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CHAPTER 6
Amplification and protein overexpression 
of cyclin D1: Predictor of occult nodal 
metastasis in early oral cancer
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ABSTRACT

Background: Accurate nodal staging is pivotal for treatment planning in early (Stage I-II) 
oral cancer. Unfortunately, current imaging modalities lack sensitivity to detect occult nodal 
metastases. Chromosomal region 11q13, including genes CCND1, Fas-associated death 
domain (FADD) and CTTN, is often amplified in oral cancer with nodal metastases. However, 
evidence in predicting occult nodal metastases is limited. 

Methods: In 158 patients with early tongue and floor of mouth (FOM) squamous cell 
carcinomas both CCND1 amplification and cyclin D1, FADD and cortactin protein expression 
were correlated with occult nodal metastases.

Results: CCND1 amplification and cyclin D1 expression correlated with occult nodal 
metastases. Cyclin D1 expression was validated in an independent multicenter cohort, 
confirming the correlation with occult nodal metastases in early FOM cancers. 

Conclusion: Cyclin D1 is a predictive biomarker for occult nodal metastases in early FOM 
cancers. Prospective research on biopsy material should confirm these results before 
implementing its use in routine clinical practice. 
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INTRODUCTION

Oral cavity squamous cell carcinomas (SCCs) have the tendency to metastasize to regional 
lymph nodes in the neck. Determination of the nodal status at the time of diagnosis of the 
primary tumor is crucial for both prognosis and treatment planning. Even optimal imaging 
with magnetic resonance imaging (MRI), computed tomography (CT), Positron emission 
tomography–computed tomography (PET-CT) or ultrasound eventually combined with fine 
needle aspiration cytology (FNAC) has insufficient sensitivity to detect metastatic disease in 
the neck [1]. This results in a 30% to 40% occult (i.e. clinically and by imaging undetectable) 
lymph node metastases in early (stage I-II) oral cavity SCC [2]. If the probability of occult 
cervical metastasis exceeds 20%, literature recommends a selective neck dissection over 
watchful waiting supported with ultrasound [3,4]. Some clinicians even prefer to decrease 
this risk below 10%. However, this policy leads to overtreatment of 60% to 70% of the cN0 
patients, who are exposed to the potential morbidity of general anesthesia and surgery 
of the neck such as shoulder dysfunction, paralysis of the lower lip, lymph edema or an 
altered neck contour [2,5]. There is a need for better diagnostics that are more effective in 
predicting lymph node metastasis.

Two upcoming diagnostic modalities with promising results that overcome this clinical 
problem are the sentinel node biopsy (SNB) and tumor profiling with biomarkers [1,2]. 
Although SNB is also an intervention under general anesthesia, it is minor surgery with 
a lower complication rate as compared to a selective neck dissection [6]. The advantage 
of tumor profiling on preoperative biopsies over the use of SNB is its non-invasive nature. 
In 2005, the first gene expression profile to predict nodal metastasis was developed and 
recently validated in a Dutch multicenter study with a negative predictive value (NPV) of 
89% (95% confidence interval 74% to 96%) [2]. This gene expression profile is expensive 
and its positive predictive value (PPV) was only 37%, which would still result in a substantial 
amount of unnecessary neck dissections. Therefore, the gene expression profile is not yet 
the ideal diagnostic modality that could lower overtreatment of the true cN0 neck in early 
oral cavity SCC [2,7]. Nevertheless, a combination of both tumor profiling and SNB could 
further improve the diagnostic accuracy of staging the neck [8].

In head and neck squamous cell carcinoma (HNSCC), amplification of the 11q13.3 
chromosome region occurs frequently (36%) [9] and has been correlated with aggressive 
tumor growth, lymph node metastasis, decreased locoregional control and overall 
survival (OS) [9-12]. In a recent study investigating gene copy number aberrations of 36 
common oncogenes and tumor suppressor genes, we identified gain of region 11q13, 
containing oncogenes CCND1, CTTN, FGF4 and Fass-associated death domain (FADD), as a 
potential predictor for nodal metastasis in early oral cavity SCC, with a NPV of 81% and 
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positive predictive value of 46% [13]. In HNSCC, the commonly amplified region contains 
9 genes that are overexpressed when amplified including FADD, CCND1, TPCN2, PPFIA1, 
FLJ42258, CTTN1, FGF19, ORAOV1 and ANO1 [11]. At least 3 of these oncogenes on this 
region (CCND1, CTTN and FADD) play key roles in cellular migration of epithelial cells and 
are, therefore, potential biomarkers for metastases in oral cancer [9,12,14,15]. Furthermore, 
immunohistochemical (IHC) expression of cyclin D1, FADD and cortactin have been 
described as potential predictors for increased disease-related mortality, for lymph node 
metastasis and poor prognosis in oropharyngeal carcinomas [10-12]. Until now, only 1 study 
investigated CCND1 amplification and expression in early oral cavity SCC, in a relatively small 
cohort of 45 patients [16]. 

