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	· What is the National Lung Screening Trial (NLST)? The NLST, a cancer screening clinical trial, compared the effects of two ways of detecting lung cancer − low-dose helical CT and standard chest X-ray – on lung cancer mortality rates. Both chest X-rays and CT scans have been used in efforts to find lung cancer early; this study examined the consequences of the screening methods on large, randomized populations of heavy smokers ages 55 to 74, using death from lung cancer as the primary end point. (Question 1)
· What were the initial results of the trial? NLST researchers found 20 percent fewer lung cancer deaths among trial participants screened with CT.  An additional finding, which was not the main endpoint of the trial’s design, showed that all-cause mortality (deaths due to any cause, including lung cancer) was 7 percent lower in those screened with CT relative to those screened with chest X-ray.(Questions 3 and 4) 
· Is it OK to keep smoking because there is a screening test that has benefit? No. Tobacco is one of the strongest cancer-causing agents.  Tobacco use is associated with a number of different cancers, including lung cancer, as well as with chronic lung diseases and cardiovascular diseases.  The damage caused by smoking is cumulative, and the longer a person smokes, the higher the risk of disease.  Conversely, if a person quits smoking, the damage may be partially reversible. Finally, many participants in the trial died of lung cancer despite receiving CT screening.  (Question 6)
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NLST Initial Findings

1. What is NLST?
The National Lung Screening Trial (NLST) is a lung cancer screening trial sponsored by the National Cancer Institute (NCI) and conducted by the American College of Radiology Imaging Network (ACRIN) and the Lung Screening Study group.  
Launched in 2002, NLST compared two ways of detecting lung cancer: low-dose helical (spiral) computed tomography (CT) and standard chest X-ray, for their effects on lung cancer death rates in a high-risk population. Both chest X-rays and helical CT scans have been used as a means to find lung cancer early, but the effects of these screening techniques on lung cancer mortality rates had not been determined. Over a 20 month period, more than 53,000 current or former heavy smokers ages 55 to 74 joined NLST at 33 study sites across the United States.

This trial is a randomized clinical trial − the gold standard of research studies.
2. Why are the initial NLST results being released now?

The NLST Data and Safety Monitoring Board (DSMB), a group of independent experts, has been meeting twice yearly since 2003, and has reviewed annual interim analyses since 2006, to ensure the safety of participants and determine if the primary scientific objective of the trial had been met.  

By October 2010, sufficient data were available for the first time for the DSMB to ascertain that the study could provide a statistically significant answer to the study’s primary objective and that the group receiving low-dose helical CT scans had a benefit.  The conclusions were conveyed in a letter to the NCI director, in which the DSMB recommended that this information be made public. NCI concurred with the recommendation. 

3. What was the primary initial result of the NLST? 

NLST researchers found 20 percent fewer lung cancer deaths among trial participants screened with low-dose helical CT relative to chest X-ray.  This finding was highly significant from a statistical viewpoint.
4. Were there any other important findings from this study?

An additional finding, which was not the main endpoint of the trial’s design, showed that all-cause mortality (deaths due to any factor, including lung cancer) was 7 percent lower in those screened with low-dose helical CT relative to those screened with chest X-ray.  This finding should not be interpreted to mean that the general population should now get regular CT. These results apply to a high-risk population.  Additionally, the risks of regular CT screens could be considerable, especially for relatively healthy people.

5. When will the full set of results from this study be released?

After a more comprehensive analysis of the findings from the NLST, the investigators will prepare manuscripts for publication in peer-reviewed journals.  The NCI will ensure that the analysis and manuscript preparation are performed as swiftly as possible and that the formal presentations are fully and rapidly made available to the public. 

Implications of NLST Findings
6. Is it OK to keep smoking because there is a screening test that has benefit?

