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Epidemiology 

 

In 2002, approximately 874,000 new cases of cancer of oral cavity, pharynx and 

larynx were diagnosed worldwide, the fifth highest incidence of all cancers. Ninety 

percent of these cancers are of squamous cell carcinoma origin (HNSCC).1 In 

Europe, in the period 1995-1999 49.569 people were diagnosed with head and 

neck cancer, with a 5-year survival of approximately 40%.2 In 2005 in the 

Netherlands, 2157 patients developed carcinomas of the oral cavity, oropharynx, 

nasopharynx, hypopharynx and larynx, accounting for approximately 3% of all 

newly diagnosed cancer patients.3,4 

Due to the introduction of new surgical techniques, advanced radiotherapy 

techniques and the use of concurrent chemo-radiation, a significant improvement 

of loco regional control of HNSCC has been observed over the last decades.5-7  

However, this improvement has not been translated into a positive influence on 

overall survival. This may be associated with development of distant metastases 

and second primary carcinomas. The reported incidence of distant metastases 

ranges from 4% to 26% in various clinical studies and from 37% to 57% in post-

mortem studies.8 Depending on the primary site and duration of follow-up, the 

incidence of second primary malignancies in the upper aero digestive tract, lungs 

and esophagus, varies between 14% and 47%.9 

The incidence of secondary malignancies (all sites) in patients surviving HNSCC 

has been reported 3-7% per year.10-13 In a large cohort study on HNSCC 

patients11, a meta-analysis14 and a systematic review of the literature15 

percentages of second primary lung cancer range from 23% to 33% of all 

secondary malignancies. According to Chuang et al, estimating the risk of second 

primary cancers in head and neck cancer patients, second primary lung cancer 

contributed to the highest proportion of the second primary carcinomas with a 20-

year cumulative risk of 13%.16 In HNSCC patients, pulmonary metastases account 

for 66% of distant metastases17 and the incidence of pulmonary metastases in 

curatively treated HNSCC patient‟s ranges from 1.6% to 25% depending on tumor 

stage.18-22 

Five-year overall survival of metachronous second primary cancer (head and 

neck, lung and esophagus) in HNSCC has been reported to be as low as 9%.23,24 

It must be noted that these figures are based on retrospective studies in 

heterogeneous groups of patients with second primaries in the esophagus as well. 

Both figures of relatively high risk and low survival are a potential opportunity for 

improving survival by early diagnosis and curative treatment of secondary 

pulmonary malignancies. 
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Secondary pulmonary malignancy 

 

Pulmonary metastases 

Distant metastases from HNSCC are found at various sites, but most frequently in 

the lungs (66-83%) followed by metastases in bone (22-31%) and liver (6-

10%).17,25,26 Because imaging techniques varied, the incidence of multi-organ 

distant metastases at first presentation differs between the series described. 

Calhoun et al. reported that almost 80% of patients developing distant metastases 

had distant metastases involving only one organ system.25 Leon et al.8 found 

multi-organ distant metastases in 31% of 64 out of 1244 HNSCC patients. 

Because of improved detection techniques, it may be expected that in this 

„PET/CT‟ era higher percentages of multi-organ distant metastases will be 

reported.26 

There are many factors, which influence the development of distant metastases, 

for example, primary site, advanced tumor stage, loco regional control of the 

primary tumor, histological differentiation, immunologic capacity and extra capsular 

spread of lymph node metastases.8,17,27-29 Multivariate analysis of factors 

influencing development of distant metastases (including pulmonary metastases), 

identified neck stage and loco regional control as the most significant risk factors.12 

Among sites, hypopharynx and supraglottis were associated with the highest 

incidence of distant metastases.8,12  

Clinically it is impossible to distinguish pulmonary metastases from second primary 

lung cancer. Frequently used parameters for estimating that a secondary 

pulmonary malignancy is a metastasis are multiplicity, peripheral and/or bilateral 

localization in the lungs, sharp edges of the nodule at imaging and an interval of 2-

3 years or less between primary head and neck carcinoma and secondary 

pulmonary malignancy.23,30-34 However, most second primary lung cancers are 

also found within the same time interval.35,36 Some authors, because of these 

figures, advise a rigorous evaluation of the chest until a period of 2-5 years after 

primary treatment of HNSCC.8,28,35-39 

As reliable differentiation of secondary pulmonary malignancies on the basis of 

clinical criteria seems impossible, there is considerable need for more specific 

methods for discrimination. 

 

Second primary lung cancer 

Not only pulmonary metastasis but also second primary lung cancer is a major 

problem in curatively treated HNSCC patients. For some patients, treated for early 

stage disease like T1N0 glottic laryngeal cancer, the risk of dying of an as yet 
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undetected second primary lung cancer is higher than the glottic cancer itself.40 

Patients who continue smoking are at the highest risk of developing secondary 

malignancy.24 

Tobacco smoke is the single most important etiologic factor in the development of 

lung cancer. It is estimated that 90% of all lung cancers are attributed to 

smoking.41 Non-small-cell lung cancer (squamous cell carcinoma, adeno-

carcinoma and undifferentiated subtype) accounts for 80% of second primary lung 

cancer.  

Smokers tend to have a five-fold increased risk of second primary cancer of the 

aero digestive tract, whereas alcohol abuse is associated with a doubled 

increased risk.24 Schwartz et al.23, found an estimated 5-year incidence of second 

primary lung cancer of 3% for non-smokers vs. 26% (20 pack years or less) to 

42%  (20-40 pack years) for smokers. Alcohol is also a well known risk factor for 

development of second primary cancer, especially in the upper aero digestive 

tract: 5% incidence for non-consumers vs. 32% for consumers.23 

Large (multicentre) studies reported second primary lung cancer in 7% of patients 

with laryngeal carcinomas during long term follow up (>10 years).12,42,43 Even in  

patients with carcinoma in situ of the larynx, there is an increased risk (10%) of 

developing secondary malignancies of the lungs.44,45 

In a large prospective study on 2063 HNSCC patients 351 (17%) patients 

presented with a second primary lung carcinoma after follow up.46 Patients with 

index tumors in the oral cavity developed second primary tumors in other head 

and neck mucosal sites in 42% of the cases, whereas 24% of larynx carcinoma 

patients developed second primary lung cancer. Hypo-pharyngeal and oro-

pharyngeal cancer developed second primary lung carcinomas in 26% and 20% 

respectively.46  

Therefore it becomes evident that reported percentages of second primary lung 

carcinoma are varying considerably among the reported series. This may be due 

to incorrect differentiation between second primary lung carcinoma and pulmonary 

metastases, differences in epidemiology and different follow up protocols. 

 

 

Differentiation of secondary pulmonary malignancy 

 

Differentiating second primary lung carcinomas from lung metastases of HNSCC 

is, as mentioned, a challenge, since second primary lung carcinoma of the 

squamous cell type and HNSCC metastases have similar histological appearance. 

Billroth was the first to develop clinical criteria to categorize a second primary 
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tumor47. In 1932, Warren and Gates modified these criteria of diagnosis of second 

primary tumor and formulated the following definitions: 1. both tumors are 

diagnosed as malignant on histological examination, 2. the tumors must be 

anatomically separate and 3. the possibility of the second primary neoplasm being 

a metastasis must be excluded.48 The last criterion of Warren and Gates is the 

most difficult one to deal with in practice, especially when both carcinomas have 

similar histology. Supplementary criteria and characteristics have been postulated 

and in this respect frequently described characteristics of second primary lung 

cancer in the literature are: solitary lesion, central  (endobroncheal) localization in 

the lung and interval of more than three years between primary HNSCC and 

secondary primary lung cancer.19,20,30,31,49 However, none of these criteria are 

absolute.  

Like in adenocarcinoma, small cell carcinoma or a large cell undifferentiated 

carcinomas, histology can help to differentiate if from primary head and neck 

squamous cell carcinoma. Since two thirds of the second primary lung carcinomas 

are squamous cell carcinomas and only 18-23% adenoarcinomas50-52, histological 

differentiation is only possible in a minority of cases. This relatively high proportion 

of squamous cell carcinomas in second primary lung carcinoma in HNSCC 

patients is understandable in view of the common etiologic factor of continued 

tobacco abuse but it hampers correct classification of these lesions. 

Promising results have been obtained by comparing tumor pairs on the more 

detailed DNA level, using molecular analysis.53-56 

 

 

Clinical Diagnosis 

 

Among HNSCC patients with advanced stage disease and without loco regional 

control, metastases are a natural evolution of the primary tumor. In curatively 

treated patients, both distant metastases and second primary carcinomas may 

develop over time. It may be expected that this last group would benefit from 

follow up after treatment for their primary HNSCC assuming cure from their 

secondary cancer.  

Pulmonary follow-up for detection of secondary lesions can be performed in many 

ways: chest X-ray, Computed Tomography (CT-scan), Positron Emission Tomo-

graphy (PET- scan), bronchoscopy, brushes, cytology etc. For a long period of 

time, chest X-ray has been used as a standard procedure for cost effectiveness 

and easy accessibility. Although specificity is high, its sensitivity in screening for 

lung malignancies is rather low (~35%).55,57 CT scan has proven to be more 



Introduction 

15 

accurate in detecting lung cancers. In the early Lung Cancer Action Project, CT 

detected almost 6 times as many stage I cancers as chest X-ray.58 Some recent 

studies reported high diagnostic accuracy also in 18F-FDG PET/CT in HNSCC 

patients, but high cost and low specificity are disadvantages for screening.26,57,59,60-

62 

When secondary pulmonary malignancy is suspected on imaging, diagnosis 

should be confirmed by cytology or preferably by histology, either by CT guided 

biopsy, or fine needle aspiration or by bronchoscopy (washings, biopsies or 

brushes). 

 

 

Screening for secondary pulmonary malignancy  

 

Screening for secondary pulmonary malignancies in patients curatively treated for 

HNSCC is a heavily debated issue. Relevant scientific data are lacking. In the 

broader field of lung cancer screening, none of the randomized trials have 

demonstrated a reduction in overall mortality as a result of early detection of lung 

carcinoma.63 Furthermore, screening trials that use survival as an endpoint are 

subject to biases such as lead-time bias, length-time bias and overdiagnosis.64-66 

Lead-time bias refers to the „extra‟ time in the preclinical period: it concerns the 

interval between the moment in time that the disease is detectable (and may be 

found by screening) and the time signs or symptoms occur. (Figure 1) The amount 

of lead time gained by screening is „extra‟ compared to when survival is measured 

from the time of diagnosis by signs or symptoms and is also conditional to the 

coincidental selected screening moment and the time the disease is detectable by 

a specific screening method. Adjusting for lead-time bias is difficult because it is 

unknown and variable. 

 

 
Figure 1. Lead time bias. With screening the survival is advanced by lead time. The earlier 
the disease is detected: the longer the survival. Without screening the survival is 
measured from signs or symptoms. 
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Figure 2: Length time bias: the lengths of the arrow represent the detectable phase. 
Testing at a single moment in time detects 2 rapidly growing tumors and three slowly 
progressive diseases. 

 

 

Length-time bias depends on the growth rate of the disease. Tumors with a slow 

growth rate have a higher chance to be detected by screening, as they are 

detectable over a longer period than fast growing tumors. (Figure 2) CT screening 

will present an over-representation of slowly growing tumors and an under-

representation of rapidly growing tumors. In case of post treatment screening of 

HNSCC patients, there is a chance that second primary adenocarcinomas of the 

lung will be more frequently detected than for example metastatic squamous cell 

carcinomas, as the latter tend to have a more rapid growth. 

Detection of preclinical disease that does not progress or even regress may lead 

to overdiagnosis. Another type of overdiagnosis refers to detection of preclinical 

disease that progresses, but not rapidly enough to produce signs or symptoms, 

before the individual dies from competing causes. This is most prevalent among 

individuals with slowly-growing tumors and short life expectancies because of age 

or co-morbidity.64  

Lead-time bias, length-time bias and overdiagnosis contribute to an 

inappropriateness of survival measurements in screening trials. Other problematic 

aspects of screening are false positive screening results and costs. False positive 

screening may result in unnecessary invasive diagnostic procedures, including 

surgery.65  
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Conclusions of reports on radiologic screening during follow up of HNSCC patients 

are discordant. Some suggest a survival benefit in screened populations or in 

patients treated for screen-detected secondary pulmonary malignancies.18-22,67,68 

Others did not find a difference in survival or disease specific mortality for both 

symptomatic and asymptomatic patients, despite regular chest x ray 

screening.31,69,70 They conclude that survival is more dependent on the biological 

behavior of the tumor  and co-morbidity than on the mode of detection.69  Large 

international randomized trials on lung cancer screening by CT are ongoing.  

Arguments for CT screening are its sensitivity, non-invasiveness, fast processing 

and low radiation dose (0.8-3,2 mGy).71  

The (cost-) efficiency of screening seems to be more favorable for individuals with 

a high risk of developing a pulmonary malignancy. Johnson et al noted a 10-fold 

greater risk of a new primary tumor in smokers with a history of previous lung 

cancer.72 Schwartz et al found a 5-year incidence for developing second primary 

metachronous cancer (head and neck, lung and esophagus) of 3% in non-

smokers and 26-42% in smokers treated for head and neck cancer.23 It may 

therefore be argued that the high risk of secondary pulmonary malignancy in head 

and neck cancer patients may render screening more (cost-) effective.35  

Another argument favoring (CT) screening is the limited chance of curability in 

case of symptomatic (often advanced stage) lung cancer.73,74 Less than 10% of 

patients whose lung cancer was detected by the development of symptoms, had 

stage I disease.75 Many of those patients with early stage NSCLC can receive 

curative treatment by surgical resection or (stereotactic) radiotherapy.73,76,77 As 

Pastorino reported, Spiral CT may identify many more potentially curable 

pulmonary malignancies in high-risk individuals. More than 80% of stage I tumors 

were found in a group of high risk individuals (age: 50 years or older; smoking 

history:  20 pack years or more) with a resectability rate of 96%.78 

Since there is no evidence yet that post treatment screening in HNSCC patients 

reduces mortality, clear recommendations concerning screening are difficult.  

 

Treatment of secondary pulmonary malignancy 

Survival of patients with metastases of head and neck carcinoma without 

treatment is poor. Only 7% of patients survive more than one year.79 Primary lung 

cancer patients with stage I disease who refuse surgery were found to have a 5 – 

year survival rate of 10 % (70% after surgery).80 

For medically healthy patients, surgery remains treatment of choice in case of 

resectable secondary pulmonary malignancy. Reported mortality rates range from 

0-4% and morbidity rates range from 10-17%.67 Favorable results largely depend 
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on careful selection of surgical candidates. This implies complete work up to 

assure that the secondary tumor is either an early-stage second primary cancer or 

oligometastatic disease. It is important to exclude extra thoracic disease or loco 

regional recurrence of the primary HNSCC.19 Many factors are thought to have 

impact on survival in patients with resection of secondary pulmonary malignancy, 

as the disease-free interval between index tumor and the secondary lung lesion(s), 

and the number of resected lesions.18,20,22 These factors reflect the biological 

aggressiveness of the tumor.  

Site and stage of the primary head and neck cancer may influence survival after 

resection of secondary pulmonary malignancy as well. Nibu et al.19and Mazer et 

al.22 reported that patients with squamous cell carcinoma of the oral cavity had 

poorer prognosis after surgical intervention of secondary pulmonary malignancy, 

than patients with primary HNSCC at other sites. Some report that nodal stage is 

of influence20,22, but other reports find no correlation.18,67 The histology of the 

secondary pulmonary malignancy is also of importance, for biological behaviour 

and survival. For example, resection of adenoid cystic carcinoma in the lung is 

associated with far better survival probability than secondary pulmonary squamous 

cell carcinoma.18,20,81  

As mentioned above, many factors are thought to influence survival in patients 

with resection of secondary pulmonary malignancy in curatively treated HNSCC 

patients. Screening for secondary lung lesions as well as differentiation of these 

lesions and selection for treatment is therefore subject for serious scientific 

discussions. 

 

 

Aim and brief outline of thesis 

 

To address the major questions regarding diagnosis, differentiation, screening and 

survival of patients with secondary lung malignancies, we evaluated available data 

of head and neck cancer patients treated at The Netherlands Cancer Institute / 

Antoni van Leeuwenhoek Hospital (NKI/AVL). Pulmonary screening for secondary 

lung lesions has been part of a structured follow-up program of head and neck 

cancer patients for more than 30 years and forms the basis of this thesis. 

Chapter 1 summarizes literature data on epidemiology of secondary lung lesions 

occurring after head and neck cancer treatment, clinical differentiation between 

metastasis and secondary pulmonary malignancy and screening. Chapter 2 

describes the development of a molecular method to differentiate between 

metastasis and second primary lung cancer following curative treatment of head 
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and neck squamous cell carcinoma. In a series of 44 patients an algorithm for 

analysis of LOH (loss of heterozygosity) patterns is developed and placed in 

perspective against clinical and histological criteria. Chapter 3 uses TP53 mutation 

analysis for validation of the LOH algorithm. Chapter 4 describes survival 

characteristics after the LOH classification of lung resection or biopsy specimens 

of 36 patients, curatively treated for HNSCC. Chapter 5 deals with the clinical 

outcome of 63 patients, which were treated over the last three decades, with 

resectable secondary pulmonary malignancies after curative treatment for head 

and neck cancer. Chapter 6 focuses on the psychological impact of annual post-

treatment screening of HNSCC patients for second primary pulmonary malignancy 

in a cohort of 106 patients. In chapter 7 the feasibility of a screening trial is 

methodologically and statistically analyzed based on the prevalence of head and 

neck cancer and expected lung lesions in the Netherlands. The thesis ends with a 

general summary and concluding remarks in Chapter 8. 
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Abstract  

 

Purpose: 

To distinguish a metastasis from a second primary tumor in patients with a history 

of head and neck squamous cell carcinoma and subsequent pulmonary squamous 

cell carcinoma. 

 

Experimental Design: 

For 44 patients with a primary squamous cell carcinoma of the head and neck 

followed by a squamous cell carcinoma of the lung, clinical data, histology, and 

analysis of loss of heterozygosity (LOH) were used to differentiate metastases 

from second primary tumors. 

 

Results: 

Clinical evaluation suggested 38 patients with metastases and 6 with second 

primaries. We developed a novel interpretation strategy based on biological insight 

and on our observation that multiple LOH on different chromosome arms are not 

independent. LOH analysis indicated metastatic disease in 19 cases and second 

primary squamous cell carcinoma in 24 cases. In one case, LOH analysis was 

inconclusive. For 25 patients, LOH supported the clinical scoring, and in 18 cases, 

it did not. These 18 discordant cases were all considered to be second primary 

tumors by LOH analysis. 

 

Conclusions: 

A considerable number of squamous cell lung lesions (50% in this study), clinically 

interpreted as metastases, are suggested to be second primaries by LOH 

analysis. For these patients, a surgical approach with curative intent may be 

justified. 
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Introduction 

 

Patients treated for head and neck squamous cell carcinoma frequently develop 

second primary tumors in the lung.1-3 Because the histologic appearance of the 

head and neck tumor and the lung lesion is similar (squamous cell carcinoma in 

both cases), the differential diagnosis between second primary or metastasis is 

mainly dependent on clinical criteria such as localization of the lung lesion, tumor 

stage, and disease-free interval. Warren and Gates4 were the first to develop 

criteria for second primary tumors and additional studies have been published 

since (summarized in Table 1). The criteria employed, such as histology, tumor 

stage, and interval, however, do not give a definitive answer in the differential 

diagnosis mentioned above. 

 

 
Table 1. Literature compilation of clinical criteria in the differential diagnosis of second 
primary versus metastatic lung lesions 
 

Author Histology 
(HN + L) 

Grade 
(HN + L) 

cTNM 
(HN) 

Interval 
(y) 

Sequence 
of 

events 

Number 
of 

lesions 
(L) 

Location 
of 

lesions 
(L) 

Loco- 
regional 

recurrence 
(HN) 

Warren and Gates
4 

Yes        

Hordijk et al.
30 

Yes  Yes  Yes Yes  Yes 

Jones et al.
2 

Yes Yes Yes    Yes Yes 

Leon et al.
19 

Yes Yes Yes   Yes   

Schwartz et al.
20 

Yes   5 Yes Yes   

Lefor et al.
7 

Yes    Yes Yes  Yes 

Leong et al.
6 

Yes Yes Yes 3   Yes Yes 

Ritoe et al.
21 

Yes     Yes  Yes 

Mazer et al.
22 

Yes        

Finley et al.
23 

Yes    Yes Yes   

Nibu et al.
24 

Yes      Yes  

Buwalda et al.
18 

Yes Yes Yes 2 Yes Yes  Yes 

Kuriakose et al.
5 

Yes     Yes   

Hong et al.
25 

Yes   3  Yes   

Chung et al.
11 

Yes   3  Yes   

Rott et al.
26 

Yes   3  Yes Yes Yes 
Abbreviations: HN, head and neck tumor; L, lung lesion; cTNM, clinical tumor-node-metastasis 
stage. 

 

 

Treatment options for patients with second primary lung tumors are different from 

those for metastasized head and neck squamous cell carcinoma. A resectable 

second primary would justify surgical approach with curative intent5-9, whereas 

metastatic disease would be treated with systemic therapy or limited surgical 

resection. Therefore, we looked for the identification of more objective markers in 
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this differential diagnosis. In theory, clonal relationship between two tumors proves 

their common origin in case of metastases. Conversely, the absence of a clonal 

relationship would suggest a second primary carcinoma. Many assays have been 

developed to evaluate clonal relationship between tumors. Analysis of patterns of 

loss of heterozygosity (LOH) has been used to distinguish second primaries from 

metastases in the aerodigestive tract.10-12 LOH analysis is easy to perform on 

paraffinembedded tissue and, thus, potentially very useful in everyday clinical 

practice, as well as for the analysis of retrospective series. In this study, we have 

compared LOH patterns in head and neck squamous cell carcinomas and 

squamous cell carcinomas of the lung to evaluate their clonal relationship.  

These results were compared with the results using clinical and histologic criteria. 

We discuss whether LOH analysis is an adjunct to these conventional criteria and 

how it can be used on a routine basis for clinical decision-making. 

 

 

Patients and methods 

 

Patient 

All cases between 1978 and 2002 with head and neck squamous cell carcinoma 

and malignant squamous lesion of the lung were included provided that sufficient 

histologic material was available at the Department of Pathology of the 

Netherlands Cancer Institute. In 44 patients, these criteria were met. Of these 44 

patients, 36 were males and 8 were females. The average age at metastasis was 

62 years (range, 26-87 years). Twenty-two patients had laryngeal carcinoma: 10 

oral cavity carcinoma, 8 oropharyngeal carcinoma, and 4 hypopharyngeal 

carcinoma. 

 

These cases were found using the PALGA database (Pathologisch Anatomisch 

Landelijk Geautomatiseerd Archief, i.e., pathologic anatomic national automated 

archive of the Netherlands).  

 

Clinical criteria. The clinical parameters were recorded, as follows:  

1.  Characteristics of the head and neck tumor  

 a.  Stage of head and neck tumor at presentation according to IUCC 

guidelines 2002  

 b.  Locoregional recurrence at time of pulmonary lesion  

2.  Presentation of the lung lesion  

 Location of the lung lesion: central or peripheral  
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 Number of lung lesions: solitary or multiple  

3.   Time interval between first admission for the head and neck squamous cell 

carcinoma and radiological detection of the pulmonary lesion  

 

If two of the three items mentioned above were in favor of metastasis or second 

primary, a lung lesion was clinically classified as such. Thus:  

 Ad 1. Stage I or stage II and no signs of local or regional recurrence were in 

favor of second primary lung tumor. Stage III or IV or signs of locoregional 

recurrence were in favor of metastasis.  