To validate the value of CCND1 as a predictive biomarker for the detection of occult nodal 
metastasis, we correlated gene amplification of CCND1 and protein overexpression of 3 major 
oncogenes (cyclin D1, FADD and cortactin) with nodal status in a large consecutive and 
well-documented cohort of early oral cavity SCC. Furthermore, intra-tumor heterogeneity of 
protein expression of these biomarkers was analyzed to see if a biopsy could represent the 
whole tumor for these potential biomarkers. The correlation between expression of cyclin 
D1 and lymph node metastasis was subsequently validated in an independent multicenter 
cohort of oral cavity SCC.

MATERIALS AND METHODS

Cohort
We enrolled a consecutive cohort of 158 patients with cT1-2 cN0 tongue and floor of mouth 
(FOM) cancers, primarily treated by surgery between January 2004 and December 2010 at 
the University Medical Center Utrecht as described earlier [13,17]. All cases were clinically 
lymph node negative, based on extensive imaging with both CT or MRI and ultrasound 
with FNAC, in case of a suspicious lymph node. Patients with a medical history of HNSCC 
or a synchronous primary tumor were excluded from this study. Demographic, clinical, 
histologic and treatment data were retrieved from electronic medical records (see Table 1). 

For validation, 2 independent cohorts of early tongue and FOM, SCCs primarily treated by 
surgery at the University Medical Center Utrecht (1996-2003, n = 73) and the University 
Medical Center Groningen (1997-2008, n = 82) were used [18,19]. For both validation 
cohorts, tissue microarrays (TMAs) were available. 
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Table 1. Baseline characteristics of initial and validation cohorts

Initial
(158 tumors) 

Validation
(155 tumors)

Center

UMC Utrecht 158 (100%) 73 (47%)

UMC Groningen 0 (0%) 82 (53%)

Age (mean, range in years) 62, 23-90 62, 25-94

Sex

male 97 (61%) 87 (56%)

female 61 (39%) 68 (44%)

Smoking

no 75 (47%) NA

yes 83 (53%)

Alcohol

no 76 (48%) NA

yes 82 (52%)

Location

FOM 65 (41%) 68 (44%)

tongue 93 (59%) 87 (56%)

Clinical T-classification

T1 77 (49%) 51 (33%)

T2 81 (51%) 104 (67%)

Treatment

Surgery 122 (77%) 89 (57%)

Surgery + PO(Ch)RT 36 (23%) 66 (43%)

Neck dissection

No* 41 (26%) 0 (0%)

yes 117 (74%) 155 (100%)

Infiltration depth

0-4 mm 54 (34%) NA

>4 mm 104 (66%)

Perineural growth

no 115 (73%) NA

yes 43 (27%)

Vascular invasive growth

no 144 (91%) NA

yes 14 (9%)
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Table 1. Continued

Initial
(158 tumors) 

Validation
(155 tumors)

Tumor front

cohesive 55 (35%) NA

non-cohesive 102 (65%)

missing 1 (1%)

Extracapsular spread

no 156 (99%) NA

yes 2 (1%)

* histological status of patients without neck dissection was based on follow-up of at least 2 years.
Abbreviations: FOM, floor of mouth; NA, data not available; PO(Ch)RT, postoperative (chemo)radiotherapy.

Tissue microarray 
From 158 tumors, sufficient formaldehyde-fixed paraffin-embedded tissue was available 
for incorporation in a TMA. From each tumor block, 3 tissue cylinders with a diameter of 
0.6 mm were punched out, avoiding areas of necrosis, and arrayed in a recipient paraffin 
block. The TMAs contain normal tonsillar epithelium as control tissue to ensure similarity of 
staining quality and intensity between the different blocks. 

