Surveillance scanning of children with medulloblastoma

Preface – Observational Studies of Screening

If a screening program involves regular imaging such as CT scanning, then a scan performed because of symptoms is not a screening scan, it is a diagnostic scan.  A patient with disease (D+ patient) who develops symptoms and then gets a scan was not identified by screening.

As discussed in EBD-2 Chapter 10, an observational study to determine whether a screening program prevents mortality should compare the entire population of regularly scanned individuals to the entire population of unscreened individuals.  This means that many of the people included in the study are D-, i.e., they never have a positive scan.  Since screening isn’t randomized, such studies are still subject to volunteer effect and other forms of confounding.

Some studies limit inclusion to D+ individuals -- those in the screened and unscreened groups who had a positive scan.  In such studies, it is possible to be in the screened group and still be diagnosed because of symptoms.  If, between the regularly scheduled screening scans, Patient X developed symptoms that prompted a diagnostic scan that was positive, then Patient X is D+ but still included in the screened group.  Of course, all D+ individuals in the unscreened group are diagnosed because of symptoms.  Studies that compare D+ individuals (again, those with positive scans) between the screened group and the unscreened group are subject to lead-time bias and pseudodisease.

Finally, some studies compare those D+ individuals whose disease was identified on a screening scan with those whose disease was identified on a diagnostic scan.   In such a study, Patient X above would be included in the unscreened group because the positive scan was a diagnostic scan.  Studies like this are subject to length bias in addition to lead-time bias and pseudodisease.

Medulloblastoma

Medulloblastoma is the most common malignant brain tumor in children.  It is treated with surgical removal of the tumor and radiation therapy.  After this treatment, children are followed for recurrence.  In the article below, the population of interest is children who had surgical removal of a medulloblastoma.   The disease being screened for is recurrence.  The screening group received periodic clinical evaluations plus surveillance scanning.  The unscreened group received periodic clinical evaluation without surveillance scanning.  In their terminology, a “symptomatic tumor” was identified on a diagnostic scan and a “radiographic tumor” was identified on a screening scan.

Torres CF; Rebsamen S; Silber JH et al. "Surveillance scanning of children with medulloblastoma". New Engl J Med 1994 Mar 31, 330(13):892‑5.

BACKGROUND. The standard follow‑up care for children with medulloblastoma includes regular clinical evaluations and surveillance scanning of the central nervous system with computed tomography or magnetic resonance imaging... We compared the effectiveness of a periodic history taking and physical examination with that of surveillance scanning in detecting recurrent tumors.
METHODS. We reviewed the medical records, including 794 scanning reports or scans, of 86 children with posterior fossa medulloblastoma who were followed regularly between 1980 and 1991. Recurrent tumors were classified as symptomatic if neuroimaging studies had been prompted by clinical symptoms or signs and as radiographic if the tumor had been detected by imaging in an asymptomatic patient.
RESULTS. Twenty‑three of the 86 children (27 percent) had a recurrence of tumor. Four recurrences (17 percent) were detected on scanning only, and 19 (83%) were associated with symptoms arising a median of four months after the previous scan. The median and range of survival after a recurrence of the tumor were 5 months and “< 1” to 38 months, respectively, for a symptomatic recurrence and 20 months and 10 to 32 months, respectively, for a radiographic recurrence (P = 0.03). No patient survived after a recurrence. The longer survival of patients with recurrent tumors detected by scanning most likely reflects the small number of patients and lead‑time and length biases associated with screening.
CONCLUSIONS. Among children with medulloblastoma, surveillance scanning is of little clinical value. Scanning detected a minority of recurrences, and no patient who had a recurrence survived.

In a letter to the editor (NEJM 1994;311:483) about this article, Karen Lindsley of the University of Washington wrote:

"Despite the small numbers of patients, the median survival in the patients with asymptomatic recurrences was 15 months longer than in those with symptomatic recurrences.  The authors' attempt to explain away the statistically significant difference in survival after recurrence by 'lead-time and length biases' is unsatisfactory, since all the patients were undergoing scanning at least every six months at the time the recurrences were detected."
	
a. Explain what is meant by length and lead-time biases in this situation.  

	LEAD-TIME bias means patients picked up by screening had basically the same disease as patients with symptoms, but it was just found earlier in those picked up by screening.   Survival looks longer, but only because you started counting at an earlier date.
 
	LENGTH bias (or "LENGTH-TIME" bias) means that cancers picked up by screening may have been slower-growing ones with a better prognosis anyway, whereas patients presenting with symptoms may have had nastier, more rapidly progressive cancers.   Because screening identifies prevalent disease (and prevalence = incidence x duration) cancers picked up by screening are more likely to be of longer duration and hence more indolent.

b. Could pseudodisease explain the difference in survival between the “symptomatic” and “radiographic” groups? 

There was no pseudodisease.  No patient with a recurrence survived.

c. Assume all recurrences have exactly the same time course and become radiographically detectable exactly 3 months before they cause symptoms.  (This is referred to as the latent period.)  If everybody got scanned at 6-month intervals, what proportion should be identified by symptoms?

This is hard.  The answer is 3/6 or 50%.  Those that occur in the first, second, and third month after the last screen will be symptomatic.  Those that occur in the 4th, 5th, and 6th month, will be radiographic.


d. Note that the actual proportion diagnosed by symptoms was 19 out of 23, which is very close to 5 out 6.  If everybody got scanned at 6-month intervals, what does this imply about the length of the latent period? 

It’s about 1 month.

Now, assume more realistically that some recurrences are aggressive; they become identifiable radiographically just a short time, e.g. 1 month, before they cause symptoms, and they kill the patient another month after that.  Others are slightly less aggressive and might be radiographically detectable 12 months before causing symptoms and kill the patient another 12 months after that. And some recurrences are in between.


e. Who is right, Torres et al. or Lindsley, about whether these biases could explain the observed difference in survival post recurrence? [2 pts]
 
	Let's start with lead time bias.  Remember with lead time bias (as opposed to length bias) we are assuming the difference is due only to timing of diagnosis, not different natural history.  So we could say there is a certain period of time during which the cancer is detectable by screening, but not yet symptomatic, and that period of time is the same for everyone.  That latent period 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.  (The amount of lead time bias is the period of time between when the patient has a screening test and when he or she would have become symptomatic.)   We know if the latent period in this example were more than 6 months, 100% of the recurrences would have been detected by screening, because screening occurred every 6 months.  If the latent period were 3 months, we'd 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 in this example patients were being screened every 6 months, and yet 83% of recurrences were detected by symptoms, we can be confident that there would be very little contribution to survival from lead time bias.  (Using the logic above, it would be about 2 weeks.)   So Lindsley is right about lead-time bias not explaining the difference.

	Length-time bias, on the other hand, could easily explain the difference.   Recall that for lead time bias we assumed that the only reason why a patient would be diagnosed because of symptoms, rather than scanning was because he or she was just unlucky with respect to timing of the scan -- the scan occurred just before their tumor was detectable.  With length bias, we say maybe the reason why 4 patients had their recurrences picked up by scanning was that their recurrences were more slowly growing, and thus remained in a latent phase for much longer, making them more likely to be detected by scanning.

	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.  However, since everyone died anyway, you can put 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 take off 1 month for lead time bias, even if we completely ignore length bias, we've gained at most 4x14 = 56 person-months of (probably not very high-quality) life by doing 794 scans.  So this is at least 14 scans per month of life gained -- probably not worth doing.