 Ad 2. Central location and solitary lesion were in favor of second primary 

tumor. Peripheral location or multiple lesions were scored in favor of 

metastasis.  

 Ad 3. If the interval between the first admission for the head and neck 

squamous cell carcinoma and the radiological detection of the lung lesion 

was longer than 3 years, it was scored in favor of a second primary lung 

tumor; if shorter, this scored in favor of metastasis.  

 

Histology  

Routine H&E sections were used for tumor classification according to WHO 

criteria13. Only in case of a specific squamous cell carcinoma subtype (for instance 

basaloid squamous cell carcinoma) histology was considered conclusive in the 

differential diagnosis of second primary versus metastasis. Subsequently, the H&E 

slides were used to identify an area within the block with more than 50% tumor  

cells. This area was microdissected for DNA isolation.  

 

Loss of heterozygosity detection  

Serial 10 Am paraffin sections were deparaffinized by standard procedures and 

incubated for 16 hours in 1 mol/L sodium thiocyanate at 37jC to remove cross-

links, followed by 2 x 5-minute wash in PBS (Dulbecco). Subsequently, guided by  

the adjacent thin H&E section, the region containing over 50% tumor cells was 

microdissected from the glass slide using a scalpel. The tissue was then 

transferred to a tube containing digestion buffer: 2 mg/mL proteinase K (Roche, 

Basel, Switzerland) in 10 mmol/L Tris-HCl (pH 8.0), 50 mmol/L KCl, 2.5 mmol/L 

MgCl2, 0.5% Tween 80, 0.1 mg/mL gelatin. Tubes were incubated for 24 hours at 

55jC; proteinase K was then heat inactivated at 95jC for 10 minutes, and after 

centrifugation, the supernatant was transferred to a clean tube and stored at 4jC 

until use.  
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DNA isolated from the tumor as well as normal (not tumor) tissue obtained from a 

separate tissue block was analyzed using 12 of the following markers (D1S158, 

D1S228, D1S2766, D3S1038, D3S1270, D3S158, D4S403, D4S430, D4S1572, 

D4S3046, D5S346, D5S644, D6S1719, D8S552, D9S63, D9S288, D9S286, 

D10S217, D11S4090, D11S4190, D13S158, D14S65, D17S799, D18S58, 

D18S474) distributed over 11 chromosome arms using PCR. These markers were 

selected within chromosomal regions that show frequent loss in lung or head and  

neck cancer according to the literature.14,15 The fluorescent label of the primer 

allows the semiquantitative evaluation of the PCR products using the ABI 3700 

capillary DNA sequencer (Perkin-Elmer Biosystems, Branchburg, NJ). The peak 

intensity of the PCR products was measured and used to calculate the intensity 

ratio between the two allele peaks of heterozygotes. This ratio was subsequently 

divided by the ratio of the normal alleles for normalization resulting in a LOH index. 

A LOH index below 0.75 was interpreted as a LOH; above this value, it was 

considered as retention of heterozygosity (ROH16).  

 

Analysis of loss of heterozygosity pattern 

Calculation of the probability of occurrence of concordant LOH patterns by chance 

(instead of due to clonal relation) was not allowed as the occurrence of LOH on 

different chromosome arms was not an independent event (see Results) as is also 

known from literature17. Because there is also no consensus procedure to evaluate 

the use of LOH patterns in deciding on clonality, we set out to develop a new 

strategy. The LOH patterns of the first 22 tumor pairs were interpreted by three 

experts (P.N., L.v.t.V., and D.d.J.).  

 

Three basic principles were then formulated, as follows:  

1.  Discordant LOH (e.g., LOH of different alleles) not explainable by 

progression (LOHx-LOHy or LOH-ROH) is a strong argument for second 

primary tumor as this pattern is virtually impossible when two tumors are 

clonally related and, thus metastasis.  

2.  Concordant LOH [e.g., LOH of the same allele (LOHx-LOHx)] is an argument 

for clonal relation, but can also occur by chance especially if the expected 

frequency of LOH is high.  

3.  ROH-LOH is a variant of discordant LOH that could occur as a result of 

tumor progression and is therefore a less strong argument against clonal 

relation (metastasis) than the two other forms of discordant LOH (LOHx-

LOHy and LOH-ROH).  
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These principles were formalized in a diagram (figure 1). According to this 

diagram, discordant LOH not explainable by progression (LOHx-LOHy or LOH-

ROH) is considered first. If present for two or more alleles on two or more different 

chromosome arms, the second tumor is considered a second primary tumor. If this 

is not the case, the number of chromosome arms with concordant LOH (LOHx-

LOHx) is considered in the second step. If this is present on four or more 

chromosome arms, the second tumor is considered a metastasis. If concordant 

LOH is present for two or three alleles on two or three chromosome arms, the 

second tumor is considered a probable metastasis. If concordant LOH is not 

present or only for one allele, all forms of discordant LOH, thus including ROH-

LOH (which might be explained by tumor progression), are considered in a third 

step. The 45 tumor pairs were then categorized according to this diagram. These 

results were used for further analysis.  

 

 
 
Figure 1. Classification diagram for interpretation of LOH results. The first step evaluates 
the number of alleles on different chromosome arms with discordant LOH not explainable 
by progression (LOHx-LOHy or LOH-ROH). The second step examines the number of 
chromosome arms with concordant LOH (LOHx-LOHx).The third step examines all forms 
of discordant LOH, thus including ROH-LOH (which might be explained by tumor 
progression). 
 
 

General  

The institutional review board has reviewed the completed manuscript. All 

specimens were handled in a coded fashion according to the ethical guidelines of 

the Dutch federation of medical science (FEDERA). 
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Results 

 

Clinical scoring  

1.  Characteristics of the head and neck tumor  

a.  Stage I, II, III, and IV primary lesions were seen in 5, 9, 12 and 18 

patients, respectively (Table 2, „„Stage‟‟). Corresponding tumor and node 

stages are summarized in Table 3.  

b.  Fourteen patients had a local recurrence at time of the pulmonary 

lesions; in six of these patients, in spite of initial stage I or II disease 

(Table 2, „„Recurrence‟‟).  

2.  Presentation of the lung lesion  

a.  Seven patients presented with a central lung lesion; one of these patients 

had multiple lung lesions (Table 2, „„Central, peripheral‟‟).  

b.  Twenty-four patients presented with a solitary lung lesion. Eight patients 

presented with two lung lesions, whereas the other 12 patients had 

multiple lung lesions (Table 2, „„Solitary, multiple‟‟).  

3.  Time interval between first admission for the head and neck squamous cell 

carcinoma and radiological detection of the pulmonary lesion.  

a.  The interval between the first admission for the head and neck 

squamous cell carcinoma and the radiological detection of the lung 

lesion was longer than 3 years for 5 patients and shorter for the other 38; 

nine of them had an interval between 2 and 3 years. One patient 

developed head and neck squamous cell carcinoma after lung 

carcinoma and therefore was scored as second primary carcinoma. The 

detailed interval in months is shown in Table 2. Using these clinical 

criteria, six patients were considered to be likely to have a second 

primary lung tumor, whereas 38 patients were thought to have lung 

metastasis (Table 2, „„Clinical conclusion‟‟).  

 

Using these clinical criteria, six patients were considered to be likely to have a 

second primary lung tumor, whereas 38 patients were thought to have lung 

metastasis (Table 2, „„Clinical conclusion‟‟).  
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Table 2. Clinical characteristics and results of LOH analysis 
 

 HN lesion 
Interval 

(mo) 

Lung lesion 
Clinical 

conclusion 

Molecular analysis 

 Stage Recurrence 
Central, 

Peripheral 
Solitary, 
Multiple 

MB1 MB2 MB3 

1* 3 No 70 P S 2 2 m? m? 

2 1 No 57 P S 2 2 2 2 

3 2 No 157 P S 2 2 2 2 

4 3 No 107 C S 2 2 2 2 

5 2 No 13 C S 2 2 m? 2 

6 1 No 70 C S 2 2? 2? 2? 

7† 4 No 13 P M 2 2 m? m? 

8 1 Yes 13 C S m 2 2 2 

9 2 No 22 P S m 2? 2? 2? 

10 3 No 28 P S m 2 m 2 

11 2 No 25 C M m 2 2 2 

12 3 No 16 C S m 2 2 2 

13 2 Yes 11 P M m 2 2 2 

14 3 No 20 P S m 2 2 2 

15 4 Yes 9 P S m 2? 2? 2? 

16 4 Yes 7 P M m 2 2 2 

17 3 No 8 P S m 2 2 2 

18 3 No 13 P S m 2 m 2 

19 3 No 26 P S m 2 m 2 

20 4 Yes 15 P S m 2 m? 2 

21 1 No 0 P S m 2 2? 2? 

22 4 No 8 P M m 2 m? m 

23 1 Yes 13 P M m 2 m m 

24 4 Yes 17 P M m 2 2? 2? 

25 4 No 14 P M m 2 2? 2? 

26 3 No 30 P S m ? ? ? 

27 3 No 30 P S m m? m? m? 

28 2 Yes 9 P M m m? m? m? 

29 3 Yes 73 P M m m? m? m? 

30 4 No 15 P M m m m m 

31 4 No 14 P M m m? m? m? 

32 4 No 26 P M m m m m 

33 2 Yes 12 P S m m? m? m? 

34 4 Yes 36 P S m m m m 

35 2 Yes 27 P M m m? m? m? 

36 3 No 6 P M m m m m 

37 4 No 15 P S m m m m 

38‡ 2 No 29 P M m m m m 

39 4 No 13 P M m m m m 

40 4 No 12 C S m m m m 

41 4 No 8 P M m m m m 

42 4 Yes 6 P M m m? m? m? 

43 4 Yes 7 P M m m m m 

44 4 No 13 P S m m? m? m? 

7a* 4 No 13 P M m m m m 

NOTE: m, metastasis; m?, probably metastasis; 2, second primary; 2?, probably second primary 
tumor; * lung tumor before HN tumor; †Patient with multiple lesions (7 and 7a) of which one was an 

adenocarcinoma (7); ‡Patient with basaloid squamous cell carcinoma. 
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Histology 

Thirty-one tumor pairs were of a concordant histologic type: 22 tumor pairs were 

both keratinizing squamous cell carcinoma, 6 nonkeratinizing, 2 poorly 

differentiated, and 1 basaloid. Thirteen tumor pairs showed discordant histologic 

features. Of eight tumor pairs, one tumor was keratinizing whereas the others 

were not; in five tumor pairs, a keratinizing tumor and a poorly differentiated lesion 

were seen. 

 

 
Table 3. Tumor and node stage of patients 
 
 T1 T2 T3 T4 Total 

N0 5 9 3 3 20 

N1 2 3 4 1 10 

N2 1 4 4 5 14 

N3 0 0 0 0 0 

Total 8 16 11 9 44 

 

 

One patient had several lung lesions of which one proved to be an 

adenocarcinoma whereas the others were conventional keratinizing squamous cell 

carcinoma. The adenocarcinoma was considered a second primary tumor on 

histologic grounds. 

 

Loss of heterozygosity analysis 

LOH results per marker per patient are shown in figure 2. Overall LOH frequency 

in the 449 informative markers was 224 (49.9%) in the head and neck cancers and 

242 (53.9%) in the lung lesions. It varied from 0% to 100% between lesions in both 

head and neck (figure 3, solid line, shaded) and lung. This variation between 

patients is much larger than could be expected if LOH of different markers within a 

patient would be independent (Chi-square: P < 0.001). The broken line in figure 3 

shows the expected distribution of LOH frequency if LOH for different markers 

within one tumor would have been an independent event. As the occurrence of 

LOH was not independent, calculation of probability of LOH patterns was not 

allowed. Therefore, as mentioned in the Materials and Methods, a diagram for 

interpretation of LOH patterns was developed (figure 1). 

 



 

 

Patients with second primary tumor both clinically and after LOH analysis                                Patient not classifiable with LOH analysis  

  1   2   3   4   5   6   7           26   

  L HN HN L HN L HN L HN L HN L HN L         HN L 

                                          

D1 S158                                     

                     

D1 S228                                     

D1  S2766 LOH R R R R R NI NI NI NI R R         LOH LOH 

                      

D3 S1038                         LOH LOH         

D3 S1270 LOH LOH LOH R LOH R NI NI NI NI R LOH LOH LOH     R R 

D3  S158 NI NI R R LOHx LOHy LOHx LOHy LOH R NI NI         R R 

                      

D4S403                         LOH LOH         

D4 S430                                     

D4 S1572                                     

D4 S3046 R LOH LOH R R R R LOH LOH LOH R R         R R 

                      

D5   S346                                     

D5   S644 R R R R LOH R R LOH LOHx LOHy R R LOH LOH     R R 

                      

D6  S1719 LOH R LOH R R R NI NI R LOH NI NI NI NI     R R 

                      

D8S258                                     

D8  S552 NI NI LOH R R R R LOH LOH LOH R LOH R R     R R 

                      

D9 S63                                     

D9 S288                         LOH R         

D9 S286 NI NI R R NI NI R LOH LOHx LOHy R R LOH R     R R 

                       

D10S217                         R LOH         

                      

D11 S4090 LOH LOH R R NI NI LOH LOH LOH R R R LOH R     R R 

D11 S4190 NI NI LOHx LOHy NI NI LOH LOH LOH NI NI NI         R LOH 

                      

D13 S158 R LOH LOH R LOH R R R NI NI R LOH R LOH     R R 

                      

D14 S65                         R LOH         

                      

D17S799                                     

                      

D18 S58                                     

D18 S474 LOH R LOH R R R NI NI LOH R R LOH         R R 

 



 

 

 

 
Patients clinically classified as metastasis but suggested to be 2nd primary by LOH analysis 

  8   9   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25   

  HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L 

                                                                          

D1 S158                                     R R     R R LOH R LOH R LOH LOH NI NI R R     

                                     

D1 S228                                     R R     NI NI LOH R NI NI R R LOH LOH R R     

D1  S2766 R R NI NI LOH LOH R R LOH R R R R R R LOH R LOH                                     

                                      

D3 S1038                                         LOH LOH                             

D3 S1270 NI NI R R NI NI NI NI LOHx LOHy R R NI NI R R R R     LOH LOH                             

D3  S158 R LOH LOH R LOH LOH R LOH LOH R R LOH R R R R R LOH LOH R     LOHx LOHy LOH LOH NI NI LOH LOH LOH LOH R R LOH LOH 

                                      

D4S403                                         LOHx LOHy                             

D4 S430                                     LOH R     LOH LOH LOH LOH NI NI NI NI LOH LOH R R     

D4 S1572                                     R LOH     LOH R LOH LOH R LOH LOH R LOH R R R     

D4 S3046 R R R R R LOH LOH LOH LOH LOH R R LOH R LOH LOH NI NI                                     

                                      

D5   S346                                     LOH R     LOH LOH     R R NI NI LOH LOH LOH R LOH R 

D5   S644 R LOH R R LOHx LOHy R LOH LOHx LOHy LOH R R LOH NI NI R R R R LOH LOH R LOH LOH R R LOH LOH R LOH LOH LOH R NI NI 

                                       

D6  S1719 R R NI NI LOH R R LOH NI NI R R LOH LOH R LOH R LOH     LOHx LOHy                             

                                      

D8S258                                                                         

D8  S552 R R NI R LOH R NI NI LOH R R LOH LOHx LOHy R LOH R R     NI NI                             

                                      

D9 S63                                     LOH R     LOHx LOHy LOH R LOHx LOHy LOH LOH NI NI     LOH R 

D9 S288                                     NI NI LOH LOH LOH LOH LOH LOH NI NI LOH LOH LOH LOH LOH R     

D9 S286 R LOH NI NI LOH LOH LOHx LOHy LOH R R LOH R LOH R R R LOH                                     

                                       

D10S217                                         NI NI                             

                                      

D11 S4090 NI NI R NI R R R R R R R LOH LOH R R R NI NI     LOH LOH                             

D11 S4190 R R LOH R R LOH LOH R R LOH R R R R R R R R                                     

                                      

D13 S158 LOH LOH R R LOH LOH R LOH R R NI NI R R R R NI NI R 3 LOH LOH LOH LOH R LOH NI NI R R LOH R R R NI NI 

                                      

D14 S65                                     NI NI LOHx LOHy LOH R NI NI NI NI R R     R R     

                                      

D17S799                                         LOHx LOHy                             

                                      

D18 S58                                     LOH R     R R NI NI LOH LOH R R R R LOH LOH     

D18 S474 R R R R LOH LOH LOH R R LOH LOH LOH NI NI R R R LOH                                     



 

 

Patients with metastasis both clinically and after LOH analysis 

  27   28   29   30   31   32   33   34   35   36   37   38   39   40   

  HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L HN L 

                                                          

D1 S158                         LOH LOH     R R R R NI NI R R LOH LOH LOH LOH 

                             

D1 S228                         NI NI     R R R R R LOH R R R R R LOH 

D1  S2766 LOH LOH R R R LOH R LOH R R R R                                 

                              

D3 S1038                             R R                         

D3 S1270 R R NI NI R LOH LOH LOH LOH LOH NI NI     LOH R                         

D3  S158 LOH LOH R LOH R R LOH LOH LOH LOH NI NI             LOH LOH LOH LOH LOH LOH LOH LOH LOH LOH 

                              

D4S403                             LOH LOH                         

D4 S430                         NI NI     R R R R LOH LOH NI NI NI NI LOH LOH 

D4 S1572                         NI NI     LOH R R R LOH LOH R LOH LOH LOH R R 

D4 S3046 R R R R R R LOH LOH R R R R                                 

                              

D5   S346                         LOH LOH     LOH LOH NI NI LOH LOH LOHx LOHy LOH LOH R R 

D5   S644 R LOH R R R R LOH LOH LOH LOH NI NI LOH LOH LOH LOH R LOH LOH LOH LOH LOH LOH LOH NI NI LOH LOH 

                               

D6  S1719 NI NI NI NI LOH LOH NI NI NI NI LOH LOH     R LOH                         

                              

D8S258                                                         

D8  S552 R R LOH LOH R LOH NI NI LOH LOH LOH LOH     R R                         

                              

D9 S63                         NI NI     LOH LOH R R LOH LOH LOH LOH LOH LOH LOH LOH 

D9 S288                         R R R R LOH LOH LOH LOH NI NI LOH LOH NI NI LOH LOH 

D9 S286 R LOH LOH LOH R LOH NI NI NI NI LOH LOH                                 

                              

D10S217                             LOH LOH                         

                              

D11 S4090 LOH LOH R R LOH LOH R R R R LOH LOH     R R                         

D11 S4190 R R R R R LOH LOH LOH NI NI LOH LOH                                 

                              

D13 S158 NI NI R R R LOH R LOH LOH R LOH LOH LOH LOH     R R LOH LOH LOH LOH LOH LOH LOH LOH NI NI 

                               

D14 S65                         NI NI NI NI NI NI R R LOH LOH LOH LOH LOH R NI NI 

                               

D17S799                             LOH LOH                         

                               

D18 S58                         NI NI     LOH LOH NI NI NI NI R LOH R LOH LOH LOH 

D18 S474 R R R R R R R LOH R R R LOH                                 

 

 



 

 

 
 
 

41   42   43   44   7a   

HN L HN L HN L HN L HN L 

                    

LOH LOH LOH LOH R LOH         

          

LOH LOH R R R LOH         

            R LOH     

          

                LOH LOH 

            R R LOH R 

R R LOH LOH LOH LOH R LOH     

          

                LOH LOH 

LOH R R R R R         

LOH R R R LOH LOH         

            R R     

          

LOH LOH R R LOH LOH         

LOH LOH NI NI LOH LOH R LOH LOH LOH 

          

            R R NI NI 

          

                    

            LOH LOH R LOH 

          

R R LOH LOH LOH LOH         

LOH LOH LOH LOH LOH LOH     LOH LOH 

            LOH LOH LOH LOH 

          

                R R 

          

            R LOH LOH LOH 

            NI NI     

          

LOH LOH R R R R LOH LOH R LOH 

          

R R R R LOH LOH     R R 

          

                    

          

R R NI NI LOH R         

                    

Figure 2. LOH marker for every tumor pair. Gray shaded patient numbers are those patients classified 
differently with the alternative LOH classification schemes. Grey, NI, not informative; dark yellow, R, 
retention of heterozygosity; red, LOH, loss of heterozygosity; green, LOHx LOHy. 
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Applying this diagram, 11 tumor pairs were classified as metastasis and 8 as 

probable metastases. Twenty-two cases were classified as certain and three as 

probable second primary tumors. In one case, the LOH analysis was inconclusive. 

In this case, there was not enough concordant or discordant LOH to draw any 

conclusions.  

 

Integration of clinical, histologic, and molecular biological results 

All six patients that were clinically classified to have a second primary lung tumor 

(table 2, „„Clinical conclusion‟‟), as well as the case that was histologically 

classified as a second primary, were classified as second primaries by LOH 

analysis as well. Four of these tumor pairs were by histology both keratinizing 

squamous cell carcinoma or nonkeratinizing squamous cell carcinoma. Thus, 

histology was the same although these tumor pairs were neither clinically nor 

molecular biologically metastasis.  
 

 

 
 
Figure 3. Distribution of LOH frequency in head and neck tumors. Observed (solid lines 
shaded) and expected (dashed line) histogram of relative frequency of LOH per head and 
neck tumor. The expected histogram is calculated under independence, taking into 
account the varying number of informative markers per tumor. The difference is significant 
(P < 0.001). 

 

 

Nineteen tumor pairs were classified as metastasis both on clinical grounds and by 

LOH analysis. Four of these tumor pairs showed variation of histologic appearance 

between the lung and the head and neck lesion. One of these pairs showed 

keratinizing head and neck lesion, whereas the lung lesion was undifferentiated.  

The other three pairs were keratinizing versus nonkeratinizing. Thus, using the 

proposed interpretation scheme, there are no discordant cases in those classified 
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as metastasis by LOH analysis or in those clinically classified as second primary, 

but histology is of little help in this classification, being as often concordant as 

discordant in either related or unrelated tumor pairs.  

Although LOH analysis supported the clinical scoring for 25 patients, it suggested 

a different origin for the lung lesion in 18 cases. These 18 discordant cases all 

were considered to be metastasis according to clinical characteristics, whereas by 

LOH analysis, a second primary was thought more likely. In one case, LOH 

analysis was inconclusive.  

To investigate if the first assumption in our interpretation scheme for LOH analysis 

(figure 1) was right [e.g., LOHx-LOHy or LOH-ROH (discordant LOH not 

explainable by progression) is a strong argument in favor of second primary 

tumor], we reanalyzed the LOH results starting with the assumption on the second 

line of figure 1: „„concordant LOH (LOHx-LOHx) of more than one allele is a strong 

argument in favor of clonal relation, i.e., metastasis.‟‟ Using this strategy, eight 

cases were classified differently (table 2, MB2). Two of these were the clinically 

classified as second primary. One of them was the case histologically classified as 

second primary tumor (the adenocarcinoma). As a second alternative 

interpretation strategy, we augmented the threshold in the first line of figure 1 to 

three alleles with discordant LOH (not explainable by progression). This resulted in 

five cases to be classified differently as compared with the first classification 

scheme (table 2, MB3 versus MB1). Two of these five cases were initially 

classified as second primary both clinically as well as by LOH analysis. Thus, our 

first interpretation strategy resulted in the best match with those cases clinically 

classified as second primary tumor.  