Fluorescence in-situ hybridization 
Fluorescence in situ hybridization (FISH) was performed on fresh sectioned, 4 micrometer 
thick paraffin TMA sections. Slides were deparaffinized and pretreated with sodium citrate 
and protease buffers. Afterward, the slides were dehydrated and hybridized with 15 µL Vysis 
CCND1 / CEP11 FISH probe (Abbott Molecular Diagnostics, The Netherlands) in a ThermoBrite 
(Abbott Laboratories, Chicago, IL) at 37°C overnight. The next day, they were washed in 
saline-sodium citrate buffers, counterstained with diamidino-phenylindole, dehydrated and 
mounted with Vectashield Mounting Medium (Vector Laboratories, Burlingame, CA). One-
hundred tumor cell nuclei per tumor were analyzed for the CCND1 gene and CEP11 probe 
signals at X100 magnification on a Leica DM5500 B microscope system using Application 
Suite Advanced Fluorescence software (Leica Microsystems, Rijswijk, The Netherlands). The 
CCND1/CEP11 ratio was calculated to correct for centromere signals. A ratio >1.25 until 2.00 
was defined as low-level and a ratio ≥2.00 as high-level amplification.

Immunohistochemistry 
IHC staining for cortactin and FADD was performed manually. For cyclin D1, the Ventana 
Benchmark Ultra (Ventana Medical Systems, Tucson, AZ) automatically staining procedure 
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was used. In short, 4 µm thick paraffin sections were deparaffinized with xylene and 
rehydrated. Endogenous peroxidase activity was blocked using a 0.3% hydrogen peroxide 
phosphate-citrate buffer for 15 minutes. Next, the slides were washed in water and 
subsequently subjected to antigen retrieval by boiling in EDTA buffer, pH 9.0 (cyclin D1 and 
FADD) or citrate buffer, pH 6.0 (cortactin) for 20 minutes. After cooling down and washing 
with phosphate buffered saline (PBS) for 5 minutes, tissue slides were incubated with the 
primary antibody cyclin D1 (clone SP4, USA; dilution 1:100; Cellmarque, Rocklin, CA), primary 
antibody FADD (556402, dilution 1:100; BD PharmingenTM, San Jose, CA, USA) or primary 
antibody Cortactin (610049, dilution 1:200; BD Transduction LaboratoriesTM, San Jose, CA, 
USA) for 60 minutes. After washing with PBS (3 times), the slides were incubated with poly-
horseradish peroxidase goat goat anti-mouse/rabbit/rat (Bright Vision, Imunologic, Duiven, 
The Netherlands, ready to use) for 30 minutes followed by washing with PBS (3 times). Slides 
were then developed with diaminobenzidine for 10 minutes and hematoxylin was used 
for counterstaining. Oral cancer with known amplification of the 11q13 has been used as 
positive control (with antibody) and as a negative test (without antibody) control in each 
test. 

IHC staining of tumor cells was scored by a dedicated head and neck pathologist (S.M.W.). A 
core was considered inadequate/lost when the core contained <5% tumor tissue or when 
more than >95% of the core contained no tissue. For cyclin D1, the percentage of nuclear 
staining and for both FADD and cortactin intensity of cytoplasmatic staining (0, none; 1, 
weak; 2, moderate; 3, strong) was scored semi-quantitative. During validation as biomarker, 
Cyclin D1 expression was also scored by an independent head and neck cancer researcher 
(K.B.) to assess interobserver agreement. 

