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Abstract

Worldwide, lung cancer is the leading cause of mortality due to malignancy. The vast majority of cases of lung cancer are smoking related and the most effective way of reducing lung cancer incidence and mortality is by smoking cessation. In the Western world, smoking cessation policies have met with limited success. The other major means of reducing lung cancer deaths is to diagnose cases at an earlier more treatable stage employing screening programmes using chest radiographs or low dose computed tomography. In many countries smoking is still on the increase, and the sheer scale of the problem limits the affordability of such screening programmes. This short review article will evaluate the current evidence and potential areas of research which may benefit policy making across the world.
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INTRODUCTION

Lung cancer is the most common cause of cancer death in the United Kingdom accounting for 6% of overall national mortality and around 35000 deaths a year. In 2008 lung cancer was estimated to account for 18% of deaths world wide. Both one year and 5 years survival are inversely proportional to disease stage[1]. Current statistics in Scotland, which has a population of approximately 5.2 million, show an incidence of approximately 1 in 1000 with 8 in 10000 people dying due to lung cancer[2]. Similar incidence rates exist in other countries, and in the United States approximately 160000 deaths are due to lung cancer each year[3].

Most lung cancers are smoking related and smoking cessation is the most effective way of preventing this frequently fatal illness. The disease can be cured, especially if caught early. Stage 1, screening detected lung cancer has a 5-year survival rate in excess of 85%, whereas more advanced lung cancer invariably leads to death in less than 2 years[4]. As the lung cancer epidemic has grown and spread, ways of detecting the disease earlier, to improve the cure rate, have been explored. These have mainly been based around imaging using the chest radiograph (CXR) and computed tomography (CT).

CXR

In the early 1980s, a lung screening programme using 4-monthly CXRs in high risk patients was developed at the Mayo Clinic[5]. Subjects selected were over 45 years old male heavy smokers defined as one pack/day. They were randomly assigned to a control group (4593 patients) or repeated CXR follow up at 4 mo interval (4618 patients) after they had undergone an initial CXR and sputum cytology examination that were both normal. The follow up success was 75% at 4 mo, and 92 lung cancers were detected by CXR (of which 7 also had sputum cytology positive findings), while 15 patients had normal CXR with abnormal sputum cytology for an overall incidence of 109 (2.4%). A significant number of these lung cancers were visible in retrospect. Furthermore, 52 of the lung cancer were classified as stage Ⅰ (early disease; 35 of these were peripheral lesions), 4 were stage 2 disease (3 perihilar and 1 with hilar enlargement) while the 35 had stage 3 disease (15 peripheral lesions, 4 perihilar and 13 with hilar enlargement). 

Another study in New York randomised a similar population of 10040 subjects to annual CXR only vs additional 4-monthly sputum cytology[6]. This study showed similar outcome between the two groups, with 288 detected lung cancers equally distributed between the two groups.

It was concluded from this study that the 4-monthly screening for lung cancer using chest radiography and sputum cytology, although capable of detecting up to 20% of lung cancers, was unable to improve mortality advantage over patients who were offered annual testing[7].

A more recent attempt at using CXR screening was carried out in the Prostate, Lung, Colo​rectal and Ovarian cancer screening trial[8]. This study randomised 154901 men and women aged 55-74 years to either standard care (77456) or annual screening (77445) for four years during the period 1993-2001. The number of lung cancer deaths was equal in both groups (1213 vs 1230) with similar stage and histology of lung cancers. Therefore, it was concluded that annual CXR screening does not benefit outcome of lung cancer mortality.

From these large scale studies, as well as from the National Lung Screening Trial (NLST) (see below), it is concluded that the application of routine annual chest radiography for screening of high-risk patients for lung cancer, although detecting a significant number of lung cancer cases, is not beneficial in terms of improvement of mortality.

CT

The NLST compared CXRs with computed tomography for the screening of patients at high risk for developing lung cancer[9]. Men and women were selected in the age group 55-74 years with a history of cigarette smoking of at least 30 pack years or had these exposure rates but had quit smoking within 15 years. The subjects were randomised to either three annual screening posterior-anterior CXRs (26732) or low-dose CT (26722). Almost 4-fold higher positive screening tests were obtained with CT (24.2% vs 6.9%), with the false positive rate slightly lower in the CXRs group (94.5% vs 96.4%). The incidence of proven lung cancer was higher in the CT group compared to the CXR group (relative risk 1.13; 95%CI: 1.03-1.23). More importantly, mortality due to lung cancer decreased from 309 deaths per 100000 person-years in the radiography group to 247 deaths from lung cancer per 100000 person-years in the low-dose CT group, a decrease of 20%. In addition, the CT group benefitted from other diagnoses that positively affected mortality rates, with 6.7% fewer patients dying in the low-dose CT group.