 

 

Discussion 

 

As there is no gold standard in the differential diagnosis of metastasis versus 

second primary tumor in patients with a squamous cell lesion of the lung and a 

squamous cell carcinoma of the head and neck region, we compared the value of 

LOH analysis, histology, and clinical classification in this dilemma. LOH analysis 

showed that about half of the lung lesions (18 of 38) that would clinically be 

classified as metastasis were suggested to be second primary tumors. Histologic 

classification was of negligible help.  

For clinical classification, all criteria frequently mentioned in literature (table 1; refs. 

2, 4–7, 11, 18–26) were used to categorize a lung lesion either as metastasis or as 

second primary tumor. This resulted in a conservative classification of second 
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primary tumors (i.e., a lung lesion was only considered a second primary if the 

majority of signs were against metastasis). As a result, in this study, only 6 of 44 

lung lesions were clinically classified as second primaries.  

Histology did not contribute to the decision-making in all but two cases. All tumors 

were squamous cell carcinomas with a variable degree of keratinization, except 

one adenocarcinoma. In this case, the adenocarcinoma was one of several lung 

lesions but was classified as a second primary tumor on histologic grounds. The 

other case showed the uncommon basaloid variant of squamous cell carcinoma in 

both lesions and, therefore, histology was thought conclusive for metastasis. In 

both cases, the conclusion on histologic grounds was confirmed by LOH 

classification.  

To show clonal relationship between two lesions, several molecular biological 

techniques are available. LOH analysis can now easily be done on paraffin-

embedded material, and is therefore practical to perform in daily clinical practice. 

Other techniques, such as p53 mutation analysis or X chromosome inactivation, 

are either very time-consuming or only applicable in a restricted population 

(women). Therefore, we tried to classify the lesions with LOH analysis only.  

In this study, we used microsatellite markers on 11 different chromosome arms, 

whereas others analyzed multiple markers on two to six chromosome arms6,10,27,28. 

In general, clonality was decided on the basis of concordant LOH of at least two 

loci, whereas in some articles the additional criterion of identical p53 mutations 

was used, if present6,10,27,28. This approach, however, overlooks the phenomenon 

that LOH on different loci is not an independent process as we and others17 have 

shown. Therefore, we developed an interpretation scheme that integrated this 

knowledge of dependence as well as biological insight (figure 1). In this strategy, 

discordant LOH not explainable by progression (LOHx-LOHy or LOH-ROH) is 

used as the most important feature as it is unlikely to occur in clonally related 

tumors. ROH-LOH (loss of heterozygosity in the lung tumor but not in the earlier 

head and neck tumor) is less important as it can well be explained by tumor 

progression (accumulation of genetic changes within the tumor). Concordant LOH 

(LOHx-LOHx) is only considered in the second step as it can occur very easily by 

chance in unrelated tumors, given the high frequency of LOH as observed in this 

study (33-82%) as well as by others10,17,27 and given the dependence described in 

this article. Classification using this scheme resulted in a 100% match with clinical 

scoring as far as the second primary tumors were concerned (6 of 6), whereas 18 

of 38 lung lesions clinically classified as metastasis were considered second 

primary tumors (table 2, MB1).  
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The results of alternative schemes were explored (table 2, MB2 and MB3). Both 

schemes revealed cases that were clinically classified as second primary but using 

the alternative scheme would be classified as metastases. As discussed before 

the clinical criteria for second primary tumor were very stringent. It is therefore 

unlikely that these cases are metastasis. Furthermore, these cases had discordant 

„„LOH not explainable by progression‟‟ for at least two markers (Fig. 2, patients 10, 

18, 19, 20, 22, and 23). Although discordant LOH in two related tumors can be 

explained by tumor heterogeneity29, this needs several events in different parts of 

one tumor and is thus less probable than LOHx-LOHx by chance. In addition, the 

adenocarcinoma would have been classified as a metastasis using these 

schemes. Nonetheless, 12 or 16 of 38 cases clinically classified as metastasis 

would be classified as second primary tumors using these alternative schemes for 

LOH interpretation.  

Thus, PCR-based analysis of LOH is a feasible and useful addition in daily clinical 

practice for the differential diagnosis of metastasis versus second primary tumor in 

case of lung lesions after treatment for primary head and neck squamous cell 

carcinoma. An interpretation scheme is developed with emphasis on discordant 

LOH results, whereas concordant LOH is only taken into account as a second step 

in interpretation of LOH patterns. Still, whatever classification scheme is used to 

interpret LOH results, many lung lesions clinically interpreted as metastasis are 

second primary tumors when classified after LOH analysis, justifying a surgical 

approach with curative intent in these cases. 
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Abstract 

 

Purpose: 

Patients with head and neck cancer often develop a tumor that can be diagnosed 

as distant metastasis (DM) or second primary tumor (SPT). In this study, we use 

TP53 mutation analysis for validation of an allelic loss markers panel and a 

decision algorithm for distinguishing between DM and SPT. 

 

Experimental Design: 

Tumor pains of 39 patients were analyzed for TP53 mutations, for patterns of 

allelic loss and immunohistochemical analysis of p53 expression. Results of these 

three analyses were compared, using mutation analysis as gold standard. 

 

Results: 

Loss of heterozygosity (LOH) analysis indicated DM in 15 and SPT in 23 cases 

(one inclusive), TP53 mutation analysis was informative in 15 cases. Based on the 

p53 mutation status alone, nine tumors were diagnosed as SPT and six as DM. In 

all 15 cases the LOH analysis was in concordance with the TP53 mutation 

analysis. Immunostaining for p53 showed promise as a first scan to diagnose lung 

tumors as SPT but cannot be used to diagnose DM. 

 

Conclusion: 

The TP53 mutation data validate the suitability of the LOH marker panel and 

decision algorithm for differential diagnosis of DM and SPT in the lung. LOH 

analysis can theoretically be exploited in almost all cases and is less laborious 

than TP53 mutation analysis. 
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Introduction 

 

Long-term survival in patients with head and neck cancer with locoregional control 

depends a great deal on the absence of distant metastases (DM) or second 

primary tumors (SPT).1,2 SPT most frequently occur in the head and neck region, 

with the lungs as the second most common site.2,3 The lungs are also the most 

common site of DM in patients with head and neck squamous cell carcinoma 

(HNSCC), causing a problem in differential diagnosis.4 Early detection and 

treatment of small size primary lung carcinoma improves survival.5,6 However, 

when a lung carcinoma is detected in patients treated for HNSCC, it is not clear 

whether it is an SPT or DM. Prognosis and treatment options for patients with SPT 

might be different from patients with DM, but reliable data are missing as there is 

no convincing differential diagnostic modality. In theory, SPT can be treated 

curatively,7 whereas patients with DM may benefit from systemic therapy or limited 

surgical resection, but this is often considered palliative in these cases.  

Currently, the differentiation between SPT and DM is made on the basis of clinical 

criteria, but in an earlier report, we showed that these clinical criteria are not 

reliable.8 Therefore, we explored the use of patterns of allelic loss to distinguish 

DM from SPT, a method that has also been investigated in other studies for this 

purpose.9-11 It has been shown that patterns of allelic loss sometimes differ 

between tumors and metastasis due to progression or tumor heterogeneity, which 

might cause a problem for their exploitation in differential diagnosis.12 In our 

previous study, we therefore developed a decision algorithm for evaluating the 

results of loss of heterozygosity (LOH) analysis.8 However, neither the marker 

panel to assess allelic loss patterns nor the decision algorithm has been validated 

against a gold standard.  

TP53 mutation analysis has often been promoted as the gold standard for 

differentiation of SPT from DM, as it can be used as a marker for clonality.10-12 The 

TP53 gene is frequently involved in HNSCC and lung cancer carcinogenesis. It is 

located on the short arm of chromosome 17, at position 17p13.1 and is 16 to 20 kb 

in length. The TP53 gene consists of 11 exons, of which, the first is noncoding. 

Mutations are mostly found in exons 5 to 8. The gene encodes a phosphoprotein 

that functions as a stress-induced transcription factor, regulating the cell cycle and 

apoptosis. Loss of p53 function also causes increased genetic instability.13 

However, TP53 mutation analysis is time-consuming and the point mutations are 

present in only 50% to 60% of HNSCCs.11 In addition, usually only formalin-fixed 

paraffin-embedded material is available, which severely hampers efficient and 

rapid TP53 mutation analyses. LOH analysis can be done more easily on paraffin-
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embedded material, is less time-consuming, can in theory be done in all patients, 

and seems therefore more suitable for clinical daily practice. We therefore decided 

to validate our LOH marker panel and decision algorithm using TP53 mutation 

analysis as the gold standard in 39 treated HNSCC patients who developed 

squamous cell carcinoma in the lung. In addition, we explored the potential 

diagnostic value of immunohistochemical analysis of p53 expression on the 

paraffin tissue of the HNSCC and the lung carcinomas. 

 

 

Patients and methods 

  
Patients 

The Pathologisch Anatomisch Landelijk Geautomatiseerd Archief (or the 

Pathologic Anatomic National Automated Archive of the Netherlands) database 

was searched for all cases between 1978 and 2002 at the Netherlands Cancer 

Institute coded as a primary HNSCC followed by a malignant squamous lesion of 

the lung. Sufficient paraffin-embedded material from both lesions had to be 

available in our pathology archive to perform LOH analysis and TP53 mutation 

analysis. The patient series has been reported previously.8  
 

DNA isolation 

Paraffin sections were deparaffinized and rehydrated. The region containing >50% 

tumor cells was microdissected from the glass slide using a scalpel. As a source of 

reference DNA, tissue that was free of tumor was microdissected. The tissue was 

transferred to a tube containing digestion buffer [2 mg/ml. proteinase K (Roche) in 

10 mmol/l. Tris-HCl (pH 8.0), 50 mmol/l. KCl, 2.5 mmol/l. MgCl2, 0.5% Tween 80, 

and 0.1 mg/ml. gelatin] and incubated for 24 h at 55°C. After centrifugation, the 

supernatant was transferred to a new tube and stored at 4°C until use. Before 

PCR amplification for TP53 sequencing, the DNA was cleaned by phenol/ 

chloroform extraction and ethanol precipitation, and dissolved in LoTE [3 mmol/l. 

Tris-HCl (pH 8.3), 0.2 mmol/l. EDTA].  

 

LOH analysis 

LOH analysis. LOH analysis was done as previously described.8 In short, 12 

microsatellite markers distributed on 11 chromosome arms were amplified by DNA 

PCR. One of the amplification primers was labeled with a fluorochrome. The PCR 

products were run on an automatic sequencer to separate the alleles by capillary 

electrophoresis and to measure the peak intensities of the fluorescent-labeled 

PCR products of both alleles. The intensity ratio between the two allele peaks of 
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heterozygotes was calculated and this ratio was subsequently divided by the ratio 

of the alleles in the normal tissue for normalization resulting in a LOH index. A 

LOH index of <0.75 or >1.33 was interpreted as „„loss of heterozygosity‟‟.14 

Between these values, it was considered as „„retention of heterozygosity‟‟ (ROH). 

The decision algorithm was based on the three following basic rules:  

Discordant LOH, e.g., LOH of different alleles, not explainable by progression 

(LOHx-LOHy or LOH-ROH) is a strong argument for SPT as this pattern is not 

likely when two tumors are clonally related.  

Concordant LOH, e.g., LOH of the same allele (LOHx-LOHx) is an argument for 

clonal relation, but can also occur by chance especially if the expected frequency 

of LOH is high.  

ROH-LOH is a variant of discordant LOH that could occur as a result of tumor 

progression and is therefore a less strong argument against clonal relation 

(metastasis) as the two other forms of discordant LOH (LOHx-LOHy and LOH-

ROH).  

 

These rules were formalized in a decision algorithm, and the 39 tumor pairs were 

then categorized according to this diagram as described previously.8  

 

TP53 mutation analysis 

The procedure for TP53 sequencing and mutation analysis was based on the 

protocol previously described by van Houten et al.15 Adaptations to this protocol 

included the use of AmpliTaq Gold as a thermostable DNA polymerase. Exons 5, 

6, 7, and 8 of the TP53 gene were amplified by means of PCR using genomic 

DNA of both the head/neck tumor and the lung tumor of each patient as template, 

and sequenced using dideoxynucleotides. Only sequence changes that resulted in 

missense, nonsense, frame shift, or splice site mutations were considered. When 

a mutation in the lung tumor of a particular patient was the same as the mutation 

in the corresponding head and neck tumor, it was diagnosed as a DM. When a 

mutation in one of the tumors was not found in the TP53 sequence of the other 

tumor, the lung tumor was classified as an SPT.  

 

Immunohistochemical analysis 

For 38 patients, immunohistochemical analysis of p53 expression was done using 

a standard protocol with DO7 (DAKO) in a LabVisionstainer automatic stainer as 

described previously.15 In 25 patients, both specimens could be stained and 

interpreted. Criteria for interpretation of the immunohistochemical p53 expression 

in terms of underlying p53 mutation are not standardized in the literature. We 
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analyzed the reliability of p53 immunostaining as a potential marker using an 

independent panel of 62 HNSCCs with known mutation status, and 8 HNSCCs 

with corresponding lymph node metastases. All immunostainings were evaluated 

by two independent investigators and a definitive score defined in a consensus 

review. Based on these results, we decided to define very strict criteria to exploit 

p53 immunostaining for differential diagnosis: when <50% of the tumor cells show 

staining, the tumor is considered wild-type or a deletion mutant (undetectable by 

the antibody). In case of 50% to 75% staining, no reliable diagnosis can be made. 

More than 75% staining is considered as a mutation. When immunostaining 

indicated a different mutation status in the two tumors (e.g., del mutant/wild-type 0-

50% versus mutant >75%), the lung tumor was considered an SPT. When 

immunostaining was identical (both <50% or >75%), it was considered as not 

discriminating. Immunohistochemistry cannot be used to diagnose a metastasis. 

 

 

Results 

 

Patients  

Thirty-nine patients with a SCC of the head and neck followed by SCC of the lung, 

with sufficient paraffin-embedded material from both lesions to perform LOH and 

TP53 mutation analyses, were identified. Of these 39 patients, 33 were male and 6 

were female. The average age at the time of the primary HNSCC was 61 years 

(range, 25-85 years). Twenty-one patients had laryngeal carcinomas, 8 had oral 

carcinomas, 7 had oropharyngeal carcinomas, and 3 had hypopharyngeal 

carcinomas.  

The following stages (International Union Against Cancer tumor-node-metastasis 

classification of malignant tumors, 2002) were included: stage I (n = 5), stage II (n 

= 9), stage III (n = 11), and stage IV (n = 14). Based on the LOH analysis, we 

differentially diagnosed 20 lung tumors as SPT, 3 as likely SPT, 8 as DM, 7 as 

likely DM, and 1 remained undiagnosed (Table 1).  

 

TP53 mutation analysis 

Analysis of six tumor pairs failed due to poor DNA amplification (n = 3;patients 34, 

35, and 37) or unreadable exons (n = 3;patients 36, 38, and 39). In 18 cases 

(patients 16-33), neither HNSCC nor lung tumor mutations were found (Table 1), 

and these cases were not discriminating. Mutations were found in either one or 

both tumors in 15 patients, which allowed differentiation between SPT and DM. 

Nine patients were classified as SPT (patients 1-9) and six as DM (patients 10-15). 
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Table 1. Overview of all 39 patients in which the lung carcinomas are differentially 
diagnosed by three different methods 
 

Patient 
no 

Diagnosis p53 
mutation 

Diagnosis 
LOH 

IHC 
HNSCC (%) 

IHC lung 
(%) 

IHC 

1 SPT SPT 99 0 SPT 

2 SPT SPT 95 50 SPT 

3 SPT SPT 40 0 NDi 

4 SPT SPT x 99 ND 

5 SPT SPT x 10 ND 

6 SPT SPT 0 90 SPT 

7 SPT SPT 95 x ND 

8 SPT SPT x 0 ND 

9 SPT SPT 98 80 NDi 

10 DM DM? 60/70 90 NDi 

11 DM DM 0 0 NDi 

12 DM DM? 0 0 NDi 

13 DM DM 99 95 NDi 

14 DM DM 95 80 NDi 

15 DM DM? x 95 ND 

16 NM SPT 0 0 NDi 

17 NM SPT? 1 95 SPT 

18 NM SPT 2 1 NDi 

19 NM SPT 0 10 NDi 

20 NM SPT 60 70 NDi 

21 NM DM? x x ND 

22 NM DM? 70 70 NDi 

23 NM SPT 0 95 SPT 

24 NM SPT 2 5 NDi 

25 NM SPT? 90 x ND 

26 NM SPT? 95 99 NDi 

27 NM DM? 90 95 NDi 

28 NM DM 5 0 NDi 

29 NM SPT 95 90 NDi 

30 NM DM 0 x ND 

31 NM SPT 90 60 NDi 

32 NM SPT 5 20 NDi 

33 NM DM 70 10 NDi 

34 ND ND NP NP NP 

35 ND SPT NP NP NP 

36 ND SPT NP NP NP 

37 ND DM? NP NP NP 

38 ND DM NP NP NP 

39 ND DM NP NP NP 
Abbreviations: HNSCC, head and neck squamous cell carcinoma; IHC, immunohistochemical; NM, 
no mutation found; ND, not determined (one of the tumors could not be analyzed); NDi, no 
discrimination by p53 immunostaining; NP, not performed; SPT, second primary tumor; DM, distant 
metastasis 
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In patients 1, 2, 5, 6, 7, and 9, we found a TP53 mutation in the HNSCC and wild-

type TP53 in the lung carcinoma. In patients 3 and 4, we found wild-type TP53 in 

the HNSCC and a TP53 mutation in the lung carcinoma. In patient 8, we found a 

deletion in the HNSCC and a missense mutation in the lung carcinoma. These 

cases were therefore classified as SPT.  

The remaining patients were diagnosed as DM because the same mutation was 

found in both tumors (for details, see Table 2). In all 15 cases in which TP53 

mutation analysis was diagnostic, the diagnosis using LOH analysis was in 

concordance with the TP53 mutation data (see Table 1). 

 

Immunohistochemical analysis of p53 expression  

We also explored whether we could use p53 immunostaining as an initial quick 

scan to differentially diagnose lung cancers as SPT‟s (Table 1). As a first step, we 

immunostained 62 independent tumors, of which, the TP53 mutation status was 

known by sequence analysis. In general, we confirmed that missense mutations 

lead to overexpression and nonsense mutations to absence of detectable p53. 

Tumors with wild-type TP53 revealed both the absence and overexpression of p53 

(data not shown). As a second step, we immunostained eight independent primary 

HNSCC and corresponding lymph node metastases for p53.  

Both tumors with missense mutations, nonsense mutations and wild-type p53 

were included. In all cases, both the pattern and intensity of p53 immunostaining in 

the lymph node metastases closely resembled that of the primary tumors (data not 

shown). Based on these data, we concluded that immunostaining does not always 

resemble the mutational status, but a given immunostaining pattern seems to be 

conserved in the primary tumors, and its metastases might be exploited as an 

exclusion marker. We reasoned that when TP53 is wild-type or a deletion mutant, 

immunostaining will be generally weak and will occur in less than 50% of the cells. 

When there is a missense mutation, it will be intense and higher than 75%. Hence, 

when one tumor shows staining of <50% of the cells, and the other >75% of the 

cells, we assume that the TP53 mutation status will differ, and consequently, that 

the lung tumor is an SPT. In all other combinations, the staining will not be 

discriminating and genetic analysis is required. The immunohistochemical analysis 

of p53 expression was informative in 25 patients. Using our strictly defined criteria, 

5 out of 25 cases could be classified as SPT (patients 1, 2, 6, 17, and 23;see 

Table 1) as the p53 immunostaining pattern of the primary HNSCC and the lung 

carcinoma differed tremendously, excluding a clonal relationship. All other cases 

were considered as „„not discriminating.‟‟ 

  
 



 

 

 
 
 
Table 2. Analyses in the 15 patients with a TP53 mutation 

 
Patient 
no 

E / C / P 
HNSCC 

E / C / P 
lung 

cancer 

Mutation 
HNSCC  

Mutation lung cancer Mutation 
analysis 

diagnosis 

LOH 
analysis 

diagnosis 

p53 
IHC 

HNSCC 
(%) 

p53 
IHC 

Lung 
cancer 

(%) 

IHC 
analysis 

diagnosis 

1 7/134/b 7/134/b A → G (Tyr → Cys) Wild-type SPT SPT 99 0 SPT 

2 8/278/b 8/278/b C → G (Pro → Arg) Wild-type SPT SPT 95 50 SPT 

3 5/151/b 5/151/b Wild-type C → deletion (Pro → deletion) SPT SPT 40 0 NDi 

4 5/144/a 5/144/a Wild-type C → T (Gln → Stop) SPT SPT x 99 ND 

5 5/153/b 5/153/b C → T (Pro → Leu) Wild-type SPT SPT x 10 ND 

6 7/246  A → G (Met - Val) Wild-type SPT SPT 0 90 SPT 

7 5/153  Deletion Wild-type SPT SPT 95 x ND 

8 8/266 5/161 Deletion C → T (Ala → Val) SPT SPT x 0 ND 

9 7/242 7/242 G → T (Cys → Phe) Wild-type* SPT SPT 98 80/70 NDi 

10 7/248/b 7/248/b G → A (Arg →Gln) G → A (Arg → Gln) DM DM? 50 90 NDi 

11 7/splice site 7/splice site Deletion Deletion DM Dm 1 0 NDi 

12 8/294 8/294 G → T (Glu → Stop) G → T (Glu → Stop) DM DM 0 0 NDi 

13 7/236 7/236 A → G (Tyr → Cys) A → G (Tyr → Cys) DM DM 99 95 NDi 

14 6/200 6/200 A → C (Asn → Thr) A → C (Asn → Thr) DM DM 95 80 NDi 

15 8/273 8/273 C → T (arg → Cys) C → T (Arg → Cys) DM DM? x 95 ND 
Abbreviations: E/C/P, exon/codon/position; IHC, immunohistochemistry; ND, not determined; NDi, no discrimination by p53 immunostaining; G, guanine; 
A, adenine; T, thymine; C, cytosine; Ala, alanine; Arg, arginine; Asn, asparagine; Cys, cysteine; Glu, glutamate; Met, methionine; 
Phe, phenylalanine; Stop, stop codon; Thr, threonine; Tyr, tyrosine; Val, valine. 
* Mutation was absent; not all exons could be sequenced. 
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Discussion 

 

In view of the prognosis and treatment options, it seems essential to reliably 

distinguish SPT from DM in the lung. As suggested in the literature, TP53 mutation 

analysis can be considered the gold standard for differential diagnosis.10-12 

However, the method is very laborious, time-consuming and can only be used in a 

limited number of patients because the mutations are only found in 50% to 60% of 

patients with HNSCC. LOH analysis, on the other hand, can be easily done on 

paraffin-embedded material, is, in theory, usable in all patients with HNSCC, and 

is therefore more suited to perform in clinical practice. In a previous study, we 

described a LOH marker panel and a decision algorithm for the differentiation of 

SPT and DM.8 The present study shows that the LOH marker panel and algorithm 

was completely concordant with the TP53 mutation analysis in 15 patients in which 

both methods could be applied.  

In 13 of 33 (39%) analyzable HNSCC samples, a mutation was found, which is 

very close to 24 of 55 (44%) mutations in these same exons from a previous 

HNSCC study.11 Some mutations might have been missed due to fact that ~10% 

of the p53 mutations occur in exons other than exons 5 to 8, which were not 

analyzed. However, we cannot exclude that we missed some mutations due to the 

poor quality of the archival paraffin DNA, although this did not seem to hamper 

LOH analysis.  

