fisher’s exact test was used to determine the correlation between molecular markers; 
the Mann-Whitney-U test was used for comparisons of group averages. We calculated the 
significance of various parameters to predict progression-free survival using Kaplan-Meier 
analysis in SPSS15. Differences between the curves were analyzed by a log rank test. P-values 
below 0.05 were considered to be significant.

Results

Clinicopathological characteristics
Leukoplakia lesions were most frequently located in the tongue (13/43) or floor of mouth 
(10/43). Approximately 72% (31/43) of the biopsies did not show dysplasia. Malignant 
progression occurred in six of 43 patients. In the 6 patients who developed a malignancy the 
follow-up time was 11-31 months (mean 20.3 months and median 18 months). Further details 
are in Table 3. 

Molecular analysis
The results of the molecular markers are listed in Table 4. The brushed samples of one patient 
could not be analyzed. Twelve of 42 exfoliated sample sets showed LOH, and in eleven cases 
LOH at chromosome 9p was shown. All cases with LOH in the exfoliated samples also had LOH 
in the biopsy. LOH analysis of the biopsies could not be assessed in four patients as the amount 
of tissue was too small or the isolated DNA was of poor quality. LOH in the biopsy was present 
in 20 of 39 patients (51%), and in all of these patients LOH at chromosome 9p was detected 
(Table 3).

Table 3. Overview of results per patient 
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1 tongue 3p, 9p, 17p no LOH no LOH no + + + DF

2 FOM no LOH NA NA no - - - DF

3 cheeck no LOH no LOH no LOH no - - - DF

4 FOM 9p, 17p no LOH 9p no + - - DF

5 IAP no LOH no LOH no LOH no - - - DF

6 IAP 9p 9p no LOH no + + + OSCC

7 FOM 9p no LOH no LOH mild - + + OSCC

8 IAP no LOH no LOH no LOH no - - - DF
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9 tongue 9p, 11q, 17p no LOH 9p moderate - + + DF