No. Tobacco is one of the strongest cancer-causing agents.  Tobacco use is associated with a number of different cancers, including lung cancer, as well as with chronic lung diseases and cardiovascular diseases.  The damage caused by smoking is cumulative and the longer a person smokes, the higher the risk of disease.  Conversely, if a person quits smoking, the damage may be partially reversible. Finally, many participants in the trial died of lung cancer despite receiving CT screening.  
NCI has information about stopping smoking at http://smokefree.gov or by calling the Smoking Quitline at 1-877-44U-QUIT (1-877-448-7848).  At that phone number, NCI smoking cessation counselors can give help quitting smoking and provide answers to smoking-related questions in English or Spanish, Monday through Friday, from 8:00 a.m. to 8:00 p.m., Eastern time. 

7. Should all smokers have low-dose helical CT to screen for lung cancer and/or other diseases?

Not necessarily. The NLST participants were a very specific population of men and women ages 55 to 74 who were heavy smokers. They had a smoking history of at least 30 pack-years but no signs or symptoms of lung cancer at the beginning of the trial. Pack-years are calculated by multiplying the average number of packs of cigarettes smoked per day by the number of years a person has smoked.  It should also be noted that the population enrolled in this study, while ethnically representative of the high-risk U.S. population of smokers, was a highly motivated and primarily urban group, and these results may not fully translate to other populations.

Men and women in a similar age group and with a similar smoking history should be aware that not all lung cancers found with screening will be early stage. They should also be aware, that at this time, reimbursement for screening CT scans is not provided by most insurance carriers. The current estimated Medicare reimbursement rate for a non-contrast helical diagnostic CT of the lung is $300, but varies by geographic location.  A diagnostic CT is done after a person has a sign or symptom of disease, while a screening CT looks for initial signs of disease in healthy people. 

For physicians and other practitioners, the Fleischner Society (http://www.fleischner.org ), an international medical society for thoracic radiology, has established guidelines for diagnosing indeterminate lung nodules.  Other organizations have developed guidelines for many other types of lung nodules.   
8. Are there radiation exposure risks associated with repeat CT scans?

The radiation exposures from the screening done in the NLST will be modeled to see how exposure to three low-dose CT scans changed a person’s risk for cancer over the remainder of his or her life, but that analysis will take a while to conduct. 
Previous studies show that there can be an increased lifetime risk of cancer due to ionizing radiation exposure. It is important to recognize that the low-dose CT used for screening in the NLST delivers a much lower dose of radiation than a regular diagnostic CT.  Additionally, the benefit of potentially finding a treatable cancer in current or former heavy smokers, ages 55 to 74, using helical CT appear to outweigh the risk from receiving a low dose of radiation.
9. Does screening with chest X-rays reduce lung cancer mortality?

No. The NLST consisted of two study groups, one of which included sites also involved in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial, or PLCO.  The PLCO started in 1992 and looked at chest X-rays for lung cancer screening in half of its 155,000 participants.  The other half received usual care, or no screening, from their healthcare providers and served as the control group. A special analysis of about 30,000 PLCO participants who were similar in age and smoking history to the population of NLST participants showed no lung cancer mortality benefit for those who got chest X-rays. Independent of the NLST, investigators from the lung cancer component of the PLCO will report their full set of findings in the near future. 
10. What do NLST participants do now?

In the NLST, participants received three screening tests after they were randomized to either the CT or chest X-ray arm: one screen at the time of enrollment and then two more annually.  All of the participants finished receiving NLST screening tests by 2007 and have been under the care of their personal health care providers rather than study personnel.

Participants are being sent a letter with the initial study results.  It is being recommended that those who received chest X-rays talk to their health care providers about having low-dose helical CT scans.  Because it is not known if having more than three low-dose helical CT scans has any benefit, those who received helical CT scans in NLST are advised to talk to their personal health care providers about lung cancer screening, including the possibility of having additional helical CT scans.  Reimbursement for screening CT scans is not provided by most insurance carriers. 
11. Will screening recommendations for lung cancer change based on these results? 
As with all cancer clinical trials, the NLST provided answers to a set of very specific questions related to a specific population. Whether those answers can be used to provide general recommendations for the entire population must be the subject of future analysis and study. The vast amount of data generated by NLST, which is still being collated and studied, will greatly inform the development of clinical guidelines and policy recommendations. Those, however, are decisions that will ultimately be made by other organizations. 
12. What additional questions will be answered as a result of the NLST?