Although our LOH panel and algorithm seems to perform well, there is one 

important consideration. Tabor et al. have investigated the reliability of both LOH 

analysis and TP53 mutations as clonal markers by comparing primary HNSCC 

and their accompanying lymph node metastases and DM at sites other than in the 

lung. For TP53 mutations, the concordance of the primary HNSCC with the lymph 

node metastases was 100%. When the tumor contained a mutation, the 

metastases showed the same mutation, and when a tumor was TP53 wild-type, 

the metastases were also TP53 wild-type, again demonstrating the potential of 

TP53 mutations as a marker of clonality. In the same study, the patterns of allelic 

loss were also evaluated as clonal markers, and in tumors with TP53 mutations, 

the patterns were very concordant (as expected). However, more differences were 

seen in the tumors that were TP53 wild-type. Hence, the group of TP53 wild-type 

HNSCC tumors might show more discordant LOH markers in metastases, which 

might lead to false SPT diagnosis of lung tumors when the patterns of allelic loss 

are used as differential diagnostic criterion. This potential problem in TP53 wild-

type tumors cannot be addressed well as long as there is no better or comparable 

marker of clonality than TP53 mutations.12 Hence, extrapolation of our validation 
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data to all tumor pairs, including those that are TP53 wild-type, should be done 

with caution, and this is also a reason that our algorithm for interpretation of LOH 

results allows some discordant LOH. It has been suggested that in multiple 

chromosomes, breakpoints should be relied upon instead of LOH patterns.16 

However, in our previous study, we showed that even breakpoint analyses might 

lead to misinterpretations, particularly when TP53 is wild-type.12 In 7 of 34 

metastases (metastases in lymph nodes or at distant sites, lung metastases 

excluded), the breakpoints differed from those detected in the primary tumors, 

indicating that breakpoints also have their limitations as indicators of clonality. With 

this in mind, we can safely conclude that differential diagnosis on the basis of 

genetic criteria using allelic loss of 12 microsatellite markers on 11 chromosomes 

is highly reliable and superior over clinical and histologic criteria. It should be 

noted, however, that these data concern a single institute retrospective analysis on 

a relatively small number of patients. Additional, preferably prospective, studies 

with independent validation of the proposed algorithm are needed to confirm 

clinical utility and its relevance for outcome.  

We further evaluated whether immunohistochemical analysis of p53 expression in 

the SCC of both the head and neck and lung could be of help, at least as an initial 

quick screen. Positive immunostaining for p53 is presumptive evidence for gene 

mutation, as more than 90% of missense mutations will result in abnormal p53 

protein accumulation.16 Immunohistochemistry is a simple and fast technique, and 

easily implemented at any pathology laboratory. Although we also showed that 

p53 immunostaining is associated with mutational status, it is not a straightforward 

one-to-one correlation. Overexpression of p53 when the gene is wild-type can be 

due to ongoing DNA damage, and this is easily confused with abnormal 

accumulation caused by mutations.17 Also, a high proliferation rate in the tumor 

might cause increased immunostaining, easily misinterpreted as „„mutation.‟‟ All 

these events hamper the correlation of TP53 mutation analysis and p53 immuno-

histochemistry. Therefore, we also analyzed the staining pattern of eight primary 

HNSCCs and corresponding metastases and showed that p53 immunostaining is 

very concordant between tumors and metastases, both with respect to the pattern 

and the intensity. This allows differential diagnosis of lung carcinomas in patients 

with HNSCC as SPT by exclusion of clonal relationship using p53 immunostaining. 

When using our stringent interpretation criteria, the diagnosis of SPT could be 

established reliably in 5 of 25 cases analyzed. In these five cases, the primary 

HNSCC and the lung carcinoma showed an extreme difference in the staining 

pattern and intensity, excluding a clonal relationship. For this reason, immuno-

histochemistry with these stringent interpretation criteria seems usable in everyday 
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clinical practice to identify a small number of SPTs, and might be exploited as the 

first echelon in the decision algorithm. The criteria we chose to use are quite strict 

[<50% weak staining (likely wild-type or nonsense mutation) versus intense 

nuclear staining of >75% of the tumor cells (likely missense mutation)], which is 

possibly the reason that we could exploit it successfully in this small series. Larger 

series are required to confirm its utility, using genetic analysis as the gold 

standard. On the basis of our studies, we decided to place p53 immunostaining in 

the algorithm, but still with a question mark (Figure 1). 

  
 

Discordant LOH not explained by tumor progression: 
LOHx-LOHy or LOH-ROH

Concordant LOH: LOHx-LOHx

0-1 ≥ 2

≥ 4 2-3 0-1
Discordant LOH:

ROH-LOH,  LOHx-LOHy, LOH-ROH

0-1 2-4 > 5

Metastasis Metastasis ?

? 2nd primary? 2nd primary

2nd primary

? Different mutation status by IHC

? No

? Yes

2nd primary

 
 
Figure 1. Classification diagram for interpretation of LOH results. The first step evaluates 
the outcome of immunohistochemistry. When immunostaining indicated a different 
mutation status in the two tumors (del mutant/wild-type 0-50% vs. mutant >75%), the lung 
tumor was considered an SPT.We left a question mark in the decision because of the 
limited validation. The second step evaluates the number of alleles on different 
chromosome arms with discordant LOH not explainable by progression (LOHx-LOHy or 
LOH-ROH). The third step examines the number of chromosome arms with concordant 
LOH (LOHx-LOHx). The fourth step examines all forms of discordant LOH thus including 
ROH-LOH (which might be explained by tumor progression). 

 

 

In our series, a relatively high number of lung carcinomas were diagnosed as SPT 

(20 of 28 that could be differentially diagnosed reliably). Other studies showed 

lower percentages of SPT compared with DM (3 of 9 that could be differentially 

diagnosed reliably).16 The high ratio of SPT in our study is likely due to the 

selection criteria of the patient group and the retrospective nature of the study. We 

included patients with SCC of the lung following HNSCC with enough available 
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material to allow LOH analysis and TP53 mutation analysis. This material was 

obtained either by resection or biopsies of the lung carcinoma. These procedures 

are done particularly in patients when scheduled for resection with curative intent 

or when biopsies are taken to find out whether there is a possibility to treat. 

Patients who are highly suspected to have DM by clinical criteria (e.g., multiorgan 

metastasis) are not routinely biopsied or treated. A second explanation might be 

the relatively large number of laryngeal cancers in the patient group (n =21; 54%). 

These carcinomas are less likely to metastasize and are more often accompanied 

by second primary lung carcinomas.18  

In conclusion, with TP53 mutation analysis as the gold standard, LOH analysis 

with the marker panel and algorithm proposed based on our data seems reliable 

and may be applicable in clinical practice (figure 1). However, these data concern, 

at present, a single institute retrospective analysis on a relatively small number of 

patients. Planning of a large prospective multicenter trial will be required to both 

proof the clinical utility of this approach and determine the association with clinical 

outcome. Based on such data, the management of treated HNSCC patients might 

be adapted.  
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Abstract  

 

Background: 

Patients with head and neck squamous cell carcinoma (HNSCC) are at risk for 

developing both pulmonary metastasis and second primary lung cancer (SPLC). 

The objective of this study was to determine survival characteristics of patients 

with pulmonary lesions after curative treatment for HNSCC. 

 

Methods: 

Lung resection or biopsy specimens of 36 patients, curatively treated for HNSCC 

between 1978 and 2002, were defined as second primary squamous cell lung 

cancer or metastasis by loss of heterozygosity (LOH analysis). Twenty-two of 

them underwent surgical resection. Survival characteristics were estimated using 

Kaplan-Meier analysis according to the LOH characterization. 

 

Results: 

The number of resected lung lesions ranged from 1 to 3. Median overall survival 

after lung surgery was 23.1 months for SPLC (n = 14) and 25.1 months for lung 

metastases (n = 8). 

Fourteen patients, SPLC (n = 6) and metastases (n = 8), did not undergo surgical 

resection, and their median overall survival was 3.7 and 4.4 months, respectively. 

 

Conclusion:  

Survival after resection of metachronic lung lesions following curative treatment of 

HNSSC is similar for lesions characterized as second primary squamous cell lung 

cancer and those characterized as metastases. 
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Introduction 

 

Pulmonary malignancies are a major problem in curatively treated head and neck 

cancer patients.  

Per follow-up year, 3% to 7% of patients surviving head and neck squamous cell 

carcinoma (HNSCC) develop a second malignancy in the upper aerodigestive 

tract.1 The relative risk of developing lung cancer after treatment for HNSCC is 3 

to 6 times higher than the risk in the normal population,2 which is due to common 

predisposing factors. In a recent study of 1257 patients, a 5-year incidence rate of 

5% emerged for second primary lung cancer (SPLC) in laryngeal carcinoma 

patients and 3% in oral carcinoma patients.3 Smaller series reported overall 

incidences ranging from 4.5% to 14%.4-5  

Regional data on lung cancer as a second primary carcinoma in HNSCC patients 

of the “Integraal Kanker Centrum Amsterdam” (Comprehensive Cancer Centre 

Amsterdam) support this number with a relative risk of  4.9.  

In HNSCC patients, pulmonary metastases account for 66% of all distant 

metastases6 and the incidence of pulmonary metastases ranges from 1.6% to 

40%.7–11 Although in these series tumor stage seemed related to the incidence of 

metastases, criteria like stage, radiology, and time interval between primary and 

secondary lesion are of little help for the differentiation between SPLC and 

HNSCC metastases in the lung. Histological appearance of HNSCC metastases 

and second primary lung lesion (squamous cell carcinoma) are often similar as 

well. On the basis of molecular analysis using the „loss of heterozygosity‟ (LOH) 

technique, in a recent study we demonstrated that >50% of the squamous cell 

lesions, clinically diagnosed as metastases, actually were found to be second 

primary tumors.12 This may have an impact on treatment planning for secondary 

lung lesions, assuming that a resectable SPLC justifies local treatment.13–17 To test 

this hypothesis, we calculated the survival of patients with molecularly defined 

(LOH analysis) SPLC and HNSCC metastases after curative treatment for head 

and neck cancer. 

  

 

Patients and methods  

 

Patients 

The PALGA (Pathologisch Anatomisch Landelijk Geautomatiseerd Archief, i.e., 

pathologic anatomic national automated archive of The Netherlands) database 

was searched for all cases between 1978 and 2002 at The Netherlands Cancer 
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Institute coded as a primary HNSCC followed by a squamous cell carcinoma of the 

lung. During this study period, 3056 patients were curatively treated for HNSCC, of 

whom 208 (7%) developed radiologically defined lung metastases or SPLC. 

Patients were selected on the basis of availability of paraffin-embedded material 

for LOH analysis. (For details see Geurts et al.12) Forty-four patients were 

identified, of whom 8 were excluded: 5 patients had signs of locoregional 

recurrence in the head and neck at the time of diagnosis of lung carcinoma, in 1 

patient there was not enough tissue to perform LOH analysis, 1 patient had a 

primary lung carcinoma prior to HNSCC, and 1 patient had multiple metastases 

and a second primary adenocarcinoma of the lung at the same time.  

 

Methods  

Lung lesions were primarily detected either by yearly chest X-ray or CT scan 

during followup. For every patient, we collected data on treatment of the primary 

tumor, interval between treatment and diagnosis of the lung lesion, the number, 

dimensions and radiological localization of lung lesions, and details concerning the 

thoracic surgery.  

Indications for treatment of pulmonary lesions were discussed in the multi-

disciplinary thoracic oncology team. Medically operable patients were candidates 

for surgery if there were no signs of locoregional recurrence or extrathoracic 

disease, and if the lung lesions were resectable, as defined by CT scan imaging of 

the thorax. Patients with more than 3 lesions were not eligible for surgery. The aim 

was to achieve clear surgical margins while saving as much lung tissue as 

possible. If intraoperative frozen section of a solitary lesion suggested SPLC, an 

anatomic resection, preferably lobectomy, was performed in patients with 

adequate cardiopulmonary reserve. None of the patients received adjuvant 

chemotherapy. Two surgically treated SPLC patients and 1 patient with resected 

metastasis were irradiated postoperatively. All surgical specimens were reviewed 

by a pathologist who specialized in head and neck cancer, and were further 

processed for LOH analysis. In patients treated nonsurgically, materials for LOH 

analysis were obtained by biopsy or at autopsy. Also the nonsurgical patients were 

considered free of locoregional head and neck recurrences at the time of 

diagnosis of the lung lesion, and they had no signs of metastatic spread outside 

the lungs.  
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Loss of Heterozygosity Analysis  

This paragraph summarizes the LOH analysis and algorithm as published in 

Clinical Cancer Research12 for discrimination between SPLC and distant 

metastasis.  

The paraffin sections were deparaffinized and a region containing over 50% tumor 

cells was microdissected from the glass slide using a scalpel. We analyzed DNA 

isolated from tumor tissue as well as normal tissue by using 12 markers 

distributed on 11 chromosome arms using polymerase chain reaction (PCR). 

These markers were selected within chromosomal regions that show frequent loss 

in lung or head and neck cancer, according to the literature.18,19 An automatic 

sequencer to measure the peak intensity of the fluorescent labeled PCR product 

was used. The intensity ratio between the 2 allele-peaks of heterozygotes was 

calculated, and this ratio was subsequently divided by the ratio of the normal 

alleles for normalization resulting in an index. An index below 0.75, which is 

frequently used in literature as a cut-off value,20 was interpreted as LOH; above 

this value it was considered as “retention of heterozygosity”(ROH). Calculation of 

the probability of occurrence of concordant LOH patterns by chance was not 

allowed because the occurrence of LOH on different chromosome arms is not an 

independent event (as is also known from literature).12,21  

 
Figure 1. Classification diagram for interpretation of LOH results. The first step evaluates 
the number of alleles on different chromosome arms with discordant LOH not explainable 
by progression (LOHx-LOHy* or LOH-ROH*). The second step examines the number of 
chromosome arms with concordant LOH (LOHx-LOHx*). The third step examines all 
forms of discordant LOH thus including ROHLOH (which might be explained by tumor 
progression). See also Geurts et al.12  
LOHx, loss of allele x; LOHy, loss of allele y (different alleles); ROH, retained LOH (no 
loss of alleles). 
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 Table 1. Patients characteristics and details of lung lesions  

 
 SPLC R+ SPLC R- LM R+ LM R- 

Sex 
Male 
Female 

 
12 
2 

 
6 
0 

 
5 
3 

 
6 
2 

Age, y 
Mean 
Range 

 
61.5 

46-78 

 
60.5 

48-85 

 
61 

37-73 

 
55 

30-65 

Sites 
Larynx 
Hypopharynx 
Oropharynx 
Oral 

 
10 
1 
2 
1 

 
3 
0 
1 
2 

 
4 
1 
1 
2 

 
2 
1 
2 
3 

Stages HNSCC 
I 
II 
III 
IV 

 
3 
3 
6 
2 

 
2 
2 
1 
1 

 
0 
3 
2 
3 

 
0 
0 
1 
7 

Interval H&N-Lung 
Median (mo) 
0-12 mo 
13-24 mo 
25-36 mo 
> 36 mo 
Range (mo) 

 
21 
3 
5 
2 
4 

0-157 

 
13,5 

1 
4 
1 
0 

11-25 

 
21 
2 
2 
4 
0 

6-36 

 
13,5 

3 
3 
1 
1 

6-73 

Number 
1 lesion 
2 lesions 
3 lesions 
4 or more lesions 

 
13 
1 
0 
0 

 
2 
1 
0 
3 

 
4 
3 
1 
0 

 
2 
2 
0 
4 

Diameter (cm) 
Range 
Unknown 

 
0.4-12 

0 

 
0.3-4 

4 

 
1-4 
0 

 
0.75-4 

2 

Localization 
Peripheral 
Centrally 
Both (multiple) 

 
9 
3 
0 

 
0 
3 
3 

 
6 
0 
2 

 
2 
1 
5 

Surgical approach 
Pneumonectomy 
Lobectomy 
Wedge resection 

 
5 
5 
4 

 
- 
- 
- 

 
0 
3 
5 

 
- 
- 
- 

Follow-up, mo 
Mean 
Median 
Range 

 
44 

21.5 
3-130 

 
4.7 
3.5 

1-13 

 
31.3 
23 

6-85 

 
4.8 
3 

1-12 

Range survival, mo 3-130 1-13 6-85 1-12 

Median survival 23.1 3.7 25.1 4.4 
Abbreviations: SPLC, second primary lung cancer; LM, lung metastasis; R+, surgical resection; R-, 
no surgical resection. 
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Since there is also no consensus procedure to evaluate the use of LOH patterns in 

deciding on clonality, a new strategy was developed as described previously12 and 

formalized in a diagram (Figure 1). The 36 tumor pairs were then categorized 

according to this diagram.  

 

Division of Groups. 

Patients were categorized into 4 groups based on the LOH findings for definition of 

second primary tumor lung cancer (SPLC) or HNSSC metastasis and type of 

treatment (surgical resection (R+) or not (R-); Table 1).  

 

Statistical Analysis  

Survival was analyzed from the date of diagnosis of the lung lesion(s) to the date 

of last follow-up or death using the Kaplan-Meier method.  

 

 

Results  

 

The study population consisted of 36 HNSCC patients, all treated with curative 

intent, 29 men and 7 women; with a mean age of 60 years (range, 37–85 years). 

Primary tumor sites were: larynx (n = 19), oral cavity (n = 8), oropharynx (n = 6), 

hypopharynx (n = 3). The initial stage of the head and neck cancer was: stage I (n 

= 5), stage II (n = 8), stage III (n = 10), and stage IV (n = 13; Table 1).22  

The median interval between primary HNSCC and lung lesion was 21 months in 

both the resected SPLC patients (SPLC R+) and patients who had metastases 

that were resected (LMR+) and 13.5 months in those that were not resected 

surgically (SPLCR- and LMR-).  

Twenty-two patients had complete resection of their lung lesions again with 

curative intent. In the other 14 patients, pulmonary surgery was not performed for 

the following reasons: > 4 lunglesions (n = 7), mediastinal lymph node involvement 

(n = 2), locally advanced tumor growth (n = 1), second primary HNSCC (n = 1), 

age >86 (n = 1), multiple bilateral lesions (n = 1), and unclear (n = 1).  

Numbers of lung lesions were as follows (Table 1): resected SPLC: 1 lesion (n = 

13), 2 lesions (n = 1), 3 lesions (n = 0), and 4 or more lesions (n = 0); nonresected 

SPLC: 1 lesion (n = 2), 2 lesions (n = 1), 3 lesions (n = 0), and 4 or more lesions (n 

= 3); resected lung metastasis: 1 lesion (n = 4), 2 lesions (n = 3), 3 lesions (n = 1), 

and 4 or more lesions (n = 0); nonresected lung metastasis: 1 lesion (n = 2), 2 

lesions (n = 2), 3 lesions (n = 0), and 4 or more lesions (n = 4).  
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Diameters of lung lesions ranged from 0.4 to 12 cm (mean, 3.1; median, 2.5), with 

the largest diameters found in patients who underwent surgery for their SPLC. 

Details on number and diameter of lung lesions are summarized in Table 1.  

The following thoracic surgical approaches were used: 5 pneumonectomies, 5 

lobectomies, and 4 wedge resections in patients with SPLC; no pneumonecto-

mies, 3 lobectomies, and 5 wedge resections in patients undergoing resection for 

metastases (Table 1). 

 The pathologic staging of the resected SPLC was as follows: stage IA (n = 6), 

stage IB (n = 5), stage IIA (n = 1), stage IIB (n = 0), stage IIIA (n = 2), stage IIIB (n 

= 0), and stage IV (n = 1; Table 2).  

 

 
Table 2. Staging of the resected second primary lung carcinoma (SPLC) (n = 15)  
 
Stage SPLC resections No. of SPLC resections 

Ia 
Ib 
IIa 
IIIa 
IV 

6 
5 
1 
2 
1 

 

 

At the last moment of follow-up, 1 patient was still alive without evidence of 

disease (12 years), 2 patients died of other causes, 1 patient was lost to follow-up 

after 30 months, and the other patients (n = 32) died due to tumor progression.  

In the group of patients who underwent resection of their SPLC, 6 (43%) died of 

recurrent lung cancer and 75% died of recurrent HNSCC in the group of patients 

who underwent metastasectomy. The median recurrence-free survival was 13 

months and 19 months, respectively (1 patient was lost to follow-up after 30 

months). Median overall survival was 23.1 months for patients with resection of 

SPLC and 25.1 months for patients with resected metastases. The overall 5year 

survival of the group of patients who underwent resection (both SPLC and 

metastases) was 29.3% (95% CI, 8.7%–50.0%). Figure 2 shows the survival 

curves for the surgically treated patients. Median survival for nonresected SPLC 

and metastasized patients was 3.7 and 4.4 months, respectively, with all patients 

dying of disseminated disease.  
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Discussion  

 

Reports on survival after pulmonary surgery for second primary squamous cell 

lung carcinoma in head and neck cancer patients do not differentiate between 

SPLC and metastases because until now a reliable method for differentiation is not 

available. In a previous article12 we reported on a method to differentiate between 

these 2 types of lesions based on an interpretation strategy of multiple LOH 

markers on different chromosome arms (Figure 1). 
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Figure 2. Overall survival curves (Kaplan-Meier) of patients with molecularly defined (LOH 
analysis) second primary lung cancer (SPLC) and lung metastases (LM). Curves are 
calculated from the time of diagnosis of the lung lesion. R+, surgical resection; R-, no-
surgical resection.  

 

 

A considerable number of squamous cell lung lesions (50% in this study), clinically 

interpreted as metastases, were in fact reclassified as second primaries by LOH 

 n events median 

LM R+ 8 7 25.1 

LM R- 8 8 4.4 

SPLC R+ 14 13 23.1 

SPLC R 6 6 3.7 
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analysis. With the availability of this new tool, we now describe the survival 

characteristics of patients with LOHconfirmed secondary lung cancer and lung 

metastases. 

Although it may be expected that cure rates in cases of SPLC are better than lung 

metastases, we were not able to demonstrate such a difference. Median survival 

of SPLC and lung metastasis was 23 and 25 months after resection, respectively. 

Also, in the nonresected patients, the median survival was similar for both SPLC 

and patients with lung metastases (3.7 vs 4.4 months, respectively).  

Before the analysis, we hypothesized, that patients with an early stage second 

primary non-small cell lung carcinoma would have a better survival than patients 

with pulmonary metastases. Surprisingly, this could not be confirmed. It cannot be 

ruled out that certain factors contribute to the lack of difference in survival. A 

higher incidence of pneumonectomy in the group of patients undergoing resection 

for SPLC may represent a bias of the treating surgeon, as more aggressive 

treatment was considered justified when SPLC was suspected. The increased risk 

of aspiration and pulmonary complications in this group may add to the morbidity 

and possible mortality.23 On the other hand sublobar surgery (wedge resections) in 

patients with suspected metastases, while dealing with a SPLC, may represent 

inadequate surgery, although the recent literature on early NSCLC suggests that 

less invasive surgery yields comparable long-term results.24 Additionally, tumors in 

our series differed considerably in size, ranging from 0.4 to 12 cm. The new IASLC 

lung cancer staging project data show that tumor size is a major prognostic factor. 

Depending on size, tumors with different prognosis can be discriminated even 

within the existing T1 and T2 subgroups with a 5-year survival ranging from 53% 

in cT1a tumors smaller than 2 cm to 26% in cT2c tumors larger than 7 cm.25 

Although the interval between primary head and neck cancer treatment and lung 

surgery may also be of prognostic significance, we did not determine time interval 

differences between the various subgroups (see also Table 1).  