Statistical Analysis
To investigate the consistency of IHC staining of cyclin D1, FADD and cortactin within the 
tumor, we analyzed the intraclass correlation coefficient (ICC) among the 3 scored cores. 
The ICC is a descriptive statistic that describes how strongly different quantitative measures 
resemble each other, in this case multiple cores of the same tumor. An ICC <0 reflects ‘poor’ 
, 0 to 0.20 reflects ‘slight’, 0.21 to 0.4 reflects ‘fair’, 0.41 to 0.60 reflects ‘moderate’, 0.61 to 0.8 
reflects ‘substantial’, and above 0.81 reflects ‘almost perfect’ reliability of the measurement. 
Any measurement should have an ICC of at least 0.6 to be useful with regard to reliability 
of the result [20]. Correlation between CCND1 copy number results and nuclear cyclin D1 
expression was analyzed using the Kruskal-Wallis test. For correlation with occult nodal 
metastasis, protein expression results were dichotomized. For cyclin D1 protein expression, 
ROC-curve analysis was used to determine cut-off levels for prediction of occult nodal 
metastasis. For both CCND1 gene amplification and protein expression the Pearson chi-
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square test (or Fisher’s exact when appropriate) was used. Binary logistic regression analysis 
was used to evaluate the value of multiple variables in predicting occult nodal metastases. 
For interobserver agreement of cyclin D1 expression during the validation phase, the ICC 
between both observers (S.M.W. and K.B.) was analyzed. If not mentioned otherwise, a 
2-sided p-value < 0.05 was considered significant. All statistical analyses were performed 
using SPSS 21.0 Statistical Software (IBM, New York, USA). 

Ethical justification 
Because the remaining tissue after the clinical diagnostic process was used, no ethical 
approval was required according to Dutch National Ethical Guidelines (www.federa.org). 
Anonymous or coded use of leftover tissue for scientific purposes is part of the standard 
treatment agreement with patients in our center [21].

RESULTS

Descriptive Analysis
Table 2 shows descriptive IHC and FISH results. For cyclin D1, FADD and cortactin, protein 
expression could be scored in at least 1 core in 96%, 97% and 96%, respectively, of the tumors. 
In case of multiple scored cores, mean nuclear staining (%) for cyclin D1 and maximum 
cytoplasmic intensity for FADD and cortactin was used as overall protein expression score. 
Examples of IHC staining patterns, including staining pattern of normal tonsil epithelium 
are illustrated in Figure 1. Normal tissue showed weak/moderate staining for FADD and 
cortactin and some nuclear stained cells for cyclin D1 near the basal layer. For FADD and 
cortactin, strong positive staining was considered as overexpression. Tumors with a nuclear 
cyclin D1 in at least 15% of tumor cells are considered as overexpressed cyclin D1, based 
on ROC curve analysis. Of the scored tumors, 39% showed overexpression of cyclin D1, 
19% of FADD and 15% of cortactin. To address the possibility of tumor heterogeneity, 
the ICC was determined for tumors with three scored cores. This revealed a very good 
consistency of expression of these three proteins within the tumor; cyclin D1 (0.89), FADD 
(0.89) and cortactin (0.90). Examples of FISH images of CCND1 are illustrated in Figure 2. FISH 
results were available for 88% of the tumors, 19 tumors were excluded because of lack of 
fluorescence signal or insufficient tumor cells.

Correlation CCND1 copy number and cyclin D1 protein expression
For 139 tumors, both CCND1 copy number analysis by FISH and cyclin D1 protein expression 
by IHC were scored. Overall, CCND1 copy number results are significantly correlated with 
increased nuclear cyclin D1 expression, see Supplementary Figure 1. This correlation was 
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mainly significant between normal copy number and high-level amplification, with adjusted 
p-value < 0.001. Normal copy number versus low-level amplification and low-level versus 
high-level amplification showed no significant differences in nuclear cyclin D1 expression, 
with adjusted p-values of 0.277 and 0.051, respectively.

Table 2. Descriptive analysis

Cyclin D1 FADD Cortactin

Im
m

un
oh

ist
oc

he
m

ist
ry

Cores per tumor (%)
0
1
2
3

6 (4%)
10 (6%)
43 (27%)
99 (63%)

4 (2%)
8 (5%)
25 (16%)
121 (77%)

6 (4%)
10 (6%)
22 (14%)
120 (76%)

Intratumor Heterogeneity
ICC (95% CI)

0.89 (0.84-0.92) 0.89 (0.85-0.92) 0.90 (0.86-0.92)

Expression (%)
normal
overexpression
missing 

90 (57%)
62 (39%)
6 (4%)

124 (79%)
30 (19%)
4 (3%)

128 (81%)
24 (15%)
6 (4%)

FI
SH

Tumors (%)
Normal copy number
low-level amplification
high-level amplification
missing

97 (62%)
18 (11%)
24 (15%)
19 (12%)

Abbreviations: FISH: fluorescence in situ hybridization, ICC: intraclass correlation coefficient

Biomarker for (occult) nodal metastasis
To address the value of CCND1 amplification and expression of cyclin D1, FADD and 
cortactin as potential biomarkers for occult nodal metastasis, we correlated amplification 
or overexpression with histologically proven nodal metastases. In early oral cancer, the 
NPV (i.e. true negative outcome in case of negative test result) varied between 79% and 
85% among different biomarkers and techniques (see Table 3). Combination of protein 
expression of the three 11q13 oncogenes (cyclin D1, FADD and cortactin) slightly improved 
the NPV comparable with the NPV of cyclin D1 expression alone, 85% versus 84%.