In Europe, several studies were started to evaluate the potential role of low-dose chest CT for lung cancer screening. Three studies did not demonstrate a benefit of lung cancer screening with CT in terms of mortality, but these were insufficiently powered to reliably draw such conclusion[10-12]. There are a further five ongoing studies that are yet to report on the final results, but some will be able to give answers to the question whe​ther CT screening improves outcome of lung cancer patients[13-17]. 

The Nederlands-Leuvens Longkanker Screening Onderzoek (NELSON) study is a Dutch/Belgian project, which recruited 20000 high-risk subjects and rando​mised half of them for low-dose CT and the other half for CXR screening[13]. It is the largest European study and has sufficient power to enable a statement whether low-dose CT screening has benefit over chest radiography screening.

Another study from Canada has reported the first screening round results and is focused on inclusion of cytology using autofluorescence bronchoscopy as well as modelling approaches towards optimisation of predictive value for lung nodules[18].

A potential risk associated with screening is the false positive results that can lead to further investigations and additional costs. A randomized, controlled trial of low-dose CT vs chest radiography (n = 3318 in both arms) as part of the NLST demonstrated a false-positive rate of 21% and 9% for single low-dose CT and chest radiography screening, respectively[19]. A total of 7% of participants with a false-positive low-dose CT examination and 4% with a false-positive chest radiography subsequently underwent an invasive procedure.

Another potential risk associate with lung cancer screening is the potential increased risk of lifetime cancers as a result of ionising radiation. The estimated risk of cancer from exposure to CT ionising radiation is reported to be more when the screening is started earlier in life, or on annual basis, and in females. A study reported an estimated 5.5% increase in lung cancer risk attributable to annual CT-related radiation exposure and concluded that a mortality benefit of considerably more than 5% may be necessary to outweigh the potential radiation risks[20]. 

Screening programs are associated with additional costs, both from the screening procedure and the follow up interventions. Previous studies reported that screening for lung cancer appeared to be cost-effective in high risk, more elderly populations[21,22]. Other studies questioned the potential cost effectiveness of lung cancer screening. However, their results were based on lower estimated effectiveness of screening than what was demonstrated by the NLST[23,24].

A more recent cost-utility analysis of lung cancer screening by low dose CT reported that repeat annual lung cancer screening in high risk adults aged 50-64 was highly cost-effective[25]. The study also indicated that offering smoking cessation interventions with the screening program improved the cost-effectiveness of lung cancer screening between 20%-45%.

A contrary report was published as part of a health technology assessment, which suggested that lung cancer screening would not be cost-effective[26]. However, it should be considered that this report was issued prior to the results of most of the recent large lung cancer screening trials.
The largest and most recent study, the NLST, also had an economic analysis and cost-effectiveness analysis performed[27]. This study demonstrated that the additional healthcare costs of performing low-dose CT screening would cost $1631 per person, with the incremental costs per life-year gained and the costs per quality adjusted life year gained coming in at $52000 and $81000, respectively. Importantly, there was quite a wide range of life year gains depending on age (optimal age range 60-69 years), risk for developing lung cancer (highest risk groups benefitting most) and gender (with women benefitting least). This caused a range of costs for quality adjusted life year gained anywhere between $32000-$615000. The study did not show a cost-effective benefit for chest radiography screening.

DISCUSSION

Clearly, based on the above studies, CT is superior to CXRs for screening in lung cancer. Although the NLST appears to have answered the question conclusively, there are still ongoing studies that may influence the manner in which screening will be approached in the future. Significant debate is still ongoing as to how often we should be screening, the optimal population that could benefit, interpretation of nodules, avoidance of false positive results and approaches including positron emission tomography-computed tomography, magnetic resonance imaging and autofluorescence bronchoscopy for instance[28-34]. Many of these points are still undergoing evaluation, and future study results are eagerly awaited.