Patients with proven metastasized HNSCC had an unexpectedly good 5-year 

survival, provided that the primary tumor was controlled, less than 4 metastases 

were present, and the patients were fit for resection. This type of patient selection 

might preferentially pick out the patients who are prone to survive longer, 

regardless of their therapy. Nevertheless, we suppose it is fair to assume that the 

resection has contributed to the pulmonary control of the disease and as such 

contributed to outcome of the study. Other studies have published similar data as 

summarized in Table 3, which supports the assumption that (selection of patients 

for) surgery probably still is a key factor for survival.8–10,26,27  
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The definite proof for improved survival after lung surgery should come from 

randomized phase III trials comparing surgery versus optimal nonsurgical 

treatment for second primary lung lesions after curative treatment of head and 

neck cancer. Nevertheless, in selected patients, surgical removal of second 

primary lung lesions translates into favorable survival, provided that limited lung 

surgery is performed to minimize morbidity.  

Whether screening for pulmonary lesions contributes to long-term survival in 

curatively treated HNSCC remains a matter of debate. It is suggested that 

pulmonary lesions are detected earlier in time, without improvement of survival 

rates.28 The authors suggest that this could be explained by unfavorable tumor 

biology parameters. Also, screening for lung cancer in high-risk populations for a 

long period of time did not seem useful in their retrospective analysis. In contrast, 

Henschke et al published a remarkably good 10year survival of 92% for stage I 

lung cancer detected by annual screening using spiral CT.29 

Although these data have been disputed, they may support the development of 

spiral CT–based screening protocols for curatively treated head and neck cancer 

patients, who are at risk for developing a second lung cancer.  

Our survival data suggest that differentiation between second primary lung tumor 

and metastasis of HNSCC is not important for prognosis. However, the 

differentiation does influence the type of resection, because SPLC would be 

treated preferably by anatomic resection including hilar and mediastinal lymph 

node sampling, whereas wide local (tissue-sparing) resection can be used for 

metastasectomy. Unfortunately, LOH analyses may be very time consuming for 

delivery of relevant information at or before surgery for all patients. In selected 

patients, eg, an elderly HNSCC patient needing pneumonectomy, this method can 

be used to support the treatment choice.  
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Table 3. Literature data on resection of histologically defined pulmonary squamous cell carcinoma metastases following HNSCC treatment. 
 

 
Abbreviations: Ci, confidence interval; L, Larynx O, Oral cavity; Ot, Others; P, Pharynx; ?, Unknown or not discribed 

Author No. of 
patients 

Resected 

Age Male/ 
Female 

Primary 
HNSCC site 

Stage No. of lesions 
Per patient 

Found by 
Follow-up 

5-y or median survival 

Nibu et. al.
8 

32 31-73,  
mean 57 

23/9  O = 1 
 P = 10 
 L  = 5 
 Ot = 4 

I  = 3 
II = 3 

III = 15 
IV = 11 

  1 = 26 pat 
2 = 4 pat 
3 = 0 pat 
4 = 2 pat 

? 5-y survival = 32% 

Liu et. al.
9 

41 ? ?  O = 9 
 P = 13 
 L = 19 

? ? Yes 5-y survival = 34% 

Finley et. al.
10 

18 ? ? ? ? 1 = 10,  
2 or more = 8 

? 5-y survival = 29%;  
Median survival = 28 months 

Mazer et. al.
26 

44 21-78,  
mean 61.5, 
median 63.5 

34/10  O = 10 
 P = 18 
 L = 11 
 ? = 5 

? 1 = 28 pat;  
Multiple = 16 pat 

Yes 5-y survival = 43% 

Younes et. a.l
27 

26 
38-69, 

median 53 
24/2 ? ? ? ? Median survival = 23 mo 

Present study 22 37-78,  
mean 60 

17/5  O = 3 
 P = 5 
 L = 14 

I = 3 
II = 6 
III = 8 
IV = 5 

1 = 17 pat 
2 = 4 pat 
3 = 1 pat 
4 = 0 pat 

Yes 5 year survival = 29.3% 
(95% CI :8.7%-50.0%); 
Median survival = 23-25 mo 
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Abstract  

 

Background:  

This study aimed to evaluate a single institute‟s experience with resection of 

metachronous pulmonary malignancy in patients treated for squamous cell 

carcinoma of the head and neck.  

 

Methods:  

Sixty-three consecutive patients treated curatively for head and neck squamous 

cell carcinoma underwent surgical resection of malignant lung lesions. Survival 

was estimated and potential prognostic factors investigated.  

 

Results:  

The median overall survival for the total group was 22.2 months. Fifty-one patients 

(81 per cent) had one lung lesion, while the remainder had multiple lesions (range, 

two to seven). In the 63 patients, 35 lobectomies, 4 pneumonectomies and 24 

wedge resections were performed. For patients with pulmonary squamous cell 

carcinoma (n = 52), the three-year survival rate was 35 per cent (95 per cent 

confidence interval, 22–48); for patients with resected adenocarcinoma (n = 10), it 

was 50 per cent (95 per cent confidence interval, 18–75). The overall five-year 

survival rate was 30 per cent (95 per cent confidence interval, 19–42).  

 

Conclusion:  

In patients treated curatively for head and neck squamous cell carcinoma, 

resection of secondary pulmonary cancer is associated with favourable long term 

overall survival, especially for patients with adenocarcinoma lesions.  
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Introduction 

 

In head and neck cancer patients who have undergone curative treatment, the 

value of post-treatment follow up and screening for secondary lung malignancy is 

an ongoing topic of debate. Head and neck cancer metastases occur most 

frequently in the lung (66 per cent), and patients with head and neck cancer also 

have a far higher risk of developing a second primary lung cancer.1–5  

It remains difficult to distinguish clinically between pulmonary head and neck 

cancer metastases and a second primary lung cancer, although nowadays 

differentiation on a molecular level is possible. Although such techniques are time-

consuming, they are becoming more and more suitable for routine application.6–8 

Reported five-year survival rates after resection of metachronous lung lesions 

range from 19 to 43 per cent; however, as in the current series, these percentages 

are still based on small patient cohorts (n = 55).4,5,9–11 Winter et al. found a 

significantly better survival, comparing operated and non-operated patients by 

matched pair analysis, in 67 patients with pulmonary metastases of head and neck 

cancer.1 However, since adequate controlled trials have not been performed, the 

scientific evidence for benefit from resection is lacking. It is likely that survival 

results may have been positively driven by lead-time bias.12 A number of authors 

have commented on the controversial issue of chest imaging in asymptomatic 

head and neck cancer patients.13–16 In our institute, all patients are offered a 

standard follow-up programme consisting of regular physical checks and yearly 

chest X-rays. The decision to resect secondary lung lesions is based on clinical 

evaluation indicating either resectable early-stage second primary cancer or 

oligometastatic disease.17,18 All our patients are reviewed in a multidisciplinary 

setting considering anaesthetic fitness, co-orbidity and tumour resectability. 

This study aimed to evaluate surgical treatment and results for secondary lung 

tumours in a cohort of consecutively treated patients, and to compare these with 

published results.  

 

 

Materials and methods 

 

We included in the study all patients treated curatively for squamous cell 

carcinoma (SCC) of the head and neck and surgically treated for a secondary lung 

tumour in The Netherlands Cancer Institute between 1978 and June 2006. Since 

1978, our cancer registry has held electronic recurrence and survival data for all 

our head and neck cancer patients. Additional patient and treatment data were 
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obtained directly from patient medical records. For every patient, we collected the 

following data: treatment(s); interval between treatments; diagnosis of secondary 

lung lesion(s) and their number, dimensions and radiological localisation; and 

details of thoracic surgery.  

 

Patients were offered, as standard care, a follow-up programme consisting of 

regular physical checks and a yearly chest X-ray. The investigation of secondary 

lung lesions consisted of bronchoscopy, computed tomography scan and, since its 

introduction in 2000, [18F]-fluoro-deoxy-glucose positron emission tomography. 

Pulmonary function testing was performed, followed if necessary by exercise tests.  

Treatment for pulmonary lesions was discussed by the multidisciplinary thoracic 

oncology team. Criteria for resection comprised the clinical presence of either 

resectable early-stage second primary cancer or oligometastatic disease (i.e. less 

than five nodules of <5 cm).18  

The goal was to achieve free surgical margins while preserving as much lung 

tissue as possible. When intra-operative frozen section analysis of a solitary lesion 

suggested a second primary non-small-cell lung cancer, an anatomical resection 

(preferably lobectomy, occasionally pneumonectomy) was performed in patients 

with adequate cardiopulmonary reserve (Table I). Only histological appearance 

(i.e. adenocarcinoma versus SCC) could be evaluated intra-operatively. As 

demonstrated in our previous publications on the molecular analysis of secondary 

pulmonary malignancies, histological differentiation between lung metastasis and 

second primary lung cancer is often difficult.7,8 

Survival was analysed from the date of resection of the secondary lung lesion(s) to 

the date of last follow-up or death, using the Kaplan–Meier method. In case of 

multiple resections, survival was calculated from the date of the first resection of a 

lung lesion.  

 

 

Results 

 

During the study period (1978–2006), 3866 patients with head and neck SCC were 

treated with curative intent. Of these, 320 patients (8 per cent) developed 

secondary pulmonary lesion(s). Of these 320, 64 patients (20 per cent), requiring 

treatment for metachronous lung tumours following curative treatment for head 

and neck SCC, were identified as surgical candidates. All these patients were 

symptomatic. One patient received chemotherapy for lung carcinoma prior to a 

wedge resection, and was excluded from analysis.  
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Table 1. Patients characteristics 
 

Characteristic Value 

Gender (pts; n) 
Male 
Female 
Age (y) 
Mean 
Range 

 
50 
13 
 
59 
37-78 

H&N SCC Localisation (pts; n) 
Larynx 
Oral 
Oropharynx 
Hypopharynx 
Nasopharynx 
Maxillary sinus 

 
31 
11 
11 
7 
2 
1 

H&N SCC stage (pts; n) 
I 
II 
III 
IV 

 
17 
13 
16 
17 

H&N SCC - lung Ca interval 
Median (mth) 
1-12 mth (pts; n) 
13-24 mth (pts; n) 
25-36 mth (pts; n) 
> 36 mth (pts; n) 
Range (mth) 

 
29 
41.7 
14 
13 
9 
27 
0-171 

Lung tumours (pts; n) 
1 
2 
3 
> 4 
Total lung tumours (n) 

 
51 
7 
2 
3 
88 

Lung tumour size (mm) 
Mean 
Median 
Range 

 
2.7 
2 
0.4-12 

Lung tumour site (pts; n) 
Peripheral 
Central 
Both (multiple) 

 
47 
15 
2 

Lung tumour histopathology (pts; n) 
SCC 
Adenocarcinoma 
Carcinoid 

 
52 
10 
1 

Resection type (pts; n) 
Pneumonectomy 
Lobectomy 
Wedge resection 

 
4 
35 
24 

Total pt parameters (mth) 
Follow up, mean 
Survival time, range 
Survival time, median 

 
40.3 
0-221 
22.2 

Pts = patients; y = years; H&N SCC = head and neck squamous cell carcinoma; H&NSCC-lung Ca 
interval = median disease-free interval between curative primary H&N SCC treatment and lung 
malignancy diagnosis; mth = months 
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The total study group thus consisted of 63 patients, comprising 50 men and 13 

women. These patients‟ original head and neck malignancy sites were: larynx (n = 

31 patients), oral cavity (n = 11), oropharynx (n = 11), hypopharynx (n = seven), 

nasopharynx (n = two) and maxillary sinus (n = one). 

Their original head and neck tumour stages were: stage I (n = 17 patients), stage II 

(n = 13), stage III (n = 16) and stage IV (n = 17).  

The resected lung lesions comprised lung SCC (n = 52 patients), adenocarcinoma 

(n = 10) and carcinoid (n = one). The median disease-free time interval between 

curative treatment for primary head and neck SCC and the diagnosis of lung 

malignancy was 29 months (range, one to 171 months). 

 

 
Table 2. Patient characteristics by lung tumour histopathology 
 
Characteristic SCC AdenoCa 

Total pts (n) 52 10 

H&N SCC stage (pts; n) 
I 
II 
III 
IV 

 
11 
10 
14 
17 

 
6 
2 
2 
0 

H&N SCC - lung Ca interval 
Median (mth) 
0-12 mth (pts; n) 
13-24 mth (pts; n) 
25-36 mth (pts; n) 
> 36 mth (pts; n) 
Range (mth) 

 
30 
8 
12 
9 
23 
0-171 

 
9 
6 
0 
0 
4 
0-150 

Lung tumours (n) 
1 (pts; n (%)) 
2 (pts; n) 
3 (pts; n) 
> 4 (pts; n) 
Total lung tumours (n) 

 
40 (77) 
7 
2 
3 
77 

 
10 (100) 
0 
0 
0 
10 

Lung tumour size (cm) 
Mean  
Median 
Range 

 
2.63 
2 
0.4-12 

 
3.19 
3.5 
0.7-5 

Lung tumour site (pts; n (%)) 
Peripheral 
Central 
Both (multiple) 

 
41 (77) 
10 (19) 
2 (4) 

 
4 (40) 
6 (60) 
0 (0) 

Total pt parameters (mth) 
Follow up, mean 
Survival time, range 
Survival time, median 

 
37.5 
0-221 
19.6 

 
56.5 
13-195 
32 

SCC = squamous cell carcinoma; AdenoCa = adenocarcinoma; pts = patients; H&N = head and 
neck; mth = months 
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At thoracotomy, all palpable lesions were removed. Therefore, in some patients (n 

= 4) the number of resected lesions was more than expected pre-operatively.  

In the majority of patients (n = 51), one lesion was removed; however, two lesions 

were removed in seven patients, three lesions in two, five lesions in two and seven 

lesions in one. In five patients, a bilateral two-stage thoracotomy approach was 

used. Multiple lesions were found only in patients with SCCs, apart from one 

patient with four SCCs and one adenocarcinoma (Table 2). Four patients 

underwent pneumonectomy, 35 lobectomy and 24 wedge resection.  

Free surgical resection margins were achieved in 54 patients. Eight patients with 

incomplete resections and one with pathologically unclear surgical margins 

received post-operative radiotherapy.  

At the time of analysis, 36 patients had died from recurrent disease, three had died 

within 90 days post-operatively from complications (i.e. bleeding, pneumonia and 

ischaemic cardiac disease) and 11 had died of other causes (three from cardiac 

disease, two from pneumonia due to a swallowing disorder, and six from other 

malignancies (i.e. prostate cancer, sarcoma and melanoma)). Eleven patients had 

remained disease-free. Two patients had been lost to follow up. One patient had 

been transferred to another hospital after a cerebrovascular accident one month 

after surgery. The other patient had remained well, with no evidence of disease, 

30 months after surgery. 

The three-year survival estimates were 50 per cent (95 per cent confidence 

interval (CI), 18–75) for patients with adenocarcinoma (n = 10) and 35 per cent (95 

per cent CI, 22–48) for patients with SCC (n = 52) (Figure 1). This difference was 

not statistically significant (p = 0.16). The median overall survival time for the 

whole group was 22.2 months (95 per cent CI, 17.6–34.3). The five-year survival 

rate was 30 per cent. The median survival time in patients undergoing multiple 

SCC resections was 26.5 months. The one patient with carcinoid died of 

metastases from a third primary carcinoma (cerebral metastases from a non-

small-cell lung carcinoma) after 24 months. 

 

 

Discussion 

 

After curative treatment for head and neck SCC, patients have a continuous risk of 

developing a second, primary lung cancer, the incidence of which is approximately 

0.6–1.0 per cent per year.19 In addition, patients with advanced head and neck 

SCC have an even higher risk of recurrent locoregional disease and distant 

metastasis (mainly to the lung).20,21  
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Figure 1. Overal survival for head and neck squamous cell carcinoma (SCC) patients with 
resected secondary lung lesions. p = 0.159, SCC vs adenocarcinoma (adenoCa); log rank 
test, two-sided. pts = patients 

 

 

This risk of recurrence remains relatively small compared with that for other solid 

malignancies.2 Only a limited proportion of patients with secondary lung lesions 

are eligible for thoracic surgery. The 63 patients in our series who underwent 

resection for metachronous lung malignancies represented approximately 2 per 

cent of all head and neck cancer patients treated in our institute over almost 30 

years. This figure is compatible to reports from other institutions.1,10,14 

Our data indicated that patients undergoing surgical treatment of a  secondary 

adenocarcinoma of the lung had a more favourable outcome compared  with those 

undergoing SCC resection, although this difference was not statistically significant. 

There are conflicting reports on survival outcomes for adenocarcinoma and SCC 

patients. Some authors describe better survival for adenocarcinoma patients, 

whereas others report no survival difference.22–29 However, these studies have 

dealt mainly with primary lung cancer; it is therefore questionable whether these 

results are representative for patients with secondary lung lesions. 

In the current study, multiple (repeated) resections for SCC were associated with 

favourable median survival. This phenomenon was related to the selection of 

patients with slowly growing lung lesions. Relatively good outcomes for repeat 

metastasectomies have recently also been demonstrated for patients with 
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recurrent colorectal cancer, provided that there were long intervals between 

resections.30 Other reports have emphasised the prognostic influence of a longer 

disease-free interval between completion of head and neck SCC treatment and 

detection of pulmonary lesions.5,31  

The longer the time interval, the better the likelihood of cure, although there is no 

general agreement or rule.18 Therefore, we did not use time intervals when 

analysing treatment decisions.  

Molecular techniques are available to differentiate metastases from second 

primary lung cancer, for tumours sharing the same histology.6–8,32,33 However, 

these techniques are complex and sometimes time-consuming, and not universally 

available for pre-operative analysis of tumour tissue. Although one might have 

expected better survival rates after treatment for second primary lung cancer, 

compared with treatment for lung metastases, we were not able to demonstrate 

such a difference in a group of patients with molecularly defined lung SCC 

lesions.34 However, the trend towards better survival in adenocarcinoma patients 

suggests that, in these patients, curative treatment should be planned in the same 

manner as for patients with primary lung cancer. 

 

 

Conclusion 

 

The results of the current study indicate that curatively treated head and neck SCC 

patients who are diagnosed with a solitary (or a limited number of) metachronous 

lung lesion(s) during follow up may benefit from surgical treatment of those 

lesions. Unfortunately, due to our study‟s limited number of patients, long duration 

and retrospective nature, the results of our cohort cannot be used to refine criteria 

for the treatment of head and neck cancer patients with metachronous, resectable 

lung lesions. Nevertheless, the observed survival data support the consideration of 

surgical resection for solitary or oligometastatic lung lesion(s) (Table 3). 

Thus far, the US Services Preventive Task Force has not made any 

recommendation on lung cancer screening, since no clear evidence has emerged  

from randomised, controlled trials on this subject.35 Such studies require 

thousands of patients to undergo long follow up, and are not to be expected in the 

near future. Currently, only a small minority of patients with curatively treated head 

and neck SCC benefit from a standardised follow-up programme involving chest 

X-ray imaging. However, newer endoscopic and imaging techniques, and analysis 

of exhaled volatile compounds, may improve the efficacy of detection and 

treatment of secondary lung malignancy.11,36–40 Since evidence to support 
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pulmonary surveillance in curatively treated head and neck SCC patients is 

lacking, any screening strategy should be employed only in a trial setting. 

 
Table 3. Reported data for H&N SCC patients with subsequent lung carcinoma 
 
Author Year Pts resected 

(n (lung Ca type)) 
5-yr survival  
(% (median ST; mth)) 

Present study 2010 52 (SCC) 
62 (AdenoCa + SCC) 

26 (19.6) 
30 (22.2) 

Winter et al.1 2008 55 (SCC) 
67 (mixed) 

19.4 (15.2) 
20.9 (19.4) 

Liu D et al.10 1999 41 (SCC) 34 

Younes et al.41 1997 26 (Mixed Ca) unknown (23) 

Nibu et al.11 1997 32 (SCC) 32 

Wedman et al.9 1996 21 (mixed Ca) 59 

Finley et al.4 1992 18 (SCC) 29 (28) 

Sercarz J et al.42 1989 17 (Mixed Ca) 31.3* 

Mazer et al.5 1988 44 (SCC) 43 

Mountain et al.43 1984 48 (Mixed Ca) 40.9 
* Three-year survival. H&N SCC = head and neck squamous cell carcinoma; Ca = carcinoma; pts = 
patients; yr = year; ST = survival time; mth = months; mixed = combination of AdenoCa, SCC, 
undifferentiated Ca, epidermoid Ca and salivary gland Ca 
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Abstract 

Objective:  

To assess the psychological impact of annual post-treatment screening for second 

primary lung cancer and metastases in HNSCC patients.  

 

Patients and methods:  

In a cohort of 106 patients, 68 men and 38 women, with a mean age of 56, the 

impact of the yearly chest radiograph was evaluated by means of a nine-item 

questionnaire.  

 

Results:  

In all, 90% of the patients were in favor of annual post-treatment screening, 2% 

would not like to receive this screening, and 8% had no preference. A majority 

(98%) considered the screening as an extra medical check and 76% felt 

reassured. Although 21% of the patients were very nervous about the outcome of 

the screening, only 3% wanted to avoid the yearly chest X-ray for this reason. 

 

Conclusion: 

Annual post-treatment screening of head and neck squamous cell carcinoma 

(HNSCC) patients for second primary lung cancer and metastatic recurrence 

appeared to form no major burden for head and neck cancer patients. A majority 

of patients regard the annual chest X-ray as a reassurance. Given these results a 

more intensive screening program seems psychologically justifiable for this group. 
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Introduction 

 

Patients curatively treated for head and neck squamous cell carcinoma (HNSCC) 

are at high risk for developing second primary tumors or metastatic recurrence in 

the lungs.1,2 The differentiation between second primary lung carcinoma and 

metastasis is not easily made on clinical grounds. In a recent study from our 

institute it was shown that lesions, clinically diagnosed as metastases, frequently 

appear to be second primary tumors based on „loss of heterozygosity‟ analysis.3 

Per follow-up year, 3–7% of patients surviving HNSCC develop a second 

malignancy in the upper aero-digestive tract.1 The relative risk of developing lung 

cancer after curative treatment for HNSCC is three to six times higher than in the 

normal population.2 In HNSCC patients, pulmonary metastases account for 66% of 

distant metastases4 and the incidence of pulmonary metastases in curatively 

treated HNSCC patients ranges from 1.6% to 23% depending on the tumor 

stage.5,6 

The issue of screening for lung cancer during follow-up for a previous head and 

neck cancer is still under discussion. Based on retrospective analyses some 

groups have abandoned lung cancer screening for second primary lung 

carcinoma, since no survival benefit seemed to be associated with an annual 

follow-up chest X-ray.7,8 However, the final verdict on the value of lung cancer 

screening is still unknown.9–12 Some authors assume that a more intensive 

screening program using pulmonary spiral CT scan in combination with PET may 

result in earlier detection of malignant lung lesions, possibly contributing to a better 

survival.13–15 

Besides the argument of a potential limited improvement of overall survival, the 

issue of psychological distress for the individual patient has also been used to 

argue against routine radiological follow-up. To substantiate this assumption we 

have investigated the (psychological) distress in a cohort of 106 patients curatively 

treated for HNSCC in our clinic, undergoing annual lung cancer chest X-ray 

screening. 