110

Chapter 6

Figure 1. Immunohistochemical staining of cyclin D1 (% of nuclear staining), FADD (intensity 
of cytoplasmic staining) and cortactin (intensity of cytoplasmic staining) on oral cancer and 
normal oral mucosa (first column).

Separate analysis per subsite, showed that in early FOM oral cavity SCC the most significant 
biomarkers (CCND1 amplification and cyclin D1 overexpression) have a higher NPV of 95% 
(p = 0.021) for cyclin D1 normal expression and 97% (p = 0.067) for CCND1 normal copy 
number by FISH, compared with a NPV of 76% for both techniques in early tongue oral 
cavity SCC. Although CCND1 normal copy number FOM OSCC shows the highest NPV, the 
correlation is not significant (see Table 4).



111

Cyclin D1 in early oral cancer

Figure 2. Fluorescence in-situ hybridization of CCND1 in oral cancer. Signals: DAPI, nucleus; green, 
centromere chromosome 11; red, CCND1 gene. A. normal copy number. B. polysomy chromosome 
11. C. low-level amplification. D. high-level amplification. 
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Table 3. Correlation of copy number and protein expression results with occult nodal metastasis

N-classification* N0 N+ p-value

CCND1 copy number
Normal
Low-level amplification
High-level amplification

80 (83%)
13 (72%)
12 (50%)

17 (17%)
5 (28%)
12 (50%)

0.004

Cyclin D1
Normal expression
Overexpression

76 (84%)
38 (61%)

14 (16%)
24 (39%)

0.001

FADD
Normal expression
Overexpression

101 (81%)
16 (53%)

23 (19%)
14 (47%)

0.001

Cortactin
Normal expression
Overexpression

102 (80%)
13 (54%)

26 (20%)
11 (46%)

0.008

Cyclin D1 / FADD / Cortactin
All normal expression
Mixed expression
All overexpression

67 (85%)
38 (72%)
7 (41%)

12 (15%)
15 (28%)
10 (59%)

0.001

* Final N-classification is based on either histological confirmation after neck dissection or follow-up of at least 2 years. In bold: the 
negative predictive value (NPV) in early OSCC.

Table 4. Correlation of CCND1 by FISH and cyclin D1 by IHC with occult nodal metastasis

N-classification*

Tongue (cT1-2cN0) FOM (cT1-2cN0)

N0 N+ p-value N0 N+ p-value

CCND1 by FISH
Normal
Low of high-level amplification 

51 (76%)
10 (43%)

16 (24%)
13 (57%)

0.004
29 (97%)
15 (79%)

1 (3%)
4 (21%)

0.067

Cyclin D1 by IHC
Normal expression
Overexpression

37 (76%)
21 (54%)

12 (24%)
18 (46%)

0.033
39 (95%)
17 (74%)

2 (5%)
6 (26%)

0.021

* Final N-classification is based on either histological confirmation after neck dissection or follow-up of at least 2 years. In bold: the 
negative predictive value (NPV) in early OSCC. Abbreviations: FOM, floor of mouth; FISH, fluorescence in-situ hybridization. 

Tumor characteristics and cyclin D1 expression
Cyclin D1 overexpression is correlated with increased infiltration depth (>4 mm, p = 
0.001). Cyclin D1 expression was not correlated with unfavorable growth patterns in the 
primary tumor such as vascular invasive growth, perineural growth, noncohesive growth 
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or extracapsular spread in the metastasis. A logistic regression model revealed cyclin D1 
expression as a most robust predictor for occult nodal metastasis (p = 0.005), together with 
noncohesive tumor front (p = 0.015) and perineural growth (p = 0.033).