The NLST results reported on November 4, 2010, were initial mortality findings.  Many more analyses will be done in the coming months to try to answer questions such as:

· What medical resources are utilized when CT screening tests or chest X-ray tests are positive in individuals at high risk of lung cancer?   
· What is the overall cost-effectiveness of CT screening in the most commonly accepted health services research metric: dollars per quality-adjusted life year?
· How does lung cancer screening affect an individual’s quality of life overall, when the screening test is positive, and when the test determines that there is a lung cancer?
· How does lung cancer screening influence smoking behaviors and beliefs, both short-term and long-term?
· What early biomarkers for lung cancer in a high risk group can be validated in the associated biospecimen archive (blood, sputum, urine)?  Other information, such as germline (inherited) mutations that might predict increased risk of lung cancer, or somatic (non-heritable) mutations in the archived lung cancer specimens associated with outcomes from the cancer, may also be determined.   
Background about the Trial
13. Why was this study needed?
Lung cancer, which is most frequently caused by cigarette smoking, is the leading cause of cancer-related deaths in the United States. It is expected to claim 157,300 lives in 2010. Lung cancer kills more people than cancers of the breast, prostate, and colon combined. There are more than 94 million current and former smokers in the United States, many of whom are at high risk of lung cancer.

Most lung cancers are detected when they cause symptoms. By the time lung cancer is diagnosed, the disease has already spread outside the lung in 15 percent to 30 percent of cases. Therefore, researchers have sought to develop methods to screen for lung cancer before symptoms become evident.  Helical CT, a technology introduced in the 1990s, can pick up tumors well under 1 centimeter (cm) in size, while chest X-rays detect tumors about 1 to 2 cm (0.4 to 0.8 inches) in size. It is sometimes hypothesized that the smaller the tumor, the higher the chance of long-term survival. However, in other randomized trials, chest X-ray screening has not been found to reduce deaths from lung cancer, even though it does increase the detection of small tumors. The NLST, with a large number of participants in a randomized trial, was able to provide the evidence needed to determine whether low-dose helical CT scans are better than chest X-rays in helping to reduce a person’s chances of dying from lung cancer.
14. What is the relationship between the NLST and the I-ELCAP trial?
The International Early Lung Cancer Action Program (I-ELCAP) was a non-randomized trial that used CT screening to detect early lung cancer.  Its results, which were reported in 2006, suggested that CT screening might be beneficial.  However, the combination of I-ELCAP not being a randomized trial and not using the endpoint of lung cancer mortality led many clinical investigators to recommend waiting until the NLST results were available so that they could determine definitively the utility of this screening approach.  Another non-randomized study of CT screening, which was published in 2007, failed to demonstrate the benefits inferred from the I-ELCAP trial.  These negative results underscored the importance of NLST and its randomized trial design.  

15. How do lung screening tests work?
A chest X-ray produces a picture of the organs within a person’s chest. Throughout the procedure, the person stands with the chest pressed to a photographic plate, hands on hips and elbows pushed forward. During a single, large sub-second breath-hold, a beam of X-rays passes through the person’s chest to the photographic plate, which creates an image. When processed, the image is a two-dimensional picture of the lungs.

Low-dose helical CT uses X-rays to scan the entire chest in about 7 to 15 seconds during a single, large breath-hold. The CT scanner rotates around the person, who is lying still on a table as the table passes through the center of the scanner. A computer creates images from the X-ray information coming from the scanner and then assembles these images into a series of two-dimensional slices of the lung at very small intervals so that increased details within the organs in the chest can be identified.  
In the NLST, four different brands of machines were used: GE Healthcare (5 models); Philips Healthcare (3 models); Siemens Healthcare (4 models); and Toshiba (2 models).

