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Abstract  

Purpose: To investigate the benefit of consensus double reading compared to single reading 

during the baseline period of a low-dose CT lung cancer screening trial. 

 

Materials and Methods: The screening program was approved by the Minister of Health and 

informed consent was obtained from all participants. Consensus double reading was 

performed in 7,557 participants. All participants have been followed up for 2 years. The 

benefit of consensus double reading compared to single reading was expressed by the 

percentage change in the cancer detection rate, the number of additional nodules detected, 

follow up recommendations and the change in sensitivity, specificity, positive predictive value 

(PPV) and negative predictive value (NPV).  

 

Results: Of the 196 participants with a positive baseline test result, 73 were true positive for 

lung cancer after 2-years of follow after the baseline CT scan. One false negative case was 

found by retrospectively review. Due to consensus double reading, the lung cancer detection 

rate increased by 2.8% (2/71, 95% CI: 0.7%, 11.5%), the stage I detection rate by 2.2% (1/45, 

95% CI: 0.3%, 16.1%), the nodule detection rate by 23.4% (1,635/6,988, 95% CI: 22.2%, 

24.7%), the chest physician referral rate decreased by 9.3% (20/216, 95% CI: 5.9%, 14.6%) 

and the 3-month recall rate increased by 0.5% (8/1,551, 95% CI: 0.3%, 1.0%). The sensitivity, 

specificity, PPV and NPV were 96.0%, 98.1%, 32.9% and 99.9% for single reading and 

98.6%, 98.4%, 37.2% and 99.9% for consensus double reading, respectively.  

 

Conclusion: There is no benefit of consensus double reading with the use of NELSON 

nodule management strategy at baseline screening.  
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Introduction 
Achieving a maximum diagnostic yield in cancer screening programs is not only dependent 

on the image quality but also on the appropriate reading of the images. Studies in breast 

cancer screening have shown that radiologists can sometimes substantially differ in the 

interpretations of mammograms and their recommendations for further management [1-3]. 

Efforts to improve accuracy and to reduce variability in the interpretation may potentially 

increase the effectiveness of a screening program. 

Several studies have investigated the benefit of double reading in breast cancer 

screening and shown that double reading increased the cancer detection rate with 6-15% 

compared with single reading [4-12]. Taking the costs of double reading into account, double 

reading also appeared to be more cost-effective than a single reading policy [13;14]. Although 

double reading is recommended for breast cancer screening today, there is  inconsistency in 

the data reported so far as some investigators only found an increase in the cancer detection 

rate of 2-5% after double reading [15-17].  

Inter-observer variability in reader performance for the detection and characterization 

of  pulmonary nodules has been found to be relatively high in chest CT imaging [18-21]. So 

far, the value of double reading in lung cancer CT screening has, as to our knowledge, not 

been investigated. Question is whether double reading could improve the diagnostic 

performance. The purpose of this study was, therefore, to investigate the benefit of consensus 

double reading compared to single reading at the baseline screening round of a low-dose CT 

lung cancer screening trial.  
 

Materials and Methods 
Study group 

This study is a side-study of a multi-centre randomised controlled low-dose CT lung cancer 

screening trial [22]. Participants had to be current or former smokers with a history of >15 

cigarettes per day for >25 years or >10 cigarettes per day for >30 years and between 50-75 

years of age. Between April 2004 and December 2006, 7,557 participants were included. 

Their mean age was 59 ± 6 years and 16% were women. The study has been approved by the 

Dutch Minister of Health and the Ethical Committees of all four participating hospitals. 

Written informed consent was obtained from all participants. The original approval and 

informed consent for the screening study included the ability to use data for future research, 

including the current prospective side study.  
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Imaging methods 

All scans were performed using 16 detector-row helical CT scanners (Sensation-16, Siemens 

Medical systems, Forchheim, Germany; Mx8000 IDT or Brilliance 16P, Philips Medical 

SYSTEMS, Cleveland, OH, USA) at low dose radiation levels with the following parameters: 

0.5 sec tube rotation, 0.75 mm single slice collimation and 15 mm or 18 mm table feed per 

rotation (pitch = 1.3 -1.5). A caudo-cranial scan direction without contrast was used. Scans 

were obtained from the level of the lung bases (posterior recesses) to the lung apex with the 

help of a scout view. Exposure settings were 20-30 mAs and 100-140 kVp depending on the 

weight of the participants. This corresponds to an effective radiation dose <1.6 mSv. We 

reconstructed axial images with 1.0 mm thickness at 0.7 mm increments. A moderate kernel 

was used for reconstruction (Siemens B30 filter, Philips B filter). All scans were 

reconstructed with a field-of-view large enough to cover the complete lung cross-section. For 

nodule detection digital workstations (Leonardo®, Siemens Medical Solutions, Erlangen, 

