Epi 204 -- Problem Set #8 
Chapter 10 Problems (Screening) [40 points + 2 Extra Credit]
Due 11/11/2021 at 1:15 pm
Chapter 10 Problems 
Do problems #1 – #4 below.
Collaboration with your classmates is fine but answer the question in your own words and acknowledge your colleagues.   
For questions with numerical answers, show your calculations, so we can consider giving partial credit even if the final answer is incorrect.  
--------------------------------------------------------------------------------------------------------------------

1. Breast Self-Exam to Screen for Breast Cancer [12 points]  
Adapted from a problem by Carmen Lee, Kacey Berry, and Mary Kathryn Abel (Epi204 2020); thanks to Carol Tran (a TA in 2020) and Martina for further edits. 

Routine breast self-exam (BSE) was previously recommended to screen for breast cancer. However, in 2009, the US Preventive Services Task Force (USPSTF) declined to recommend that clinicians teach patients breast self-examination because “adequate evidence suggests that teaching BSE does not reduce breast cancer mortality.” 
(USPSTF recommendations: https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-2009) 
 
A. A 2002 randomized controlled trial evaluated whether an intensive BSE instruction program reduced mortality from breast cancer (1). The investigators randomized 266,064 female factory workers in Shanghai to a BSE instruction group (N = 132,979) or a control group that received instruction about another medical topic (N = 133,085).  Regardless of randomization group, all women who later received evaluation of a suspected breast cancer had a mass that was initially self-identified. After 11 years of follow-up, there were 135 breast cancer-related deaths in the BSE instruction group compared with 131 in the control group.

i. Given this information, are you concerned about the impact of the volunteer effect (i.e., that those who received BSE were systematically different from those who did not) on the breast cancer mortality outcome cited above?  [2]




ii. What if you examine the effect of actually doing a BSE on breast cancer mortality within the BSE instruction group, would you then be concerned about the volunteer effect? [2] 
 

B. In this study, a total of 3,253 women in the BSE instruction group received a breast biopsy for a self-identified lesion, of whom 857 were found to have breast cancer. Similarly, 2,189 women in the control group received a breast biopsy, with 890 having breast cancer. 

i. If you were only given the number of breast cancers diagnosed in the two groups (857 vs. 890; RR = 0.96; 95% CI 0.88, 1.06), and not breast cancer mortality, what would you be able to conclude about the efficacy of screening, if anything? [2]



ii. Are the results of this study suggestive of overdiagnosis?  Why or why not? [2]


C.  Although these data are not provided in the paper, assume that in both randomization groups, the 5-year survival of those whose tumor size was < 1 cm at the time of diagnosis was longer than those whose tumor was ≥ 2 cm at the time of diagnosis.  

i. Could this difference in survival by tumor size at diagnosis be at least partly due to lead time bias?  Explain. [2]



ii. Could this difference in survival by tumor size be at least partly due to length time bias?  Explain. [2]






2. Melanoma Screening [6 points]

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, 5-year survival increased by about 4% annually. (Strouse JJ et al. J Clin Oncol 2005;23:4735-41.) Which of the biases discussed in Chapter 10 would cause this combination of increasing incidence and improved survival?  Explain. [3]






B. Lewis reported trends in pediatric melanoma mortality in the US (Dermatologic Surg 2008;34:152-59).  From 1968 to 2004, (cause-specific) mortality from melanoma declined steadily, from about 3.5 per 10 million population to 1.5 per 10 million (a decrease averaging 2.3%/year).  How does this observation fit with your answer to part A? [3]













3.  Ovarian cancer screening (Revised from EBD-2 10.4) [10 points]

For the ovarian cancer portion of the Prostate, Lung, Colorectal and Ovarian (PLCO) screening trial, 78,216 women aged 55-74 years were recruited 1993-2001 at 10 US centers and randomized to be offered annual screening with transvaginal ultrasound and serum cancer antigen 125 (CA-125) vs. usual care.  The initial mortality results for this trial were reported in 2011, (3) and 15-year follow-up in 2016 (4).

Figure 2 from the 2011 paper is reprinted below.  The relative risk of being diagnosed with ovarian cancer was 1.21 (95% CI 0.99-1.48) and for ovarian cancer mortality the RR was 1.18 (95% CI 0.82, 1.71).  

[image: ]
Figure 2. Ovarian Cancer Cumulative Cases and Deaths. Reproduced with permission from JAMA.2011.305(22):2295-2303. Copyright© (2011) American Medical Association. All rights reserved.