16. What happened during the study?
· Participants talked with NLST staff about the study and their eligibility was determined. 
· Participants read and signed a consent form that explained NLST in detail, including risks and benefits. 
· Participants were assigned by chance (randomly assigned) to have either chest X-rays or CT scans, and were offered the same test each year for three years. 
· Expert radiologists reviewed the chest X-ray or CT scan. Test results were mailed to the participants and their doctors, who determined if follow-up tests were needed. 
· Participants were asked to update information about their health periodically, for up to seven years. 
· Some NLST screening centers collected blood, urine, or sputum (phlegm) specimens from participants for future lung cancer studies. Specimens of lung cancer and normal lung tissue that were removed during surgery have also been collected from some of the participants. These specimens, also known as biospecimens, will be used for future research to look for biomarkers that may someday help doctors better screen for, and diagnose, lung cancer. 
· During the trial, if participants were current smokers they were encouraged to quit, and if they wished, they were referred to smoking cessation resources. They did not have to quit smoking in order to take part in the study. 
17. What happened if lung cancer was found during the study?
For participants with positive screening tests (a positive test means that it revealed an abnormality that might be cancer), the study centers notified the participants and their primary care doctors and encouraged a consultation with a cancer expert.  Names of cancer experts were provided on request, but decisions regarding further evaluation were made by participants and their doctors. Any tests performed to follow up on a positive screening result could have been performed at the study center if the participants and their doctors so chose.

18. Who paid for the testing?
· People participating in the trial were screened free of charge with either low-dose helical CT or chest X-ray. 
· Costs for any diagnostic evaluation or treatment for lung cancer or other medical conditions were charged to the participants in the same way as if they were not part of the trial. A participant’s medical insurance plan paid for diagnosis and treatment according to the plan’s policies. Participants who had no insurance were referred to local community resources to receive needed evaluations. 
· In addition to the low-dose helical CT scans and chest X-rays that all of the centers performed, some NLST centers also collected samples of blood, urine, or sputum for future lung cancer studies. These procedures were performed without charge. 
About Screening for Lung Cancer

19. What are some of the possible risks of screening for lung cancer?
Recent studies indicate that 20 percent to 60 percent of screening CT scans of current and former smokers will show abnormalities. Most of these abnormalities are not lung cancer. However, these abnormalities − scars from smoking, areas of inflammation, or other noncancerous conditions − can mimic lung cancer on scans and may require additional testing. These tests may cause anxiety for the participant or may lead to unnecessary biopsies or surgery.

Lung biopsy, a potentially risky procedure, involves the removal of a small amount of tissue, either through a scope fed down the windpipe (called bronchoscopy) or with a needle through the chest wall (called percutaneous lung biopsy). Though they happen infrequently, possible complications from biopsies include partial collapse of the lung, bleeding, infection, pain, and discomfort.

Depending on the size and location of the abnormality detected, chest surgery (called thoracotomy or thoracic surgery) to obtain a larger biopsy specimen may be required. Thoracotomy is major surgery that often results in the removal of substantial amounts of lung tissue. The procedure can damage nerves in the chest, and is more dangerous in people with lung or heart conditions, which tend to be common in current or former smokers.

In addition, studies suggest that both CT and X-ray screening for lung cancer may detect small tumors that would never become life threatening. This phenomenon, called overdiagnosis, puts some screening recipients at risk from unnecessary diagnostic biopsies or additional surgeries as well as unnecessary treatments for cancer, such as chemotherapy or radiation therapy.
20. Why is mortality the measure of the effectiveness of a screening test? Why not case survival?
Mortality refers to the number of deaths from the disease within the whole population screened.  Case survival refers only to the number of people with the disease remaining alive at a certain point in time after diagnosis.  
Changes in lung cancer mortality rates (rates of death from lung cancer) are the accepted measure of screening effectiveness. The major reason that case survival cannot be used when determining the effectiveness of screening is that it does not take into account specific biases that affect its measurement.  These biases are lead time, length, and overdiagnosis bias.  

Screening tests are performed in ostensibly healthy people who do not have symptoms of cancer.  If the screening detects a cancer, the time of diagnosis is advanced (made earlier).  The time between a screening diagnosis and death will be longer just because of early diagnosis, even if the screen does not ultimately change the time of death.  