 

 

Patients and methods 

 

Between March and November 2004 every patient visiting our outpatient clinic for 

a routine check-up of their HNSCC, being in complete remission and 

recommended to have an annual chest X-ray, was asked to participate in the 

study. A total of 121 patients was accrued, of whom 14 were excluded because 

http://informahealthcare.com/action/showPopup?citid=citart1&id=b1&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b2&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b3&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b1&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b2&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b4&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b5&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b6&doi=10.1080/00016480600868414
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http://informahealthcare.com/action/showPopup?citid=citart1&id=b8&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b9%20b10%20b11%20b12&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=b13%20b14%20b15&doi=10.1080/00016480600868414
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the histology of their cancer was different from squamous cell carcinoma (e.g. 

adenocarcinoma, salivary gland carcinoma). Another patient, who filled in the 

questionnaire, but failed to show up for his chest X-ray, was also excluded. This 

resulted in a study group of 106 patients (68 men and 38 women), with a mean 

age of 56 years (range 37–83). Median follow-up (months from end of treatment 

until date of chest X-ray) was 33 months, with a mean number of X-rays of 3.6. 

Primary tumor sites were as follows: larynx (n=33), oral cavity (25), oropharynx 

(25), hypopharynx (11), skin (4), nasopharynx (3), maxillary sinus (1), unknown 

primary tumor site (4). The following stages (UICC TNM class of malignant 

tumours 200216 were included: stage I (n=27), stage II (31), stage III (18), and 

stage IV (30) (Table 1).  

 

Participating individuals received a nine-item study-specific questionnaire. All 

patients were informed about the value of chest X-ray for the early detection of 

lung cancer. Besides the nine study-specific items, the questionnaire also 

contained items on sociodemographic characteristics (including age, marital 

status, living status (single or together), educational level, and cancer-related 

characteristics (years of chest X-ray adherence, site, TNM stage) (see also Figure 

1). Stress-related items were evaluated on a four-point scale: „not at all‟, „a little‟, 

„quite a bit‟, and „very much‟. The questionnaire was made concise to maximize 

compliance. All patients filled in the questionnaire at the time of visiting the 

outpatient clinic and before the outcome of the chest X-ray was known.  

Statistical analyses mainly included descriptive analyses and, if appropriate, 

correlations were measured by Spearman's correlation coefficient. A two-tailed p 

value<0.05 was taken to indicate statistical significance. 

 

Table 1. Localization of primary tumor 
 
Primary HNSCC Frequency % 

Nasopharynx 3 2.8 

Oropharynx 25 23.6 

Hypopharynx 11 10.4 

Oral cavity 25 23.6 

Larynx 33 31.1 

Skin 4 3.8 

Unknown 4 3.8 

Sinus 1 0.9 

Total 106 100.0 

http://informahealthcare.com/action/showPopup?citid=citart1&id=b16&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=T0001&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=F0001&doi=10.1080/00016480600868414
http://informahealthcare.com/action/showPopup?citid=citart1&id=F0001&doi=10.1080/00016480600868414
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Figure 1.  Questionnaire used in the study. 

 

  

Results 

 

The number of previous annual X-rays ranged from none to more than eight. 

Seventy-nine patients (74%) had 0–4 X-rays, 21% had 5–8 and 5% had>8. The 

mean number of X-rays was 3.6, during a median follow-up of 33 months. The 

great majority of patients (86%) received the result of screening within 1 week 

after the X-ray was carried out. In this series four positive X-rays were found. 

Eighty-four patients (79%) reported that they were „not‟ or just „a little nervous‟ in 

awaiting the report on the chest X-ray. This means that 22 patients (21%) were 

„quite a bit‟ to „very‟ insecure or nervous (Table 2).  

http://informahealthcare.com/action/showPopup?citid=citart1&id=T0002&doi=10.1080/00016480600868414


The psychological impact of annual chest X-ray follow-up in head and neck cancer 
 

95 

Table 2. Nervousness in the waiting period for the result of the X-ray. 
 

Nervous Frequency % 

Not at all 41 38.7 

A little 43 40.6 

Quite a bit 15 14.2 

Very much 7 6.6 

Total 106 100.0 

 

 

For almost all patients (97.2%) feelings of anxiety never were a reason to abandon 

the routine follow-up chest X-ray. Only three patients (2.8%) wanted to skip their 

routine follow-up chest X-ray to avoid those feelings, but of these three patients, 

two stated that they were just a little nervous and the other one reported no 

nervousness during the waiting period. Of these three patients, only one felt 

reassured by the yearly chest X-ray. As a result, two of them preferred to have no 

yearly chest X-ray at all (see also below). 

When asked how the annual chest X-ray was experienced, all but two patients 

(98.1%) considered the X-ray as an extra medical check up. The majority of them 

(76.5%) felt reassured by the yearly lung check, 19 patients (18%) only a little, and 

5 patients (4.5%) did not feel reassured at all (Table 3). Twenty-seven of the 106 

patients (25.5%) asked for a chest X-ray themselves during follow-up. For 22 

patients this was not related to any symptoms; however, for 5 patients this was 

related to pulmonary complaints. Of the total study population (n=106), eight 

patients (7.8%) reported having pulmonary problems at the time of undergoing the 

chest X-ray.  

 
Table 3. Reassurance provided by annual chest X-ray. 
 

Reassurance Frequency % 

Not at all 5 4.7 

A little 19 17.9 

Quite a bit 38 35.8 

Very much 43 40.6 

Total 105 99.1 

Missing 1 0.9 

Total 106 100.0 
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The last item, concerning the preference for a yearly chest X-ray, was answered 

as follows: 95 (90%) patients preferred an annual chest X-ray, 2 patients did not 

want a yearly chest X-ray (remarkably both of them being „not at all‟ nervous in the 

waiting period for the result), and 8 patients (7.5%) had no preference (Table 4). 

Responses were related to the number of previous follow-up chest X-rays. The 

more previous examinations, the higher the acceptability (Spearman's rho test; 

p=0.007).  

 
Table 4. Preference for annual chest X-ray. 
 

Preference Frequency % 

Yearly X-ray 95 89.6 

No yearly X-ray 2 1.9 

No preference 8 7.5 

Total 105 99.1 

Missing 1 0.9 

Total 106 100.1 

 

No statistically significant correlation between the level of education (elementary 

school, n=25; advanced elementary school, n=47; college, n=20; and university, 

n=11; 3 patients provided no information on their educational level), age and 

gender, and feelings of distress/nervousness and/or preference could be found. 

 

 

Discussion 

 

Screening of head and neck cancer patients, at risk of developing second primary 

lung cancer, is still a matter of debate. Apart from the cost-benefit discussions on 

radiological screening, causing lung cancer-specific distress is often put forward 

as an argument against post-treatment lung cancer screening. In the literature no 

data are available which address the issue of psychological distress in high risk 

head and neck cancer patients adhering to chest X-ray surveillance. 

The impact of screening on health-related quality of life has been studied more 

extensively in breast, prostate, and pulmonary cancer patients. Recent literature 

data on psychological distress around two consecutive screening visits in 357 

women with a hereditary risk of developing breast cancer showed that general 

distress remained within normal limits during surveillance, consisting of self breast 

examination, biannual physical examination, and annual mammography, and that 
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pre-visit stress levels were considerably lower before the second surveillance 

appointment.17,18 This fits with our observation of a higher acceptability of post-

treatment screening after previous chest X-ray examinations. This effect was 

confirmed by Sutton et al., who did not find anxiety-raising effects of breast cancer 

screening.19 Rijnsburger et al. demonstrated that 37% of the women experienced 

some degree of anxiety when undergoing magnetic resonance imaging (MRI), 

versus 27% of women undergoing mammography and 22% undergoing clinical 

breast examination.18 An explanation for this could be that patients assume that 

MRI is a more sensitive screening modality compared with mammography and 

clinical breast examination, and thus has a higher chance of tumor detection. 

Patients with a hereditary risk for breast cancer and HNSCC patients share the 

high risk of developing second cancer and the no-distress raising screening 

appointments are probably experienced as a routine check-up, thereby finding a 

way of coping with their high risk status. The search for reassurance afterwards is 

probably of most importance, since the breast cancer screening study indicates 

that general distress significantly decreases after the screening appointment.17 

Although screening for prostate cancer is obviously more aggravating, physical 

discomfort was only reported by 37% of 491 men during digital rectal examination 

and by 29% of 487 men during transrectal ultrasound.20 It is therefore striking that 

mean scores for health status and anxiety in this group did not indicate relevant 

changes in physical, psychological, and social functioning during this screening 

procedure.20 Reasons for refusing screening for prostate cancer were mainly 

absence of urological complaints and to a lesser degree anticipated pain or 

discomfort.21 In the prostate screening study group no empirical support was found 

for the objection that the availability of a screening program elicits emotional stress 

among large population groups. If one could prove that mortality rates will be 

reduced by early detection programs, negative effects on the psychological 

condition of patients will be neutralized. 

A large proportion of distress may be related to being informed about a positive 

chest X-ray screening result and false positive results will certainly have 

consequences for future screening adherence.22 Non-adherence to lung cancer 

screening increased >50% in 4705 patients with false positive results at the 

previous screening.22 It is therefore extremely important to minimize false positive 

results in pulmonary carcinoma surveillance in HNSCC patients. The combination 

of spiral CT and PET is more sensitive than chest X-ray and will probably diminish 

the negative effects on the health status. However, since more suspicious lesions 

are detected early by CT and PET, recalls for additional work-up (bronchoscopy), 

which later prove to be false positive, will induce substantial distress. 
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Nevertheless, the high sensitivity of PET/CT in lung cancer screening seems to 

outweigh the risk of distress in the subgroup of patients receiving additional 

examinations. Interestingly, in a group of breast cancer patients undergoing further 

work-up (biopsies) after a false positive mammography, 6 months later no excess 

distress was demonstrated.18 

The available literature on the impact of cancer screening for breast, prostate, and 

lung cancer showed that psychological distress was not increased by screening 

procedures, even when the screening was accompanied by considerable physical 

or psychological discomfort. This is in concordance with our results in which 79% 

of the patients reported to be „not‟ or „just a little‟ nervous before the screening. It is 

remarkable that the great majority (90%) of our patient group prefers to undergo 

the screening despite the distress it might bring. It seems therefore psychologically 

justified to extend our current screening with PET/CT. 

Another source of distress related to screening can be a long period of time 

between the examination and the result. To minimize this, our intention to inform 

the patient within 1 week was successful: 86% received the result of screening 

within 1 week after the X-ray was carried out. 

Solitary lung carcinoma detected by chest X-ray screening in our HNSCC patient 

group is in principle treated by resection unless contraindicated by signs of 

metastases to multiple organs or by poor general condition (e.g. ASA status). This 

approach is based on the fact that resection of pulmonary carcinoma is generally 

proven to be the most important modality for cure.6 Pulmonary lesions found by 

chest X-ray can be either metastases or second primary lung carcinoma. Since 

clinical criteria are not reliable enough to differentiate between second primary 

lung carcinoma and metastases in HNSCC, and clinically diagnosed metastases 

frequently appear to be second primary tumors3, we prefer to choose the curative 

surgical option in case of resectable lung lesions. However, the interval of 12 

months for carrying out the chest X-ray remains arbitrary. It may be expected that 

more sensitive advanced screening programs with spiral CT scan in combination 

with PET will dictate shorter screening intervals. This is supported by the finding 

that 85% of stage 1 lesions are detected by CT scan, in contrast to 30% by chest 

X-ray.23 Early detection programs are therefore very important, because 

presentation of pulmonary carcinoma by clinical symptoms limits the curability 

significantly.11,12,23 Overall 5-year survival of >80% can be achieved if lung lesions 

<2 cm2 are resected.24 Others confirm these survival improvements after resection 

of early staged lung lesions as well. 11,14,15  

In conclusion, this is the first survey on the burden of lung cancer screening in 

curatively treated HNSCC patients. Our data demonstrate in a prospective setting 
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that the vast majority of the patients (90%) prefer annual post-treatment screening. 

Although 21% of the patients were very nervous about the outcome of screening, 

only 3% wanted to abandon surveillance for this reason. These figures in 

combination with literature data on the impact of screening in breast, lung, and 

prostate cancer patients give us enough confidence to start screening for second 

primary lung carcinoma in curatively treated HNSCC patients by spiral CT scan in 

combination with PET, which is also attractive from a cost-effective point of view.25 
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Abstract 

 

Whether pulmonary screening for second primary lung cancer after curative 

treatment for head and neck cancer (HNC) is meaningful, is a heavily debated 

issue. The objective of this report was to review screening strategies and to 

explore the conditions and possibilities of running a randomized trial on pulmonary 

screening after curative treatment for HNC.  

Review of the available literature and as well as population-based data from the 

regional cancer registry were used to provide feasibility information.  

A screening tool should ideally be inexpensive, commonly available and patient-

friendly. Chest X-ray has been shown unreliable and detects less than half of 

malignant lesions. CT and PET/CT are able to detect many more pulmonary 

lesions than chest X-ray, but false-positives and overdiagnosis are major 

problems. Due to much higher cost, use of PET screening will certainly be not 

appropriate at this time. Using the most realistic option, which would be CT 

screening, the evidence available thus far suggests that the mean gain in life 

expectancy, if any, is small and will most probably not exceed 1-2%.  

It is doubtful that post-treatment CT screening will be cost-effective for patients 

who have been curatively treated for head and neck cancer. Our conclusion is 

that, unless wide international collaboration is established providing swift accrual, 

a properly designed randomized controlled trial does not seem to be feasible. 
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Introduction 

 

Although many (patient information) websites state that all cancer survivors should 

have follow-up care, the intention is often unclear. Follow-up care can be important 

to address ongoing problems due to cancer or its treatment, and to check for 

physical and psychosocial effects after treatment ends. However the implication of 

early detection of other types of cancer or recurrence is questionable. 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common 

cancer worldwide, with over 600,000 new cases per year. Survival figures have 

not improved considerably over the past two decades despite newer aggressive 

surgical and chemotherapeutic regimens.1,2 A considerable number of patients 

develop a second primary carcinoma in the oropharyngeal cavity, lung or 

esophagus. Within a time span of 5 years after treatment, 10-20% of patients are 

diagnosed with a secondary cancer in the aerodigestive tract.3-7 Besides, 

depending on initial tumor stage, 5-20% of patients will develop distant 

metastases, of which the majority occurs in the lungs.8-10 The development of 

(second primary) lung malignancy has a profound impact on survival of head and 

neck cancer patients and more adequate interventions and treatment may improve 

outcome considerably.  

Although evidence for survival benefit is lacking, chest X-rays have been part of 

follow-up programs of head-and-neck cancer patients for many years. Trends of 

better overall survival in asymptomatic patients have been suggested in selected 

patients, if lung lesions were detected at an early stage.11,12  

In the absence of data from adequately controlled trials, the usefulness of lung 

imaging follow-up in head and neck cancer patients is questionable. Secondly, the 

method of pulmonary screening by chest X-ray is imperfect and other methods of 

screening (like CT, PET/CT) should be considered. The objective of this report 

was to evaluate the available methods (chest X-ray, CT or PET/CT) for pulmonary 

screening and explore the conditions and possibilities of running a controlled trial 

on pulmonary screening strategy after curative treatment for HNSCC. 

 

  

Methodology 

 

Study designs 

Screening in this population of patients with HNSCC can be defined as the 

systematic testing of those who are asymptomatic with respect to pulmonary (or 

esophageal) malignancy. The purpose of screening is to prevent, interrupt, or 
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delay the development of advanced disease in the subset with a preclinical form of 

the target disease through early detection.13 There are important differences 

between screening for preclinical cancer and the diagnosis of clinically overt 

cancer.14 In the case of diagnosis, patients being evaluated are symptomatic and 

are seeking help from medical providers. In the case of screening, the individuals 

being tested are asymptomatic and are being told that they should be screened to 

avert an avoidable cancer death. Because of these differences, the burden of proof 

for the effectiveness should be higher for screening interventions than for 

diagnostic and treatment interventions in those who are symptomatic.  

Randomized controlled trials are particularly appropriate for screening because 

they eliminate early-detection biases and the potential for confounding by variables 

associated with access to screening. Due to lead time bias and length time bias, 

survival from the target disease can be misinterpreted easily.15 As shown in Figure 

1 and 2, the effectiveness of screening can only be evaluated in adequately 

controlled trials with survival from the time of random assignment to a follow-up 

strategy (with or without screening). 

 

Endpoints 

In studies of cancer screening, disease-specific mortality is often used as 

endpoint, but the validity of this endpoint is strongly dependent on the assumption 

that causes of death can be accurately determined. Misclassification in this 

respect may lead to either over- or underestimation of screening effectiveness.  

 

 

 
 
Figure 1. Lead time bias. With screening the survival is advanced by lead time. The earlier 
the disease is detected: the longer the survival. Without screening the survival is 
measured from signs or symptoms. 
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Figure 2. Length time bias: the lengths of the arrow represent the detectable phase. 
Testing at a single moment in time detects two rapidly growing tumors and three slowly 
progressive diseases. 
 

 

Since exact classification of mortality is often difficult in this population of patients, 

all-cause mortality should be used as endpoint, which depends only on the 

accurate determination of deaths and when they occur.  

Furthermore, although a statistically significant effect on all-cause mortality may be 

unlikely with screening (because the target disease usually is responsible for only 

a small proportion of all deaths), it is useful to examine all-cause mortality along 

with disease-specific mortality for other reasons. First, examination of all-cause 

mortality may reveal major deficiencies in a study, such as flaws in the 

randomization or ascertainment of vital status. Second, examination of all-cause 

mortality helps ensure that a major harm or benefit of screening is not being 

missed. Third, examination of all-cause mortality puts the magnitude of expected 

benefits from screening into an appropriate perspective for decision making.16,17  

 

Screening tools 

Data for this review were identified by searches of MEDLINE, PubMed, and 

references from relevant articles using combinations of search terms “head and 

neck cancer”, “lung cancer”, “pulmonary lesions” and “screening”. Since radio-

logical and metabolic imaging techniques have progressed considerably, only 

relevant papers published in English from the last decade were included. 
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Review of screening tools 

 

Many authors have evaluated several techniques (chest X-ray, sputum cytology, 

CT scanning of the chest, PET/CT or triple endoscopy) for pulmonary screening in 

head and neck cancer patients (Table 1).5,10,11,18-35 Detection of lung lesions is 

highly dependent on the method used for screening. On the other hand, a 

screening tool should ideally be inexpensive, commonly available and patient-

friendly. The question is which diagnostic tool would be most appropriate for 

screening for curable new cancer manifestations in head and neck cancer 

patients.  

Chest X-ray has been shown unreliable and detected less than half of malignant 

lesions in the lung cancer screening projects.36 In studies concerning HNSCC 

patients, sensitivity of chest X-ray was very low (Table 1), i.e. between 28 and 

36%.10,18,22,25,35 Whereas detection of malignant lesions is inadequate, the 

specificity of chest X-ray is high (93-99%).25,28  

Sputum cytology has been used as a supplement to bronchoscopy and to annual 

chest x-ray. Twice-yearly bronchoscopy and sputum cytology in patients with 

laryngeal cancer was reported to be both ineffective and unpleasant.37 The 

addition of sputum cytology to chest x-ray has not been specifically studied in 

head and neck cancer patients, but two randomized trials were unable to 

demonstrate a lung cancer mortality reduction in populations of heavy smokers.38 

Within these data, especially squamous cell cancers were detected by sputum 

cytology. For innovative sputum tests using polymerase chain reaction (PCR) 

based assays (which can detect a few clonal cancer cells containing a specific 

DNA mutation, microsatellite alteration, or CpG island methylation among an 

excess background of normal cells), no data on screening are available yet.  

Although CT scanning can detect many more stage I lung cancers than chest 

radiography, and most of those suspect lesions measure ±1 cm in greatest 

dimension, the number of lesions to be evaluated is also much higher.15,39  

A number of studies in HNSCC patients reported results of CT-screening (Table 1) 

using varying techniques of sectioning and contrast-enhancement. CT scan of the 

chest showed abnormalities in approximately 20% of patients with 

HNSCC.10,18,19,22,25-29,33,35,40 These were proven to be malignant in around 15% of 

these patients, either by radiological progression during follow-up or by 

biopsy.10,18,19,22,25-29,33,35,40 The positive predictive value (PPV) was in the order of 

60%.10,18,19,22,26-29,35,40 Sensitivity may be estimated around 80%, but could be 

much lower.10,19,22,27 



 

 

Table 1. Literature review on pulmonary imaging and follow-up in patients with head and neck cancer. 

methods follow-up with or without screening method 
n number of patients in report 
imaging abnormalities number of patients with abnormal scans 
meta/2

nd
 primary number of patients with malignant lesions (either metastasis or second primary) 

2
nd

 primary number of patients with second primary lung cancer 

Author Pubyear Methods n imaging 
abnormalities 

meta2nd/primary 2
nd

 primary sensitivity specificity PPV NPV 

Engelen 1992 X chest 556   69 12.4% 28 5.0%   100%  

Schwartz 1994 follow-up 851   162 19.0% 58 6.8%     

Houghton 1998 CT scan chest 81 14 17.3%         

Houghton 1998 CT scan chest 111 17 15.3% 10 9%     59%  

Leon 1999 > 2 yr follow-up 845     95 11.2%     

Tan 1999 X + CT chest 25 5 20.0% 1  1 4.0%     

de Bree 2000 CT scan chest and bone scan 101 19 18.8% 18 17.8% 2 2.0% 90%    

Teknos 2001 PET  12   3 25.0%       

Arunachalam 2002 CT scan chest 44 5 11.4% 3 6.8% 1 2.3% 100% 95% 60%  

Merkx 2002 X chest 339   18 5.3%       

Ritoe 2002 X chest 476   48 10.1% 25 5.3%     

Goerres 2003 PET/CT scan 34 8 23.5% 7 20.6% 2 5.9% 87%    

Werner 2003 X + CT scan 26 6 23.1% 4 15.4% 2 7.7%   67%  

Guardiola 2004 triple endoscopy 487     14 2.9%     

Brouwer 2005 CT scan chest 109 34 31.2% 24 22.0% 3 2.8% 73% 86% 71% 87% 

Duchateau 2005 follow-up 30      3.5%     

Keski-Santi 2005 CT chest/abdomen 100 19 19% 6 8.0% 2 2.0% 38% 83% 16% 94% 

Lin 2005 follow-up 1257     48 3.8%     

Loh 2005 X + CT scan 102 20 19.6% 11 10.8%     55%  

Brouwer 2006  PET/CT chest 34   2 5.9% 1 2.9% 57% 81% 44% 88% 

Merkx 2006 routine follow-up 102     6 5.9%     

Tesche 2006 X + CT scan 47 8 17.0% 4 8.5% 3 6.4%   50%  

Saussez 2007 X chest 195           

Gourn 2008 PET/CT scan 24 9 37.5% 3  1  100% 92% 60% 100% 

Hsu 2008 CT scan chest 192 79 29.3% 63 32.8% 16 8.3% 83% 98% 96% 92% 

Leong 2008 X followed by CT chest 102 21 20.6% 14 13.7% 5 4.9% 100% 91% 67%  
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In the evaluation of screening tests, screen detected cases are considered true-

positive and interval cases - those that are not detected at screening but 

diagnosed by other means during the interval between screens - are considered 

false-negatives. Since few studies had adequate follow-up of patients with 

negative CT scans or performed repeat scans after 3-6 months, false-negative 

cases may not have been discovered and sensitivity may have been 

overestimated. 