A. Assume (as appears to be the case) that both cumulative cases curves level off over time and the usual care curve never catches the intervention curve.  What is the most likely explanation (other than chance) for the excess of ovarian cancer diagnoses in the intervention group?  Explain. [2] 






B. The difference in ovarian cancer mortality between the intervention and usual care groups could have been due to chance.  Could a higher cause-specific mortality rate be explained by the following?  For each possible option, say yes or no and explain your answer.

i) Sticky diagnosis bias [2]



ii) Slippery linkage bias [2]



iii) Overdiagnosis [2]




C. Complications associated with diagnostic evaluation for cancer occurred in 45% of the women diagnosed with ovarian cancer in the screening group, compared with 52% of the women diagnosed with ovarian cancer in the usual care group.   Do these point estimates suggest that screening was not associated with an excess of complications from diagnostic evaluations for ovarian cancer? [2]












4.Prenuvo Whole Body Screening MRI: Miracle or Menace? [12 points]
Inspired by a problem submitted by Jonathan Amatruda, Elizabeth Black, Kazem Fallahzadeh and Anna Parks (Epi204 2019) 

A Canadian startup is offering whole body MRI for cancer “screening.”  (https://twitter.com/awilkinson/status/1187102985148461056 & https://www.prenuvo.com/) They opened a site in Redwood City, California in 2020. 

The website states, “Cancer and other disease[sic] are 5-7x more likely to kill you if detected late.”   Assume this means that patients whose cancer (and other diseases) are diagnosed late (at a more advanced stage) are 5-7 times as likely to die from their disease as patients with cancer (and other diseases) who were diagnosed early (at a less advanced stage).
MAK note: People diagnosed with late-stage cancer have higher death rates.  But it’s not because being diagnosed in a late-stage causes death; it’s that having a cancer that will kill you causes diagnosis at a late stage.

A. Indicate whether each of the following statements about that claim is true or false and explain.  

I. (True or False) Due to length-time bias, we might still see that people whose disease is detected late (i.e., at a more advanced stage) are more likely to die from the cancer even if treatment is completely ineffective.  [2]


II. (True or False) Overdiagnosis can cause the prognosis of late-detected cancer to appear worse than the prognosis of early-detected cancer, even if treatment is completely ineffective.  [2]


III. (True or False) A randomized trial showed a statistically significant reduction in breast cancer mortality among women randomized to the Prenuvo whole-body MRI scanning. This finding is sufficient to recommend population-wide Prenuvo screening in women. [2]



B. Regarding the risk of false positives, TN emailed the company and got this response (10/26/20) from Dr. Elina Matta (dr.elina.maatta@prenuvo.com):

"Hi Tom, 

With regards to your question, our false positive rating in clinical trials was 4 out of 1000. I completely understand your concern regarding the harm of false positives. Our whole body MRI has an incredibly low false-positive rating because of our unique combination of functional nuclear medicine and traditional radiology…"

However, following the “Doctors” link on the company’s website, under breast cancer, it says: “Prenuvo: Very effective, particularly for screening women with dense breasts. One study found detection with 98.7% sensitivity and 65.8% specificity.”

Suppose the 45-year-old economics professor described in Chapter 1, with a prior probability of previously undetected invasive breast cancer of 2.8/1000, were to obtain a Prenuvo scan positive for breast cancer and the sensitivity and specificity of the scan for breast cancer were as advertised on the website. 


i.   What would be her probability of obtaining a false-positive result? [2]





ii.  If her scan were positive for breast cancer, what would be her (posterior) probability of breast cancer?  Show your work. [2]










C. Suppose you wanted to design a study to independently verify the Prenuvo claims about the accuracy of their scan.  Assume those with positive Prenuvo MRI scans would all proceed to definitive diagnosis (usually biopsy), and those with negative scans would receive clinical follow-up.

I. What bias in a study of diagnostic test accuracy would you be most concerned about? Explain. [2]

II. Under what condition would the study give an unbiased estimate of sensitivity and specificity? [Extra Credit: 2 pts]

D. Subsequent correspondence with the company is pasted below. (Start at the bottom.) What do you think we should do next if (as seems likely) the clinical trials referred to do not actually support the claim or do not exist? (For discussion only, not for credit)
Dear Elina,
Can you send a manuscript?  It need not be published.  Or at least direct me to the trial registration at ClinicalTrials.gov?
Thanks.
Tom
From: "lawrence.austin@prenuvo.com" <lawrence.austin@prenuvo.com> on behalf of Dr Elina Maatta <dr.elina.maatta@prenuvo.com>
Date: Monday, November 2, 2020 at 5:40 PM
To: Tom Newman <thomasbnewman@gmail.com>
Subject: Re: Tom, Just checking in with you!
Hi Tom, 
 I have been digging into our resources and we do not have those numbers published yet. 
 Do you have any further questions?
 Kind regards, 
Elina
On Tue, Oct 27, 2020 at 6:17 PM Tom Newman <thomasbnewman@gmail.com> wrote:
Thank you, Elina –
Can you send the article that shows this 4/1000 result?  It is not consistent with the specificities you report on your website.
Tom
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