Secondly, studies of other types of cancer show that screening tends to detect more slowly growing cancers and may not be helpful with very fast-growing tumors.  This is called length bias.  Screen-detected cancers may be less aggressive and slower growing cancers than the cancers picked up by symptoms, which would make screening appear to prolong life, when in fact, it is simply picking up the less lethal cancers.  An extreme of this tendency is overdiagnosis bias, in which the tumor detected by screening has the pathologic features of malignancy but grows so slowly that it may never cause death.  

Case survival measurements cannot adjust for the effects of lead time, length, and overdiagnosis and may overestimate the benefit of screening.  Showing a decrease in lung cancer deaths in those who are screened versus those who are not screened (or those receiving a different kind of screening test) through a randomized trial provides definite evidence of screening benefit and circumvents the biases of lead time, length and overdiagnosis.

Definition of Terms
· Lead time bias:  Lung cancer-specific survival is measured from the time of diagnosis of lung cancer to the time of death.   If a lung cancer is screen-detected before symptoms (Sx), then the lead time in diagnosis equals the length of time between screening detection and when the first signs/symptoms would have appeared.  Even if early treatment had no benefit, the survival of screened persons is longer simply by the addition of the lead time.   To be beneficial, screening tests should detect disease before signs or symptoms occur and must lead to decreased mortality.
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· Length bias refers to the tendency of the screening test to detect cancers that take longer to become symptomatic; therefore, the more indolent, slower growing cancers.  Not all cancers have the same behavior: some are very aggressive, while some grow more slowly.  The cancers that grow slowly are easier to detect because they have a longer pre-symptomatic period of time when they are detectable.  Thus, the screening test detects more slowly growing cancers.  The survival in patients with screen-detected cancers is longer in part because the screened cancers are more indolent, but the improved survival cannot be accurately attributed to the early treatment.
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· Overdiagnosis bias is an extreme form of length bias in which the screening test detects a lung cancer that is not lethal—it behaves like a benign process and does not result in the death of the individual.  This benign process, sometimes called pseudodisease, is a tumor you die with and not from.  It looks like cancer both to the naked eye and under the microscope, but it does not have the potential to kill. When a screening test detects such a tumor, it appears to have been treated successfully, making the screening test look effective when in fact, the test detected something non-lethal.  


[image: image8.emf]Overdiagnosis Bias (Pseudodisease)

Overdiagnosis Bias (Pseudodisease)

Death

Death

Other causes

Other causes

Autopsy

Autopsy

Dx

Dx

No screen

No screen

CT Dx

CT Dx

Screen

Screen

Screening detects cancer (pseudodisease) that would 

remain subclinical before death from other causes.


· Survival refers to the number of people remaining alive at a certain point in time relative to diagnosis.  For example, a 5-year survival rate of 60 percent means that 60 percent of people will be alive five years from diagnosis.  Survival is the most important measure used to compare different methods of treatment to one another.  People with the same disease and severity of disease are treated with different agents (or in different ways); their survival is measured to determine which treatment is associated with longer survival. 
· Mortality refers to the number of deaths from the disease within the population screened:

     

 FORMTEXT 
     # Deaths     

 FORMTEXT 
     
#  Individuals screened overall
· Case fatality rate refers to the number of deaths from the disease within the population having the disease:

     

 FORMTEXT 
     # Deaths     

 FORMTEXT 
     
#  Individuals with lung cancer 
Case fatality rate cannot be used to measure screening effectiveness because it does not account for screening biases.  
· Cure: Most commonly defined as survival to 5 years.  This is an imprecise term that is highly confusing to the lay public.  It is frequently misinterpreted as meaning permanently cancer-free.






###

For a press release related to the November 2010 NLST initial results, please go to http://www.cancer.gov/newscenter/pressreleases/NLSTresultsRelease.

For a Fact Sheet on the NLST, please go to http://www.cancer.gov/newscenter/pressreleases/NLSTFastFacts. 
For more information on lung cancer and screening, please go to http://www.cancer.gov/cancertopics/types/lung. 

Copies of the DSMB and NLST participant letters can be found on the NLST site at http://www.cancer.gov/clinicaltrials/noteworthy-trials/nlst.
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