Validation of cyclin D1 on independent cohort
Baseline characteristics of the independent multicenter cohort of 155 early tongue and 
FOM carcinomas, are given in Table 1. Cyclin D1 expression could be scored in 147 tumors 
(95%). The interobserver agreement between both observers (S.M.W. and K.B.), blinded 
for each other scores, had an ICC of 0.94. In the whole cohort cyclin D1 expression was 
significantly correlated with occult nodal metastasis (p = 0.033). When tumor sites were 
analyzed separately, cyclin D1 correlated only with occult nodal metastasis in early FOM oral 
cavity SCC, with a NPV of 79% (p = 0.020; Table 5). 

Table 5. Correlation of cyclin D1 by IHC with occult nodal metastasis in validation cohort

pN0 (90 tumors) pN+ (47 tumors) p-value

Whole cohort of OSCC
Normal cyclin D1 expression
Cyclin D1 overexpression

55 (76%)
45 (60%)

17 (24%)
30 (40%)

0.033

Tongue 
Normal cyclin D1 expression
Cyclin D1 overexpression

29 (74%)
28 (67%)

10 (26%)
14 (33%)

0.449

FOM
Normal cyclin D1 expression
Cyclin D1 overexpression

26 (79%)
17 (51%)

7 (21%)
16 (49%)

0.020

Abbreviations: IHC, immunohistochemistry; OSCC, oral squamous cell carcinoma; FOM, floor of mouth; pN, histological 
N-classification based on elective neck dissection. In bold: the negative predictive value (NPV) in early OSCC. 

DISCUSSION

Adequate determination of the nodal status is pivotal for appropriate treatment planning 
in early oral cavity SCC. Unfortunately, even optimal imaging with CT or MRI, PET-CT and 
ultrasound with FNAC lacks high sensitivity for the detection of nodal metastasis. As a result, 
an elective neck dissection or SNB still are the preferred staging techniques of the neck in 
clinically early oral cavity SCC (cT1-2cN0) [1]. However, this policy leads to an overtreatment 
of the neck in 60% to 70% of the patients, which urges the need for predictive biomarkers 
in early oral cancer [2]. In earlier research, copy number gain in region 11q13 was identified 
as a potential biomarker in early oral cancer with a NPV of 79% [13]. A review with meta-
analysis revealed a correlation with nodal metastasis in oral cavity SCC of both amplification 
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of CCND1 and overexpression of its encoded protein cyclin D1. However, only one small 
study was performed in early oral cavity SCC to establish its value in the detection of occult 
nodal metastasis [14]. 

In this largest study so far in early oral cavity SCC, both CCND1 copy number and nuclear 
cyclin D1 expression are significantly correlated with occult nodal metastasis with a NPV of 
respectively, 83% and 84% in clinically early oral cancer. These results are in line with a NPV 
of 83% found by Myo et al,[22] which is the only other study investigating the correlation 
between CCND1 amplification and occult nodal metastasis in early oral cancer. Protein 
expression of both FADD and cortactin had a slightly lower NPV compared to cyclin D1. 
As expected, combined expression of these 3 proteins did not improve the NPV for occult 
nodal metastasis significantly, because the genes encoding for these proteins are situated 
on the same chromosomal region (11q13.3), which is often amplified as a whole in HNSCC 
[9]. Subsite analysis reveals a higher NPV of CCND1 amplification and cyclin D1 expression in 
the FOM compared with tongue tumors, 95%, 97% and 76% respectively. As a consequence, 
the cyclin D1 biomarker may have a complementary role to the SNB procedure, as this 
procedure lacks accuracy in FOM tumors (NPV of 88% instead of 98% in other subsites) 
because of the close relationship between the primary tumor and first draining nodes, 
known as ‘shine-through’ phenomenon [23,24]. Multicenter validation in the described 
Utrecht and Groningen cohorts, including a total of 155 early tongue and FOM tumors, 
confirmed the predictive value for occult nodal metastasis of cyclin D1 expression in FOM 
tumors but not in tongue tumors. However, the NPV was lower than in the initial cohort 
(79% versus 95%). This might be explained by the composition of the validation cohorts; 
only patients with an elective neck dissection were included in these cohorts, which lead 
to selection bias. 