10 soft palate no LOH no LOH no LOH no - - - DF

11 tongue 9p no LOH no LOH severe - + + DF

12 IAP no LOH no LOH no LOH no - - - DF

13 IAP no LOH no LOH no LOH no - NA NA DF

14 tongue no LOH no LOH no LOH mild + - - DF

15 tongue 3p, 9p, 11q, 17p 3p, 9p, 11q, 17p 3p, 9p, 11q, 17p no - - - DF

16 tongue no LOH no LOH no LOH moderate - - - DF

17 soft palate 9p, 17p no LOH no LOH severe + + + DF

18 cheeck no LOH no LOH no LOH no - - - DF

19 FOM 3p, 9p 3p, 9p 3p, 9p severe + - - OSCC

20 FOM no LOH no LOH no LOH no - - - DF

21 tongue 9p no LOH no LOH no - - - DF

22 cheeck no LOH no LOH no LOH no - + + DF

23 FOM 9p, 17p no LOH no LOH moderate - + + DF

24 tongue 9p no LOH no LOH no + - - OSCC

25 FOM 9p no LOH no LOH no - - - DF

26 tongue 9p NP 9p mild + + - DF

27 tongue NA NP 11q no NA NA NA OSCC

28 soft palate no LOH NP no LOH no - - - DF

29 cheeck no LOH NP no LOH no - + - DF

30 soft palate NA NP 9p no NA - - DF

31 IAP NA NP no LOH no NA NA NA DF

32 soft palate NA NP 9p no NA NA NA DF

33 cheeck no LOH NP no LOH no - + - DF

34 FOM no LOH NP no LOH no - - - DF

35 tongue 9p, 17p NP 9p, 17p moderate + NA NA DF

36 cheeck no LOH NP no LOH no - + - DF

37 FOM 3p, 9p NP 3p, 9p, 17p severe NA NA NA DF

38 FOM 9p NP 9p no - + - DF

39 cheeck no LOH NP no LOH no NA NA NA DF

40 soft palate 9p NP no LOH no NA NA NA DF

41 tongue 9p, 11q, 17p NP no LOH mild + - - OSCC

42 tongue 9p NP 9p no + + + DF

43 cheeck no LOH NP no LOH no no + - DF

Abbreviations: FOM, floor of mouth; IAP, inferior alveolar process; NP, not performed; NA, not analyzable; +, present; -, absent, 
DF, disease-free; OSCC, development of oral squamous cell carcinoma. 
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P53 IHC could not be assessed in biopsies of eight cases. It appeared that 15 of 35 leukoplakia 
biopsies were p53 IHC positive, and nine of these 15 IHC-positive biopsies showed a p53 field. 
A p53 positive field was significantly associated with presence of allelic loss at 17p (p=0.04). 
TP53 mutation analysis could not be assessed in seven biopsies. In eleven of 36 biopsies 
(31%) a TP53 mutation was present. There was no significant relation between presence of a 
TP53 mutation with positive p53 staining or a p53 field. As expected, the presence of a TP53 
mutation was significantly related with the presence of LOH at 17p (p=0.04). In 5 of 11 cases 
the TP53 mutation coincided with 17p LOH, whereas in 3 cases 17p LOH occurred without TP53 
mutation. Only in one case a TP53 mutation was detected without further LOH. Ten of 11 cases 
with a TP53 mutation also had LOH at chromosome 9p. In 10 of 43 cases 9p LOH occurred as 
only genetic change (Table 3). 

Comparison of LOH between exfoliated cell samples and biopsies
In nineteen patients LOH was neither present in the biopsy nor in the corresponding brushed 
leukoplakia samples. This indicates an analytical specificity of genetic cytology of 100%. In 
the twenty lesions with LOH in the biopsy material, six showed an identical pattern of allelic 
losses in the corresponding brushed samples and three showed a partial identical pattern, 
indicating an analytical sensitivity of 45% (9/20). The positive predictive value was 100% (9/9): 
when there was LOH in the brushed samples of the leukoplakia, it was always present in the 
corresponding biopsies. 

Table 4. Frequency of molecular markers 

positive negative not analyzable

LOH biopsy (any marker) 20 19 4

 3p LOH biopsy 4 35 4

 9p LOH biopsy 20 19 4

 11q LOH biopsy 3 36 4

 17p LOH biopsy 8 31 4

LOH brush (any marker) 12 30 1

 3p LOH brush 3 39 1

 9p LOH brush 11 31 1

 11q LOH brush 2 40 1

 17p LOH brush 3 39 1

p53 IHC 15 20 8

p53 field 9 26 8

TP53 mutation 11 25 7
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The low analytical sensitivity might be explained by the fact that most leukoplakias are 
hyperkeratotic, and a thick hyperkeratotic surface of the lesion might hamper the harvest 
of a reliable exfoliated cell sample. Therefore, we developed and introduced the Orgenex® 
brush, which was designed for more rigorous brushing, improved cell yields, and facilitated 
cell collection in microcentrifuge vials. It appeared that approximately 7 times more cells 
were collected with the Orgenex® brush (mean cell yield Orgenex: 41,800 cells, mean cell 
yield Omnident 6,100). In total, in 24 of 43 patients brush sampling of the leukoplakia with 
the Orgenex device was performed in addition to the Omnident bush (Table 3). Two patients 
showed the same allelic loss pattern when using both brushes. In two other patients LOH was 
present when using the Omnident device and absent when using the Orgenex® device, while 
in one patient LOH was present in samples taken with the Orgenex® device and not in samples 
brushed with the Omnident device (Table 3). Hence, the use of the Orgenex® brush did not 
improve analytical sensitivity. However, the cell yield is higher, and it is easier to work with for 
cell collection.

Correlation between histopathological grading and LOH score
In the 20 biopsies with LOH moderate or severe dysplasia was found in 7 of 20 cases, while 13 
cases showed no or mild dysplasia. Seventeen of 19 biopsies without LOH were graded as non-
dysplastic. In one case moderate dysplasia was detected and in another mild dysplasia. Seven 
of eight biopsies with moderate or severe dysplasia showed LOH (Table 3). The correlation 
between moderate/severe dysplasia and presence of any LOH was statistically significant 
(p=0.021).