There are some additional points to be taken into consideration, which may still give CXRs a potential role for screening of lung cancer.

First, CXRs have matured from a technical perspe​ctive, and the wide introduction of digital CXRs offers a new approach to application of computer assisted diagnosis (CAD). Thus, several studies have shown greater sensitivity for lung nodule detection using CAD methodologies, and this may be of benefit when using the test as a screening test[35,36]. However, a conclusive study showing the benefit of screening with chest radiography and added CAD has not been performed and could be important in this respect.

Second, CXRs are by far the cheaper of the two imaging modalities and more commonly available. This is an important issue, particularly in countries that are less well developed and where smoking continues to be on the increase and the lung cancer epidemic is on the rise. There is a high false negative rate using the CXR. CXR screening programmes should be backed up with cross-sectional imaging with a low threshold in place for investigating even small abnormalities detected on the CXR with CT scan. It may not be feasible to arrange for large-scale screening using CT and in these circumstances, one could consider using the CXR.

Whilst NLST demonstrated that benefits from early detection of lung cancer outweighs the risk of ionizing radiation, the potential risk is substantial. In NLST, participants received an average exposure of 8 mSv over 3 years of screening/diagnostic examinations which can potentially cause 1 cancer in every 2500 screened[37]. Recently, multiple studies have been investigating the feasibility of radiation dose reduction to sub-mSv level whilst the diagnostic accuracy is maintained[38,39]. Since there is a high contrast resolution between air and lung nodules, significant radiation dose reduction can be achieved while maintaining good diagnostic quality. Various strategies such as reduced tube voltage, tube current, or both is being used. The application of iterative reconstruction would maintain spatial resolution in low dose studies whilst maintain diagnostic accuracy[40]. 

Overall, it is highly likely that low-dose CT screening for patients at high risk for developing lung cancer is a cost-effective approach which will lead to improved outcome due to earlier detection and treatment of this highly lethal malignancy. In countries that have the resources available, it makes sense therefore to use low-dose CT as a screening methodology. For countries where finances or logistics render low-dose CT screening impossible to deliver, CXRs on an annual basis should be considered and additional use of CAD may improve sensitivity for earlier lesions.

REFERENCES

1
Cancer Research UK. Lung cancer mortality statistics. [accessed 2013 May 11]. Available from: URL: http://www.cancerresearchuk.org/cancer-info/cancerstats/types/lung/mortality/uk-lung-cancer-mortality-statistics

2
ISD Scotland. Information and Statistics. Lung cancer and mesothelioma. [accessed 2013 August 7]. Available from: URL: http://www.isdscotland.org/Health-Topics/Cancer/Cancer-Statistics/Lung-Cancer-and-Mesothelioma/

3
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin 2013; 63: 11-30 [PMID: 23335087 DOI: 10.3322/caac.21166]

4
Henschke CI, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP, Miettinen OS. Survival of patients with stage I lung cancer detected on CT screening. N Engl J Med 2006; 355: 1763-1771 [PMID: 17065637 DOI: 10.1056/NEJMoa060476]

5
Muhm JR, Miller WE, Fontana RS, Sanderson DR, Uhlenhopp MA. Lung cancer detected during a screening program using four-month chest radiographs. Radiology 1983; 148: 609-615 [PMID: 6308709 DOI: 10.1148/radiology.148.3.6308709]

6
Melamed MR, Flehinger BJ, Zaman MB, Heelan RT, Perchick WA, Martini N. Screening for early lung cancer. Results of the Memorial Sloan-Kettering study in New York. Chest 1984; 86: 44-53 [PMID: 6734291 DOI: 10.1378/chest.86.1.44]

7
Fontana RS, Sanderson DR, Woolner LB, Taylor WF, Miller WE, Muhm JR. Lung cancer screening: the Mayo program. J Occup Med 1986; 28: 746-750 [PMID: 3528436]

8
Oken MM, Hocking WG, Kvale PA, Andriole GL, Buys SS, Church TR, Crawford ED, Fouad MN, Isaacs C, Reding DJ, Weissfeld JL, Yokochi LA, O’Brien B, Ragard LR, Rathmell JM, Riley TL, Wright P, Caparaso N, Hu P, Izmirlian G, Pinsky PF, Prorok PC, Kramer BS, Miller AB, Gohagan JK, Berg CD. Screening by chest radiograph and lung cancer mortality: the Prostate, Lung, Colorectal, and Ovarian (PLCO) randomized trial. JAMA 2011; 306: 1865-1873 [PMID: 22031728 DOI: 10.1001/jama.2011.1591]