Germany) were used in all screening sites with U.S. Food and Drug Administration (FDA) 

approved, commercially available software for semi-automated volume measurements 

(LungCare®, Siemens Medical Solutions, version Somaris/5: VA70C-W) [23;24]. Pulmonary 

nodules were identified on axial thin slab maximum intensity projections (MIPs) with cine 

mode. The slice thickness of MIPs was 6 mm or 8 mm. Images were initially displayed with a 

window level of -500 HU and window width of 1500 HU, but the readers were free to alter 

these settings at their discretion.  

Nodule management protocol 

A test was positive if any non-calcified nodule (NCN) on a CT scan had a solid component > 

500 mm3 (>9.8 mm in diameter) and indeterminate if the volume of the largest solid nodule or 

the solid component of a partial-solid nodule was between 50-500 mm3 (4.6-9.8 mm in 

diameter) or > 8 mm for non-solid nodules. Otherwise, the test was negative. In participants 

with an indeterminate test result a 3-month follow-up scan was performed to assess whether 

the nodule had grown. In case of growth and a volume doubling time < 400 days, the final test 

result for this group was positive, otherwise negative. Growth was defined as a percentage 

volume change (PVC) of ≥ 25% between the first and the second scan. All test positives were 

referred to the chest physician for work-up and diagnosis. If lung cancer was diagnosed, the 

participant was treated appropriately; otherwise they were scheduled  for the 2nd round CT 

scan [22,25].  

Procedure of consensus double reading  

All CT scans have subsequently been read by a first and a second reader. The level of 
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experience of the 13 first readers ranged from no experience to more than 20 years experience 

in reading thoracic CT scans (median 6 years), while the two second readers both had 6 years 

of experience.  

In the first part of the evaluation procedure, CT scans were independently read by the 

first and second readers. Subsequently, the second readers matched the nodules they had 

identified with those identified by the first readers according to location and size. After 

matching the nodules, the second readers compared their screening test results with those of 

the first readers. In case of a discrepancy, the second readers informed the first readers and 

they re-evaluated the CT scan to reach consensus. If no consensus was reached, arbitration 

from an expert radiologist with more than 20 years of experience was performed.   

Reference diagnosis 

Reference standard for a positive baseline test result was based on the retrospective analysis 

of the lung cancers were present during a 2-years period following the baseline CT scans. All 

screen detected and interval cancer cases identified during this follow-up period were 

retrospectively matched to one particular baseline pulmonary nodule. If these cancers 

originated from participants with large (>500 mm3) or growing nodules with a VDT < 400 

days these participants were regarded as true positives. A baseline or 2nd round interval lung 

cancer was defined as a lung cancer detected during the one year period following a negative 

baseline or 2nd round test result, respectively. They were identified through linkage of the 

participants with the national pathology database PALGA and by active information collection 

from appointments, general practitioners, letters and phone calls.  

Statistical analysis 

The effect of consensus double reading was first of all expressed by the change in cancer 

detection rate, defined as the number of cancer cases detected by consensus double reading 

minus the number detected by single reading divided by the number detected by single 

reading (%, 95% confidence interval (95% CI))[26]. This was also done for stage I and II 

cancers to investigate if consensus double reading led to the detection of more early stage 

disease than single reading. Furthermore, the effect of consensus double reading was 

expressed by the change in the nodule detection rate and the change in the rate of 3-months 

follow-up recommendations and referrals to a chest physician. The diagnostic accuracy of 

single and consensus double reading were expressed by the sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value (NPV) with their 95% CI’s at the 

participant level. Sensitivity of single and consensus double reading was defined as the ratio 

between the number of true positive results (participants who were diagnosed with lung 
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cancer during a 2-years period after a positive baseline screening test) and the number of true 

positive results plus the number of false negative results (interval cancers detected during the 

same time period). Diagnostic performance evaluations have been performed in VassarStat 

online calculator (http://faculty.vassar. edu/lowry/clin1.html). 

Results 

Of the 196 participants with a positive baseline test result, 73 were true positive for lung 

cancer after 2-years of follow after the baseline CT scan. Seventy-one cancers were detected 

by both readings, 2 additional cases by consensus double reading and none by the single 

reading only. One false negative case interval cancer was found by retrospectively review in a 

participant with an interval cancer. The baseline CT of this participant showed a pleural mass 

in the right upper lobe, which had been classified as a benign pleural plaque by both readers. 