Progression-free survival (PFS)
For PFS, 43 patients were included, of whom 6 patients developed oral cancer at the same 
site as the leukoplakia. In three of these patients the biopsy of the leukoplakia did not show 
dysplasia, two showed mild dysplasia and one severe dysplasia (Table 4). Presence of dysplasia 
was not associated with malignant progression (p=0.176), neither was grade of dysplasia 
(p=0.826) (Table 5). 
 LOH analysis of the biopsies of the six leukoplakias showing malignant progression was not 
possible in one case. The other five biopsies all showed LOH at 9p (Table 4). Univariate analysis 
using the Kaplan-Meier method showed that presence of LOH at chromosome 9p in the biopsy 
was significantly related with an increased level of malignant transformation (p=0.014) (Figure 
2). LOH at chromosome 9p was the most common location, and was present in all biopsies 
showing LOH. LOH at the other chromosomes did not show any significant relationship with 
PFS (Table 5). LOH in exfoliated samples of the leukoplakia showed no significant relation with 
PFS (Table 5). 
 Presence of a TP53 mutation in the leukoplakia assessed by sequencing also seems to be 
a significant risk factor for malignant transformation (p=0.009). However, it appeared that the 
presence of a positive P53 IHC or P53 field in the leukoplakia, as well as LOH at 17p, were 
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not significantly related to PFS. The combination of TP53 mutation and 9p LOH in the biopsy 
showed the most significant association with increased malignant progression (p=0.004) 
(Table 5). In Figure 2 the Kaplan-Meier curves of the significant prognosticators for malignant 
transformation are depicted.

Table 5. Clinical, histopathological and molecular markers determining PFS (Kaplan-Meier analysis)

Variable Determinant Significance 
(p-value)

Gender Male vs. female 0.290

Site Lateral tongue/floor of mouth vs. other sites 0.098

Dysplasia Absent vs. any grade 0.176

Dysplasia No+mild vs. moderate+severe 0.826

Cytology Presence of atypia 0.100

Any LOH biopsy Present at 3p, 9p, 11q or 17p 0.014

Multiple LOH biopsy LOH present at ≥2 chromosomal arms 0.528

LOH 3p* biopsy Present 0.527

LOH 9p* biopsy Present 0.014

LOH 11q* biopsy Present 0.333

LOH 17p* biopsy Present 0.934

Any LOH brush Present at 3p, 9p, 11q or 17p 0.837

Multiple LOH brush LOH present at ≥2 chromosomal arms 0.653

LOH 3p* brush Present 0.450

LOH 9p* brush Present 0.543

LOH 11q* brush Present 0.147

LOH 17p* brush Present 0.464

p53 staining biopsy Percentage positive 0.994

p53 field biopsy Presence of p53 field in biopsy 0.359

TP53 mutation biopsy Presence of p53 mutation 0.009

LOH 9p* biopsy and TP53 mutation Present (LOH 9p) and p53 mutation 0.004

Significant p-values are indicated in bold.
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Figure 2. Kaplan-Meier curves showing PFS in relation with molecular status of leukoplakia samples. 
Presence of LOH at 9p (A) and presence of a TP53 mutation (B) appeared to be significantly related 
with PFS. The combination of LOH at 9p and a TP53 mutation is the most significant prognosticator for 
PFS (C).