For the clinical application of a biomarker predicting occult nodal metastasis, it is pivotal that 
a biopsy represents the whole tumor, i.e. expression of a biomarker is consistent in the biopsy 
as well as the resection specimen. Because the phenomenon of intratumor heterogeneity 
is common in head and neck cancer, consistency of biomarkers must be checked [25]. A 
well-known method to analyze intratumor heterogeneity is by establishing the ICC among 
multiple samples, in this study multiple cores, of the same tumor [26]. IHC expression of all 
3 studied proteins (cyclin D1, FADD and cortactin) showed high concordance with an ICC 
between 0.89 and 0.90, which indicates almost perfect agreement between the cores [20]. 
Therefore, IHC expression of these proteins in a biopsy is representative for expression in 
the whole tumor in early oral cavity SCC. Furthermore, the high interobserver agreement of 
cyclin D1 expression (ICC = 0.94) showed the high reproducibility of this biomarker.
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Cyclin D1 expression did not correlate with unfavorable growth patterns, which is in line 
with other studies, although some studies found a correlation with differentiation grade 
in oral cancer [27,28]. However, it must be realized, that the benefit of the biomarker lies in 
its preoperative application on the incisional biopsy: to decide whether or not to perform 
a neck dissection at the same time when resecting the primary tumor. Reliable acquisition 
of the histological tumor characteristics can only take place after the ablative surgery [29]. 

CCND1 high-level amplification was significantly correlated with higher nuclear cyclin D1, 
although not all amplified tumors showed high cyclin D1 expression and some tumors 
showed high nuclear cyclin D1 staining without amplified CCND1. These inconsistencies 
between genomic alterations and protein expression levels are in line with earlier reports 
in breast and head and neck cancer and could be explained by regulation of transcription, 
translation and protein stability [30,31].

This study has been performed in a clinically relevant large consecutive cohort of early oral 
cavity SCC. However, some limitations have to be mentioned. First, both IHC and FISH analysis 
have been performed on resection specimens. Although this allowed us to investigate 
intratumoral heterogeneity, which is essential for potential biomarkers, it is relevant to 
validate these findings for incisional biopsies as well, to confirm its diagnostic value in 
daily clinical practice. Second, not all included patients underwent the same treatment 
of the neck. The majority received an elective neck dissection, in which micrometastasis 
could be missed [32]. In twenty-three percent of our cases, definitive status of the neck 
was established by follow-up of at least two years. All nodal metastases during follow-up 
have been confirmed by ultrasound with FNAC or histopathological examination of the 
resection specimen after a therapeutic neck dissection. Although one patient with watchful 
waiting in our group received postoperative irradiation of the primary tumor, we believe 
the amount of bias this caused is minimal. Third, as already mentioned, the cohorts used for 
validation are prone for selection bias as only patients treated with a neck dissection were 
included. 

In conclusion, this study identified cyclin D1 expression as a highly sensitive biomarker 
for occult nodal metastasis in early FOM oral cavity SCC with a NPV of 95%, which seems 
to be at least as accurate as the SNB is at this site of the oral cavity. As the intratumoral 
heterogeneity of this biomarker is minimal, this should make cyclin D1 expression in an 
incisional biopsy representative for the complete tumor. Furthermore, reproducibility of the 
cyclin D1 expression outcome is shown by the high interobserver agreement. Although the 
correlation with occult nodal metastasis in FOM tumors was still significant in our validation 
cohort, the NPV lowered to 79%, potentially because of selection bias. For this reason, its 
value as a diagnostic biomarker should be validated in a prospective study on incisional 
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biopsies before its incorporation in clinical care. In early tongue oral cavity SCC, the NPV of 
cyclin D1 expression was only 76%, which is too low for a watchful waiting policy. Therefore, 
we advocate for SNB or selective neck dissection as long as more sensitive diagnostic 
biomarkers for occult nodal disease in early oral cavity SCC other than the FOM are lacking. 
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SUPPLEMENTARY DATA 

Supplementary Figure 1. Correlation CCND1 copy number (by fluorescence in situ hybridization; 
FISH) and nuclear cyclin D1 expression (by immunohistochemistry staining). Overall Kruskal-
Wallis test p < 0.001. Adjusted p-values pairwise comparisons: normal vs low-level, p = 0.277; normal 
vs high-level, p < 0.001; low-level vs high-level, p = 0.051. 

Supplementary Figure 2. ROC curves of cyclin D1, FADD and cortactin with area under the 
curve (AUC) and 95% confidence interval.
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