Of the detected malignant lesions (15%), at least 5% were classified as second 

primary lung cancer.10,18,19,22,27,28,33,35,40 There is probably some underestimation of 

this percentage, because only a minority of lesions was characterized using 

histological biopsy and molecular pathology. When analysis by loss of 

heterozygosity (LOH) or mutation status (TP53, p53) was used to classify 

malignant lesions as distant metastasis or second primary lung cancer, roughly 

half of the malignant pulmonary nodules in HNSCC patients were categorized as 

second primaries.41 

 

Positron emission tomography (PET), without or with combination with CT 

(PET/CT) may also be used for screening purposes, although this technology is 

expensive and is not currently available in every hospital. PET/CT picks up even 

more abnormalities than CT alone, on average 25-35%.23,24,34 Some lesions were 

benign or inflammatory, 20-25% was reported to be malignant including 

mediastinal lymphadenopathy, either by radiological progression or pathologic 

confirmation. The sensitivity of PET/CT may be somewhat higher than CT alone, 

but the available literature reported insufficient data for reliable estimation.42 The 

negative predictive value was reported to be high, in accordance with PET studies 

in other patient populations.43 The positive predictive value was reported to be 

around 60%.24 43 

 

 

Pulmonary screening 

 

Assumptions on incidence and survival 

Based on the available literature, malignancy in the lungs will occur in 10-15% of 

HNSCC patients.3,11,19,31 These lesions are either metastasis or second primary 

lung cancers. The incidence of pulmonary metastasis depends on the primary 

HNSCC tumor stage and is higher in patients with locoregionally advanced 

tumors.  
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Based on our own data12,41, approximately half of screen-detected lesions are 

second primary lung cancers (thus 5-10%). Surgical treatment of limited 

pulmonary disease (either resectable NSCLC or limited metastatic disease) was 

associated with favorable survival (5-year survival approximately 30%).12,44-47 Only 

a limited proportion of patients with secondary lung lesions are eligible for thoracic 

surgery. In our series of HNSCC patients who were followed in a standardized 

program with yearly chest X-ray imaging, approximately 2% of the total population 

of patients underwent surgical treatment for pulmonary malignancy.48 This figure is 

compatible with reports from other institutions.21,44,47.  

Patients diagnosed with advanced second primary NSCLC or with widely 

disseminated disease after primary HNSCC obviously have a bad prognosis and 

5-year survival is estimated at 2-7%.3,49 In screened populations, a mix of early-

stage and advanced second primary malignancies are diagnosed. Data on survival 

in screened populations are scarce; 5-year survival may be estimated at 15-

20%.4,11,31  

As chest X-ray has very low sensitivity, CT screening will pick up at least 2-3 times 

as many potentially curable lesions (either early stage NSCLC or oligometastatic 

disease).39 Furthermore, for slowly progressing lesions, CT on one occasion will 

probably identify lesions that would only become evident on chest X-ray several 

years later. At this time, screening by PET does not seem reasonable, due to 

insufficient data on overdiagnosis risks and much higher cost. 

 

Statistical considerations 

The intention was to explore the conditions of running a controlled trial on a 

pulmonary screening strategy using spiral CT instead of yearly X-ray after curative 

treatment for HNSCC. Sample size is dependent on several variables: the 

disease-specific mortality in the eligible population (mortality from HNSCC vs. 

pulmonary malignancy), the effectiveness of screening in reducing mortality from 

pulmonary malignancy, the duration and follow-up of the intervention, the 

compliance in each group, and the desired significance ( ) and power (ß) levels.  

Based on the results discussed above, it was assumed that in 10-15% of patients 

treated with curative intent for head and neck squamous cell carcinoma, 2nd 

primary tumors would develop in the aerodigestive tract, esophagus or lung, for 

which a curative therapy would be available, given early detection.  

For early detection based on either follow-up including spiral CT after 6 months of 

completion of HNSCC treatment (screening strategy) or follow-up without imaging 

(standard strategy), the following H0 and H1 hypotheses were made: 
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H0:  Screening with spiral CT (after 3 months) has no added value (see 

endpoint) 

H1:  The new screening strategy could provide a relative improvement of 

survival in about 10-15% of patients compared to the standard situation. 

 

With the new method, the following assumptions on improvement in survival are 

suggested: 

Screening strategy: 50% „curative‟ at detection with a 5-year survival of 30% 

 50% palliative at detection with a 5-year survival of 5% 

Standard situation: 10% „curative‟ at detection with 5-year survival of 30% 

 90% palliative at detection with a 5-year survival of 5% 

 

These assumptions translate, in the relevant group of patients (10-15% with 2nd 

primary), to 5-year survival estimates of 17.5% and 7.5% for the new screening 

strategy compared to the standard strategy respectively (or a hazard ratio of 

0.673). To detect such an improvement with a sufficient power (e.g. 80%), 200 

events should be observed (in this case disease specific deaths). 

 

Sample size 

To detect the difference in survival given these considerations with an accrual of 5 

years and a follow-up of 10 years, 200 events would be required (corresponding to 

an enrollment of 106 relevant patients in each group) to provide 80% power (two-

sided alpha 0.05). However, during the period of follow-up patients are at risk for 

other events and may not be evaluable for the early detection and subsequent 

therapy at stake. Assuming a drop-out rate of 15% annually, which actually means 

that after 5 years about half of the population is still at risk for the relevant event, 

140 patients are required in each group (instead of 106). Again, assuming that in 

about 10% of the population a second primary malignancy would be detected 

early, these figures imply that the full population-to-be-screened should be 10 

times bigger or consisting of 1400 patients in each group (2800 in total; 560 

patients/year).  

In this specific population of HNSCC patients, participants in a RCT on screening 

for second primary pulmonary malignancy must be asymptomatic with respect to 

the target cancer. In addition, participants should be healthy enough to undergo 

further evaluation of a positive screening CT and treatment for disease if it is 

eventually diagnosed, and should be likely to survive the duration of the study if 

they are cured. Finally, participants must be willing to be randomly assigned and to 

comply with the screening regimen and follow-up. Since a number of HNSCC 
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patients with a history of tobacco and alcohol abuse have psychosocial problems 

and comorbidities as restricted pulmonary function and cardiovascular disease, 

only a limited fraction of HNSCC patients will be eligible for such a trial.  

The incidence of invasive cancer of the oral cavity, oropharynx, hypopharynx, 

nasopharynx, sinuses and larynx in the Netherlands was 2157 in 200550,51. Of 

those patients, more than 30% were older than 70 years at diagnosis of HNSCC. It 

is estimated that approximately 70% of patients ≤  70 years would be eligible for a 

screening trial and that a proportion of around 50% of these patients would be 

willing to be randomly assigned to screening or not, to comply with the screening 

strategy and follow-up of their health. Thus, with a potential accrual of 400 patients 

per year in the Netherlands, the study would need to be open for at least 7 years, 

resulting in a total sample size of 2900 (compared to 2800).  

In case the “early detection” would occur in 15% instead of 10%, then about 1900 

patients would be required in total. On the other hand, if “early detection” would 

occur in only 5% instead of 10% of the screened population, more than 5000 

patients would be required in total. 

As the 5-year overall survival of HNSCC patients is approximately 37% and the 

median survival 3.5 years, the „drop-out rate‟ may likely be more close to 20% in 

this group. In that scenario more than 3000 patients would be required at a 10% 

manageable events incidence and more than 2030 in case of 15% „manageable 

events‟. With an accrual rate of 400 patients per year into the randomized trial, 

enrollment for such a study would take at least 5-8 years. 

 

 

Discussion 

 

Second primary cancer in the aerodigestive tract is a major problem in head and 

neck cancer affecting at least 10-15% of the curatively treated patients within 5 

years.3,4,6,11,19,31 Early detection of these lesions in asymptomatic patients may be 

important, as a potential gain in identification of early-stage second primary lung 

cancers for which a curative therapy would be available, could improve the 

prognosis of these patients. However, evidence is lacking that routine imaging 

improves life expectancy or quality of life. Awaiting the benefits, harms and costs 

of ongoing RCT‟s (NLST, NELSON, Dante, and DLCST) on lung cancer 

screening, national authorities as the U.S. Preventive Services Task Force 

(USPSTF) and the National Institute for Clinical Excellence (NICE) do not 

recommend routine screening for pulmonary malignancy52-54.  
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Head and neck cancer patients have an even higher risk of developing pulmonary 

malignancy as compared to persons (smokers and former smokers) included in 

lung cancer screening trials. Chest X-ray has been used as a yearly or half-yearly 

screening tool for secondary pulmonary malignancy in many institutions 

worldwide. However, chest X-ray has been shown unreliable and detects less than 

half of malignant lesions.10,18,22,25,35,36 

CT and PET/CT are able to detect many more pulmonary lesions than chest X-ray, 

but overdiagnosis could be a major problem. Particularly the high numbers of 

false-positive test results and consequences have illustrated the potential pitfalls of 

CT screening. Abnormal scans may lead to follow-up examinations with 

intravenous injection of contrast medium, invasive testing, including percutaneous 

needle biopsies or even surgery, in addition to increased anxiety. These 

procedures are associated with mortality and morbidity, anxiety, lost productivity, 

and medical and nonmedical costs. Thoracic surgery for benign disease is not 

necessarily benign.55 

Overdiagnosis also relates to detection of preclinical disease that does not 

progress, as in low-grade bronchoalveolar lesions56, and to the detection of 

preclinical disease that progresses but not rapidly enough to produce any signs or 

symptoms before the individual dies from competing causes.15 The later type is 

most prevalent among individuals with slow-growing tumors and short life 

expectancies caused by age or comorbidity. This downside particularly relates to 

screening for lung malignancy in HNSCC patients because a substantial 

proportion of screened lungs cancers have long doubling times57 and HNSCC 

patients (with history of tobacco and alcohol abuse) have high levels of competing 

mortality.  

Costs and use of (limited) health care resources are also major issues. It is 

doubtful that post-treatment CT screening will be cost-effective for patients who 

have been curatively treated for head and neck cancer. In selected patients with 

previously resected stage IA NSCLC, the cost of surveillance CT was 47,676 

dollars per QALY gained.58 However, factors that rendered surveillance CT cost 

ineffective were (1) age at entry into the surveillance program ≥65 years, (2) cost 

of CT greater than 700 dollars, (3) incidence of SPLC of less than 1.6% per patient 

per year of follow-up, and (4) a false positive rate of surveillance CT greater than 

14%. Due to much higher cost, use of PET screening will certainly be not 

appropriate. 

Ethical considerations primarily relate to smoking habits. The risk of lung cancer 

mortality can be reduced more effectively by quitting smoking than by screening. 

Furthermore, a true-negative outcome of screening may be interpreted as 
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sanctioning an unhealthy lifestyle (i.e. smoking), which may cause disease in the 

future. In the Danish Lung Cancer Screening Trial quit rates were higher among 

subjects with CT abnormalities that necessitated further evaluation.59 

To illustrate how the prevalence of disease, the sensitivity and specificity of 

screening CT, drive the trade-offs, we can consider the following estimations. In 

HNSCC patients, pulmonary malignancy may have an estimated prevalence of 

10%. The screening CT has a sensitivity of 80% or less and a specificity of 90%. If 

1,000 individuals are screened, we can expect 80 true-positive outcomes and 90 

false-positive outcomes. For every case detected, at least one other patient will 

undergo further unnecessary testing, experience associated anxiety, and induce 

costs. In case of a lower prevalence, e.g. 5%, for every case detected more than 2 

other patients will undergo unnecessary testing (ratio 1: 2.4). 

The evidence available thus far suggests that the mean gain in life expectancy 

would be very small. If a CT screening strategy could indeed provide a relative 

improvement of survival of 10% in about 10-15% of patients compared to no 

screening, the overall survival benefit will not exceed 1-2%. However, potential 

harm due to false-positive testing and overdiagnosis is real and precludes 

adopting pulmonary CT screening for HNSCC patients on a wide scale. A 

randomized trial in this group of patients is the only option to elucidate the issue of 

usefulness of pulmonary screening. The international community of head and neck 

cancer surgeons should decide if this potential limited survival benefit justifies a 

collaborative RCT accruing at least 3000 patients. 

On the other hand, it may be more effective to invest in antismoking programs or 

to evaluate other screening methods, such as PCR-based sputum tests and 

analysis of exhalation volatile compounds (eNOSE) (possibly combined with CT as 

the second step). If such (combination of) tests would prove to more accurately 

detect malignancy, this may be a better alternative for screening high-risk 

individuals. 
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Summary 

 

Chapter 1 

Patients surviving HNSCC are at considerable risk of developing second primary 

lung carcinoma or pulmonary metastases. Percentages of second primary lung 

cancer range from 23% to 30% of all secondary malignancies in HNSCC patients 

and pulmonary metastases account for 66% of all distant metastases, with an 

incidence of 1.6 to 25% depending on tumour stage. Due to tobacco abuse, 

patients with a history of laryngeal cancer are at the highest risk of developing 

second primary carcinoma in the lungs. 

Chest X-ray imaging has been used for a long period of time as a standard 

procedure to detect secondary lung malignancies, even though sensitivity remains 

low. Although more sensitive, CT scan has a low specificity in detecting secondary 

lung cancer. Spiral-CT can identify very small lung cancers in high-risk individuals, 

with a resectability rate of 96%. 18F-FDG PET/CT is even more sensitive, but 

specificity is relatively low. Differentiation of lung lesions (second primary lung 

carcinoma vs metastasis) on the basis of clinical criteria is unreliable, which 

creates a considerable need for more specific diagnostic methods, like new 

imaging modalities or advanced molecular biological techniques on pre-treatment 

tissue specimens, ideally obtained by minimally invasive procedures. 

Despite improvements of imaging techniques, the value of screening for 

secondary lung lesions in HNSCC patients is still questionable. Screening is 

mainly driven by very limited chances of cure of symptomatic (secondary) lung 

cancer due to presentation as advanced stage of disease. Important points in the 

screening discussion are reliable differentiation between second primary lung 

cancer and metastases, together with evaluation of survival characteristics. 

Furthermore, it addresses the need of testing the feasibility of a prospective 

randomized controlled clinical concerning the value of screening for secondary 

lung carcinoma.  

 

Chapter 2  

Similar histologies of primary head and neck and lung squamous cell carcinoma 

make it difficult to differentiate between second primary lung cancer and 

metastatic disease. Of 44 patients with secondary lung carcinoma, lesions were 

analyzed and distinguished by molecular biological techniques determining loss of 

heterozygosity (LOH). We used 12 markers on 11 chromosome arms in the LOH 

analysis. For interpretation of the LOH results a novel decision algorithm was 
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developed, based on biological insight and on our observation that multiple LOH 

on different chromosome arms are not independent.  

Clinical scoring (stage of the primary HNSCC, loco regional recurrence free status 

at time of pulmonary lesion, radiological presentation of the lung lesion and time 

interval between HNSCC and secondary lung carcinoma) suggested 38 patients 

with metastases and 6 with second primaries. LOH analysis indicated metastatic 

disease in 19 cases and second primary SCC in 24 cases (in one case LOH 

analysis was inconclusive). For 25 patients LOH supported the clinical scoring and 

in 18 cases it did not. These 18 discordant cases were all considered to be second 

primary tumors by LOH analysis. This analysis demonstrates that a considerable 

number of lung lesions (in this study 50%) clinically interpreted as metastases, are 

suggested to be second primaries by LOH analysis. 

 

Chapter 3 

Chapter 2 showed that clinical and histopathological criteria are unreliable for 

differentiation between second primary lung cancer and metastasis, while patterns 

of allelic loss (LOH) might be more useful. TP53 mutation analysis was used for 

validation of an allelic loss marker panel and the LOH decision algorithm (see also 

chapter 2). Tumor pairs of 39 patients were analyzed for p53 mutations and for 

patterns of allelic loss using 12 microsatellite markers on 11 chromosome arms. 

Results were related to immunohistochemical p53 expression.  Distant metastases 

were diagnosed in 15 cases and second primary tumors in 23 cases indicated by 

LOH (Loss of Heterozygosity) analysis. In one case LOH analysis was 

inconclusive, TP53 mutation analysis was informative in 15 cases of 39 analyzed. 

Based on the p53 mutation status alone, nine tumors were diagnosed as second 

primaries and six as distant metastases. In all 15 cases the LOH analysis was in 

concordance with the TP53 mutation analysis. The immunohistochemical analysis 

of p53 expression could be completed in 25 patients with 5 being diagnosed as 

second primary tumor (SPT). All 5 cases were also identified as SPT‟s by LOH 

analysis. We concluded that the TP53 mutation data validate the suitability of the 

LOH marker panel and decision algorithm for differential diagnosis of DM and SPT 

in the lung. LOH analysis can theoretically be exploited in almost all cases and is 

less laborious than TP53 mutation analysis. In 20 % (5 out of 25) of the cases the 

correct diagnosis SPT could be diagnosed using immunohistochemical analysis as 

single read-out. Based on this data we present a novel algorithm for differential 

diagnosis of lung cancer in treated head and neck cancer patients. 
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Chapter 4 

This chapter describes the survival characteristics of patients with of molecularly 

defined lung lesions after curative treatment for HNSCC. Therefore lung resection 

or biopsy specimens of 36 patients, curatively treated for HNSCC between 1978 

and 2002, were defined as second primary squamous cell lung cancer or 

metastasis by LOH analysis. Twenty-two of them underwent surgical resection, 

resulting in a median overall survival of 23.1 months for second primary lung 

cancer (SPLC) (n=14) and 25.1 months for lung metastases (n=8). Fourteen 

patients, SPLC (n=6) and metastases (n=8), did not undergo surgical resection 

and their median overall survival was 3.7 and 4.4 months respectively.  Our data 

suggest that survival after resection of metachronic lung lesions following curative 

treatment of HNSSC is similar for lesions characterized as second primary 

squamous cell lung cancer and those characterized as metastases.  

 

Chapter 5 

The aim of this study was to evaluate a single institutional experience with 

resection of metachronous pulmonary malignancy in patients treated for 

squamous cell carcinoma of the head and neck (HNSCC). In the Netherlands 

Cancer Institute/Antoni van Leeuwenhoek Hospital, sixty-three consecutive 

patients, curatively treated for HNSCC, underwent surgical resection for malignant 

lung lesions between 1978 and 2006. Patient, treatment and outcome 

characteristics were retrieved from hospital dossiers. In 63 patients, 35 

lobectomies, 4 pneumonectomies and 24 wedge resections were performed. Fifty-

one patients (81%) having one lung lesion, the rest having multiple lesions (range 

2-7). Median overall survival for the total group being 22.2 months. For pulmonary 

squamous cell carcinoma (n=52) 3-year survival was 35% (95% confidence 

interval 22-48) and for resected adenocarcinoma (n=10) 50% (95% confidence 

interval 18-75). Overall 5-year survival was 30% (95% confidence interval 19-42). 

In selected asymptomatic patients, curatively treated for HNSCC, resection of 

secondary pulmonary cancer is associated with favorable long-term overall 

survival, especially for adenocarcinoma lesions. 

 

Chapter 6  

The issue of psychological distress for the individual patient has been used to 

argue against routine radiological follow-up in curatively HNSCC patients. To 

substantiate this assumption we have investigated the psychological impact of 

annual lung cancer chest x-ray screening in a cohort of patients curatively treated 

for HNSCC.  This cohort of one hundred and six patients consisted of 68 men and 
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38 women, with a mean age of 56.  The impact of the yearly chest radiograph was 

evaluated by means of a nine item questionnaire which was completed prior to the 

result of the radiograph. Remarkably, ninety percent of the patients were in favor 

of annual post treatment screening, 2% would not like to receive this screening 

and 8% had no preference. A majority (98%) considered the screening as an extra 

medical check and 76% felt re-assured. Although 21% of the patients were very 

nervous about the outcome of the screening, only 3% wanted to avoid the yearly 

chest x-ray for this reason. Annual post treatment screening of HNSCC patients 

for second primary lung cancer and metastatic recurrence caused no major 

burden for head and neck cancer patients. These results suggest that a screening 

program including thoracic imaging may psychologically be justifiable for this 

group. 

 

Chapter 7  

The issue of screening for secondary lung lesions in patients curatively treated for 

HNSCC is heavily debated. The objective of this report was to evaluate the 

available methods (chest X-ray, CT or PET/CT) for pulmonary screening and 

explore the conditions and possibilities of running a controlled trial on pulmonary 

screening after curative treatment for HNSCC. Therefore, a review of the available 

literature, as well data from the Dutch Cancer Registry was used to provide 

feasibility information. Although inexpensive, sensitivity of chest X-ray has proven 

to be very low (35%) detecting less than half of malignant lesions. CT and PET/CT 

are able to detect many more pulmonary lesions than chest X-ray, but false-

positive findings and overdiagnosis emerge as major problems.  

As the 5-year overall survival of HNSCC patients is approximately 37% and the 

median survival 3.5 years, in a randomized screening trial, the „drop-out rate‟ 

would be close to 20%. Estimating that a new CT screening strategy could provide 

a relative improvement in survival for 10-15% of patients compared to the standard 

situation, 2000-3000 patients would be required. With a maximal estimated accrual 

rate of 400 patients per year in the Netherlands, enrollment for such a study would 

take at least 5-8 years.  

If a CT screening strategy could indeed provide a relative improvement of survival 

of 10% in about 10-15% of patients compared to no screening, the overall survival 

benefit will not exceed 1-2%. Therefore it is doubtful that post-treatment CT 

screening will be cost-effective for patients who have been curatively treated for 

head and neck cancer. Due to much higher cost, use of PET screening will 

certainly be not appropriate. Our conclusion is that, unless wide international 
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collaboration is established providing swift accrual, a randomized screening trial 

does not seem to be realistic. 

 

 

Concluding remarks 

 

This thesis demonstrates that clinical criteria are not appropriate for the 

differentiation of metastases and second primary lung cancer after curative 

treatment of head and neck cancer. We could demonstrate a more reliable 

distinction between these two clinical entities using LOH techniques (see chapter 

2), with also the possibility to use immunostaining for P53 mutation as a first scan 

to diagnose a second primary lung cancer (as described in chapter 3). Although it 

has been hypothesized that early-stage second primary lung cancer gains better 

results by surgery than lung metastases, we were not able to prove a survival 

difference between the two molecularly defined groups of patients with resectable 

lesions 

The five years survival of 30% after resection of isolated secondary lung lesions in 

patients curatively treated for head and neck carcinoma is a result of a 

longstanding follow-up protocol and careful multidisciplinary selection of patients 

suitable for lung surgery. For this minority of HNSCC patients, screening probably 

contributed to adequate and timely treatment of second primary lung cancer or 

oligometastatic disease.  

The (cost) effectiveness of a screening program can only be delivered by a 

randomized controlled trial. Although CT and PET/CT are able to detect many 

more pulmonary lesions than chest X-ray1-3, false-positives and overdiagnosis 

remain major problems for such a screening trial.4,5 Searches for other screening 

methods, such as biomarkers in sputum and even markers in exhaled breath, may 

be more effective.6-8 

It may be expected that future investments in cancer prevention programs like 

smoking cessation with biochemical validation will be more cost effective in their 

contribution to a significant decrease of lung cancer as well as head and neck 

cancer. 
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Samenvatting 

 

Hoofdstuk 1 

Patiënten die een plaveiselcelcarcinoom in het hoofdhals gebied (HNSCC) 

overleven, hebben een hoog risico op het ontwikkelen van  een tweede primair 

longcarcinoom of longmetastasen. Van alle tweede primaire kankers bij HNSCC 

patiënten variëren de percentages voor het krijgen van  een tweede primaire 

longkanker van 23% tot 30%. Longmetastasen omvatten 66% van alle metastasen 

op afstand van HNSCC met een incidentie variërend  van 1,6% tot 25% 

afhankelijk van het stadium van de HNSCC. Patiënten met bijvoorbeeld een 

larynxcarcinoom in de voorgeschiedenis,  hebben een sterk verhoogd risico op 

een tweede primaire longkanker, voornamelijk door roken. Lange tijd werden 

conventionele thoraxfoto‟s gebruikt als standaard procedure om tweede  

longcarcinomen op te sporen, maar de sensitiviteit hiervan blijft laag. Hoewel de 

uitkomsten van CT-scan onderzoek sensitiever zijn, heeft deze methode een lage 

specificiteit voor de detectie van een secundaire longtumor. Een spiraal CT-scan 

is gevoeliger en kan hele kleine laesies identificeren in hoog risicopatiënten. Een 

aanzienlijk deel van deze laesies is echter niet maligne. Wel zou na verdere 

analyse van dergelijke haarden tot 96% van door screening gedetecteerde 

maligne laesies voor resectie in aanmerking kunnen komen. 18F-FDG PET/CT is 

nog sensitiever, maar de specificiteit is wederom relatief laag.  