Discussion

Early detection of oral cancer, preferably in the premalignant stage, might significantly decrease 
mortality and morbidity after treatment. The aim of the present study was to identify molecular 
risk factors for the prediction of the risk of malignant transformation of oral precancer and to 
assess the potential of a non-invasive test for detection of oral premalignant fields. 
 In a previous study, the non-invasive screening test seemed promising, showing an 
analytical sensitivity of approximately 80% and a specificity of 100%13. Here we found the 
same high specificity of 100%, however, the sensitivity decreased to 45% by enlarging the 
study population indicating that genetic analysis of brushed samples is of limited value, and 
should not be considered as replacement for tissue biopsy analysis to detect genetically 
altered cells. An explanation for the low sensitivity might be the fact that most leukoplakias 
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are hyperkeratotic. A thick hyperkeratotic surface of the lesion might make it difficult to obtain 
a sufficient number of nucleated cells for reliable analysis. We also designed and tested other 
brushes to obtain more cells of deeper mucosal layers, however, the analytical sensitivity of 
genetic cytology to detect LOH in tissue biopsies did not increase. We further tested duplicate 
sampling and analysis of first and second sample. This did not increase analytical sensitivity as 
well (data not shown). Usually one of the duplicate samples showed LOH, and the other not. 
 It remains unclear why the sensitivity of detecting leukoplakia lesions with genetic changes 
by analysis of brushed samples can not be improved. The signals of the samples are of excellent 
intensity indicating that the amount of DNA isolated is large enough. We speculate that there 
are sources of normal DNA sticking to the mucosal surfaces that disturb the detection. We 
applied focused brushing to reduce the risk of saliva contamination, but nonetheless sensitivity 
remains disappointing. Allelic loss analysis is obviously not a very sensitive assay as a mixture 
of only 50% normal DNA is allowed in case of a complete allelic loss. The cut-off value to 
score LOH is set at a 50% decreased allelic ratio, and normal DNA in the sample will skew the 
data. Methylation markers tested by methylation-specific PCR have a much larger analytical 
sensitivity, but assays frequently cause a decreased clinical specificity25.
 In contrast to another study performed by Schaaij-Visser et al., we could not show a 
significant relation between presence and grade of dysplasia and malignant progression. 
Most logical explanation for this observation is that the group of progressing leukoplakias in 
our study is relatively small. In the previous study, biopsies of 12 progressing and 36 non-
progressing leukoplakias were analyzed by immunohistochemistry and graded for dysplasia26. 
Both the presence and grade of dysplasia were significantly related with malignant progression 
(p=0.024 and p=0.029 resp.). 
 Previously, we showed that presence of LOH at chromosome 9p in surgical margins 
of surgically treated head and neck cancer patients is a significant prognosticator for local 
recurrence-free survival27. Here, we show that LOH at chromosome 9p is also a very significant 
prognosticator for malignant transformation of oral premalignant lesions (p=0.014), in line with 
data from others6,7,9,28. A novel finding is that also mutations in the TP53 gene were associated 
with PFS. Presence of LOH at chromosome 9p combined with a TP53 mutation in the biopsy 
appeared to be the strongest predictor of development of OSCC (p=0.004). However, the 
numbers in this study are small and a larger study is needed to validate the results. 
 The findings are in line with the prevailing concept that perturbations of the p53 and pRb 
pathways are important steps in early oral carcinogenesis29. Impairment of both pathways 
simultaneously is required to evoke immortalization of primary oral keratinocytes16. In the 
present study, mutations of TP53 impair the p53 pathway and LOH at 9p is suggestive for 
mono- or bi-allelic loss of CDKN2A, the gene that encodes p16Ink4A. Micro-satellite markers 
were chosen that are in the vicinity of CDKN2A at chromosomal arm 9p, and it is known that 
often large parts of 9p are lost.
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Mutations in TP53 seem an interesting novel biomarker to screen for premalignant oral 
mucosa and apparently predict malignant progression. Mutations in TP53 might be analyzed 
in heterogeneous samples by ultradeep next generation sequencing. This will most likely 
increase the sensitivity for detection of precursor changes. Ideally it should be combined with 
sequencing for p16 mutations and methylation.These changes are more difficult to analyze by 
deep sequencing. Nonetheless, such platforms might improve diagnostic sensitivity of brushed 
samples tremendously. 
 Genetic cytology using LOH analysis is feasible and with a very high positive predictive 
value. A problem to be solved is the relatively low sensitivity of genetic cytology as only 45% 
