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Epi 204: Clinical Epidemiology


Total 21 pts
HOMEWORK SET 6
Do problems 2, 4 and 5 from Chapter 6 of EBD.
2. A 2006 paper in the New England Journal of Medicine (Henschke et al 2006) reported 88% estimated 10-year lung-cancer-specific survival among 412 patients with pathologically proven Stage I lung cancer detected by CT screening.  They contrasted this with about 5% survival among lung cancer patients in general.  Which of the following statements about this finding are true?  (True/False for a-d; include explanation for e.)

a. Because survival was counted beginning at the time of diagnosis, some improvement in survival would be expected due to lead-time bias, even if there was no advantage to early detection.

Answer: TRUE 1pt
b. "Sticky diagnosis bias" could be an explanation for these findings in favor of screening.

Answer: FALSE, sticky diagnosis bias would make screening look worse, not better 1pt
c.
Because tumors identified on screening tests tend to be slower-growing and have a more benign prognosis than tumors that present with symptoms, length-time bias could contribute to these favorable results.

Answer: TRUE, this is exactly what length-time bias does 1pt
d. Overdiagnosis of lung cancer (pseudodisease) in these participants is unlikely because all diagnoses were confirmed pathologically.

Answer: FALSE, it is common for pseudodisease to be confirmed pathologically, as it was in the Mayo Lung Study.  1pt
e. These results show that CT screening reduces lung cancer mortality by 80% or more.  EXPLAIN YOUR ANSWER.

Answer: FALSE.  There are lots of problems with this study, including: 

1)
No comparison group, except the inappropriate comparison to historical 5% survival for lung cancer diagnosed at all stages.  The comparison group you would want would be similar people who were not screened.

2)
Lead and length bias as mentioned above

3)
Pseudodisease

These problems are well catalogued in the letters to the editor prompted by this paper.  See N Engl J Med. 2007 Feb 15;356(7):743 - 7. 2pt
4. Torres et al(Torres et al 1994) studied a population of 86 children who had been diagnosed and treated for posterior fossa medulloblastoma (a brain cancer).  After initial treatment, these 86 children were screened for recurrence with a brain scan every 6 months or sooner if they developed symptoms or signs suggestive of recurrence.  There were 23 children with recurrences, 4 were detected on interval screening and 19 presented with symptoms or signs of recurrence between surveillance scans.  All 23 recurrences resulted in death.  In the group of 4 recurrences that were detected by a regular screening scan (not prompted by signs or symptoms), the median survival was 20 months.  In the group of 19 recurrences that presented with symptoms or signs, the median survival was only 4 months.  (P = 0.03)  In the letters-to-the editor about this article, there was some debate about whether lead-time and/or length-time bias could explain this survival difference.

a) Could lead-time bias explain the entire survival difference?  If not, how much of the survival difference could be explained by lead-time bias?

In this example, the entire population was screened, and it is difficult to think about lead-time bias when there is no unscreened group, but bear with us.  With lead-time bias, you can assume that the natural history of the disease (recurrent medulloblastoma) is the same for all patients.  There is a “latent” or detectable preclinical phase during which the disease can be identified by screening before signs and symptoms develop.  The length of that latent phase is the upper limit for lead time bias, because in order to get that amount of additional survival you would need for each patient to be screened on the first day their disease was detectable by scanning.  If this latent phase were longer than the 6-month screening interval, all of the recurrences would have been detected on screening.  If the latent period were 3 months long, we would expect about half of the recurrences to be detected by screening, because half would become detectable by scanning (but not yet symptomatic) in the 3 months BEFORE a scan and they would get a maximum of 3 months, but an average of more like 1.5 months of additional survival.  The other half, whose tumors became detectable in the 3 months AFTER a scan would become symptomatic before their next scan.  Since only about one-sixth of the cases were detected on screening, the latent phase is likely to be about one month; one-sixth of the patients would enter the latent phase in the month before scanning and have a positive screen, while the other five-sixths would enter the latent phase in the 5 months after scanning and become symptomatic before the next screen.  The maximum lead-time bias is 1 month, and the average lead-time bias should be about 2 weeks.  So, lead-time bias cannot explain the 16-month difference in median survival between the two groups. 2pt
b) Could length-time bias explain the survival difference?

This study is definitely subject to length bias.  The entire study population was being screened; only individuals with the disease were considered; and those with disease diagnosed by screening were compared to those diagnosed from symptoms.  The 4 patients whose recurrence was identified on a screening scan prior to developing signs or symptoms may have had more slowly progressive disease and remained in the detectable pre-clinical phase longer.  Their disease still (tragically) progressed to death, but it did so more slowly than for the others, so they had longer median survival.