9
Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, Gareen IF, Gatsonis C, Marcus PM, Sicks JD. Reduced lung-cancer mortality with low-dose computed tomographic screening. N Engl J Med 2011; 365: 395-409 [PMID: 21714641 DOI: 10.1056/NEJMoa1102873]
10
Pedersen JH, Ashraf H, Dirksen A, Bach K, Hansen H, Toennesen P, Thorsen H, Brodersen J, Skov BG, Døssing M, Mortensen J, Richter K, Clementsen P, Seersholm N. The Danish randomized lung cancer CT screening trial--overall design and results of the prevalence round. J Thorac Oncol 2009; 4: 608-614 [PMID: 19357536 DOI: 10.1097/JTO.0b013e3181a0d98f]

11
Infante M, Cavuto S, Lutman FR, Brambilla G, Chiesa G, Ceresoli G, Passera E, Angeli E, Chiarenza M, Aranzulla G, Cariboni U, Errico V, Inzirillo F, Bottoni E, Voulaz E, Alloisio M, Destro A, Roncalli M, Santoro A, Ravasi G. A randomized study of lung cancer screening with spiral computed tomography: three-year results from the DANTE trial. Am J Respir Crit Care Med 2009; 180: 445-453 [PMID: 19520905 DOI: 10.1164/rccm.200901-0076OC]

12
Pastorino U, Rossi M, Rosato V, Marchianò A, Sverzellati N, Morosi C, Fabbri A, Galeone C, Negri E, Sozzi G, Pelosi G, La Vecchia C. Annual or biennial CT screening versus observation in heavy smokers: 5-year results of the MILD trial. Eur J Cancer Prev 2012; 21: 308-315 [PMID: 22465911 DOI: 10.1097/CEJ.0b013e328351e1b6]

13
van Iersel CA, de Koning HJ, Draisma G, Mali WP, Scholten ET, Nackaerts K, Prokop M, Habbema JD, Oudkerk M, van Klaveren RJ. Risk-based selection from the general population in a screening trial: selection criteria, recruitment and power for the Dutch-Belgian randomised lung cancer multi-slice CT screening trial (NELSON). Int J Cancer 2007; 120: 868-874 [PMID: 17131307 DOI: 10.1002/ijc.22134]

14
Blanchon T, Bréchot JM, Grenier PA, Ferretti GR, Lemarié E, Milleron B, Chagué D, Laurent F, Martinet Y, Beigelman-Aubry C, Blanchon F, Revel MP, Friard S, Rémy-Jardin M, Vasile M, Santelmo N, Lecalier A, Lefébure P, Moro-Sibilot D, Breton JL, Carette MF, Brambilla C, Fournel F, Kieffer A, Frija G, Flahault A. Baseline results of the Depiscan study: a French randomized pilot trial of lung cancer screening comparing low dose CT scan (LDCT) and chest X-ray (CXR). Lung Cancer 2007; 58: 50-58 [PMID: 17624475]

15
Lopes Pegna A, Picozzi G, Mascalchi M, Maria Carozzi F, Carrozzi L, Comin C, Spinelli C, Falaschi F, Grazzini M, Innocenti F, Ronchi C, Paci E. Design, recruitment and baseline results of the ITALUNG trial for lung cancer screening with low-dose CT. Lung Cancer 2009; 64: 34-40 [PMID: 18723240 DOI: 10.1016/j.lungcan.2008.07.003]

16
Becker N, Motsch E, Gross ML, Eigentopf A, Heussel CP, Dienemann H, Schnabel PA, Pilz L, Eichinger M, Optazaite DE, Puderbach M, Tremper J, Delorme S. Randomized study on early detection of lung cancer with MSCT in Germany: study design and results of the first screening round. J Cancer Res Clin Oncol 2012; 138: 1475-1486 [PMID: 22526165 DOI: 10.1007/s00432-012-1228-9]