of the visible lesions with LOH is detected. A promising novel biomarker to predict malignant 
progression seems to be presence of a TP53 mutation. For leukoplakia lesions the presented 
non-invasive test based on LOH analysis is not suitable for risk assessment due to the low 
sensitivity. As LOH at 9p and presence of TP53 mutations in leukoplakia biopsies is significantly 
related to malignant progression, genetic analysis of leukoplakia biopsies for 9p LOH and TP53 
mutations is recommended. 
 Patients with LOH or a TP53 mutation in the biopsy should have long term and strict follow-
up and in case of phenotypic changes in/near the leukoplakia a new biopsy is recommended. 
As malignant progression did not occur in leukoplakias without LOH, a less frequent and a 
shorter follow-up will probably sustain in these patients. However, it should be stated that the 
group of patients, and, more important, the group showing malignant progression is small in 
our study. A larger, multi-center study with long follow-up period is warranted. 
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A major problem in the management of head and neck squamous cell carcinoma (HNSCC) 
is the relatively high local recurrence rate. In previous retrospective studies it was shown 
that approximately half of the local recurrences were due to minimal residual cancer (MRC)1, 
whereas the other half were due to malignant transformation of preneoplastic fields, which 
remained in situ after initial treatment1-3.
 In the routine histological workup of large resection specimens of HNSCC surgical margins 
are sampled and examined separately. In small HNSCCs the resection specimens are sliced 
to determine the relation between tumor and resection margins. Analysis of these margins 
is performed as suggested by Batsakis: clear when the minimal distance from tumor to deep 
surgical margin was more than 5 mm; close when the distance was less than 5 mm, but no 
evidence tumor at the deep margin, or involved when tumor was found in one or more surgical 
margins4. It is known that margin status is significantly related to disease-free survival5,6. 
However, histopathological examination meets limitations with respect to sensitivity as still 
a considerable number of patients with tumor-free margins develop recurrences. Molecular 
analysis of surgical margins might be superior over histopathology to identify patients at high 
risk for local recurrence and tumor-related death7.
 In this thesis we used tissue-specific transcripts to detect residual tumor. As was shown in 
this thesis, qRT-PCR using hLy-6D as molecular marker is not suitable for MRC detection. This 
could be related to the transcripts, but analysis of other target genes, in particularly SSCA, did 
not improve the test. Both false positive and false negative findings occurred frequently, causing 
a poor association with outcome. In conclusion, these data do not support a role for molecular 
detection of MRC in surgical margins by qRT-PCR analysis. There are several explanations for 
the false positive and false negative findings. One explanation for the false positive findings 
is the application of postoperative radiotherapy, which might irradicate correctly detected 
residual cancer cells. However, we also noted false positive findings in patients who were not 
treated with adjuvant radiotherapy. The follow-up period for these patients was at least 3 
years, and development of a locoregional recurrence after such a time period is very unlikely. 
In fact a local relapse after three years is clinically assigned as second primary tumor. Another 
explanation for the false positive findings is that tumor cells or tumor cell RNA contaminates 
the margins, despite the change in instruments for sampling and the extensive rinsing of the 
surgical area. This has previously been noted with DNA, but we hypothesized and showed some 
preliminary findings that RNA seemed much more specific7. Free RNA is less stable than free 
DNA and can easily degrade. However, tumors may excrete large numbers of exosomes that 
might contain RNA, microRNA and other biomolecules8. RNA is much more stable in exosomes 
and these might have contaminated the margins.
 Besides false positive findings, we noted false negative findings as well. One explanation for 
this is the development of second field tumors as local relapse in an unresected precancerous 
field. We did not analyse all relapses by LOH profiling or sequencing to exclude this potential 
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confounder. Based on the time to relapse, however, most seemed to have originated from 
residual cancer cells. Previously, it was noted that the time to relapse for second field tumors 
is generally longer2. Moreover, in most of the false negative cases, dysplasia was not detected 
in the margins as a potential indication that a field was present. A second logical explanation 
for the false negative findings is sampling error. The few samples taken may not represent 
the full operation field. In a recent study, tissue imprints of deep surgical margins of HNSCC 
were analyzed by quantitative methylation-specific PCR9. Tissue imprinting appeared to be 