Bij het vinden van een maligne haard in de long is differentiatie tussen een tweede 

primaire longkanker of metastase op basis van klinische criteria onbetrouwbaar. 

Dit noodzaakt tot meer specifieke diagnostische methoden, zoals nieuwe 

beeldvormende technieken of geavanceerde moleculair biologische technieken, 

die idealiter preoperatief worden uitgevoerd door middel van minimaal invasieve 

procedures.  

Ondanks de technische vooruitgang in de beeldvorming, blijft de waarde van 

screening voor vroege opsporing van secundaire longkanker bij HNSCC patiënten 

een discussiepunt. De motivatie om te screenen wordt  voornamelijk bepaald door 

de te verwachten genezingskans na detectie door screening in vergelijking met de 

genezingskans na detectie naar aanleiding van symptomen. Belangrijke punten in 

de discussie om wel of niet te screenen zijn: de interpretatie van overlevings-

karakteristieken, de kans op overdiagnostisering en de betrouwbaarheid van 

differentiatie tussen tweede primaire longkanker en metastase. Verder toont deze 

discussie de noodzaak aan om de haalbaarheid te onderzoeken van een 

gerandomiseerde klinische trial betreffende de waarde van screening voor 

secundaire longkanker. 
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Hoofdstuk 2  

Omdat een primair plaveiselcel carcinoom van de long en een 

plaveiselcelcarcinoom metastase van het hoofd- halsgebied in de long histologisch 

niet te onderscheiden zijn, kan histologie niet worden gebruikt om tussen deze 

twee aandoeningen te differentiëren. In dit hoofdstuk worden 44 patiënten 

beschreven met een secundaire longkanker, van wie de afwijkingen werden 

geanalyseerd met behulp van een genetische techniek, LOH (Loss of Hetero-

zygosity; verlies van heterozygotie), om onderscheid te maken tussen een 

metastase en een tweede primaire longkanker. Bij deze LOH analyse werden 12 

markers verdeeld over 11 chromosoomarmen gebruikt. Voor de interpretatie van 

de resultaten werd een nieuwe beslisboom ontwikkeld, gebaseerd op biologische 

inzichten en op onze observatie dat het optreden van verlies van multipele allelen 

op verschillende chromosoomarmen geen onafhankelijk fenomeen is. 

Op klinische gronden (stadium van het primaire HNSCC, ontbreken van 

locoregionaal recidief ten tijde van de longlaesie, radiologische presentatie van de 

longlaesie en tijdsinterval tussen HNSCC en optreden van secundaire 

longcarcinoom) werd verondersteld dat 38 patiënten metastasen hadden en 6 een 

tweede primair longcarcinoom. LOH analyse toonde daarentegen metastatische 

ziekte in 19 gevallen en tweede primair longcarcinoom in 24 gevallen (in één geval 

was de LOH analyse niet conclusief). 

Bij 25 patiënten kwam de LOH analyse overeen met de klinische interpretatie en in 

18 gevallen niet. Deze 18 gevallen waren allen als tweede primair longkanker 

geduid door de LOH analyse. Deze analyse laat zien dat een aanzienlijk aantal 

laesies (50% in deze studie), die klinisch worden geïnterpreteerd als metastasen, 

bij LOH analyse tweede primaire longcarcinomen blijken te zijn. 

 

Hoofdstuk 3 

In hoofdstuk 2 werd aangetoond dat klinische en conventionele histopathologische 

criteria onbetrouwbaar zijn voor differentiatie tussen een tweede primair 

longcarcinoom en long metastase, terwijl LOH in dit opzicht meer betrouwbaar 

was. In dit hoofdstuk wordt TP53 mutatie analyse gebruikt om ons LOH 

beslissingsmodel te valideren (zie ook hoofdstuk 2). De tumor paren van 39 

patiënten werden geanalyseerd op p53 mutaties. De resultaten werden vergeleken 

met die van de LOH analyse en met de immunohistochemische p53 expressie. In 

15 gevallen werden afstandsmetastasen gediagnosticeerd op basis van LOH  

analyse en in 23 gevallen werden tweede primaire longtumoren gediagnosticeerd. 

In één geval was de LOH analyse inconclusief. TP53 mutatie analyse was 

informatief in 15 van de 39 geanalyseerde gevallen. Enkel gebaseerd op de TP53 
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mutatie analyse, werden negen tumoren gediagnosticeerd als tweede primaire 

tumoren en zes als afstandsmetastasen. 

In alle 15 gevallen was de LOH analyse overeenkomend met de TP53 mutatie 

analyse. De immunohistochemische analyse van de p53 expressie kon in 25 

patiënten voltooid worden en van die groep werden 5 gevallen gediagnosticeerd 

als tweede primaire tumoren. Al deze 5 gevallen werden ook middels LOH analyse 

gediagnosticeerd als tweede primaire tumoren. Hiermee lijkt de geschiktheid van 

het LOH marker panel en het beslissings algoritme voor differentiatie tussen 

afstandsmetastase en tweede primaire longtumoren bevestigd. LOH analyse kan 

theoretisch in bijna alle gevallen worden gebruikt en is veel minder bewerkelijk dan 

de TP53 mutatie analyse. Enkel en alleen gebruikmakend van immunohisto-

chemische analyse kon tevens in 20 % (5 van de 25) van de gevallen de juiste 

diagnose van een tweede primaire longtumor gediagnosticeerd worden. Aan de 

hand van deze data presenteren wij een nieuw algoritme voor de differentiatie van 

long kanker in curatief behandelde HNSCC patiënten.  

 

Hoofdstuk 4 

Dit hoofdstuk beschrijft de overlevingskarakteristieken van patiënten met een 

moleculair gedefinieerde longlaesie, ontstaan na curatief behandeld HNSCC. Om 

dit te onderzoeken werden longresecties of biopsieën van 36 patiënten, die tussen 

1987 en 2002 curatief behandeld werden voor HNSCC, gedefinieerd als tweede 

primaire longkanker of metastase op basis van LOH analyse. Tweeëntwintig van 

deze patiënten ondergingen een chirurgische resectie, resulterend in een mediane 

overleving van 23,1 maanden voor tweede primaire longkanker (n=14) en 25,1 

maanden voor longmetastasen (n=8). Veertien patiënten, waarvan 6 met tweede 

primaire tumoren en 8 met metastasen, ondergingen geen chirurgische resectie. 

Hun mediane overleving was respectievelijk 3.7 en 4,4, maanden. Deze data 

suggereren dat de overleving na resectie van metachrone longlaesies, die 

optreden na curatief behandelde HNSCC, vrijwel hetzelfde is voor zowel voor LOH 

gedefinieerde tweede primaire plaveiselcelcarcinomen als metastasen.  

 

Hoofdstuk 5 

Het doel van deze studie was een evaluatie van de ervaringen binnen één instituut 

met resectie van metachrone longkanker bij patiënten met een curatief  behandeld 

HNSCC. In het Nederlands Kanker Instituut /Antoni van Leeuwenhoek Ziekenhuis, 

ondergingen 63 opeenvolgende patiënten een chirurgische resectie voor een 

maligne longlaesie tussen 1978 and 2006. Patiënt-, behandel- and uitkomst-

karakteristieken werden geanalyseerd. Bij 63 patiënten werden 35 lobectomiën, 4 
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pneumonectomieën and 24 wigresecties uitgevoerd. Een en vijftig patiënten (81%) 

hadden een solitaire longlaesie, de andere patiënten hadden multipele laesies 

(aantal variërend van 2-7). Mediane overleving voor de totale groep bedroeg 22.2 

maanden. Voor plaveiselcelcarcinomen (n=52) was de 3-jaars overleving 35% 

(95% betrouwbaarheidsinterval 22-48) en voor adenocarcinomen (n=10) was deze 

50% (95% betrouwbaarheidsinterval 18-75). De algehele 5-jaars overleving was 

30% (95% betrouwbaarheidsinterval 19-42). In geselecteerde patiënten, die 

eerder curatief behandeld zijn voor HNSCC, is resectie van secundaire longkanker 

geassocieerd met gunstige overleving, in het bijzonder bij adenocarcinomen . 

 

Hoofdstuk 6  

Psychologische belasting voor de individuele patiënt wordt dikwijls als 

tegenargument gebruikt voor routinematige radiologische follow-up in curatief 

behandelde HNSCC patiënten. Om deze veronderstelling te toetsen hebben we 

de psychologische impact van jaarlijkse thoraxfoto-screening in een cohort van 

honderd en zes patiënten geanalyseerd. Dit cohort van bestond uit 68 mannen en 

38 vrouwen, met een gemiddelde leeftijd van 56 jaar. De impact van de jaarlijkse 

thoraxfoto werd geëvalueerd door middel van een vragenlijst met negen items, die 

werd ingevuld voorafgaand aan de uitslag van de thoraxfoto. Het was opmerkelijk 

dat negentig procent van de patiënten voorstander was van jaarlijkse screening na 

de behandeling voor het HNSCC. Twee procent wilde deze screening niet en 8% 

had geen voorkeur. Een meerderheid (98%) beschouwde de screening als een 

extra medische check en 76% voelde de screening als een geruststelling. Hoewel 

21% van de patiënten nerveus was over de uitkomst van de screening, wilde 

slechts 3% van de patiënten om deze reden de jaarlijkse thoraxfoto afschaffen. 

Jaarlijkse screening voor tweede primaire longcarcinomen en longmetastasen bij 

patiënten die curatief behandeld zijn voor HNSCC veroorzaakt geen grote 

psychologische belasting. Deze resultaten suggereren dat screening bestaande uit 

beeldvorming van de longen psychologisch aanvaardbaar lijkt voor deze groep 

patiënten. 

 

Hoofdstuk 7  

Over screening voor secundaire long laesies bij patiënten die curatief zijn 

behandeld voor HNSCC, wordt hevig gediscussieerd. Het doel van dit hoofdstuk 

was evaluatie van de beschikbare methoden voor longscreening (Thoraxfoto, CT-

thorax of PET/CT) en onderzoek naar de condities en mogelijkheden van een 

gecontroleerde prospectieve studie naar longscreening bij patiënten die curatief 

behandeld zijn voor HNSCC. Hiervoor werden zowel gegevens uit de voorgaande 
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hoofdstukken en uit beschikbare literatuur, als data van de Nederlandse Kanker 

Registratie gebruikt. 

Thoraxfoto‟s zijn erg goedkoop, maar de sensitiviteit is erg laag gebleken (35%). 

CT en PET/CT zijn daarentegen in staat om veel meer laesies te detecteren, maar 

fout positieve bevindingen en overdiagnostisering zorgen voor veel problemen. 

Omdat de mediane overleving van HNSCC patiënten ongeveer 3,5 jaar bedraagt 

(5-jaarsoverleving 37%), is de verwachting dat bij een screeningstrial jaarlijks 20% 

van de patiënten uitvalt. Ervan uitgaande dat een nieuwe CT-screeningsstrategie 

een relatieve verbetering in overleving voor 10-15% van de patiënten zou kunnen 

opleveren, vergeleken met de standaard situatie, zou een inclusie van 2000-3000 

patiënten nodig zijn om dit verschil aan te kunnen tonen. Met een maximaal 

geschatte aanwas van 400 patiënten per jaar in Nederland, zou een dergelijke 

studie tot een looptijd van minimaal 5-8 jaar leiden.  Zelfs in het geval dat deze CT 

screening strategie tot een relatieve overlevingswinst van 10% zou leiden voor 

patiënten bij wie een longmaligniteit door screening zou worden ontdekt (ten 

opzichte van geen screening), zou de totale overlevingswinst voor de gehele 

(gescreende) groep niet groter zijn 1-2%. Daarom is de kosten-effectiviteit van 

longscreening met CT na behandeling twijfelachtig. Door de veel hogere kosten en 

wederom veel overdiagnostisering, zal het gebruik van PET screening zeker niet 

doelmatig kunnen zijn. Onze conclusie is dan ook, dat - tenzij een brede 

internationale samenwerking wordt opgezet, die in snelle aanwas van patiënten 

voorziet - een gerandomiseerde prospectieve screening op praktische gronden 

niet haalbaar lijkt. 

 

 

Conclusie 

 

Aangezien klinische criteria niet voldoen om tweede primaire longkanker te 

differentiëren van metastasen bij patiënten die curatief behandeld zijn voor hoofd-

hals kanker beschrijft dit proefschrift een studie naar andere methoden om dit wel 

te kunnen. Door gebruik te maken van moleculair biologische technieken ( LOH 

analyse en TP53 mutatie analyse, hoofdstuk 2 en 3) kon dit onderscheid wel 

worden gemaakt. Daarbij bleek immunohistochemische analyse van de p53 

expressie als een eerste screening in een klein deel van de gevallen behulpzaam 

(zoals beschreven in hoofdstuk 3). Hoewel algemeen verondersteld wordt dat 

chirurgie van beperkte tweede primaire longkanker betere resultaten oplevert dan 

metastasectomie, konden wij geen verschil in overleving aantonen tussen deze 
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twee aandoeningen bij patiënten met operabele laesies, die moleculair biologisch 

gedefinieerd waren. 

De 5-jaars overleving van 30% bij geïsoleerde secundaire long laesies in curatief 

behandelde hoofd-hals patiënten, is het resultaat van een langdurig follow-up 

protocol en zorgvuldige multidisciplinaire selectie van patiënten die in aanmerking 

komen voor chirurgische resectie. Voor deze minderheid van HNSCC patiënten 

heeft screening mogelijk bijgedragen tot adequate en tijdige behandeling van 

tweede primaire longkanker of oligometastatische ziekte.  

De (kosten)effectiviteit van een screeningsprogramma kan alleen aangetoond 

worden door een prospectieve gerandomiseerde studie. Hoewel CT en PET/CT in 

staat zijn om veel meer longlaesies te detecteren dan conventionele thorax 

foto‟s,1-3 blijven fout positieve uitkomsten en overdiagnostisering voor problemen 

zorgen.4,5 Een zoektocht naar andere screeningsmethoden, zoals biomarkers in 

sputum en  markers in uitgeademde lucht, zou mogelijk meer effectief kunnen 

zijn.6-8 

Men zou bovendien mogen verwachten dat investeringen in kankerpreventie-

programma‟s, zoals stoppen met roken (met biochemische validatie), meer 

succesvol zullen zijn in hun bijdrage tot een significante daling van longkanker en 

ook hoofd-hals kanker.  
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De schrijver van dit proefschrift werd op 17 december 1972 geboren te Utrecht. Hij 

groeide op in Bilthoven waar hij het VWO op Het Nieuwe Lyceum doorliep. In 1991 

vertrok hij naar de Katholieke Universiteit te Leuven voor het eerste jaar 

geneeskunde. Het jaar daarop vestigde hij zich in Amsterdam waar hij aan de Vrije 

Universiteit de propedeuse Medische Biologie behaalde. Het jaar daarna werd hij, 

gebruikmakend van de zogenaamde „hardheidsclausule‟, nageplaatst voor de studie 

Geneeskunde aan de Vrije Universiteit. Na het artsexamen volgde een betrekking als 

arts-assistent in het Nederlands Kanker Instituut/Antoni van Leeuwenhoek Zieken-

huis, eerst binnen de heelkundige specialismen en later specifiek op de afdeling 

Hoofd-Hals Oncologie en -Chirurgie. Daar werden de eerste voorzichtige schreden 

met betrekking tot dit proefschrift gezet (Prof. dr A.J.M. Balm). In 2002 begon hij als 

arts-assistent KNO in Academisch Medisch Centrum (AMC) Amsterdam, alwaar hij in 

januari 2003 met de opleiding tot Keel-, Neus-, Oorarts begon (Prof. dr G.J. Nolst 

Trenité, Prof. dr W.J. Fokkens). Deze opleiding werd eind 2007 voltooid en sindsdien 

is hij werkzaam in het Deventer Ziekenhuis als KNO-arts. Hij is getrouwd met Lidewij 

van Melle en samen hebben zij vier kinderen: Rozemarijn, Josephine, Suzanne en 

Willem. 
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Vele mensen hebben de afgelopen jaren meegewerkt aan het tot standkomen van dit 

proefschrift. Niet iedereen kan ik noemen, maar allen ben ik dankbaar.  

 

Prof. dr A.J.M. Balm, beste Fons, 

Eigenlijk had jouw naam naast die van mij voorop de kaft van dit boekje moeten 

staan. Zonder jou was dit project niet gestart, niet doorgegaan en nog minder snel tot 

een eind gekomen. Ik besef mij dat het voor jou, met je formule 1 acceleratie 

vermogen, soms moeilijk was met deze diesel samen te werken. Een ding dat wij wel 

gemeen hebben: eenmaal vastgebeten laten we niet meer los. Dat resulteerde in dit 

proefschrift.  

Ik bewonder jouw tomeloze inzet, bevlogenheid, werklust en motivatievermogen. 

Dank voor dit alles. Wat zal het stil worden op de mail……. 

 

Dr M.L.F. Velthuysen, beste Loes, 

Het begin van deze studie lag voornamelijk bij jou met de eerste LOH analyses. 

Ondanks alle drukte wist jij toch tijd vrij te maken voor alle analyses en de vele 

vragen van mijn kant. Heel veel dank voor deze samenwerking. 

 

Dr H.M. Klomp, beste Houke, 

Dank voor je scherpe analyses en commentaar. Vooral het laatste deel van het 

proefschrift is sterk beïnvloed door jouw ideeën en dat heeft dit proefschrift absoluut 

een mooier geheel gemaakt. 

 

Dr H. Van Tinteren, Beste Harm, 

Dank voor je kritische commentaren en je analytische blik. Meerdere malen schoof ik 

bij je aan de tafel en dan legde je gerust alles nog een keer uit. Toen de afstand naar 

Amsterdam wat groter werd continueerde dit gewoon via de mail. Dank voor je hulp 

en de prettige samenwerking. 

 

De leden van de promotiecommissie Prof. dr A.C. Begg, Prof. dr E.H. Bel, Prof. dr 

D.J. Gouma, Prof. dr H.A.M. Marres, Prof. dr D.J. Richel en Prof. dr M.J. Van de 

Vijver, wil ik danken voor het beoordelen van het manuscript. 

 

Prof. dr R.H. Brakenhoff, Beste Ruud, 

Dank voor de samenwerking. Het was niet te merken dat we met twee verschillende 

instituten samenwerkten, het liep soepel en goed. Ook laat op de avond in Chicago! 
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Dank voor je directheid, bevlogenheid en goede ideeën. Zonder jou was het P53 

project niet mogelijk geweest.  

 

Dr M.W.M. van den Brekel, Beste Michiel, 

Dank voor je goede en stimulerende ideeën en scherpe blik en basis voor de 

samenwerking in het P53 project. 

 

Prof. dr N. van Zandwijk en Dr J.A. Burgers, Beste Nico en Sjaak, 

Dank voor jullie samenwerking en scherpe commentaar. 

 

Secetariaat KNO NKI-AvL: beste Marion en Noëlle: 

Geen vraag was jullie teveel en nooit heb ik een vraag tweemaal hoeven stellen. 

Veel dank voor jullie werk de afgelopen jaren en de gezellige mailwisselingen! 

 

Prof. dr Nolst Trenite en Prof. dr Fokkens, Beste Gijs en Wytske 

Dank voor het vertrouwen. Zonder jullie toestemming had ik dit project niet kunnen 

continueren tijdens de opleiding. Dank hiervoor en vooral ook dank voor alles wat ik 

geleerd heb van jullie en de rest van de staf tijdens de opleiding in het AMC. 

 

Beste oud collega assistenten KNO AMC dank voor de gezelligheid, collegialiteit en 

de stimulerende omgeving.  

In het bijzonder beste Ivar en Peter Jan: mijn opleiding is met jullie verbonden. 

Ondanks dat we alle drie vooral interesse hadden in zo goed en zo veel mogelijk 

opereren, hebben jullie mij altijd gestimuleerd dit proefschrift door te zetten tijdens de 

opleiding. Dank hiervoor. Wat hebben we een plezier gehad! Binnenkort weer een 

congresje? 

 

Vakgroep KNO Deventer, Beste Geert, Tjipco, Bram, Steven, Karien en Joeri, 

Dank dat jullie mij in neventaken mijn eerste tijd bij jullie wat hebben ontzien, zodat ik 

dit proefschrift kon afronden. Dat afronden heeft langer geduurd dan bedoeld 

(kwaliteit kost tijd), maar nu ben ik er volledig voor onze mooie vakgroep! 

 

Paranimfen Joeri Buwalda en Mark Geurts, ben blij dat jullie mij (weer) willen 

bijstaan. Opereren als spits gaat alleen goed als zowel het middenveld en de 

verdediging staan als een huis. Dat zit dus wel goed. Fijn dat jullie erbij zijn. Mijn 

dank is heel groot. In de zomer gaan we een feestje vieren! 
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Lieve Papa en Mama, 

Dank voor jullie ongelimiteerde steun en hulp. Dank voor alle mogelijkheden die jullie 

mij altijd hebben geboden. Druk van jullie uit is er nooit geweest (eerder het 

tegenovergestelde). Vertrouwen des te meer. Ik hoop dat ik dit door kan geven aan 

mijn kinderen. 

 

Lieve lieve kindjes: 

Lieve Roos, 

Ga vooral door met dansen (Papa, kun je nog eeeeeen keer dat liedje opzetten?), 

mooie jurken aandoen (niet te koud) en heel veel tekenen en kleuren…..;  

Lieve Fien,  

Ga vooral door met dansen (met Roos, maar niet teveel rondjes draaien!!), eindeloos 

lief spelen, slakken en kikkers zoeken en Pippi knuffelen…..; 

Lieve Suusje, 

Ga vooral door met lachen (kun je ook wat anders?), ondeugend zijn, lekker gillen en 

samen met Fien en Pippi rotzooien buiten…..; 

Lieve Willem:  

Ga vooral door met zoet zijn, schateren, stralen naar je zusjes, lekker druk doen en 

vooral heel goed de wereld verkennen…….; 

 

……..promoveren komt later wel! 

 

Liefste Lien, 

Dank voor alles………. 

Kortgeleden hebben we de grenzen van het leven van dichtbij gezien en besloten dat 

niets belangrijker is dan het leven zelf. Na dit proefschrift hebben we meer tijd om dit 

leven nog intenser met elkaar én onze 4 wondertjes te beleven. Ik ben ongelofelijk 

trots op jouw vastberadenheid, je doorzettingsvermogen en vooral je grenzeloos 

vertrouwen in de toekomst.  

Dit hebben we maar mooi afgemaakt tussen de bedrijven door en nu gaan we het 

vieren! 

 