17
Baldwin DR, Duffy SW, Wald NJ, Page R, Hansell DM, Field JK. UK Lung Screen (UKLS) nodule management protocol: modelling of a single screen randomised controlled trial of low-dose CT screening for lung cancer. Thorax 2011; 66: 308-313 [PMID: 21317179]
18
McWilliams A, Tammemagi MC, Mayo JR, Roberts H, Liu G, Soghrati K, Yasufuku K, Martel S, Laberge F, Gingras M, Atkar-Khattra S, Berg CD, Evans K, Finley R, Yee J, English J, Nasute P, Goffin J, Puksa S, Stewart L, Tsai S, Johnston MR, Manos D, Nicholas G, Goss GD, Seely JM, Amjadi K, Tremblay A, Burrowes P, MacEachern P, Bhatia R, Tsao MS, Lam S. Probability of cancer in pulmonary nodules detected on first screening CT. N Engl J Med 2013; 369: 910-919 [PMID: 24004118 DOI: 10.1056/NEJMoa1214726]

19
Croswell JM, Baker SG, Marcus PM, Clapp JD, Kramer BS. Cumulative incidence of false-positive test results in lung cancer screening: a randomized trial. Ann Intern Med 2010; 152: 505-12, W176-80 [PMID: 20404381 DOI: 10.7326/0003-4819-152-8-201004200-00007]

20
Brenner DJ. Radiation risks potentially associated with low-dose CT screening of adult smokers for lung cancer. Radiology 2004; 231: 440-445 [PMID: 15128988 DOI: 10.1148/radiol.2312030880]

21
Henschke CI, McCauley DI, Yankelevitz DF, Naidich DP, McGuinness G, Miettinen OS, Libby DM, Pasmantier MW, Koizumi J, Altorki NK, Smith JP. Early Lung Cancer Action Project: overall design and findings from baseline screening. Lancet 1999; 354: 99-105 [PMID: 10408484 DOI: 10.1016/S0140-6736(99)06093-6]

22
Marshall D, Simpson KN, Earle CC, Chu CW. Economic decision analysis model of screening for lung cancer. Eur J Cancer 2001; 37: 1759-1767 [PMID: 11549429 DOI: 10.1016/​S0959-8049(01)00205-2]
23
Mahadevia PJ, Fleisher LA, Frick KD, Eng J, Goodman SN, Powe NR. Lung cancer screening with helical computed tomography in older adult smokers: a decision and cost-effectiveness analysis. JAMA 2003; 289: 313-322 [PMID: 12525232 DOI: 10.1001/jama.2 89.3.313]

24
Manser R, Dalton A, Carter R, Byrnes G, Elwood M, Campbell DA. Cost-effectiveness analysis of screening for lung cancer with low dose spiral CT (computed tomography) in the Australian setting. Lung Cancer 2005; 48: 171-185 [PMID: 15829317 DOI: 10.1016/j.lungcan.2004.11.001]

25
Villanti AC, Jiang Y, Abrams DB, Pyenson BS. A cost-utility analysis of lung cancer screening and the additional benefits of incorporating smoking cessation interventions. PLoS One 2013; 8: e71379 [PMID: 23940744]

26
Black C, Bagust A, Boland A, Walker S, McLeod C, De Verteuil R, Ayres J, Bain L, Thomas S, Godden D, Waugh N. The clinical effectiveness and cost-effectiveness of computed tomography screening for lung cancer: systematic reviews. Health Technol Assess 2006; 10: iii-iv, ix-x, 1-90 [PMID: 16409881]

27
Black WC, Gareen IF, Soneji SS, Sicks JD, Keeler EB, Aberle DR, Naeim A, Church TR, Silvestri GA, Gorelick J, Gatsonis C. Cost-effectiveness of CT screening in the National Lung Screening Trial. N Engl J Med 2014; 371: 1793-1802 [PMID: 25372087 DOI: 10.1056/NEJMoa1312547]

28
Field JK, Oudkerk M, Pedersen JH, Duffy SW. Prospects for population screening and diagnosis of lung cancer. Lancet 2013; 382: 732-741 [PMID: 23972816 DOI: 10.1016/​S0140-6736(13)61614-1]

29
Wood DE. Maximizing the benefit and minimizing the risks of lung cancer screening. J Thorac Imaging 2012; 27: 211-212 [PMID: 22695062 DOI: 10.1097/RTI.0b013e318256c22f]