feasible, however, the numbers tested were small and outcome analyses have to be awaited. 
Combination of this tissue imprinting method with ultradeep next generation sequencing 
might be a most promising approach, but the contamination of the margins with tumor DNA 
will likely cause false positive findings, a problem not easily solved. 
 When the detection of residual cancer cells is problematic, predictors of invasion and 
dissemination might be more feasible. We were able to confirm the prognostic relevance of 
the histopathologic parameters vasoinvasive growth and infiltrative (non-cohesive) growth. In 
conclusion, histopathological analysis of surgical margins remains the best method at present 
for selecting patients for postoperative radiotherapy. The assessment of these histological 
parameters may be aided by molecular tumor profiles associated with these parameters.
 We provided evidence that the presence of preneoplastic fields in margins of surgically 
treated HNSCC patients is a significant risk factor for development of a second field tumor. 
The presence of loss of heterozygosity (LOH) at chromosome 9p and the presence of p53 
immunohistochemical positive surgical margins are significantly related to malignant 
progression of preneoplastic fields in surgically treated HNSCC patients. Furthermore, the 
presence of LOH at 9p and TP53 mutations in biopsies of oral leukoplakias appeared to be 
significant prognosticators for malignant transformation of these preneoplastic lesions. 
Nowadays, preneoplastic fields are analyzed by routine histopathologic assessment, however, 
our studies show that presence of dysplasia is only moderately related with malignant 
progression. At present, sequencing for mutated p53 and LOH analysis with microsatellite 
markers at 9p of surgical margins of HNSCC and biopsies of preneoplastic lesions seems to be 
the best method to determine the risk of malignant transformation. However, to definitively 
prove the clinical relevance of the detection of high risk fields in margins and preneoplastic 
lesions an adequately powered multicentre prognostic trial should be performed. For LOH 
analysis, enrichment of the preneoplastic areas by microdissection is required, which is 
labour-intensive. In the future, this might be substituted by ultradeep targeted next generation 
sequencing. As there is at present no treatment option for high-risk premalignant fields, 
more frequent follow-up during a longer time period is indicated for patients with LOH at 
chromosome 9p or with p53 mutations. It might be worthwhile to design a clinical intervention 
trial and treat patients with LOH and/or TP53 mutations combined with a strict follow-up 
policy, leaving the patients without LOH or TP53 mutations untreated and adopt an infrequent 
follow-up policy. This would be an example of high precision clinical management.
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We found that non-invasive sampling has limited value in leukoplakia patients. Although 
the positive predictive value of the assay is very high, a major problem of the test is the low 
sensitivity, which might be due to keratosis and contamination with normal DNA. In patients 
with non-visible high-risk premalignant fields, for example treated HNSCC patients and Fanconi 
anemia patients, the test might have its value as the positive predictive value is 100%, and the 
alternative, screening by biopsies, is unacceptable. A more sensitive assay such as ultradeep-
targeted next generation sequencing might improve the approach. 
 Identification of preneoplastic lesions with high risk of malignant transformation 
is important, however, treatment of these lesions is even more important. Excision is 
currently the most commonly used treatment modality of visible lesions. However, recently 
it was shown that treatment of oral leukoplakias by excision did not reduce the malignant 
transformation rate10. One of the reasons was that the lesions frequently recur, or tumors 
developed outside the lesion. Furthermore, as most preneoplastic lesions are invisible, other 
treatment modalities are required or treatment should be guided by an imaging approach such 
as autofluorescence. In chemoprevention trials natural, synthetic or biological compounds are 
used to halt, reverse or prevent malignant progression of preneoplastic lesions. Till now, the 
therapeutic value of systemic and topically therapies using retinoids, epidermal growth factor 
inhibitors, cyclooxygenase-2 inhibitors, green tea extract, peroxisome proliferator activated 
receptor-g agonists, Bowman Birk Inhibitor and freeze dried black raspberry gel have not 
been proven11,12,13. An oncolytic adenovirus with lytic replication in (pre)malignant lesions, 
such as the ONYX adenovirus, was tested in a mouthwash for oral premalignant lesions and 
appeared to be only moderately effective14. Probably, targeted biological therapies will result 
in eradication or inhibition of malignant transformation of premalignant lesions in future. 
Recently we succeeded in the establishment of preneoplastic cell lines, and these might prove 
a great aid in the testing for drugs15.
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Summary