Of the 71 cancer cases detected by both readings, 63.4% (45/71) was pathological stage I and 

of the 2 cases detected by consensus double reading only, 50% (1/2) was stage I disease. The 

percentage change in cancer detection was 2.8% (2/71, 95% CI: 0.1%, 11.5%) (Table 1) and 

the percentage change in the detection of stage I disease was 2.2% (1/45, 95% CI: 0.3%, 

16.1%). In total 8,623 nodules have been detected at baseline screening, 1,635 have been 

additionally detected by consensus double reading, and the percentage change in nodule 

detection was 23.4% (1,635/6,988, 95% CI: 22.2%, 24.7%) (Table 2). During the first 

screening round 9,096 CT scans have been performed including the follow-up scans. 

Consensus double reading upgraded the follow-up recommendations in 1.8% (161/9,096) and 

downgraded in 2.0% (180/9,096), which eventually led to 20 less referrals to a chest physician 

and 8 more 3-month follow-up scans compared with single reading (Table 3). The percentage 

change was 9.3% (20/216, 95% CI: 5.9%, 14.6%) less referrals to a chest physician and 0.5% 

(8/1551, 95% CI: 0.3%, 1.0%) more 3-month follow up scans.  

The sensitivity, specificity, PPV and NPV were, respectively, 95.9% (95% CI: 87.8%, 

98.9%), 98.2% (95% CI: 97.9%, 98.5%), 32.9% (95% CI: 28.1%, 41.4%), 99.9% (95% CI: 

99.9%, 100%) for single reading and 98.6% (95% CI: 91.7%, 99.9%), 98.4% (95% CI: 

98.08%, 98.6%), 37.2% (95% CI: 30.5%, 44.5%), 99.9% (95% CI: 99.9%, 100%) for 

consensus double reading, respectively (Table 4).  
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Table 1 

Change in the lung cancer detection rate by single and consensus double reading at baseline 

screening of the low-dose CT screening trial (NELSON) at the participant level. 

  

Consensus double reading  

Positive Negative 

 

Total 

Positive 71 0 71 

Negative 2 1 3 

Single 

Reading 

Total 73 1 74 

Percentage change in lung cancer detection rate was 2.8% (2/71, 95% CI: 0.7%, 11.5%)  

 

Discussion 

At baseline screening of the NELSON lung cancer screening trial consensus double reading 

led, compared to single reading, to the identification of 2.8% more subjects with lung cancer 

and 2.2% more stage I disease lung cancer, the detection of 23.4% more nodules, a 9.3% 

decline in referrals, a 0.5% increase in 3-month recall CT scans, a 2.7% increase in sensitivity 

and a 0.2% increase in specificity.  

The most important parameter in the assessment of the effectiveness of double reading 

in a cancer screening program is the degree by which the cancer detection rate increases. The 

2.8% increase in our study is much lower than the 6-15% observed for breast cancer screening 

[4-10]. The reason for the only slight increase is two-fold. First of all, low-dose CT provides a 

high spatial and density resolution, which makes the identification of abnormalities more easy 

than for mammography in which lesion identification is relatively difficult due to the small 

difference in density between the lesion and the surrounding normal breast tissue. Secondly, 

evaluation of our CT scans was based on the NELSON nodule management strategy which is 

an objective, software driven approach [22;25] and, as such, far more objective than the 

interpretation of a mammography which is rather subjective according to the Breast Imaging 

Reporting and Data System [27]. We also found that the detection of stage I disease increased 

by only 2.2% as a result of consensus double reading. It demonstrates that the clinical benefit 

of consensus double reading was low, although this conclusion is based on a relatively small 

number of cases.   
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Table 2 

Number of additional pulmonary nodules detected by consensus double reading compared to 

single reading at baseline low-dose CT screening of the NELSON trial. 

 

Nodule category 

 

 

Single reading 

 

Additional nodules detected by 

consensus double reading  

Total 

 

Benign nodules and 

nodules <50 mm3 (<4.6 

mm) 

5,090  

 

1,166  6,256 

50-500 mm3 (4.6-9.8 mm) 1,796 

 

440  2,236 

>500 mm3 (>9.8 mm)  102  

 

29  131 

Total 6,988 1,635  8,623 

Percentage change in nodule detection rate was 23.4% (1,635/6,988, 95% CI: 22.2%, 24.7%) 

 

Another observation is that consensus double reading led to the detection of 23.4% more 

nodules, which is higher than the 16% increase reported by Wormanns et al. [28]. The 

increase in the detection of nodules could possibly be explained by the fact that first readers 

pay especially attention to the larger, suspicious nodules and neglect the smaller ones. 