30
van Klaveren RJ, Oudkerk M, Prokop M, Scholten ET, Nackaerts K, Vernhout R, van Iersel CA, van den Bergh KA, van 't Westeinde S, van der Aalst C, Thunnissen E, Xu DM, Wang Y, Zhao Y, Gietema HA, de Hoop BJ, Groen HJ, de Bock GH, van Ooijen P, Weenink C, Verschakelen J, Lammers JW, Timens W, Willebrand D, Vink A, Mali W, de Koning HJ. Management of lung nodules detected by volume CT scanning. N Engl J Med 2009; 361: 2221-2229 [PMID: 19955524 DOI: 10.1056/NEJMoa0906085]

31
Heuvelmans MA, Oudkerk M, de Bock GH, de Koning HJ, Xie X, van Ooijen PM, Greuter MJ, de Jong PA, Groen HJ, Vliegenthart R. Optimisation of volume-doubling time cutoff for fast-growing lung nodules in CT lung cancer screening reduces false-positive referrals. Eur Radiol 2013; 23: 1836-1845 [PMID: 23508275 DOI: 10.1007/s00330-013-2799-9]

32
Pastorino U, Bellomi M, Landoni C, De Fiori E, Arnaldi P, Picchio M, Pelosi G, Boyle P, Fazio F. Early lung-cancer detection with spiral CT and positron emission tomography in heavy smokers: 2-year results. Lancet 2003; 362: 593-597 [PMID: 12944057 DOI: 10.1016/S0140-6736(03)14188-8]

33
McWilliams AM, Mayo JR, Ahn MI, MacDonald SL, Lam SC. Lung cancer screening using multi-slice thin-section computed tomography and autofluorescence bronchoscopy. J Thorac Oncol 2006; 1: 61-68 [PMID: 17409828]

34
Sommer G, Tremper J, Koenigkam-Santos M, Delorme S, Becker N, Biederer J, Kauczor HU, Heussel CP, Schlemmer HP, Puderbach M. Lung nodule detection in a high-risk population: comparison of magnetic resonance imaging and low-dose computed tomography. Eur J Radiol 2014; 83: 600-605 [PMID: 24364923 DOI: 10.1016/j.ejrad.2013.11.012]

35
van Beek EJ, Mullan B, Thompson B. Evaluation of a real-time interactive pulmonary nodule analysis system on chest digital radiographic images: a prospective study. Acad Radiol 2008; 15: 571-575 [PMID: 18423313 DOI: 10.1016/j.acra.2008.01.018]

36
White CS, Flukinger T, Jeudy J, Chen JJ. Use of a computer-aided detection system to detect missed lung cancer at chest radiography. Radiology 2009; 252: 273-281 [PMID: 19561261 DOI: 10.1148/radiol.2522081319]

37
Bach PB, Mirkin JN, Oliver TK, Azzoli CG, Berry DA, Brawley OW, Byers T, Colditz GA, Gould MK, Jett JR, Sabichi AL, Smith-Bindman R, Wood DE, Qaseem A, Detterbeck FC. Benefits and harms of CT screening for lung cancer: a systematic review. JAMA 2012; 307: 2418-2429 [PMID: 22610500 DOI: 10.1001/jama.2012.5521]

38
Mathieu KB, Ai H, Fox PS, Godoy MC, Munden RF, de Groot PM, Pan T. Radiation dose reduction for CT lung cancer screening using ASIR and MBIR: a phantom study. J Appl Clin Med Phys 2014; 15: 4515 [PMID: 24710436 DOI: 10.1120/jacmp.v15i2.4515]

39
Tekath M, Dutheil F, Bellini R, Roche A, Pereira B, Naughton G, Chamoux A, Michel JL. Comparison of the ultra-low-dose Veo algorithm with the gold standard filtered back projection for detecting pulmonary asbestos-related conditions: a clinical observational study. BMJ Open 2014; 4: e004980 [PMID: 24879827 DOI: 10.1136/bmjopen-2014-004980]

40
Rampinelli C, Origgi D, Bellomi M. Low-dose CT: technique, reading methods and image interpretation. Cancer Imaging 2013; 12: 548-556 [PMID: 23400217 DOI: 10.1102/1470-7330.2012.0049]
P- Reviewer: Hida T, Lassandro F, Pereira-Vega A, Yamaguchi K    S- Editor: Ji FF    L- Editor: A    E- Editor: Jiao XK  

�

