In the introduction (Chapter 1) it is outlined that despite significant advances in treatment 
modalities, the 5-year survival rate of HNSCC patients has not significantly improved1. An 
explanation for this finding is the high frequency of locoregional relapse, second primary 
tumors and distant metastases2. Approximately half of locoregional relapses in patients with 
histopathologically tumor-free surgical margins are due to minimal residual cancer (MRC): 
residual cancer cells that are not detected by routine histological examination3. The remaining 
locoregional relapses are in fact new tumors arising in a preneoplastic field: second field tumors 
(SFTs)3-5. The poor survival rates can also be explained by the fact that two-third of patients 
presents with advanced stage of disease6, implicating a five-year survival rate of approximately 
30%7. 
 Aim of this thesis was to develop a method for molecular detection of MRC and high-risk 
preneoplastic fields. Furthermore, a (non-invasive) screening approach was developed and 
assessed for detection of preneoplastic fields in risk groups for oral cancer. 
 In Chapter 2 a new approach for molecular detection of MRC in deep surgical margins 
of HNSCC was developed: a qRT-PCR test using hLy-6D, a squamous cell-specific antigen, as 
molecular marker. The preliminary data of this approach are promising and show a significant 
difference between the group of patients with histopathologically tumor-positive surgical 
margins and the non-cancer control group, and the group of patients with histopathologically 
tumor-free surgical margins.
 In Chapter 3 it is shown that the presence of hLy-6D qRT-PCR positive margins is not 
significantly related to the development of locoregional relapse, disease-free survival and 
overall survival. A major problem in the assay appeared to be a high rate of false-negative 
findings, probably due to sampling error. In contrast to the molecular diagnostic MRC test, 
the histopathologic parameters vasoinvasive growth and infiltrative growth appeared to be 
significant prognosticators for locoregional relapse and distant metastasis-free survival.
 To overcome the limitations of the hLy-6D qRT-PCR test other target genes are analyzed 
in Chapter 4. Furthermore, in the previous test we noticed problems with normalization, 
therefore, housekeeping genes are analyzed as well. The molecular marker SCCA seems 
promising because it shows a very high expression in HNSCC tumors and no expression in 
control tissue samples, however, the adapted test lacks sensitivity and specificity for MRC 
detection in HNSCC patients.
 In Chapter 5 it is demonstrated that the presence of a preneoplastic field in surgically 
treated HNSCC patients is a risk factor for local relapse. LOH at chromosome 9p and presence 
of immunohistochemical p53-positive surgical margins are significant prognosticators for 
malignant progression of preneoplastic fields. 
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Summary