Theoretically, the more nodules identified, the higher the probability to detect cancer. 

However, the 23.4% increase in the nodule detection rate observed in our study only 

translated into a 2.8% increase in the cancer detection rate due to the fact that the majority of 

the additional nodules detected was < 50 mm3 (< 4.6 mm in diameter) because lung cancer 

risk in these small nodules is very low [29].  

Another way to express the added value of double reading is to evaluate its effect on 

the sensitivity and specificity. Double reading can be performed by two different methods: 

independent double reading in which the final result is in favour of a positive diagnosis by 

either reader, and consensus double reading in which the final result is reached either by 

consensus between the first and second reader or after arbitration of a third reader. In breast 

cancer screening independent double reading has been reported to increase the sensitivity at 

the expense of the specificity[5;10;15;16], while consensus double reading has been reported 

to increase the sensitivity without changing specificity [6;7;9]. In our study double reading  
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Table 3 

Effect of consensus double reading on the number of participants who received a 

recommendation for referral to a chest physician or a 3-months recall scan in 9,096 chest CT 

scans of 7,557 participants during baseline period  

Consensus double reading  

referral to chest 

physician 

3-month 

follow up 

Annual 

follow up 

Total 

Referral to chest 

physician 

172 20 24 216 

3-month follow 

up 

13 1,402 136 1,551 

Single 

reading  

annual follow up 11 137 7,181 7,329 

Total 196  1,559 7,341 9,096 

The percentage change was 9.3% (20/216, 95% CI: 5.9%, 14.6%) less referrals to a chest 

physician and 0.5% (8/1551, 95% CI: 0.3%, 1.0%) more 3-month follow up scans compared 

with single reading 

 

increased both the sensitivity and the specificity, probably due to the fact that consensus 

double reading not only increased the detection of more suspicious lesions but also excluded 

more false positive cases. It could be hypothesized that during consensus double reading 

readers might perform less good because they are not blinded to each other, leading to 

carelessness of the first reader, prejudice of the second reader and eventually to a lower 

accuracy. However, we did not observe this phenomenon in our study because the final 

sensitivity increased by consensus double reading. Computer-aided detection (CAD) devices 

could serve as an attractive alternative for the enormous costs and efforts of double reading. 

The already commercially available CAD software might in the near future assist the reader in 

the detection of  pulmonary nodules and improves their performance.[30-33].   

Consensus double reading led only to a slight increase in the lung cancer detection rate 

without significant change in the detection of early stage disease despite the detection of 23% 

more nodules. All these additional nodules require radiological evaluation which increases the 

reading time and screening costs. The only advantage of consensus double reading was a 

decline in the referral rate to the chest physicians by 9% which reduces the screening costs.  
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Table 4A 

Sensitivity and specificity of single reading during the baseline period of low-dose CT lung 

cancer screening trial NELSON including the 3-months follow-up scan. 

     

Participants with Lung Cancer  

Yes No 

 

Total 

Positive 71 135 216 

Negative 3 7,338 7,341 

Test Results 

Total 74 7,483 7, 557 

 

Sensitivity: 95.9% (95% CI: 87.8%, 98.9%); specificity 98.2% (95% CI: 97.9%, 98.5%); PPV 

32.9% (95% CI: 28.1%, 41.4%); NPV 99.9% (95% CI: 99.9%, 100%) 

 

Table 4B 

Sensitivity and specificity of consensus double reading during the baseline period of low-dose 

CT lung cancer screening trial NELSON including the 3-months follow-up scan. 

     

Participants with Lung Cancer  

Yes No 

 

Total 

Positive 73 123 196 

Negative 1 7,360 7,361 

Test Results 

Total 74 7,483 7, 557 

Sensitivity: 98.6% (95% CI: 91.7%, 99.9%); specificity 98.4% (95% CI: 98.08%, 98.6%); 

PPV 37.2% (95% CI: 30.5%, 44.5%); NPV 99.9% (95% CI: 99.9%, 100%).  

 

 

After weighing the advantages and disadvantages of consensus doubling reading, we do not 

recommended consensus double reading in lung cancer screening when using the NELSON 

nodule management strategy. Limitation of our study is that we did not quantify the extra 

costs associated with double reading. Therefore, it is not possible to provide a cost-
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effectiveness recommendation for consensus double reading. Secondly, participants were 

followed up for this study for a period of 2 years. Although some “indolent” malignancies 

might have been missed longer follow-up data will not change the outcome of our study.  

In conclusion, no benefit of consensus double reading could be demonstrated with the use of 

the NELSON nodule management strategy at baseline screening of a lung cancer CT 

screening trial.  
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