If there had been some survivors in this group whose recurrence was detected by scanning, it would have been hard to know what to conclude--there would be no way to distinguish between the explanation that the therapy was effective for cancers caught early and length bias (or even pseudodisease).  However, since there were no survivors, you can put an upper limit on the number of life years gained, and therefore a lower limit on number of scans per year of life gained.  The authors had to do 794 scans to identify 4 patients with recurrences that had not yet become symptomatic. These 4 lived an average of 15 months longer.  If you ignore the possible couple of weeks of lead time bias, even if we completely ignore length bias, we've gained at most 4x15 = 60 person-months of (probably not very high-quality) life by doing 794 scans.  So this is at least 13 scans per month of life gained. 1pt
5. Mastroiacovo et al (Mastroiacovo et al 1992) studied the all-cause mortality of children with Down Syndrome (DS) in Italy.  As expected, they found that the strongest predictor of death was congenital heart disease (CHD).  They noted that DS patients with CHD in northern Italy had greater survival than those with CHD in southern Italy.  Also, DS patients without CHD in northern Italy had greater survival that those without CHD in southern Italy.  The authors suspect that medical care for the children in the South might not be as good.  In the discussion they state:

"The insufficient resources for pediatric care available in the South could explain the low proportion of CHD diagnosed among DS infants (10.6% as compared with 21.7% in the North).”

Explain how it is possible that the overall survival for DS patients (combining patients with and without CHD) in southern Italy could be just as high as in northern Italy?  

This is a nice example of "Stage Migration Bias."  In this case, rather than better diagnostic tests moving patients from lower to higher cancer stages, better diagnosis moves children from the no CHD group into the CHD group.  This would lead to better survival in both CHD and non CHD patients in the region where more CHD was diagnosed, even if there were no actual survival benefit. 1 pt
6.  Andriole et al (1) reported the results of a randomized trial of prostate cancer screening with prostate-specific antigen (PSA) testing and digital rectal exam.  After 7 years of follow-up the results were as follows:

	
	Incidence (diagnosis) of Prostate Cancer
	Death From Prostate Cancer
	Total N

	Randomized To…
	N
	Rate per 10,000 person-years
	N
	Rate per 10,000 person-years
	

	Annual Screening
	2820
	116
	50
	2.0
	38343

	Usual Care
	2322
	95
	44
	1.7
	38350


There were significantly more patients diagnosed with prostate cancer in the group randomized to annual screening (risk ratio 1.21; 95% CI: 1.15 – 1.28).  There were also more prostate cancer deaths in the group randomized to screening, but this was not statistically significant (risk ratio 1.14; 95% CI: 0.75 – 1.70),.

In the following table, state whether the listed factor could explain why this study found a point estimate that screening was WORSE than usual care in terms of cause-specific mortality.  Briefly explain your answer.

	
	Explains Finding That Screening is WORSE than Usual Care

	
	Yes/No
	Explain Answers

	Volunteer Bias
	No
	Randomized

	Lead-Time Bias
	No
	Followed both entire groups from enrollment

	Length Bias
	No
	Followed both entire groups from enrollment

	Pseudodisease
	Yes*
	More people dx’d, tx’d, suffered complications

	Sticky Diagnosis Bias
	Yes
	If dx’d, more likely to be attributed as cause of death

	Slippery Linkage Bias
	No
	Would favor screening

	Crossover Between Groups
	No
	Would bias results toward null

	Chance
	Yes
	CI for risk ratio includes 1.0


* Erica’s group noted that, although pseudodisease is clearly being identified (given the much greater number of prostate cancers in the screening group), it would not necessarily increase cause-specific mortality.  That depends on whether deaths related to increased procedures were coded as prostate cancer deaths.  This slippery linkage could eliminate the the effect of pseudodisease on cause-specific mortality.

8 pts, 1 pt for each y/n and explanation. (or 0.5 pts each).
8. The following questions relate to malignant melanoma incidence and mortality.
a. During the period from 1973 to 2001 the incidence of melanoma in children (0-19 years) increased by about 3% annually.  Over that same period, overall 5-year survival increased by about 4% annually. (Strouse JJ et al. J Clin Oncol 2005;23:4735-41.)  What else besides increasing incidence and more effective treatments might explain these observations?

Increasing incidence and increased survival could both be explained by pseudodisease. 1pt
b. Lewis reported trends in pediatric melanoma mortality in the US (Dematologic Surg 2008;34:152-59).  From 1968 to 2004, mortality from melanoma declined steadily, from about 3.5 per 10 million to 1.5 per 10 million (a decrease averaging 2.3%/year).  How does this observation fit with your answer to part A?  What are some things that might be going on, and which biases would not explain this?

The 3% per year increase in melanoma diagnoses ( from part A) must not be melanomas that are killing patients.  It is impossible to tell what proportion of melanomas are not killing patients because treatments are better and what proportion would never have killed patients (pseudodisease).  Since overall (per 10,000 population) melanoma death rate is decreasing there is something going on besides pseudodisease.  Maybe population demographics are changing so that people are less susceptible to melanoma and at the same time surveillance is increasing so that more pseudomelanomas are diagnosed.  Maybe we are actually getting better at treating melanoma.  Note that mortality in a whole population (as opposed to only in those with the disease) can't be affected by lead-time bias, length-time bias, volunteer bias, or stage migration bias. 2pt
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