In Chapter 6 a non-invasive screening method to detect preneoplastic fields in the oral cavity 
was developed. A first analysis was performed on 25 leukoplakia patients and 20 control 
subjects are shown and appeared to be promising with a specificity of 100%, a sensitivity of 
78% and a positive predictive value of 100%. 
 In Chapter 7 molecular risk factors for prediction of malignant progression of oral 
precancer and the potential of the non-invasive test, described in chapter 6, was analyzed. 
LOH at chromosome 9p and TP53 mutations in leukoplakia biopsies appeared to be significant 
predictors of oral cancer development. It was shown that the non-invasive test is feasible and 
with high positive predictive value. However, the sensitivity appeared to be relatively low, 
probably due to hyperkeratosis of leukoplakia lesions. Therefore, the non-invasive test is not 
suitable for risk assessment in oral leukoplakia lesions, but probably it is suitable in non-visible 
preneoplastic lesions. 
 In Chapter 8 the data presented in this thesis are discussed in a larger perspective.
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Chapter 9

Samenvatting

Ondanks belangrijke ontwikkelingen in behandelingsmogelijkheden van het plaveiselcel-
carcinoom in het hoofd-halsgebied (HHPCC), is de 5-jaarsoverleving maar beperkt gestegen1. 
Een belangrijke oorzaak is dat twee derde van de patiënten met een HHPCC zich presenteert 
met een gevorderd stadium van de ziekte2, hetgeen de tumor moeilijk behandelbaar maakt 
en de lange-termijn overleving negatief beïnvloedt3. Belangrijke oorzaken hiervoor blijven 
het frequent optreden van een lokaal-regionaal recidief en het ontstaan van tweede primaire 
tumoren en afstandsmetastasen4. In patiënten, bij wie de tumor aanvankelijk radicaal operatief 
is verwijderd, ontstaat in ongeveer de 10-30% van de gevallen een lokaal recidiverende 
tumor. Ongeveer de helft hiervan ontstaat ten gevolge van achtergebleven tumorcellen. 
Deze achtergebleven tumorcellen zijn microscopisch ook onopgemerkt gebleven bij het 
histopathologisch onderzoek van de snijranden, en dit duiden we aan als: “minimal residual 
cancer” (MRC)5. De overige lokaal recidiverende tumoren zijn in feite nieuwe tumoren, die zijn 
ontstaan in reeds genetisch veranderd slijmvlies5-7.
 Het doel van het in dit proefschrift beschreven onderzoek is het ontwikkelen van een 
moleculaire test voor het aantonen van MRC en voor detectie van hoog-risico genetisch 
veranderd slijmvlies in operatief behandelde HHPCC patiënten en patiënten met voorloperstadia 
van mondholte kanker. Daarnaast werd een (niet-invasieve) genetische test ontwikkeld en 
bestudeerd voor het aantonen van genetisch veranderd slijmvlies in patiënten met hoog-risico 
op mondholte kanker. 
 Hoofdstuk 2 beschrijft een nieuwe moleculaire test voor het aantonen van MRC in 
subepitheliale resectieranden van HHPCC patiënten: een qRT-PCR test die gebruikt maakt van 
hLy-6D, een plaveiselcel-specifiek antigeen, als moleculaire marker. De eerste resultaten van 
deze test waren veelbelovend en tonen significante verschillen tussen de groep patiënten met 
histopathologisch tumor-positieve resectieranden, de controlegroep bestaande uit patiënten 
zonder kanker en de groep patiënten met histopathologisch tumor-negatieve resectieranden.
 In hoofdstuk 3 wordt de klinische validatie studie beschreven. Er werd aangetoond dat de 
aanwezigheid van hLy-6D qRT-PCR positieve resectieranden toch niet significant gecorreleerd 
is met het ontstaan van lokaal recidief, ziekte-specifieke overleving en overleving. Een groot 
probleem van de test blijkt het hoge aantal fout-negatieve bevindingen, waarschijnlijk 
door ‘sampling error’. In tegenstelling tot de moleculair diagnostische MRC test, bleken de 
histopathologische parameters vasoinvasieve groei en infiltratieve groei wel significante 
voorspellers voor het ontwikkelen van lokaal recidief, afstandsmetastasen en overleving.
 Om beperkingen van de hLy-6D qRT-PCR test te omzeilen en de test gevoeliger te maken, 
werden in hoofdstuk 4 andere marker genen en huishoud genen onderzocht. De moleculaire 
marker SCCA lijkt veelbelovend, want deze heeft een hoge expressie in HHPCC tumoren en geen 
expressie in controleweefsel. De aangepaste test blijkt echter ook onvoldoende sensitiviteit en 
specificiteit te hebben voor het aantonen van MRC in HHPCC patiënten. 
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In Hoofdstuk 5 kan wel bewezen worden dat de aanwezigheid van een premaligne veld in 
de resectieranden van operatief behandelde HHPCC patiënten een risicofactor is voor het 
ontwikkelen van een lokaal recidief. Verlies van heterozygositeit (LOH) op chromosoom 9p 
en veranderingen in p53, aangetoond met immunokleuringen, in de resectieranden zijn 
significante voorspellers voor maligne progressie van premaligne velden van genetisch 
veranderd slijmvlies.
 Met de data gepresenteerd in Hoofdstuk 5 wordt aangetoond hoe relevant de premaligne 
velden zijn voor de prognose. In Hoofdstuk 6 wordt een niet-invasieve screening test voor 
het aantonen van premaligne velden in de mondholte ontwikkeld en bestudeerd. De eerste 
analyses bij 25 leukoplakie patiënten en 20 controle personen worden beschreven en deze 
lijken veelbelovend met een specificiteit van 100%, een sensitiviteit van 78% en een positief 
voorspellende waarde van 100%. 
 In Hoofdstuk 7 worden moleculaire risicofactoren voor het voorspellen van maligne 
ontaarding van orale precancereuze laesies bestudeerd. Tevens wordt de potentie van de niet-
invasieve test, beschreven in hoofdstuk 6, in een grotere patiëntengroep onderzocht. LOH op 
chromosoomarm 9p en mutaties in TP53 in biopt materiaal blijken significante voorspellers 
voor de ontwikkeling van mondholte kanker in leukoplakische laesies. De niet-invasieve test is 
verder verbeterd, blijkt zeer goed uitvoerbaar en heeft een hoge positief-voorspellende waarde. 
De sensitiviteit is echter teleurstellend laag. Waarschijnlijk is dit te wijten aan hyperkeratose 
van leukoplakie laesies. Derhalve is de niet-invasieve test niet geschikt voor leukoplakie laesies 
in de mondholte. Mogelijk is de toepasbaarheid voor niet-zichtbare premaligne laesies beter. 
Naar alle waarschijnlijkheid zullen ook de markers moeten worden aangepast. 
 In Hoofdstuk 8 worden de gepresenteerde data in dit proefschrift bediscussieerd en in een 
breder perspectief geplaatst.
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